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RESUMO

O objetivo neste estudo foi determinar a influéncia de diferentes sistemas
fotoiniciadores sobre a taxa de polimerizacdo, grau de conversao, saturacdo de
amarelo e absorcdo de &agua de resinas compostas experimentais fluidas
autoadesivas. A matriz organica das resinas compostas foi formulada utilizando os
monomeros bisfenol glicidil dimetacrilato (BisGMA) e trietilenoglicol dimetacrilato
(TEGDMA) (50/50% em peso). Para as resinas compostas autoadesivas foi
acrescentado o mondmero Bis[2-(metacriloiloxi)etil] fosfato (2MP) (40% em peso).
Os fotoiniciadores testados foram canforquinona (CQ), 6xido mono-alquil fosfinico
(TPO) e 6xido bis-alquil fosfinico (BAPO). As combina¢des CQ+TPO e CQ+BAPO
também foram testadas. Uma amina terciaria (EDMAB) foi usada como molécula co-
iniciadora para todos os sistemas que continham CQ na formulac&o. Foi adicionado
a estes sistemas 45% em peso de particulas de carga inorganica silanizadas (BaAlSi
2 um; BaAlSi 0,7 um; SiO, 50nm). A taxa maxima de polimeriza¢do (n=3) e o grau de
conversdo foram avaliados por espectroscopia de infra-vermelho proximo (NIR).
Para analise da saturacdo de amarelo (n=5) foi utilizado um espectrofotdmetro
empregando o eixo b* do parédmetro CIELab. As leituras foram realizadas
imediatamente apods a fotoativacdo. A absor¢cdo de agua (n=5) foi avaliada por
variacdo de massa ap0s o armazenamento em agua por 30 dias. Os resultados
foram analisados usando ANOVA 2 fatores e teste de Tukey (a=0,05). BAPO foi o
fotoiniciador com maior taxa de polimerizacdo em ambas as resinas compostas. As
resinas compostas autoadesivas apresentaram menor taxa de polimerizagéo quando
CQ+EDMAB foi usado e ndo houve diferenca estatistica em relacdo as
convencionais quando TPO, CQ+EDMAB+TPO e CQ+EDMAB+BAPO foram
usados. As resinas compostas autoadesivas apresentaram grau de conversao maior
do que as convencionais quando fotoiniciadores alternativos foram usados. As
resinas compostas autoadesivas, exceto as que possuiam somente BAPO
apresentaram maior amarelamento para todos os fotoiniciadores. No entanto, BAPO
foi o fotoiniciador que provocou o0 maior amarelamento tanto nas resinas compostas
convencionais quanto nas autoadesivas. As resinas compostas autoadesivas
absorveram mais agua, qualquer que fosse o sistema fotoiniciador usado. Conclui-
se que o grupo com CQ+EDMAB+TPO apresentou os resultados mais satisfatorios

para as resinas compostas autoadesivas. No entanto, as resinas compostas



autoadesivas ficaram mais amarelas apds a fotopolimerizacdo e absorveram mais

agua em relacdo aos grupos controle.

Palavras-chave: Resinas Compostas. Fotoiniciadores Dentarios.



ABSTRACT

The aim in this study was to determine the influence of different photoinitiators
systems on polymerization rate, degree of conversion, degree of yellowing and water
absorption of self-adhesive flowable composites experimental. The organic matrixes
of composite resins were formulated using the monomers bisphenol-glycidyl
dimethacrylate (BisGMA) and triethyleneglycol dimethacrylate (TEGDMA) (50/50%
weight). For self-adhesive composites, bis-2-methacyloyloxy-ethyl phosphate (2MP)
(40% weight) was added in the formulation. The photoinitiators tested were
camphorquinone (CQ); diphenyl(2,4,6-trimethylbenzoyl)-phosphine oxide (TPO);
phenylbis(2,4,6-trimethylbenzoyl) phosphine oxide (BAPO). The combinations of
CQ+TPO and CQ+BAPO were also tested. Ethyl-4-dimethylamino benzoate
(EDMAB) was used as co-initiator for those systems containing CQ in the
formulation. 45% percent by weigth of silanized inorganic particles (BaAlSi 2 um,;
BaAlISi 0.7 ym; SiO2 50nm) were added. The maximum rate of polymerization (n=3)
and degree of conversion were determined using near—infrared (NIR) spectroscopy.
For analyze the yellowing effect (n=5) was used a spectrophotometer employing the
axis b* of CIELab parameter. Readings were taken immediately after curing. The
water absorption (n=5) was evaluated by weight change after storage in water for 30
days. Outcomes were analyzed using two-way ANOVA and Tukey's test (a=0.05).
BAPO was the photoinitiator with higher rate polymerization of conventional and self-
adhesive composites. Self-adhesive composite shows lower rate polymerization
when CQ+EDMAB was used. There was not statistical difference between
conventional and self-adhesive composite when TPO, CQ+EDMAB+TPO and
CQ+EDMAB+BAPO were used. Self-adhesive composites promoted high degree of
conversion when alternative photoinitiators were used. The self-adhesive composites
promoted higher degree of yellowing for all photoinitiators, except BAPO. However,
BAPO showed higher yellowing effect of conventional and self-adhesive composites.
The self-adhesive composites promoted higher water absorption for all photoinitiators
systems. It is concluded that the group with CQ+EDMAB+TPO showed the most
satisfactory results of self-adhesive composites. However, self-adhesive composites
were more yellow after photopolymerization, and they absorbed more water than the

control groups.

Keywords: Composite Resins. Photoinitiators.
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1 INTRODUCAO

A resina composta fluida foi introduzida no mercado no ano de 1996
(Bayne et al., 1998). Basicamente, trata-se de um compaosito tradicional que teve
sua viscosidade reduzida. Esta modificagdo pode ser o resultado da reducéo da
quantidade de particulas de carga inorganica em sua composicdo (37-53% em
volume para resina composta fluida e 50-70% em volume para as convencionais) ou
da inclusdo de monémeros de baixa viscosidade na formulagdo da matriz resinosa.
O objetivo principal desse material é que tenha melhor adaptacdo as paredes de
cavidades pequenas e por isso sdo armazenados em seringas com agulhas de
calibre fino (Baroudi et al., 2015). Sao principalmente utilizados como selantes de
fossulas e fissuras, bases e materiais restauradores de pequenas cavidades
(Cadenaro etal., 2011).

Recentemente, compdsitos fluidos autoadesivos foram introduzidos no
mercado (Ferracane, 2011). Esses materiais apresentam mondmeros acidicos em
sua composicao e dessa forma eliminam as etapas de condicionamento prévio por
acido fosforico e também da aplicacédo prévia do sistema adesivo, tradicionalmente
necessarios para a realizacdo de uma restauracdo (Park et al., 2015). A unido
quimica ao dente é conseguida por uma reacdo entre o mondémero &cido e a
hidroxiapatita (De Munck et al., 2004). O potencial de condicionamento de esmalte e
dentina é dependente do grupamento &cido ligado a molécula de metacrilato. Os
monodmeros fosfatados possuem maior potencial de reducdo do pH quando
comparados com os do grupo carboxil (Nishiyama et al., 2004). Os monbémeros
funcionais acidos ainda s&do predominantemente metacrilatos derivados do acido
carboxilico como o acido 4-metacriloxietil trimelitato anidro (4-META) ou a partir de
mondmeros fosfonados, como o 2-metacriloxietil fenil fosfato (fenil-P), 10-
metacriloxidecil dihidrogénio fosfato (10-MDP) e Bis[2-(metacriloiloxi)etil] fosfato
(2MP) (Ferracane et al., 2011). A utilizagdo das resinas compostas autoadesivas tem
grande potencial no que diz respeito a economia de tempo para a realizagdo do

tratamento e menor sensibilidade técnica (Altunsoy et al., 2015).

Além dos monbémeros, os fotoiniciadores também estdo presentes na
composicdo das resinas compostas fluidas convencionais e autoadesivas. Eles séo

responsaveis pela geracdo de radicais livres que dardo inicio ao processo de
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polimerizacdo. A canforquinona (CQ) é o fotoiniciador mais utilizado em materiais
restauradores resinosos desde a introdugdo dos materiais ativados por luz visivel
azul (Schneider et al., 2012). Esse fotoiniciador absorve luz com comprimento de
onda entre 400 e 500 nm, atingindo um estado de excitacao triplete (Neumann et al.,
2005). Neste momento ela atrai as moléculas de uma amina tercidria como, por
exemplo, a EDMAB e a transferéncia de um elétron da amina para a canforquinona
forma um complexo denominado “exciplex”. Com isso, a amina transfere um
hidrogénio, resultando na formacdo de um radical amino e um radical cetila.

Enquanto o radical cetila € inativo, o radical amino € responséavel pelo inicio do

processo de polimerizacéo (Teshima et al., 2003).

Apesar de amplamente empregado, o sistema CQ+EDMAB apresenta
desvantagens. A CQ possui coloracdo amarelada, além de poder proporcionar
alguns efeitos adversos, como genotoxicidade (Nomura et al., 2006). Ja a amina
sofre oxidacdo e estd relacionada com menor estabilidade de cor do material.
(Salgado et al.,, 2015). Tem sido cada vez mais estudado a influéncia dos
mondmeros acidos na amina (Moszner et al., 2005). A reacdo acido-base entre os
mondmeros &cidos e aminas pode reduzir a concentragdo das aminas, diminuindo a
guantidade de radicais aminas que Sao necessarios para iniciarem a polimerizacao
(Ningjing et al., 2013). Dessa forma a polimerizagdo desses compdsitos pode ser
prejudicada (Sodre et al., 2015).

Com o intuito de superar essas limitacdes, outros fotoiniciadores surgiram
para substituir ou agirem em conjunto com a canforquinona. E o caso dos 6xidos
fosfinicos, como o 6xido mono-alquil fosfinico (TPO) ou o 6éxido bis-alquil fosfinico
(BAPO). Esses fotoiniciadores sdo do tipo | de acordo com Norrish, o que significa
gue ndo necessitam de uma molécula co-iniciadora para gerar radicais livres e sao
capazes de gerar esses radicais a partir da clivagem da propria molécula (Stanbury,
2000; Ikemura et al., 2010). Esses fotoiniciadores alternativos sdo mais sensiveis
para comprimentos de onda menores que 420 nm (Ogunyinka et al., 2007). Isso &
um problema para as luzes LED de primeira e segunda geracdo, que produzem
apenas comprimentos de onda mais longos na faixa de 450 a 470 nm. Por isso para
uma eficiente polimerizacdo quando utilizados esses fotoiniciadores, ha a
necessidade de utilizagdo de um fotopolimerizador de amplo espectro como

lampadas halégenas de quartzo-tungsténio ou LEDS de terceira geracao (Price et
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al., 2009). Estudos sugerem que TPO e BAPO poderiam melhorar as propriedades
opticas ja que ndo necessitam de molécula co-iniciadora (Neumann et al., 2005) e
mecanicas devido a maior eficiéncia na ativacdo da reacdo de polimerizacdo,
promovido pela maior quantidade de radicais ativos disponiveis para esse processo
(Price et al., 2009). Em 2013, Albuquerque et al. avaliaram o grau de amarelamento
de compositos resinosos com diferentes fotoiniciadores antes e apds a fotoativagao.
Concluiram que as resinas que utilizaram TPO foram as Unicas que ficaram mais
amareladas imediatamente apés a fotoativacdo. Mesmo assim, TPO apresentou
menor grau de amarelamento apos a fotoativagdo em relacdo a CQ+EDMAB e
BAPO. Além disso, os autores concluiram que os compdsitos obtiveram grau de
conversdo semelhante entre si, qualquer que fosse o fotoiniciador utilizado, assim
como o valor de absorcao de agua foi similar entre BAPO, TPO e CQ. Por outro lado
alguns estudos mostram que resinas compostas formuladas com TPO e BAPO
possuem maior grau de conversdo, quando fotoativada com um aparelho LED
polywave (Bluephase G2, Ivoclar-Vivadent) e menor tonalidade de amarelo em
relacdo aos materiais formulados com CQ (de Oliveira et al., 2015; Meereis et al.,
2014).

Como pode ser visto o sistema fotoiniciador tradicional CQ+EDMAB
apresenta limitacdo estética, além de ter menor eficiéncia na geracdo de radicais
livres em meio &cido. Com isso € necessario avaliar como fotoiniciadores
alternativos se comportariam na presenca de monémero acido, uma vez que esses
fotoiniciadores sdo menos amarelos e ndo necessitam de molécula co-iniciadora
para geracao de radicais livres, podendo assim superar as limitagdes do sistema
CQ+EDMAB. Pesquisas tém mostrado o potencial de uso desses sistemas
alternativos quando aplicados na formulacdo de blendas monoméricas empregadas
em sistemas adesivos autocondicionantes (Sodre et al., 2015) e pode-se assim
imaginar que 0s mesmos poderiam ter sucesso na composicdo de compoésitos
restauradores autoadesivos. Entretanto, ndo ha registros na literatura atual sobre

estudos capazes de responder a esta possibilidade.

Portanto, o objetivo na presente pesquisa foi determinar taxa de
polimerizacdo, grau de conversdo, grau de amarelo e absorcdo de agua de
compositos experimentais de baixa viscosidade autoadesivos formulados com

diferentes sistemas fotoiniciadores. Assim, as seguintes hipéteses de trabalho foram
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testadas: 1) Resinas compostas autoadesivas seriam capazes de promover melhor
polimerizacdo e apresentariam menor grau de amarelo em relacdo as resinas
convencionais, quando sistemas fotoiniciadores alternativos fossem utilizados. 2)
Resinas compostas autoadesivas promoveriam maior absor¢cao de agua em relacéo

as resinas convencionais, qualquer que fosse o sistema fotoiniciador utilizado.
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2 ARTIGO: Influence of the photoinitiator system on physical-chemical properties of
experimental self-adhesive flowable composites

Artigo submetido ao periddico Brazilian Dental Journal (Anexo 2)

Bertolo MVL; Telles YA; Pfeifer C; Salgado VE; Costa AR; Schneider LF

ABSTRACT

The aim of this study was to determine the influence of different
photoinitiators systems on physical-chemical properties of experimental self-adhesive
flowable composites (SAFC) and traditional flowable composites (standard). The
organic matrixes were formulated by using the monomers bisphenol-glycidyl
dimethacrylate (BisGMA) and triethyleneglycol dimethacrylate (TEGDMA). For the
experimental SAFCs, bis-2-methacyloyloxy-ethyl phosphate (2MP) was added in the
formulation. The photoinitiators systems tested were camphorquinone and ethyl-4-
dimethylamino benzoate (CQ+EDMAB), diphenyl(2,4,6-trimethylbenzoyl)-phosphine
oxide (TPO), phenylbis (2,4,6-trimethylbenzoyl) phosphine oxide (BAPO),
CQ+EDMAB+TPO and CQ+EDMAB+BAPO. The maximum polymerization rate and
degree of conversion (n=3) were determined using near—infrared (NIR) spectroscopy.
The yellowing degree was determined immediately after curing had been evaluated
with a spectrophotometer employing the axis b* of CIELab parameter (n=5). The
water sorption (n=5) was evaluated by weight change after storage in water for 30
days. Data were analyzed using two-way ANOVA and Tukey's test (a=0.05). SAFC
showed lower polymerization rate when CQ+EDMAB was used. Self-adhesive
composites promoted high degree of conversion when alternative photoinitiators
were used. With the exception of the application of BAPO in the formulation, the
SAFCs promoted higher degree of yellow when compared to standard. BAPO
produced the highest yellowing effect regardless of the resin matrix formulation. The
self-adhesive composites promoted higher water absorption than the standard ones.
It is concluded that for SAFCs, BAPO showed the highest degree of conversion and
polymerization rate. CQ+EDMAB, TPO and CQ+EDMAB+TPO promoted less
yellowing. CQ+EDMAB+TPO absorbed less water. However, the SAFCs were more

yellow after photopolymerization and they absorbed more water than the standard.

Keywords: composite resins, photoinitiators.
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INTRODUCTION

Low-viscosity composites were introduced in Dentistry in 1996 (1).They
have lower filler content than conventional composites and so are less viscous
materials. Mainly used as a liner or repair material, the flowable composites can also
be applicable as filling material in conservative classes | or V preparations (2,3,4).

The current news in Adhesive Dentistry is the development of self-
adhesive flowable composites (5).The aim of the development of these materials is to
provide a reduced clinical time and decrease in the sensitivity of the technique found
in the conventional total-etching adhesive systems (5,6). The self-adhesive flowable
composites formulation were based on conventional methacrylate system, however,
on bonding technology that utilize acidic monomers, typically found in self-etching
adhesives systems to etch enamel and dentin (4). The acid functional monomers are
stil  predominantly methacrylates carboxylic acid derivatives such as 4-
methacryloxyethyl anhydrous trimellitate acid (4-META) or from phosphonated
monomers such as 2-methacryloxyethyl phenyl phosphate (phenyl-P), 10-
metacriloxidecil dihydrogen phosphate (10-MDP), and bis [2- (methacryloyloxy) ethyl]
phosphate (2MP) (7). The carboxyl grouping and a phosphate grouping, respectively,
are capable of interacting with the calcium of tooth substrate, conducting a chemical
interaction, more precisely by ionic bond (8). Unfortunately, the acidic character of
these monomers can generate low polymerized composites, since the lower pH
might consume the amine content, as the tertiary amines can be neutralized by the
acidity of the monomer (9). Therefore, alternative photoinitiators might be considered,
since such molecules are known for not needing a co-initiator to trigger a

polymerization reaction.

The traditional photoinitiator system that includes camphorquinone and
amine (CQ + EDMAB) has disadvantages. Besides presenting strong yellow staining,
it requires a co-initiator molecule that, unfortunately, might suffer oxidation over time,
causing a large intrinsic color change. Futhermore, in acid medium CQ showed limits
regeneration (9). Thus it is necessary to evaluate how alternative photoinitiators
behave in the presence of acid monomer, since such photoinitiators are less yellow
and do not require co-initiator molecule for the generation of free radicals and can
thus overcome the limitations of CQ + EDMAB system. Alternative photoinitiators

systems have been studied in order to improve the aesthetic restorations made of
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composites traditional restorative. At the same time, other research has shown the
potential use of alternative photoinitiators systems when applied in monomeric
blends formulation employed in self-etch adhesives systems (10) and one can thus
imagine that the same could be applied in self-adhesive composites. However, there

are no reports in the literature on studies able to respond to this possibility.

Therefore, the aim of this study was to determine the influence of the addition of
different photoinitiators systems on polymerization rate, degree of conversion,
yellowing effect and water absorption of experimental traditional and self-adhesive
flowable composites. The following research hypotheses were tested: 1) Self-
adhesive composites would promote more efficient polymerization and less yellowing
degree than conventional composites, when alternative photoinitiators systems were
used. 2) Self-adhesive composites would promote greater water sorption than

conventional composites, independent of the photoinitiator system used.

MATERIALS AND METHODS
Study design

This in vitro study involved a 5x2 factorial study designed to evaluate the effect of
two factors on the performance of experimental flowable composites. The factors
were ‘photoinitiator system’ (5 levels: CQ+EDMAB, TPO, BAPO, CQ+EDMAB+TPO,
and CQ+EDMAB+BAPO), in order to test the use of photoinitiator systems alternative
to CQ+EDMAB, and ‘matrix’ (2 levels: conventional or self-adhesive), in order to
simulate the low pH environment due the functional monomers. The response
variables were the maximum polymerization rate (n=3), degree of C=C conversion

(n=3), water sorption (n=5), and yellowing degree (n=5).

Formulation of the experimental composites

The monomers bisphenol-glycidyl dimethacrylate (BisGMA, Esstech Inc., Essington,
PA, USA), triethyleneglycol dimethacrylate (TEGDMA; Esstech Inc), and bis-2-
methacyloyloxy-ethyl phosphate (2MP; Sigma Aldrich, St Louis, MO, USA) were used
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to prepare the two different co-monomer formulations: the traditional flowable
composites (BisGMA/TEGDMA, 50/50 wt%), and the self-adhesive flowable
composites (BisGMA/TEGDMA/2MP, 30/30/40 wt%). Three photoinitiator molecules
were used to promote the polymerization reaction: camphorquinone (CQ, Sigma
Aldrich), trimethylbenzoyl-diphenyl-phosphine oxide (TPO, Sigma Aldrich), and
bisacyl-phosphine oxide (BAPO, Sigma Aldrich). The tertiary amine ethyl-4-
dimethylaminobenzoate (EDMAB, Sigma Aldrich) was used as a co-initiator for CQ-
based materials. After monomer and photoinitiator mixtures, silanized inorganic fillers
(Esstech Inc.) were added (45 wt%) for each group. The inorganic content was
composed for 35% of barium-aluminium-silicate fillers (2 um average size), 35% of
barium-aluminium-silicate (0.7 um average size), and 30% of SiO, (50 nm average

size). The photoinitiators systems tested for each organic matrix are shown in table 1.

Degree of conversion (DC%) and polymerization rate (RPmax %)

The degree of conversion was obtained using near-infrared (NIR) spectroscopy in
specimens of 10 mm in diameter and 0.8 mm thick laminated between two glass
slides. The methacrylate =CH, absorption at 6165 cm*(11) was recorded before and
after 40s of irradiation at 1200 mW/cm? (Bluephase G2, Ivoclar Vivadent,
Lichtenstein) with the light source in direct contact with the glass slide mold. Real-
time monitoring of the polymerization kinetics was carried out in specimens of the
same size at 2 scans per spectrum with 4 cm™ resolution, which provides a greater
than 2 Hz data acquisition rate. Kinetic data was collected continuously for 5 minutes.
Samples (n=3) were irradiated for 40 seconds with a LED curing unit (Bluephase
G2).

Yellowing effect

Specimens (n=5) were prepared in a cylindrical metal mold of 8-mm inner
diameter and 2-mm thickness sandwiched between Mylar strips (Mylar strips,
Preven, PR, Brazil). The composites were photoactivated for 40 s at 1200 mW/cm?
(Bluephase G2), directly though the Mylar strip. A spectrophotometer (Easyshade
Compact, Vita, Germany) was used to evaluate the axis b*, which is used to quantify

the yellow (positive values) and blue (negative values) levels.
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Water absorption

Disc specimens were prepared in a cylindrical metal mold of 8 mm inner
diameter and 2 mm thickness sandwiched between Mylar strips (n = 5). These
measurements were used for the similar diameter of the light guide tip of the curing
unit. The specimen was photoactivated for 20 s at each side with the light tip in direct
contact with the strip. Immediately after curing, the specimens were transferred to a
desiccator maintained at 37+1°C. After 22 h, specimens were removed and stored in
a second desiccator maintained at 25 + 1°C for 2 h and weighed in a digital balance
(Chyo Balance Corp, Japan). This cycle was repeated until a constant mass (m1)
was obtained. The specimens were immersed in distilled water at 37+1°C for 30
days. After this period, the discs were removed and washed with water. The water
excess was removed by blotting with a tissue and the specimens were reweighed
(m2). The percentage of water sorption (Wsp) was calculated as: Wsp = 100 x ((m2 -
m1)/m1) (10).

Statistical analysis

For each variable tested (polymerization rate, degree of conversion,
yellowing effect and water absorption) data were submitted to two-way analysis of

variance (ANOVA), followed by Tukey's test (95% significance level).
RESULTS

Results of the RP max and DC are summarized in Table 1. Regardless of
the co-monomer composition, the photoinitiator system CQ + EDMAB showed the
lowest maximum rate of polymerization. Considering the monomeric system, CQ
developed lower rate of polymerization in the self-adhesive material than the
conventional one. BAPO was the photoinitiator with highest reaction speed in both
composites, been statistically higher in the self-adhesive composite than for the
conventional one. There was no significant statistical difference between
conventional and self-adhesive composite when pure TPO or associated with CQ +
EDMAB were used. The self-adhesive composites presented higher degree of

conversion when alternative photoinitiators were used. Photoinitiators BAPO and
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TPO, when used without CQ, were able to significantly increase the degree of

conversion of both composites.

Table 1: Mean and standard deviation (SD) values for maximum rate of polymerization (RPmax)

and Degree of conversion (DC)

RPmax(%) DC(%)
Photoinitiator Conventional Self-adhesive Conventional Self-adhesive
CQ + EDMAB 8.3(0.5)d A 43(0.5)dB 56.6 (0.5) d A 47.6 (0.5)d B
TPO 29.3 (0.5) ab A 29.3 (1.5)b A 63.0 (1.0)b B 69.0 (1.0) ab A
BAPO 31.0(1.0)aB 426 (3.7)aA 65.3 (0.5) a B 70.6 (0.5) a A
CQ+EDMAB+TPO 18.6 (2.0)c A 16.6 (0.5) c A 59.6 (0.5) ¢ B 65.3 (0.5) c A
CQ+EDMAB+BAPO 26.3(0.5)bB 31.3(0.5)b A 61.3 (0.5) bc B 67.6 (0.5) b A

Different capital letters indicate significant differences between line. Different lowercase letters indicate
significant differences between column (p <0.05).

Table 2 shows the results for b* immediately after curing. The monomer

2MP had a significant influence on the yellow-blue axis data. The self-adhesive

composites were more yellow, except when BAPO was used. The yellowing effect

follows a descending order BAPO > TPO > CQ for conventional and self-adhesive

composites.

Table 2: Mean and standard deviation (SD) values for b* coordinate at immediately

after curing

Photoinitiator

Conventional

Self-adhesive

CQ + EDMAB
TPO

BAPO
CQ+EDMAB+TPO

CQ+EDMAB+BAPO

1.10 (0.0)c B
3.53(0.2)bB
11.46 (0.7) a A
1.23(0.2) c B

3.80 (0.0)b B

3.73(0.1)cA
433 (0.1) cA
8.16 (0.2) a B
4.00 (0.1) c A

6.00 (0.1) b A
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Different capital letters indicate significant differences between line. Different lowercase letters indicate
significant differences between column (p <0.05).

Table 3 presents the water absorption of the composites after 30 days of
water storage. The monomer acid had a significant influence on water absorption.
Regardless of the photoinitiator system used, the self-adhesive composites were
capable of absorbing more water than conventional composites. Conventional
composites do not showed statistical difference between the photoinitiators. For the

self-adhesive composites, TPO and BAPO promoted the highest values.

Table 3: Mean and standard deviation (SD) values for water absorption (%) after 30
days of water storage

Photoinitiator Conventional Self-adhesive
CQ + EDMAB 1.1(0.2)aB 2.8(0.6)cA
TPO 1.0 (0.5)aB 5.3(0.2) aA
BAPO 0.7(0.1) aB 5.3(0.2) a A
CQ+EDMAB+TPO 1.0 (0.5)aB 3.4(0.1) bc A
CQ+EDMAB+BAPO 0.9(0.1) aB 35(0.1)bA

Different capital letters indicate significant differences between line. Different lowercase letters indicate
significant differences between column (p <0.05).

DISCUSSION

The self-adhesive restorative materials have been developed aiming at
reducing clinical steps and, in addition, the influence of acidic monomers on amines
have been studied as a factor of interest, as well as the kind of photoinitiator used in
these materials (12,13) Based on the information provided, the present study
evaluated the chemical-physical properties of traditional and self-adhesive flowable

composites formulated with different photoinitiators systems.

The first hypothesis tested in the study was rejected. Although the self-
adhesive composites have shown more efficient polymerization when alternative
photoinitiators systems were used, the same did not occur for the yellowing degree.

Self-adhesive flowable composites exhibited higher degree of conversion than the
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traditional flowable composites except when CQ+EDMAB were used. This is
explained by the lower concentration of BisGMA monomer in the self-adhesive
composites. The hydroxyl groups (OH) present in the aliphatic portion of BisGMA are
responsible for its high viscosity(14). Hydroxyls form intermolecular bonds by
hydrogen bonds, increasing interaction between BisGMA chains, and thus decrease
their mobility.(15) Due to the low mobility of BisGMA during the polymerization
reaction, the degree of conversion tends to be smaller with increasing concentration
in the mixture.(16,17)

The self-adhesive composites that used CQ+EDMAB showed lower
values of degree of conversion and rate polymerization than conventional composites
with the same system. An acid—base reaction can be formed between the acidic
monomers and the amines, transforming the amine into a protonated form, which is
unable to act as the polymerization co-initiator (18, 19). For CQ+EDMAB+TPO and
CQ+EDMAB+BAPO the self adhesive composites showed higher degree of
conversion and rate polymerization. This is due to lower amount of EDMAB in these
systems. Besides, TPO and BAPO do not require amine to generate free radicals
(20).

The group formulated with BAPO showed the highest degree of
conversion and rate polymerization values when compared to other groups. BAPO
has increased efficiency in the production of free radicals than TPO and CQ.
Following absorption of light energy, the molecule undergoes a-cleavage in the
excited triplet state of the C-P bond, which may occur twice, having the ability to
generate 4 free radicals per molecule (21). Four reactive radicals can be generated
from one molecule of BAPO; two can be generated from the TPO and only one for
CQ (22). Also, the BAPO and TPO have higher molar extinction coefficient than does
CQ, wich means that those compounds absorb more light than CQ at the

corresponding maximum peak absorption (23).

Self-adhesive composites proved to be more yellow than conventional,
except when BAPO was used. According to the MSDS of the monomers present in
the study, 2 MP (24) and BisGMA (25) are slightly yellow, while the TEGDMA (26) is
colorless. The self adhesive composite have higher concentrations of slightly

yellowish monomers (70%) than conventional composites (50%). Moreover, as a
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consequence of acid-base reaction between EDMAB and acid monomer, less
amount of CQ is consumed during reaction. Camphorquinone not consumed during
the reaction have intensely yellow color. For these reasons, it can be supposed that
the self adhesive composites promoted higher degree of yellow than conventional

composites.

BAPO proved to be more yellow after curing of self-adhesive and
conventional composites. Before photoactivation CQ is more yellow than BAPO and
TPO (27). However, photoactivation causes decomposition of the photoinitiator
causing a photobleaching effect (decrease in b-value) via a photoreduction
mechanism (28). CQ showed very higher photobleaching effect than BAPO (27).This
explains the higher degree of yellow of BAPO after curing. Besides, TPO and BAPO
promote rapid polymerizations rate. As a consequence, there is a high temperature
development that might cause the formation of colored peroxides and a significant
yellow discoloration (28). TPO has less yellow tone relative to BAPO, it probably is
due to the fact that TPO have a higher molar extinction coefficient than BAPO,
causing more TPO molecules are consumed during the polymerization (22).
Futhermore, BAPO is more yellow than TPO before photoactivation (27).

The second hypothesis tested in the study was accepted. All self-adhesive
composites promoted greater absorption of water than conventional resins. The
polymer networks should be insoluble and possess chemical and thermal stability
(29). However, the polymer networks are able to absorb water and chemicals of the
environment. This adsorption can cause deleterious effects on the structure and
function of the polymeric material. This effects may include volumetric changes,
chemical changes and physical changes (30,31). In the present study, the self-
adhesive composite which used the monomer 2MP acid significantly absorbed more
water than conventional composites formulated only with BisGMA and TEGDMA.
These results can be explained since the incorporation of ionic hydrophilic monomers
in the polymer network cause an increase in water absorption of the polymer (29,32).
This occurs the possibility the formation of hydrogen bonds between hydroxyl of the
monomer with water (33,34).

Within the limitations of this study, it is concluded that the group with
BAPO showed the highest degree of conversion and polymerization rate.
CQ+EDMAB, TPO and CQ +EDMAB+TPO promoted less yellowing. CQ+TPO
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absorbed less water after 30 days of water storage. Being that the group with

CQ+EDMAB+TPO showed the satisfactory results in all tested properties. However,

regardless of the tested photoinitiator system, self-adhesive composites showed

worse results for yellowing effect and water absorption than conventional

composites.
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3 CONCLUSAO

Pode-se concluir que os fotoiniciadores influenciaram nas propriedades
avaliadas das resinas compostas fluidas convencionais e autoadesivas. A resina
composta que utilizou CQ+EDMAB+TPO apresentou o melhor desempenho entre as
resinas compostas autoadesivas. A resina composta autoadesiva com BAPO e TPO
apresentaram 0s maiores valores de grau de conversdo. A resina composta
autoadesiva com BAPO foi a Unica capaz de promover menor amarelamento em
relagdo as convencionais. No entanto, BAPO foi o fotoiniciador que mais aumentou o
amarelamento das resinas compostas autoadesivas e convencionais. Independente
do sistema fotoiniciador usado, as resinas compostas autoadesivas absorveram

maior quantidade de agua do que as convencionais.
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APENDICE 1
Preparo dos compositos experimentais

Foram usados para o preparo da matriz organica dos compositos
experimentais os monémeros BisGMA (Sigma Aldrich) (Fig.1), TEGDMA (Sigma
Aldrich) (Fig.2) e 2 MP (Sigma Aldrich) (Fig. 3).

b)

Figura 1- a) Formula molecular do BisGMA; b) Embalagem do produto; ¢) Mondémero
de alta viscosidade.

DNDWDMD i
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b)

[
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Figura 2- a) Formula molecular do TEGDMA; b) Embalagem do produto; c)
Mondmero de menor viscosidade entre os mondmeros usados.

a) O O

b)

Figura 3- a) Férmula molecular do 2MP; b) Embalagem do produto; c) Monémero de
viscosidade intermediaria entre BisGMA e TEGDMA.

Os fotoiniciadores e a amina utilizados na composi¢ao das resinas foram
a CQ (Sigma Aldrich), TPO (Sigma Aldrich), BAPO (Sigma Aldrich) e EDMAB (Sigma
Aldrich) (Fig.4).
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Figura 4- a) CQ; b) TPO; c) BAPO; d) EDMAB

Foram adicionadas também 45% de particulas de carga silanizadas em
peso. Sendo 35% de bario-aluminio-silicato 2 um (Esstech); 35% de bario-aluminio-
silicato 0,7 um (Esstech) e 30% de diéxido de silicio 50 nm.

Foram confeccionadas dois tipos de matrizes organicas:

1) Controle: BisGMA (50% em peso) e TEGDMA (50% em peso)
2) Experimental (resina autoadesiva): BisGMA (30% em peso), TEGDMA (30 %
em peso) e 2 MP (40% em peso)
Para cada uma das matrizes organicas, foram adicionados cinco tipos de

sistemas fotoiniciadores:

1) CQ +EDMAB (0,5/1 mol%)
2) TPO (0,5 mol%)
3) BAPO (0,5 mol %)
4) CQ+EDMAB+TPO (0,25/0,5/0,25 mol %)
5) CQ+EDMAB+BAPO (0,25/0,5/0,25 mol %)
A mistura foi realizada em capela com iluminacao especial. Primeiramente

foram misturados os mondmeros de menor viscosidade, seguidos pelo de maior
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viscosidade (Fig. 5). Em seguida, foram adicionados os sistemas fotoiniciadores e
por ultimo as particulas de carga inorganicas. Apos a mistura do material (Fig. 6), os
compositos foram armazenados em seringas plasticas (Fig.7) envoltas em fita

isolante preta para proteger o material da luz do ambiente.

Figura 5- Mondémeros sendo misturados em capela com iluminacéo especial

Figura 6- Material apds a mistura
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Figura 7- Material armazenado em seringa plastica
Confeccao das amostras

Uma matriz metalica rosqueavel, com 8 mm de diametro e 2 mm de
espessura (Fig.8) foi utilizada para confeccdo dos corpos de prova para as
metodologias de saturacdo de amarelo e absorcdo de agua. A resina composta foi
inserida em incremento Unico entre duas tiras de poliéster e em seguida uma lamina
de vidro de 0,7 mm foi colocada por cima para garantir uma superficie lisa. Em
seguida o material foi fotopolimerizado com a ponta do fotoativador encostada na
laminula de vidro. As resinas compostas foram fotopolimerizadas por 40 segundos
(Fig. 9) (20 s de cada lado para a metodologia de absor¢cdo de agua) com uma
irradiancia de 1200 mW/cm?. Todas as amostras foram confeccionadas em ambiente
com temperatura controlada em 25+1°C. Para as metodologias de saturacdo de

amarelo e absorcédo de agua, utilizou-se n=5.

Figura 8- Matriz metalica rosqueavel
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Figura 9- Polimerizagao da resina composta por cima da lamina de vidro

Grau de converséo e Taxa maxima de polimerizacao

O grau de conversao (n=3) foi obtido utilizando especrtroscopia de infra-
vermelho préximo (NIR) (Fig. 10) em amostras de 10 mm de didmetro e 0,8 mm de
espessura. A absorcdo do metacrilato =CH2 em 6165 cm™ foi registrada antes e
apos 40 s de irradiacdo a 1200 mW/cm2 (Bluephase G2, Ivoclar Vivadent,
Liechtenstein). A monitorizacdo em tempo real da cinética de polimerizacdo foi
realizada em amostras do mesmo tamanho com resolucéo de 4cm ™ e 2 varrimentos
por espectro, que forneceu uma taxa de aquisicdo de dados maior que 2Hz. Os
dados de cinética foram coletados continuamente por 5 minutos. As amostras (n=3)
foram fotopolimerizadas utilizando o mesmo fotopolimerizador e 0 mesmo padrao do

grau de conversao.

Figura 10- NIR
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Saturacao de amarelo

Foi utilizado um espectrofotometro (Easyshade compact, Vita, Alemanha)
para avaliagdo do eixo b* que € usado para quantificar o azul (valores negativos) e o
amarelo (valores positivos) seguindo o parametro CIELab. A leitura da cor foi feita

imediatamente apods a fotopolimerizacéo (Fig. 11).

—

Figura 11- Leitura da cor da amostra utilizando espectrofotbemtro easyshade

Absorcao de agua

Imediatamente apés a fotopolimerizagdo, as amostras foram
armazenadas em um dissecador contendo silica e mantidas a 37+1°C dentro de uma
estufa (Fig. 12). Apbés 22 horas, as amostras foram removidas e armazenadas
novamente na estufa a 25+1°C durante 2 horas. Apos as 2 horas as amostras eram
pesadas, utilizando uma balancga de preciséo (Chyo balance corp, Japéo) (Fig. 13).
Esse ciclo foi repetido até ser atingida uma massa constante (+0,2 mg) que foi
chamada de ml. Na sequéncia, as amostras foram imersas em agua destilada a
37+1°C durante 30 dias (Fig 14). A agua foi trocada todos os dias. Apds esse
periodo os discos foram removidos e lavados com agua. O excesso de agua foi
removido usando lengos de papel e as amostras foram pesadas novamente (m2). O
percentual de absorcdo de agua foi calculado de acordo com a seguinte férmula:
Wsp= 100 x [((m2-m1)) /m1].



Figura 13- Amostra sendo pesada

Figura 14- Amostra armazenada em agua destilada
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ANEXO 1

Este trabalho foi apresentado no formato alternativo de tese de acordo com as normas
estabelecidas pela deliberacdo 002/06 da Comissdo Central de Po6s Graduacdo da
Universidade Estadual de Campinas. O artigo referente ao capitulo 1 sera submetido a
publicacdo em periddico internacional.
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