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Resumo

Objetivo: avaliar as propriedades fisicas e a resiténcia de unido a microtracdo de
adesivos experimentais contendo oligdbmeros de tiouretano (TU) e/ou particulas de
carga funcionalizadas com TU. Materiais e métodos: uma matriz organica base
contendo 60%BisGMA/40%HEMA (peso) +0,2% DMPA 1 (fotoiniciador) + 0,5%
BHT(inbidor) - (BH-controle) foi formulada; o oligbmero de TU PETMP-DEMODUR
(tetrafuncional) foi sintetizado e adicionado em 20%(peso) a matriz organica dos
grupos contendo TU (BH+ 20%TU); para 0s grupos contendo particulas de carga,
estas foram funcionalizadas com metacrilato-MF ou com tiouretano-TF e adicionadas
em 10%(vol). Os grupos experimentais foram: BH; BH+10%MF; BH+10%TF;
BH+20%TU+10%MF; BH+20%TU+10%TF; BH+20%TU. Os grupos foram
submetidos aos testes: resisténcia de unido a microtracdo (RUMT) em 24 h e 6 meses
em dentina higida (n=6); resisténcia a flexao (RF) por trés pontos em ambiente seco
(n=6) e armazenadas em agua por 7 dias (n=6); Cinética de polimeriza¢éo (n=3) (grau
de conversdo-GC e taxa maxima de polimerizagdo-Rpmax); Sorcédo e Solubilidade
(SR/SL) (n=3); e, Viscosidade (V)(n=3). Para a RUMT, foi adicionado 40% etanol(vol)
aos grupos experimentais. Os dados foram submetidos a ANOVA um fator e teste de
Tukey (p<0,05). Para a comparagéo entre os tempos de armazenagem das amostras
da RUMT, foi aplicado o test (p<0,05). Para a RUMT (p=0,13) e SR/SL (p>0,5) e RF
a seco (p>0,05), ndo houve diferenca significativa entre os grupos. Os grupos
contendo TU na matriz apresentaram os menores valores de RF (p<0,05) quando
armazenados por 7 dias em agua. Os grupos contendo TU na matriz apresentaram os
maiores valores de GC e ndo houve diferenca significativa entre os grupos quanto a
GC-na-Rpmax. A Rpmax foi maior para o BH+20%TU+10%MF, seguido pelo BH e
BH+10%TF, e o0s menores Vvalores encontrados para os BH+10%MF,
BH+20%TU+10%TF e BH+20%TU. Os grupos contendo TU na matriz mostraram
maiores valores de viscosidade, sendo o0 BH+20%TU+10%TF, o qual possui TU na
matriz e na funcionalizagdo das cargas, o maior valor de viscosidade. Concluséo:
Tendo em vista que a adicdo de TU na matriz melhorou o grau de conversao final,
conclui-se que a adigdo de TU na matriz de adesivos experimentais apresenta-se
como uma estratégia promissora.

Palavras-chave: Adesivos dentinarios, Materiais Dentarios, Resisténcia a Tracgéo.



Abstract

The aim of the study was to evaluate the effect of adding thio-urethane oligomers (TU)
on physical properties and the microtensile bond strength of experimental adhesive
and/or thio-urethane functionalized fillers. One organic base-matrix was formulated
containing BisGMA/HEMA (60%/40%wt) (BH) + 0.2% DMPA 1 (photoinitiator) + 0.5%
BHT (inhibitor) — BH (control); the thio-urethane oligomer was added in 20%(wt) for the
groups containing TU in the matrix; and for the groups containing fillers, fillers were
functionalized with methacrylate (MF) or thio-urethane (TF) and added in 10%(wt). The
experimental adhesives groups were: BH; BH+10%MF;, BH+10%TF;
BH+20%TU+10%MF; BH+20%TU+10%TF; BH+20%TU. For the mechanical
properties, the experimental groups were submitted to Microtensile bond strength
(n=6) (24h and 6 months), Yield Strength (YS) and Modulus (YM) (n=6) (wet and dry),
Polymerization kinects (n=3) (final degree of conversion-DC and maximum tax of
polymerization-Rpmax), Water Sorption/Solubility (WS/SL) (n=3) and Viscosity (n=3).
For the microtensile bond strength test 40% ethanol (vol) was added to the
experimental groups and 36 molars were selected and divided in 6 groups (n=6) that
were analyzed in 24h and 6 months of storage in water. The data were submitted to
one-way ANOVA and Tukey post-hoc test (p>0.05). For the comparison of storage
time for the microtensile bond strength test, data were submitted to t test (p>0.05). For
the microtensile bond strength test (p=0.13) and WS/SL (p>0.05), no significant
difference was found between groups. For the YS and YM (p>0.05), the dry evaluation
had no significant difference in YS, although for the YM BH+10%MF, BH+10%TF and
BH+20%TU+10%MF had the highest values compared to BH, BH+20%TU+10%TF
and BH+20%TU and in the wet evaluation, the groups containing TU in the matrix had
the lowest values in YS and YM. The polymerization kinects for the groups containing
TU in the matrix had the highest DC and no significant difference was found between
groups for the DC at Rpmax. The Rpmax was higher for the BH+20%TU+10%MF,
followed by BH and BH+10%TF, and the lowest Rpmax values were found for the
BH+10%MF, BH+20%TU+10%TF and BH+20%TU. The groups containing TU in the
matrix had the highest values for viscosity, being that the BH+20%TU+10%TF that has
TU in the matrix and on the functionalized fillers had the highest values with statistical
significant difference for the BH+20%TU+10%MF and BH+20%TU. The addition of TU

in the matrix improved the final degree of conversion of the experimental adhesives



and the bond strength maintained stable after 6 months of storage in water. With that,
the addition of TU in the matrix of experimental adhesives improved the final Degree
of conversion is a promising strategy.

Key-words: Dentin-Bonding Agents, Dental Materials, Tensile Strength
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1 INTRODUCAO

O advento da ades&o na odontologia tornou possivel a reabilitacdo imediata de
dentes fraturados e/ou cariados, pela restauracdo em resina composta, de modo a
devolver a estética e a funcéo e preservar as estruturas higidas. Restauracdes em
resina composta podem ser realizadas de forma direta devido a resisténcia mecanica
imediata e estética satisfatoria apresentadas.

Porém, polimeros a base de metacrilato possuem longevidade clinica média de
10 anos, cujas falhas devem-se a presenca de lesdes de carie recorrente nas margens
da restauragdo ou a fratura do substrato associado ao compésito (De Munck et. al.,
2005, Demarco et. al., 2012 e Demarco 2017). Essas falhas s&o atribuidas
principalmente as caracteristicas intrinsecas destes materiais e a fragilidade da
interface de unido resina/dentina. Esses fatos ficam evidentes quando da analise da
interface de unido resina/dentina, mostrando a formacéao de fendas entre o dente e 0
material restaurador, o qual € uma via de penetracéo de bactérias, levando a formacéao
das lesdes recorrentes de carie e consequente falha da restauracdo (Ferracane JL e
Hilton TJ, 2016).

Especificamente, 0s materiais resinosos compostos por monémeros
metacrilatos apresentam uma rapida taxa maxima de polimerizacdo, produzindo a
diminuicdo na mobilidade dos monémeros que leva a geleificacdo e vitrificagdo em
estagios iniciais de polimeriza¢do, com consequente limitado grau de conversao e alta
tensdo de polimerizacao (Pfeifer et. Al. 2008, Pfeifer et. Al. 2011), produzindo um
polimero deficiente, susceptivel & degradacéo hidrolitica. Além disso, as falhas na
interface das restauracfes devem ser consideradas multifatoriais, pois, a perda da
integridade da camada hibrida devido a degradacédo hidrolitica do polimero formado
(Cho et. al., 2013) e do colageno exposto (Breschi et. al., 2008) associada a formacgéao
de fendas induzidas pelas caracteristicas do polimero e pela tensédo de polimerizacao
(Ferracane, 2008), potencializados pela presenca de biofilme cariogénico (Jaffer et.
al., 2002 e Huang et. al., 2018). Portanto, uma camada adesiva ideal seria formada
por um material resistente a degradacéo hidrolitica e & absorcéo de fluidos orais, com
melhores propriedades mecanicas e integridade marginal.

Para melhoria desta camada adesiva, diversas modificacdes foram realizadas
na composicdo dos materiais, como a utilizacdo de mondmeros mais hidrofobicos

(Froés-Salgado et. al., 2015), mondmeros resistentes a hidrélise como metacrilamidas
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(Rodrigues et. al., 2018) ou vinil-éteres (Gonzalez-Bonet et. al., 2015) ou modifica¢des
na técnica adesiva, como a dry-bonding technigue (Sadek et. al., 2008). Uma outra
estratégia, seria melhorar as propriedades mecéanicas da camada adesiva, como a
incorporacdo de cargas inorganicas na composicado de adesivos (Miyazaki et. al.,
1995, Van Landuyt, et. al., 2007 e Belli et. al., 2014) ou a adigdo de componentes que
aumentam as ligacdes cruzadas da cadeia polimérica e a tenacidade a fratura (Bachi
et. al., 2014, Bachi et. al., 2015, Bachi e Pfeifer 2016, Faria-e-Silva et. al., 2017).
Apesar de controverso na literatura, diversos trabalhos demonstraram que a
adicao de 10% de carga inorganica em adesivos, aumentou a resisténcia da camada
adesiva em até duas vezes quando comparado aos adesivos sem carga (Miyazaki et.
al., 1995 e Belli et. al., 2014). Estas cargas funcionam como absorvedores de tensdes,
e ao mesmo tempo aumentam a resisténcia coesiva desta camada e seu moédulo de
elasticidade (Azad et. al., 2018). Além da melhoria nas propriedades mecanicas, a
adicdo de cargas inorganicas aumenta a viscosidade do material, 0 que evita a
formacé&o de uma camada fina de adesivo, melhorando a distribuicdo de tens6es sem
alterar o espalhamento do material sobre o substrato dentinario (Kim et. al., 2005).
Outra vantagem da adicao de cargas em adesivos, é o aumento do grau de conversao
devido as cargas inorganicas serem funcionalizadas com silanos, sendo novos sitios

de iniciacdo de crescimento de cadeia durante a polimerizacao (Belli et. al., 2014).

Outra maneira de se melhorar as propriedades mecanicas de adesivos
odontoldgicos, seria a incorporacdo de agentes de ligacdo cruzada a matriz de
metacrilatos. A adicao de oligbmeros de tiouretano aos metacrilatos foi realizada com
o0 intuito de superar os problemas de polimeros contendo ti6l-eno, 0s quais possuem
a vantagem da transferéncia de cadeia dos tidis aos grupamentos eno e vinil,
retardando a vitrificacdo e a formag&o do ponto gel (Lu et al., 2005; Cramer et al.,
2010a; Cramer et al., 2010b; Boulden et al., 2011). Este composto foi adicionado a fim
de se aumentar o grau de converséo final e a formacédo de uma cadeia polimérica
mais homogénea, comparados aos polimeros de metacrilato. Entretanto, os tiél-enos
possuem a desvantagem de produzirem um material com baixa estabilidade,
propriedades mecanicas reduzidas e odor desagradavel (Lu et al., 2005; Beigi et al.,
2013). Com isto, oligbmeros de tiouretano foram sintetizados afim de se obter um
polimero mais homogéneo em relagdo aos uretanos convencionais, com as vantagens

dos tibis.
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Os tiouretanos possuem melhorias nas propriedades como maior grau de
conversao final, melhores propriedades mecanicas e maior estabilidade devido aos
tibis pendentes em sua cadeia, 0s quais possuem o mecanismo de transferéncia de
cadeia a matriz secundaria de metacrilato, retardando a geleificacao e vitrificacédo
destes polimeros (Pfeifer et. Al. 2011). Este atraso no ponto gel e na vitrificag&o,
garante uma maior mobilidade dos monémeros e um maior grau de conversao final,
assim como uma menor tensédo de contracdo de polimerizacdo e maior tenacidade a
fratura (Senyurt et. al., 2007; Li et al., 2007). Quando oligbmeros de tiouretano foram
incorporados aos cimentos resinosos e a resina composta, observou-se maior grau
de conversao final, menor tensdo de polimerizagcdo e um aumento da tenacidade a
fratura duas vezes maior do que os cimentos resinosos constituidos puramente de
metacrilato (Bachi et. al., 2014, Bachi et. al., 2015, Bachi e Pfeifer 2016, Faria-e-Silva
et. al., 2017). Dessa forma, a incorporacédo de oligbmeros de tiouretano na matriz de
sistemas adesivos, poderia aumentar o grau de conversdo final de adesivos
simplificados e ao mesmo tempo melhorar as propriedades mecéanicas da interface
adesiva e diminuir a plasticizacdo da camada adesiva (Cadenaro et. al., 2005 e
Breschi et. al., 2007).

Entretanto, a adicdo de oligdbmeros de tiouretano deve ser limitada pois,
possuem alto peso molecular (5kDa), o que interferiria na viscosidade de polimeros
(Odian 2004) quando em alta concentracao. Na tentativa de se obter as vantagens da
incorporacao de tiouretano sem aumentar a viscosidade final de polimeros, particulas
de carga foram funcionalizadas com tiouretano e incorporadas em resina composta
(Fugolin, et. al., 2019). Dessa forma pode-se observar um aumento de duas vezes na
tenacidade a fratura quando comparadas as resinas compostas com cargas
inorganicas silanizadas com metacrilato e uma diminuicdo da tensdo de
polimerizacdo, sem comprometer a viscosidade dos compdsitos (Fugolin, et. al.,
2019). Particulas de cargas foram incorporadas em adesivos, afim de se aumentar a
resisténcia da unido da camada adesiva, a qual é a parte da restauracdo de maior
fragilidade (Miyazak, et. al., 1995, Van Landuyt, et. al., 2007). Portanto, funcionalizar
cargas inorganicas com tiouretano, pode melhorar as propriedades da interface
adesiva sem aumentar a viscosidade do adesivo mantendo as vantagens dos

tiouretanos.
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Baseado no exposto, o objetivo deste estudo foi avaliar o efeito da incorporagdo
de oligdbmeros de tiouretano e/ou particulas de carga inorgdnica funcionalizadas com
tiouretano em adesivos experimentais, nas propriedades fisicas e na resisténcia de unido a

dentina.

Este trabalho foi apresentado no formato alternativo de tese de acordo com as
normas estabelecidas pela deliberacdo 002/06 da Comissdo Central de Pés-
Graduacao da Universidade Estadual de Campinas. O artigo referente ao Capitulo 1
foi submetido a publicacdo no periddico Internation Journal of Adhesion and

Adhesives.
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2 Artigo: In vitro performance of 2-step, total etch adhesives modified by thiourethane
additives
Abstract

The aim of the study was to evaluate the effect of adding thio-urethane oligomers (TU)
on mechanical and physical properties of experimental adhesive and/or thio-urethane
functionalized fillers. One organic base-matrix was formulated containing
BisGMA/HEMA (60%/40%wt) (BH) +0.2% DMPA 1 (photoinitiator) + 0.5%
BHT(inhibitor) — BH (control); the thio-urethane oligomer was added in 20%(wt) for the
groups containing TU in the matrix; and for the groups containing fillers, fillers were
functionalized with methacrylate (MF) or thio-urethane (TF) and added in 10%(wt). The
experimental adhesives groups were: BH; BH+10%MF;, BH+10%TF;
BH+20%TU+10%MF; BH+20%TU+10%TF; BH+20%TU. Materials were tested for
flexural properties - Yield Strength (YS) and Modulus (YM) (n=6) (wet and dry),
Polymerization kinetics (n=3) (degree of conversion-DC, and rate of polymerization-
Rpmax), Water Sorption/Solubility (WS/SL) and Viscosity. Microtensile bond
strength (n=6) was tested using materials containing 40 vol% ethanol applied to dentin
substrate, after 24 h and 6 months of storage in water. The data were submitted to
one-way ANOVA and Tukey post-hoc test (p>0.05). For the comparison of storage
time for the microtensile bond strength test, data were submitted to t test (p>0.05). For
the microtensile bond strength test (p=0.13) and WS/SL (p>0.05), no significant
difference was found between groups. For the YS and YM (p>0.05), the dry evaluation
had no significant difference in YS, although for the YM BH+10%MF, BH+10%TF and
BH+20%TU+10%MF had the highest values compared to BH, BH+20%TU+10%TF
and BH+20%TU and in the wet evaluation, the groups containing TU in the matrix had
the lowest valuesin YS and YM. The polymerization kinects for the groups containing

TU in the matrix had the highest DC and no significant difference was found between
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groups for the DC at Rpmax. The Rpmax was higher for the BH+20%TU+10%MF,
followed by BH and BH+10%TF, and the lowest Rpmax values were found for the
BH+10%MF, BH+20%TU+10%TF and BH+20%TU. The groups containing TU in the
matrix had the highest values for viscosity, being that the BH+20%TU+10%TF that
has TU in the matrix and on the functionalized fillers had the highest values with
statistical significant difference for the BH+20%TU+10%MF and BH+20%TU. The
addition of TU in the matrix improved the physical properties of the experimental
adhesives and maintained the bond strength after 6 months of storage in water.

Key words: thio-urethane, dental adhesives, micro-tensile, mechanical properties of
adhesives

1. Introduction

The advent of adhesion in dentistry made it possible to rehabilitate decayed teeth
with a chair-side, direct restorative procedure, providing an immediate and minimally
invasive solution. However, the longevity of methacrylate-based materials restorations
Is around only 10 years, with the majority of the restorations failing due to recurrent
caries or fracture [1, 2]. The causes for marginal failures are multifactorial, including
gap-inducing polymerization stress [3], hybrid layer breakdown via monomer or
collagen degradation [4], with the latter two being potentiated by the presence of
cariogenic biofilms [5, 6]. Therefore, the ideal adhesive material should be able to resist
degradation to preserve mechanical integrity. Several strategies can be envisioned to
that end. One logical step would be to produce materials that are less prone to
absorbing oral fluids. In fact, several studies have demonstrated that the use of more
hydrophobic monomers [7] or dry-bonding techniques [8] does reduce water sorption

and improves adhesion for selected techniques. Another strategy is the use of more
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hydrolytically-resistant monomers, such as methacrylamides [9] or vinyl-ethers [10],
both of which have shown encouraging in vitro results. Another logical step is to
increase the mechanical properties of the adhesive layer proper, by adding fillers
and/or by increasing polymer network crosslinking and toughness. Inorganic fillers
were introduced in the composition of adhesives, with studies demonstrating that the
addition of up to 10 wt% of fillers to adhesive compositions does not impair spreading
of the adhesive on the surface, while providing a two fold increase in bond strength
[11]. In terms of increasing the toughness and crosslinking of polymer networks, one
approach that has shown very positive results in composites and dental cements is the

addition of thiourethane additives [12-15].

Thiourethanes are pre-polymerized oligomers bearing thio-carbamate bonds [16].
Those have been demonstrated to increase impact resistance in thio-isocyanate films
[17], and fracture toughness in composites [18]. The final degree of conversion also
increases with the addition of those oligomers, due to the extended gelation and
vitrification afforded by the pendant thiols [12-14]. Several benefits are expected with
increased conversion: decreased cytotoxicity [19], decreased water sorption and
solubility [20, 21], increased mechanical properties and increased bond integrity in the
long-term [22]. Adhesives with suboptimal polymerization act like permeable
membranes, especially in simplified adhesives, which forfeit the application of the
solely hydrophobic bond layer [20, 21]. Therefore, it would be beneficial to harness
the increased conversion and mechanical properties achieved with the addition of
thiourethanes in the adhesive application. However, the addition of high molecular
weight species is expected to increase viscosity of the medium [23], which could pose
a potential problem to the spreading of the adhesive in the specific dental application.

One alternative to circumvent this potential disadvantage is to utilize the oligomer as
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an inorganic filler surface treatment, as previously reported [24]. In this conformation,
the thiourethane-modified materials still show a two-fold increase in fracture toughness

while reducing stress of polymerization, without compromising its viscosity [24, 25].

Adding inorganic fillers in the organic matrix of adhesives improves bond strength
and the degree of conversion. These fillers act as shock absorber, increasing the
cohesive strength of the adhesive layer [26] and the elastic modulus. The degree of
conversion of adhesives has also been shown to improve with the addition of fillers
[27]. At least in composites, the functionalization of filers with thiourethane oligomers
led to increased mechanical properties and degree of conversion compared to fillers
functionalized with methacrylate silanes [24, 25]. Therefore, the aim of this study was
to evaluate the effect of incorporation of thio-urethane oligomers and/or inorganic fillers
functionalized with thio-urethane in experimental adhesives on the physical and
mechanical properties of the material, and on the bond strength to dentin. The
hypotheses tested were that the incorporation of thiourethane oligomers as a matrix
additive and/or filler surface treatment will: 1. increase conversion and flexural

properties; 2. increase the bond strength to dentin.
Materials and methods
Experimental groups

Bis-GMA (Bis-phenol A diglycidyl dimethacrylate) and HEMA (hydroxyethyl
methacrylate) were purchased from ESSTECH Inc (Essington, PA, USA) and mixed at
60/40 mass ratio with a centrifugal mixer (DAC 150 Speed Mixer, Flacktek, Landrum,
SC, USA). The photoinitiator 2,2-dimethoxy-2- phenylacetophenone (lambda max at
310-390 nm) was added at 0.2wt% and the inhibitor 2,6-di-tert-butyl-4-methylphenol
(BHT) was added at 0.5 wt% (both purchased from Sigma-Aldrich St. Louis, MO, USA).

This resin, with no further modifications, was used as the unfilled control. For the filled
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control material, 10 wt% barium glass fillers functionalized with methacrylate silane
(0.7 um average patrticle size, purchased from Specialty Glass Inc, FL, USA) were

added to the mixture.

Thiourethane oligomers were synthesized as previously described (Faria-E-Silva
AL, et. al., 2018, Fugolin AP, et. al.,, 2019). Briefly, pentaerythritol tetra-3-
mercaptopropionate, dicyclohexylmethane 4 4’diisocyanate, and 3-
(triethoxysilyl)propyl isocyanate were combined at a 2:1:1 mol ratio in the presence of
catalytic amounts of trimethylamine. Materials were purified by precipitation in hexanes
and rotaevaporation. This oligomer (TU) was added either directly to the resin at 20
wt%, or used to functionalize barium glass fillers (from same size and supplier as the
methacrylated filler described above) in acidified ethanol solutions, as previously
described (Fugolin et. al., 2019). From this, a total of 6 experimental groups resulted
(Scheme 1): Bis-GMA/HEMA (unfilled control); Bis-GMA/HEMA + 10 wt%
methacrylated filler (MF); Bis-GMA/HEMA + 10% thiourethane filler (TF); Bis-
GMA/HEMA + 20 wt% TU + 10wt% MF; Bis-GMA/HEMA + 20 wt% TU + 10 wt% TF;
Bis-GMA/HEMA + 20 wt% TU. For the micro-tensile bond strength tests only, the

formulations contained 40 vol% 200 proof ethanol (Sigma Aldrich).
Polymerization Kinetics and degree of conversion

The polymerization kinetics was evaluated using Near Infrared Spectroscopy
(Nicolet 6700, Thermo Electron Corporation, Waltham, MA, US). The unpolymerized
adhesives (n=3) were inserted in circular silicon rubber mold of 10 mm diameter and
0.7 mm thickness sandwiched between two glass slides and positioned in the IR
chamber. The degree of conversion was calculated based on the area of the vinyl
overtone at 6165 cm-1[28]. The tip of the light curing unit was positioned 7 cm from the

upper glass slide of the sample and the adhesives were light cured for 300 s with the
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mercury arc lamp (EXFO Acticure 4000 UV Cure, Mississauga, Ontario, Canada),
filtered to 320-500 nm. The irradiance reaching the top of the glass slide was measured
with a thermopile-based power meter (Molectron inc., Portland, OR, USA) at 650
mW/cmz. Kinetics was followed in real-time for 330 s, to obtain the degree of
conversion as a function of time. The rate of polymerization was calculated as the first

derivative of this curve.
Water Sorption and Solubility

The same specimens used for the polymerization kinetics experiments were used
to evaluate water sorption and solubility (n=3), according to ISO 4049. After 24 h
storage in a dark and dry environment, four readings of the thickness and the diameter
were obtained for each sample with a digital caliper (Mitutoyo Corporation, Tokyo,
Japan) to determine the volume (V) in mms. The samples were carefully weighted in
an analytical balance to obtain m1, and subsequently stored in 5 mL of deionized water
for 7 days. After this period, the samples were dried with an absorbent paper until no
water was seen on the surfaces and were then weighted (m2). The samples were
stored for 7 days in a desiccator under house vacuum at room temperature and
weighted every 24 h until a constant mass (m3) was obtained. Water sorption (Ws)

and the solubility (Wsl) were calculated according to the equations:

m2-m3 ml-m3

14

2. Ws= Wsl =

Viscosity

The viscosity of the adhesives was evaluated using a parallel plate rheometer

(DHR1, TA Instruments, New Castle, DE, USA). The materials were placed between



24

acrylic plates of 20 mm diameter and a 0.3 mm gap, then tested in rotational mode

with shear rates ranging from 10 to 1000 s-1.
Yield Strength and Modulus

For the Yield Strength and Elastic Modulus analyses, the three-point bending
test was performed in a universal testing machine (MTS Criterion, Eden Prairie, MN
USA) at 1 mm/min crosshead speed according to ISO 4049. Beam specimens (n=12)
were produced using silicon molds of 25 mm x 2.5 mm x 2.5 mm dimensions,
sandwiched between two glass slides. Adhesives were cured through the glass slide,
for 120 s on each side, using the mercury arc lamp (Acticure 4000) with an irradiance
of 650 mW/cm2 reaching the surface of the glass slide. The light guide tip was
positioned at the same distance used in the IR test (7 cm), which avoided over-heating
the sample and provided a single spot covering the entire length of the bar. The bars
were randomly dived in two subgroups: half of the bars were stored in a dark and dry
environment and tested after 48 h and the other half was tested after 7 days immersion
in deionized water. The flexural modulus (GPa) was calculated from the initial linear
portion of the slope of the stress-strain curve for each specimen tested. The vyield
strength was calculated trough the stress-strain curve by applying a 0.2% strain offset

line overlap with slope equal to the modulus.
Microtensile Bond Strength test

For the microtensile bond strength test, the solvated materials were tested, as
mentioned above. Prior to the adhesive procedure, the vial was vortexed for 30 s.
Thirty-six sound human third molars were randomly selected and stored in 0.1%
Chloramine solution and divided into 6 groups (n=6). The roots were invested in cast
to facilitate sectioning and adhesive procedures. The occlusal portions of the teeth

were sectioned from mesial to distal perpendicularly to the root to expose the dentin
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above the cement-enamel junction using a diamond saw (Buehler, Lake Bluff, IL,
USA). After sectioning, all dentin surfaces were polished with 600-grit silicon carbide
sandpaper for 30 s and deionized water to simulate the smear layer, and cleaned for
30 s with deionized water. For the adhesive procedure, the dentin surface was
conditioned with 35% phosphoric acid (Ultra-Etch, Ultradent, South Jordan, UT, USA)
for 10 s and cleaned with deionized water for 30 s. Excess water was blotted dry,
leaving the surface moist. The adhesives were actively applied in two coats with a
micro brush on the dentin surface for 10 s and air dried for 5 s to evaporate the solvent,
and then, light-cured for 60 s with the mercury arc lamp light-curing unit (Acticure
4000) with an irradiance of 650 mW/cmz reaching the specimen. Two increments of
composite resin (Filtek Supreme Ultra A3 Body, 3M ESPE) of 2 mm height were built
up on the dentin surface and light-cured for 40 s with the LED light-curing unit Elipar
(3M ESPE, St. Paulo, MN, USA) with an irradiance of 615 mW/cm2. The specimens
were stored in deionized water for 24 h at 370C before being sectioned in sticks with 1
mmz2 cross-sectional area. Half of the sticks of each tooth were randomly assigned for

storage in deionized water for 24 h or 6 months.

After the assigned storage time, the sticks were tested in a universal testing
machine (MTS Criterion, Eden Prairie, MN USA) at 1 mm/min crosshead speed until
failure. The fracture pattern of each stick was analyzed in an optical microscope with
40x magnification and classified as: adhesive, cohesive in dentin, cohesive in resin

composite and mixed (involving adhesive, dentin and resin composite).
Statistical analyses

Data were tested for normality (Anderson-Darling) and homocedasticity (Bartlett
or Levene tests), and then subjected to one-way ANOVA and Tukey’s post hoc test

(95% level significance adopted for all tests). Comparisons between storage times
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within the same group for microtensile bond strength were performed using t-tests, at

95% significance level.
Results
Polymerization Kinetics

Groups containing TU in the matrix showed statistically higher degree of
conversion than the other groups (p=0.00, Table 1). The highest value for maximum
rate of polymerization (Rpmax) was found for the material containing TU in the matrix
and the methacrylated filler (20% TU + MF), followed by the material containing the
thiourethane-functionalized filler alone and the resin control, which were statistically
similar. The lowest rates of polymerization were recorded for the remaining groups.
Figure 1 shows Rpmax polymerization rate versus Degree of conversion and Degree

of conversion versus Time of polymerization.
Water Sorption Solubility

Data of water sorption solubility are presented in Table 1. No difference in water

sorption and solubility was found among groups.
Viscosity

The highest value of viscosity was found on 10%TF associated with 20%TU
followed by 20% TU and 20%TU associated with 10% MF. The groups containing TU
in the matrix presented higher viscosity when compared to the other groups (p=0.000)
(Table 1).

Table 1. Mean and standard deviation of Viscosity (mPa s-1), Water Sorption and
Solubility (g/mms), Degree of conversion (%) and Rpmax (s-1) for all the materials tested:
BisGMA-HEMA control (BH), BH + 10% methacrylated filler (MF), BH + 10%

thiourethane-functionalized filler (TF), BH + 20% TU (added to the matrix)+ 10% MF,
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and BH + 20% TU(added to the matrix)+ 10% TF, BH + 20%TU(added to the matrix).

Values followed by the same superscript within the same test are statistically similar

(a =5%).
Degree of Water Water . ]
i Rpmax . . Viscosity
Groups conversion Sorption Solubility
(%.5-1) (mPa s-1)
(%) (g/mm3) (g/mms)
BisGMA-HEMA
93.3(0.1) B 32.49 (0.5) AB 0.09(0.01) A 0.004(0.005) A 0.14(0.02) C
control
BisGMA-HEMA +10%
ME 93.8(0.2) B 30.69 (1.27) AB 0.06(0.01) A -0.028(0.002) A 0.15(0.01) C
BisGMA-HEMA +10%
TF 92.7(0.4)B 33.73 (L.7) A 0.09(0.04) A 0.004(0.031) A 0.16(0.02) C
BisGMA-HEMA +20%
96.6(0.6) A 30.39(1.2) B 0.09(0.01) A 0.018(0.01) A 0.45(0.01) B
TU +10% MF
BisGMA-HEMA +20%
97.4(1.4) A 16.47 (0.6) C 0.06(0.02) A -0.017(0.016) A 0.74(0.01) A
TU +10% TF
BisGMA-HEMA +20%
97.2(0.1) A 17.26 (0.5) C 0.08(0.04) A 0.006(0.041) A 0.47(0.06) B

TU

P value for each methodology: Degree of Conversion — p=0.00; Rpmax — p=0.00; Viscosity — p=0.00; Water
Sorption — p>0.05; Water Solubility — p=0.20.
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Figure 1. Rate of polymerization as a function of degree of conversion (left) and degree
of conversion as a function of time (right) for all the materials tested: BisGMA-HEMA
control (BH), BH + 10% methacrylated filler (MF), BH + 10% thiourethane-
functionalized filler (TF), BH + 20% thiourethane added to the matrix (TU), BH + 20%

TU+ 10% MF, and BH + 20% TU+ 10% TF.

Yield Strength and Modulus

Yield strength and flexural modulus results are shown in Table 2. No statistical
difference was found among the results after 48h dry storage. After 7 days storage in
water, the yield strength and flexural modulus of all groups containing TU in the matrix

presented statistically lower results compared to the remainder of the groups.
Microtensile bond strength test and fracture pattern

The results of microtensile bond strength are presented in Table 2. No
significant difference was found among groups after 24 h or 6 months storage (p=0.133
and p=0.106, respectively). No significant reduction in bond strength was found after
6 months of storage between groups (p>0.05). The percentage of Failure Modes are
presented in Figure 2. For the 24 h evaluation, there was a predominance of mixed

failures, except for the group BH+10%MF, which presented a higher percentage of

300
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adhesive failures. The failure mode for the groups after 6 months storage was

predominantly adhesive, except for the group BH+20%TU+10%MF, which presented

a higher percentage of mixed failures.

Table 2. Mean and standard deviations of Microtensile Bond Strength (MPa) at 24h

and 6 months, Yield Strength and Flexural Modulus (GPa) (wet and dry evaluations)

for all the materials tested: BisGMA-HEMA control (BH), BH + 10% methacrylated filler

(MF), BH + 10% thiourethane-functionalized filler (TF), BH + 20% thiourethane added

to the matrix (TU), BH + 20% TU+ 10% MF, and BH + 20% TU+ 10% TF. Values

followed by the same upper case letter within the same column or by the same lower

case letter within the same line are statistically similar (a = 5%).

Yield Flexural Yield Flexural
Microtensile Bond Strength
Strength Modulus Strength Modulus
Groups (MPa)
(MPa) (GPa) (MPa) (GPa)
Dry Dry Wet Wet 24 hours 6 months
BisGMA-HEMA
87.2(400A 31(02)A 60.4 (6.3) A 23(0.2) A 248 (5.7)Aa 225 (5.3) Aa
control
BisGMA-HEMA
107.8 (15.1) A 3.9(0.3) A 61.3(5.7) A 2.6 (0.4) A 30.6 (4.7) Aa  25.0(4.1) Aa
+ 10%MF
BisGMA-HEMA
101.9 (185) A 39(09 A 70.3 (8.6) A 23(0.2)A 26.3(2.3)Aa  28.2(2.6) Aa
+ 10%TF
BisGMA-HEMA
+20% TU 110.1 (143)A 34 (0.7)A 429(11.1)B 14(0.7)B 23.1(6.0)Aa  27.7 (5.3) Aa
10%MF
BisGMA-HEMA
+20% TU 885(76)A 3.0(03)A 416(5.1)B 1.4(0.2)B 25.4(3.7)Aa  26.2 (4.7) Aa
10%TF
BisGMA-HEMA
92.4(11.5)A 3.0(03)A 39.6(5.8)B 1.6 (0.7)B 24.1(5.1) Aa  22.0 (4.6) Aa
+20% TU

P value for each methodology: YS dry — p>0.05; Y'S wet — p=0.00; E dry — p=0.01; E wet — p=0.00; MTBS (24h)

—p=0.01; MTBS (6 months) — p= 0.01; MTBS (comparison 24h and 6 months — test t) — p> 0.05.
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Failure Mode - 24 hours Failure Mode - 6 months
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BH+20%TU BH+20%TU
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H Cohesive in dentin Cohesive in Resin Adhesive Mixed W Cohesive in dentin Cohesive in Resin Adhesive Mixed

Figure 2. Failure modes after the microtensile bond strength test for all the materials
tested: BisGMA-HEMA control (BH), BH + 10% methacrylated filler (MF), BH + 10%
thiourethane-functionalized filler (TF), BH + 20% thiourethane added to the matrix
(TU), BH + 20% TU+ 10% MF, and BH + 20% TU+ 10% TF. Failures were classified

as cohesive in dentin, cohesive in resin, adhesive and mixed.

Discussion

The incorporation of TU in the matrix and/or the functionalization of the surface
of fillers improves the final degree of conversion, reduces polymerization stress and
leads to higher fracture toughness in resin composites [12, 25]. These are desired
properties for dental adhesives, since higher degree of conversion and improved
mechanical properties [29] can lead to a greater longevity of the restoration. The
addition of thiourethanes to adhesives in this study aimed at harnessing those two
advantages. The incorporation of the thiourethane as a matrix additive and/or filler
surface functionalization aimed at circumventing issues related to increased viscosity,
such as expected with the incorporation of high-profile additives [30]. Increased
viscosity may jeopardize bond strength due to poor spreading and penetration of the
adhesive in the dentin tubules to form the hybrid layer [26]. Finally, the addition of small
amounts of fillers has been shown to improve the performance of adhesives without
jeopardizing handling [11], so the rationale for incorporation of fillers functionalized with

thiourethanes was to combine both toughening mechanisms. The degree of

100



31

conversion and the viscosity of the experimental adhesives containing TU in the matrix
and/or on the functionalization of fillers of the present study showed higher values, with
no loss in bond strength in 24 h and after 6 months of water storage. The mechanical
properties did not improve. With that, the first and second hypotheses were partially

accepted.

The final degree of conversion increased for all compositions where the
thiourethane was added directly to the matrix, as previously reported [12, 14]. As widely
explored in the literature, this is due to chain transfer reactions of thiols in the thio-
urethane oligomers to the methacrylate, which delay the gelation and vitrification
leading to higher final conversion [31]. Increased conversion is a desired property for
dental adhesives, especially in simplified compositions which combine more
hydrophobic monomers with the hydrophilic HEMA. That combination improves the
penetration of monomers in a complex and moist substrate, such as dentin [29], but
that is not without problems. The presence of water can still impair polymerization due
to phase separation, potentiating the permeable membrane character of such
adhesives [32]. Therefore, the higher results of degree of conversion for the groups
containing TU in the matrix is very encouraging. One potential problem when adding
TU in polymers is the expected lower rate of polymerization, also a product of the delay
in gelation and vitrification [31]. This was not observed in the present study, and in fact,
the group containing thiourethane as a matrix additive and metacrylate silane fillers
showed the highest Rpmax. The group containing thiourethanes as a filler surface
functionalization only showed lower conversion than when the additive was added
directly to the matrix, which is very likely due to the small amount of filler used. That

led to a very low overall thiourethane concentration on the material, much lower than
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previously reported for composites [25]. Therefore, unlike the composite study, the

addition of thiourethane-functionalized fillers did not affect conversion.

It is important to note that, overall, the degree of conversion values observed in
this study were beyond 90%, higher than reported in the literature [20-22]. This can be
attributed to at least two factors: first, 2,2-dimethoxyphenoxy acetophenone (DMPA)
was used as the photoinitiator. DMPA has been show to promote fast reaction and
higher degree of conversion in methacrylate based composites even when used at low
concentrations [33]. This initiator was chosen here for simplicity and to avoid stability
concerns over the use of a base as part of a co-initiator system, such as
camphorquinone/tertiary amines. The presence of the amine in the adhesive mixture
containing thiol products could potentially lead to polymerization in the vial [34]. This is
a shortcoming that will be addressed in future studies incorporating commercially-
relevant initiator systems. The second factor is the long time of polymerization used
here - 300 s. Prolonged light exposure has been shown to lead to higher values of final
DC in commercial adhesives [21]. It is interesting to look at the conversion data at the
typical 20 s of light-curing (Figure 1): around 20% higher conversion values were found
in all groups containing TU in the matrix, adding further evidence to the benefits of

delaying network formation to increasing final conversion in those materials.

Another factor that can potentially affect the longevity of the bonded interface is
the bulk strength of the adhesive [35]. The thiourethane used in this study is derived
from a tetra functional thiol molecule, which was expected to enhance crosslinking,
and in turn, producing higher mechanical properties. This hypothesis can be potentially
beneficial in this case, since the presence of the monofunctional HEMA forms a linear
polymer, and therefore, the use of a multi-functional molecule was expected to improve

crosslinking and properties. However, the use of thiourethane as a matrix additive in
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adhesives not containing fillers did not statistically improve properties in comparison to
the unfilled control adhesive after 48h dry storage. The same was true when the matrix
additive was combined with the thiourethane-functionalized filler. The potential
improvement in crosslinking density with the use of multi-functional thiols (not
measured here) was likely overshadowed by the shortening of the chain lengths [36],
especially in co-polymerizations with monofunctional monomer such as HEMA. In
addition, the use of large molecular weight species (5 kDa — [13]) likely interfered with
polymer packing, which has been shown to be deleterious to the properties of linear
polymers [36]. The only true improvement of the dry properties was observed with the
addition of fillers only (regardless of the functionalization), as previously demonstrated
[24] and with the addition of methacrylate fillers with the thiourethane as a matrix
additive. The properties consistently dropped for all materials after one-week storage
in water, but more dramatically for the materials containing thiourethane as a matrix
additive. Polymers containing HEMA and urethane bonds are susceptible to hydrolysis
and plasticization [29] weakening the polymer structure, and explaining the lower
values of the Yield Strength and Modulus for those groups. This was true even though
the water sorption and solubility results were not affected by the addition of the
thiourethanes, likely because the presence of HEMA already makes the materials
significantly hydrophilic. The solubility was likely not affected because of the high
molecular weight of the additive. The threshold of 500 Da has been established for
leachates in dental polymers [37], which means the thiourethane at 5kDa stays trapped
in the polymer. It is noteworthy that the yield strength was used in this study rather
than the flexural strength values due to the large amount of plastic deformation

observed with some groups.
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The viscosity of the materials containing thiourethane as a matrix additive was
higher than the remainder groups. The highest viscosity was observed for the group
combining the thiourethane as a matrix additive and filler surface functionalization,
which tracks with the highest percentage of thiourethane in the composition. However,
the fully formulated adhesive used in the microtensile bond strength study was mixed
with solvent, which eliminated the viscosity differences, and allowed the adhesive
penetration in the dentin [29]. Ultimately, the difference in viscosity of the neat resin
did not influence the bond strength. All groups presented statistically similar bond
strength results at 24 h and 6 months storage, and all materials produced stable bonds
during this period. This was not expected based on the 30-50% reduction in bond
strength values found for BisGMA-HEMA compositions [38]. Again, in this study, this
may be explained by the high conversion values achieved by the combination of the
very efficient photoinitiator, the prolonged exposure time (60s) and the potential for
collagen substrate reinforcement by exposure to UV wavelengths in the mercury arc
lamp used [39]. Be as it may, the fact that the thiourethane-containing adhesive
presented higher conversion at 20 s, and produced bond strength stability similar to

the control, warrant further investigation.

Conclusion

The incorporation of thio-urethane in the matrix improved the degree of conversion of
experimental adhesives. Bond strength values stayed stable for all groups after 6
months of water storage. The incorporation of thio-urethane oligomers in the matrix
and on the functionalization of fillers in experimental adhesives, did not improve the

flexural properties.
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3. CONCLUSAO

A incorporacdo de oligbmeros de tiouretano na matriz de adesivos
experimentais, aumentou o grau de converséo final. A resisténcia de unido a dentina
se manteve estavel apdés 6 meses de armazenagem em agua, para todos os grupos
experimentais. Com isto, conclui-se que a incorporacao de oligbmeros de tiouretano

na matriz de adesivos experimentais € uma estratégia promissora.
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APENDICE 1- Materiais e Métodos
Sintetiza¢ao do tiouretano

Os oligbmeros de tio-uretano PETMP-DESMODUR e PETMP-BDI foram
sintetizados em solugbes de trietilamina. O tiol tetrafuncional PETMP (3-tetra
mercaptopropionato; ciclico) foi combinado com o isocianato ciclico
diciclohecilmetano 4,4’- diisocianato (DESMODUR) ou com o isocianato aromatico
1,3-bis(1-isocianato-1-metiletil) benzeno (BDI) em solucdo de diclorometano. A
proporc¢ao tiol:isocianato do PETMP-DESMODUR foi de 1:2 e o do PETMP-BDI de
1:2,5 (com tiol em excesso), de forma a manter tidis pendentes. Os oligbmeros de
tiouretano foram purificados por precipitacdo de hexano e por rotaevaporacdo. O
desaparecimento do pico de isocianato de 2270 cm-1 na Espectroscopia no
infravermelho transformada por Fourier (FTIR) e o aparecimento do sinal de
ressonancia 3,70 ppm na Ressonancia magnética nuclear por prétons (H-NMR)
mostra a completa reacdo dos isocianatos e a caracterizacdo da formacao das

ligacdes dos tiouretanos.

As particulas de carga inorganica de vidro de bario (tamanho médio de 1 um,
Specialty Glass Inc, FL, EUA) foram funcionalizadas com metacrilato ou tiouretano
(PETMP-BDI). Para a funcionalizacdo das cargas inorganicas com tiouretano, foi
adicionado 1 mol de 3-(trietoxisil) propil-isocianato durante o processo de sintetizag&o
do tiouretano PETMP-BDI para a formacéo do produto trimetoxi silano para o passo
de silanizagdo das cargas. Uma solucdo de 65 ml de etanol/agua destilada
(80/20%uvol) foi adicionado ao oligdbmero PETMP-BDI, no qual foi previamente
acidificado com acido acético (pH = 4,5). O oligdmero foi adicionado em 2% em peso
a 5 gramas de carga de vidro de bario e deixado misturar por 24 horas, filtrado e secos
por 4 dias em estufa a 370C. Para verificar se houve a funcionalizagéo das cargas, as
particulas de carga inorganica foram avaliadas por Analise Termogravimétrica, a uma

temperatura que variou de 50 oC a 850 oC, com um aumento gradativo de 10.C/min.

Grupos experimentais
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A matriz organica (BH) de adesivos experimentais foi manipulada na proporcéo
60/40% de Bis-GMA (bisfenol A diglicidil dimetacrilato - Esstech, Essington, PA, EUA)
e HEMA (2-hidroxietil metacrilato - Esstech, Essington, PA, EUA) e misturados em
uma maquina de centrifugacdo (DAC 150 Speed Mixer, Flacktek, Landrum, SC, EUA)
por 2 min a uma velocidade de 1800 rpm. O fotoiniciador dimetoxiacetofenona
(comprimento de onda de 310-390 nm, DMPA, Aldrich) foi adicionado em 0,2% em
peso e o inibidor hidroxitolueno butilado (BHT, Sigma-Aldrich St. Louis, MO, USA) em
0,5% em peso. Para os grupos experimentais contendo TU na matriz, o oligbmero de
TU foi adicionado em 20% em peso a matriz de Bis-GMA/HEMA. Os grupos que
contém carga inorganica, funcionalizadas com TU (TF) ou com metacrilato (TM),
foram adicionadas em 10% em peso a matriz organica. Os grupos experimentais
foram: Bis-GMA+HEMA; Bis-GMA+HEMA+10%TM; Bis-GMA+HEMA+10%TF; Bis-
GMA+HEMA=20%TU+10%TM,; Bis-GMA+HEMA=20%TU+10%TF; Bis-
GMA+HEMA=20%TU.

Cinética de polimerizacéo e Grau de converséo

A cinética de polimerizagdo dos adesivos experimentais foi avaliada durante a
polimerizacdo de 330 s em FT-NIR (Espectroscopia no infravermelho proximo
transformada por Fourier) (Nicolet 6700, Thermo Electron Corporation, Waltham, MA,
EUA) de forma a se obter o grau de converséo final e a cinética de polimerizagédo em
tempo real. Os grupos néo polimerizados (n=3) foram inseridos em matrizes de
silicone nas dimensdes de 10 mm de diametro e 0,7 mm de espessura, entre duas
laminas de vidro, fixadas em suas extremidades de forma a se padronizar as amostras
e foram levadas ao FT-NIR. O grau de conversao foi calculado com base na area do
pico da conversao de ligacdes duplas do metacrilato em 6165 cm-1. A ponta do
aparelho fotopolimerizador foi posicionada a uma distancia de 7 cm da amostra e 0s
adesivos foram polimerizados durante 300 s com um aparelho fotopolimerizador de
lampada de arco de mercurio (Acticure 4000, Electro-Optical Inc., Montreal Canada)
com uma irradiancia de 650 mW/cm2. A ponta do aparelho fotopolimerizador foi
padronizada a uma distancia de 7 cm superaguecer as amostras e para poder utilizar

a mesma distancia para diferentes metodologias.

Sorcéo e solubilidade
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As amostras analisadas no teste sor¢cdo e solubilidade foram as amostras
usadas para o teste de cinética de polimerizacdo, confeccionadas como descritas
acima (n=3). ApOs o teste de cinética de polimerizacéo, as amostras foram guardadas
em um ambiente seco e livre de luz. Apds 24 horas, quatro medidas da espessura (0,7
mm + 0,05 mm) e quatro medidas do diametro (10 mm = 0,5 mm) foram realizadas
com um paquimetro digital (Mitutoyo Corporation, Téquio, Japdo) em pontos pré-
determinados, de modo que em que houvesse uma padronizacdo para todas as
amostras, para mensuracao do volume em mms. As amostras foram pesadas (ml1) em
uma balanca analitica e armazenadas em 5 ml de agua deionizada por 7 dias. Apos
este periodo, as amostras foram lavas em agua corrente e secas com papel
absorvente até que ndo houvesse agua na superficie da amostra, e entdo foram
pesadas novamente (m2). Em seguida, as amostras foram armazenadas em
dissecador a vacuo em temperatura ambiente por 7 dias e apds este periodo, pesadas
a cada 24 h até se obter uma massa constante (m3). A sorcdo (Ws) e a solubilidade
(Wsl) foram calculadas de acordo com as formulas:

m2 —m3 _ml—m3

Wws=—<="""" W=
S v S v

Viscosidade

A viscosidade dos adesivos experimentais foi avaliada através de um redmetro
de placa paralela (ARES, TA Instruments, New Castle, DE, EUA). Para o teste, foi
selecionado um dispositivo de acrilico de 20 mm de diametro e um de metal de 20
mm, e uma distancia de 0.3 mm entre os dois dispositivos com uma taxa de
cisalhamento de 10 a 1000 s-1. Os adesivos foram pesados (n=3) e 0,3 g de cada
foram dispensados no dispositivo de acrilico. Os valores de viscosidade foram obtidos
e uma media de 3 pontos retilineos foi considerada para calcular a viscosidade de

cada amostra.
Tensao de escoamento e Médulo de elasticidade

Para o teste de Tensao de escoamento e modulo de elasticidades, o teste de
Flexao de trés pontos foi selecionado e realizado em uma maquina de ensaio universal
(MTS Criterion, Eden Prairie, MN EUA) a uma velocidade de 1 mm/min e carga de 500
N, de acordo com a ISSO 4049 (Standard | 2009). Os adesivos (n=12) foram inseridos
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em uma matriz de silicone de dimensdes de 25 mm x 2,5 mm x 2,5 mm entre duas
placas de vidro e cada lado da amostra foi fotopolimerizados por 120 s com um
aparelho de fotopolimerizador de |ampada de arco de mercario (Acticure 4000,
Electro-Optical Inc., Montreal Canada com filtros a 320-500 nm) com irradiancia de
650 mW/cm2 chegando na superficie da amostra a uma distancia de 7 cm. Esta
distancia permitiu que a luz alcancasse toda a superficie da amostra. As amostras
foram entdo aleatoriamente selecionadas e divididas em dois subgrupos (n=6), os
guais metade das barras foram armazenas em um ambiente seco e escuro e testadas
apos 48 h e a outra metade apds 7 dias imersos em agua deionizada. O mdédulo de
elasticidade (GPa) foi mensurado da porc¢ao linear inicial da por¢cdo da curva tenséo-

deformacao do grafico de cada amostra testada.
Teste de Resisténcia de Unido a Microtracao

Para o teste de resisténcia de unido a microtracao, 40% de etanol foi adicionado
aos grupos experimentais e previamente ao procedimento restaurador, os frascos

foram misturados em vortex por 30 s.

Trinta e seis molares humanos higidos foram aleatoriamente selecionados e
armazenados em solucdo de 0,1% de Cloramina por até 30 dias, e divididos em 6
grupos (n=6). As raizes foram incluidas em gesso pedra por um dispositivo de acrilico
(imagem 1 — A e B), para facilitar o procedimento de adesao e a obtencdo dos palitos
para o teste. ApGs a inclusdo e presa do gesso, a oclusal dos dentes foram
seccionadas de mesial para distal, perpendicularmente a raiz dos dentes de modo a
expor a dentina (Imagem 1 — C e D), por um disco diamantado (Buehler, Lake Bluff,
IL, EUA) em uma maquina de corte automatica. Apés a seccao, as superficies de
dentina foram polidas com discos de carbeto de silicio de granulacdo #600 sobre
irrigacéo por 30 s, para simular a formacao de smear layer, e entdo lavadas por 30 s
com agua deionizada. Para o procedimento adesivo, a superficie da dentina foi
condicionada com acido fosforico 35% (Ultra-Etch, Ultradent) por 10 s e lavadas com
agua deionizada por 30 s, a qual foi parcialmente removida com bolas de algodéo,
deixando a superficie imida. Duas camadas de adesivos foram ativamente aplicadas
na superficie de dentina por 10 s e secos com spray de ar por 5 s para volatilizar o
solvente. Apdés a aplicacao das duas camadas, estas foram fotopolimerizadas com o

aparelho de bancada fotopolimerizador de lampada de arco de mercuario por 60 s
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(Acticure 4000, Electro-Optical Inc., Montreal Canada com filtro de 320-500 nm) a uma
irradiancia de 650 mW/cmz e distancia da ponta do aparelho a superficie da dentina
de 7 cm. Duas camadas de resina composta (Filtek Supreme Ultra A3 Body, 3M
ESPE) de 2 mm de altura foram confeccionadas na superficie de dentina e
fotopolimerizadas com um aparelho fotoativador LED Elipar (3M ESPE) a uma
irradiancia de 615 mW/cmz. ApGs o procedimento restaurados, as amostras foram
armazenadas por 24 horas a 370.C e entéo as amostras foram seccionadas em palitos
de area de 1 mmz. Os palitos de cada dente foram aleatoriamente selecionados e
subdivididos, os quais metade foram avaliados em 24 h e a outra metade foram
armazenados em agua destilada para avaliacdo apdés 6 meses. Todos os

procedimentos restauradores foram realizados pelo mesmo operador calibrado.

Apés o tempo mencionado, os palitos foram testados em uma maquina de
ensaio universal (MTS Criterion, Eden Prairie, MN, EUA) a uma velocidade de 1
mm/min e carga de 500 N até a falha. Os padrdes de fratura foram analisados em um
microscopio Optico de aumento de 40x e classificados como: adesiva, coesiva em

dentina, coesiva em resina composta e mista (envolvendo adesivo, dentina e resina

composta).

Imagem 1. A. Dispositivo de acrilico para incluséo das raizes de dentes; B. Raizes de
dentes incluidas em gesso pedra com auxilio de cera pegajosa na oclusal dos dentes,
perpendicularmente a base do dispositivo; C. Corte no terco médio da coroa dental,
para exposicdo da dentina, em cortadeira automatica; D. Dente ap6s remocgédo da

oclusal e exposicdo da dentina.

Analise estatistica
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Os dados foram testados quanto a normalidade (Anderson-Darling) e
hocedasticidade (testes Bartlett ou Levene), e entdo submetidos a Andlise Variancia
de um fator e teste de Tukey (nivel de significAncia de 95% para todos os testes). As
comparagfes entre os tempos de armazenagem dentre 0S mesmos grupos para a

resisténcia de unido a microtracdo foram realizadas usando o test-t (nivel de

significancia de 95%).



ANEXO 1 — Comité de ética

l Faculdade de Odontologia de Piracicaba
L UNICAMP

FO
OF. CEP/FOP N. ° 001/2020

Piracicaba, 10 de janeiro de 2020.

lima. Srta.

Julia Puppin Rontani

Doutorando no Programa de P6s-Graduagdo em Materiais Dentarios da
Faculdade de Odontologia de Piracicaba/ UNICAMP

Prezada Srta. Julia,

Apds analisar a documentagio apresentada por VSa. ao CEP-FOP, com respeito
a tese intitulada “Analise in vitro de um adesivo condiciona-e-lava de 2 passos
modificado com aditivos de tiouretano”, dos pesquisadores Jalia Puppin Rontani
(Doutoranda), Prof. Dr. Lourengo Correr Sobrinho (Orientador) e Profa. Dra. Carmem
Silvia Pfeifer (Co-orientadora), informo que este projeto ndo necessita, em principio e
de acordo com as informagdes oferecidas no material encaminhado, ser submetido a
analise por um Comité de Ftica em Pesquisa com Seres Humanos no Brasil.

As informagoes enviadas em um e-mail de 09/01/2020 e em dois arquivos
anexados ao mesmo (versio da tese de doutorado e manifesta¢io do IRB da Oregon
Health & Science University) indicam que a pesquisa foi realizada com dentes
humanos obtidos por doagao de Cirurgides Dentistas Americanos que os extrairam de
pacientes americanos. Considerando que os dentes nido de origem nacional, nao ha
necessidade de submissao da pesquisa a um CEP no Brasil.

Esclareco que as informacoes fornecidas sobre este projeto serao arquivadas
no CEP-FOP-UNICAMP por cinco anos. Colocamo-nos a disposi¢do para qualquer
informacao adicional que julgar necessaria.

Cordialmente,

s

Prof. Jacks Jorge Junior
Coordenador

Av. Limeira, 901 - Bairro Aredo - PIRACICABA /SP - CEP 13.414.903 - Caixa Postal 52
Fone/Fax: (19) 2106.5349 - E-Mail: cep@fop.unicamp.br
Home Page: http://www.fop.unicamp.br/cep
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ANEXO 3 - Comprovante de submisséo do artigo

De: "Carmem Pfeifer" <pfeiferc@ohsu.edu>

Assunto: Submission of a paper to the International Journal of Adhesion and
Adhesives

Data: 18 de fevereiro de 2020 18:40:24 BRT

Para: "w.m.palin@bham.ac.uk" <w.m.palin@bham.ac.uk>

Cc: "Ana Paula Piovezan Fugolin" <fugolin@ohsu.edu>, "Julia Puppin Rontani"
<juliaprontani@gmail.com>

Dear Dr. Palin (Will),

I am writing to submit one of our papers to IJAA, please find attached the file with
the final figures and tables, as well as the figures as separate files. Please, let
me know if you need anything else, and if this is the correct procedure to follow
for submission.

Sincerely,
Carmem

Carmem S. Pfeifer, DDS, PhD
Associate Professor

Biomaterials and Biomechanics, OHSU
2730 SW Moody Ave, room 6N036
Portland, OR, 97201

ph: 503-494-3288

fax: 503-494-8260
http://www.biomaterials-pfeiferlab.com
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