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RESUMO

O objetivo deste estudo in vitro foi avaliar quantitativamente a infiltracdo
marginal ao redor de restauracOes dentais, realizadas com compdsito resinoso
microhibrido, variando a espessura, a resina de baixa viscosidade e a técnica
restauradora. As superficies proximais de cento e trinta incisivos bovinos foram
preparadas e divididas de acordo com a resina de baixa viscosidade (Filtek Z350 Flow -
Z350F e SureFil®SDR™ Flow - SUR), espessura da resina de baixa viscosidade (0,5
mm, 1,0 mm ou 2,0 mm) e técnica restauradora (resina de baixa viscosidade aplicada
na parede gengival, at€ o angulo cavo-superficial - CS; resina de baixa viscosidade
aplicada na parede gengival, até a juncdo amelo-dentindria - JAD) (n=10). Um grupo
controle foi realizado sem o uso de resina de baixa viscosidade. Apds os procedimentos
restauradores (resina microhibrida Filtek Z250) e termociclagem, os dentes foram
imersos em azul de metileno por 2 horas. As amostras foram trituradas e o po foi
preparado para a andlise de absorbancia em espectrofotometria. Os resultados foram
lidos e interpretados através da andlise estatistica ANOVA (p=0,05) em esquema
fatorial 2 x 3 x 2 com 1 tratamento adicional e teste de Tukey (p=0,05). A comparac¢do
com o grupo controle foi realizada pelo teste de Dunnett (p <0,05). Os resultados
mostraram que ndo houve diferenca estatistica entre os compdsitos de baixa viscosidade
testados. Para SUR, ndo houve diferenca estatistica entre as técnicas restauradoras. Para
Z350F, a técnica JAD apresentou menor infiltracdo marginal quando utilizou-se camada
de 1,0 ou 2,0 mm de espessura. E para ambas as técnicas e compoOsitos de baixa
viscosidade, 0,5 mm de espessura apresentou menor infiltragdo que 2,0 mm.
Comparando com o grupo controle, Z350F (0,5 mm para técnica CS e JAD, e 1,0 mm
para técnica JAD) e SUR (0,5 mm para a técnica JAD) apresentaram menor infiltracdo
marginal. E possivel concluir que o uso de menor espessura de resina de baixa
viscosidade proporcionou menor infiltracdo marginal, sugerindo melhor selamento da

interface dente restauragao.

Palavras-chave: microinfiltragdo, compdsito de baixa viscosidade,

espectrofotometria de absorbancia.



ABSTRACT

The aim of this in vitro study was to evaluate the microleakage in Class II
cavities, restored with dental composite, varying the thickness of two flowable
composite resins and the restorative technique. One hundred and thirty cavities were
prepared on proximal surfaces of bovine teeth, and were randomly divided according to
the flowable composite resin (Filtek Z350 Flow - Z350F and SureFil®SDR™ Flow -
SUR), thickness of flowable composite (0.5, 1.0, or 2.0 mm) and restorative technique
(flowable composite applied until cavosurface angle - CS; or flowable composite
applied until amelo-dentinal junction - ADJ) (n=10). A control group was performed
without using flowable composite. Following restorative procedures (microhibrid
composite Filtek Z250) and the thermocycling, the samples were immersed in
methylene blue for 2 hours. The samples were ground and the powder was prepared for
analysis in an absorbance spectrophotometer. All results were statistically analyzed by
three-way ANOVA and Tukey test, and Dunnett test were applied to comparisons with
control group (p<0.05). Results showed that there was no statistical difference between
the flowable composite tested. For SUR, there is no statistical difference between the
restorative techniques. For Z350F, the restorative technique ADJ showed lower
microleakage than technique CS only when the flowable composite was applied to 1.0
and 2.0 mm thickness. And for both techniques and flowable composite resins, 0.5 mm
sample thicknesses showed lower microleakage than 2.0 mm thickness. Comparing with
the control group, the lower thickness of Z350F (0.5 mm for technique CS and 2 and 1.0
mm for JAD) and SUR (0.5 mm for technique ADJ) showed lower microleakage. It is
possible to conclude that a lower thickness of flowable composite resin provided lower

microleakage, suggesting better sealing tooth-restoration interface.

Key World: microleakage; flowable composite resin; absorbance

spectrophotometer.
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1- INTRODUCAO

A crescente busca por estética fez com que houvesse uma evolucdo nas
propriedades dos compdsitos resinosos, o que tem propiciado o uso rotineiro destes

materiais na pratica odontoldgica em dentes posteriores (Yesil et al., 2008).

Muitos fatores podem gerar tensdes elevadas sobre as margens cavitdrias,
contribuindo, significativamente, para a falta de integridade marginal, deteriora¢do da
unifo entre estrutura dentdria e material restaurador e consequente infiltragcdo marginal.
Dentre eles estdo: contracdo de polimerizacdo (Davidson et al., 1984; Mandras et al.,
1991), médulo de elasticidade do material restaurador e condicdes do meio bucal que

estdo sujeitas as variacdes quimicas, térmicas e mecanicas (Nikaido et al., 2002).

Apesar das melhorias nas formula¢des dos compdsitos resinosos, a
contracdo de polimerizacdo ainda é uma desvantagem (Hilton, 2002), pois induz tensdo
sobre a estrutura dental (Davidson & Feilzer, 1997) e contribui para a formagdo de
falhas na interface compdsito-dentina (Davidson & Feilzer, 1997, Carvalho et al.,
1996), dando origem a espacos microscopicos (Ciucchi et al.,1997), permitindo a
formacdo de um trajeto no qual ocorre passagem de fluidos bucais, bactérias, moléculas

ou fons, o que leva ao fendmeno de infiltracdo marginal.

O uso de uma camada de resina eldstica intermedidria entre o compdsito € o
sistema adesivo tem sido proposto como alternativa para criar interface dente-
restauragdo sem presenga de fendas (Behle, 1998; e Unterbrink, 1999), pois esta camada
intermedidria também é capaz de absorver a tensao de contragdo do compdsito durante a
polimerizacdo (Condon & Ferrance, 2000; Montes et al., 2001). Os compésitos de baixa
viscosidade sdo comercializados como materiais capazes de amenizar as tensdes geradas
durante a contragdo de polimerizagdo e promover selamento mais eficaz a estrutura
dental devido ao seu menor mddulo de elasticidade (Sabbagh et al., 2002; Montes et al.,

2001), sendo efetivo na reducdo de fendas entre a restauragdo e o elemento dental



(Estafan et al., 2000 e Chuang et al., 2001), reduzindo desta forma a infiltracdao
marginal (Tung et al., 2000; Leevailoj, 2001).

As resinas compostas de baixa viscosidade sao caracterizadas por apresentar
menor quantidade de carga ou maior propor¢do de mondmeros diluentes em suas
formulacdes (Payne, 1999). Devido a menor viscosidade, estas apresentam melhor
adaptacdo a cavidade interna parede, insercdo mais facil e maior elasticidade quando

comparadas as resinas compostas com maior viscosidade (Payne, 1999).

Outras diferencas entre as resinas compostas de baixa viscosidade e resinas
compostas de maior viscosidade foram mostradas em alguns estudos, em que se
notaram diferencas no médulo de elasticidade e contragdo volumétrica (Sabbagh et al.,
2002; Ilie & Hickel, 2010). O baixo moédulo de elasticidade (Braga et al., 2003),
teoricamente suportaria e dissiparia a tensdo gerada por tensdes térmicas e mastigatorias
(Kleverlaan & Feilzer, 2005), agindo como um redutor de tens@o entre resina composta

convencional e parede interna do dente (Estafan et al., 2000).

Entretanto, a interferéncia da espessura do compdsito dental de baixa
viscosidade e a técnica restauradora, na qual € aplicada, é pouco estudada na literatura.
Diferentes espessuras de resina composta de baixa viscosidade foram descritas na
literatura: 0,2 a 0,5 mm (Giachetti, 2004); 0,5 mm de espessura ( Peris et al., 2003; Reis
et al., 2003;De Goes, 2008; Radhika et al., 2010); 0,5 mm a 1mm de espessura (Estefan
& Leinfelder, 2000,); 1 mm (Ziskind et al., 2005; Pandurick, 2007; Sadeghi, 2009;
Kanca III, 2009; Sadeghi e Lynch, 2009; Fabianelli et al., 2010) e 1,4 mm de espessura
(Braga, 2003). Outros estudos ndo descreveram a espessura de resina utilizada (Attar e
Kormaz, 2007; Campos et al., 2008; Pongprueksa, 2008) e, ainda, ha estudos que nao
padronizaram a espessura (Cara, 2007; Senawongse et al., 2010). Estes estudos nao
compararam se diferentes espessuras interferem na resisténcia de unido e qualidade da
interface resina-dente, e apresentaram resultados controversos em relacao aos beneficios
do uso da resina composta de baixa viscosidade. Dessa forma, torna-se dificil
estabelecer qual espessura de resina composta de baixa viscosidade é a melhor para a

reducgdo das tensdes durante a polimerizacao da resina composta.



Da mesma forma, ndo ha definicdo de qual técnica é melhor para a
confeccdo de restauragdes, pois ndo hd consenso se a camada de resina composta de
baixa viscosidade deve chegar até o dngulo cavo superficial de cavidade Classe II, ou

deve estar aquém.

Sendo assim, torna-se importante avaliar quantitativamente a infiltracao
marginal ao redor de restauracdes dentais, realizadas com compdsito resinoso, variando
a espessura da resina de baixa viscosidade e a técnica restauradora, bem como as resinas

de baixa viscosidade utilizadas atualmente.

O objetivo deste estudo “in vitro” foi avaliar quantitativamente, por meio da
espectrofotometria, a infiltracdo marginal de corante em restauracdes dentais realizadas
com compodsito dental, variando a espessura de duas resinas compostas de baixa

viscosidade e a técnica restauradora.



2 - CAPITULO UNICO'

Influence of the thickness of two flowable composite resins and the restorative technique on

microleakage of simulated Class II composite resin restorations.

Short Title: Effect of restorative technique on microleakage.

! Formatagdo do texto de acordo com: “Operative Dentistry”.
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ABSTRACT

The aim of this in vitro study was to evaluate the microleakage in Class II
cavities, restored with dental composite, varying the thickness of two flowable composite
resins and the restorative technique. One hundred and thirty cavities were prepared on
proximal surfaces of bovine teeth, and were randomly divided according to the flowable
composite resin (Filtek Z350 Flow — Z350F and SureFil®SDR™ Flow - SUR), thickness of
flowable composite (0.5, 1.0, or 2.0 mm) and restorative technique (flowable composite
applied until cavosurface angle - CS; or flowable composite applied until amelo-dentinal
junction ADJ)( n=10). A control group was performed without using flowable composite.
Following restorative procedures (microhibrid composite Filtek Z250) and the thermocycling,
the samples were immersed in methylene blue for 2 hours. The samples were ground and the
powder was prepared for analysis in an absorbance spectrophotometer. All results were
statistically analyzed by three-way ANOV A and Tukey test, and Dunnett test were applied to
comparisons with control group (p<0.05). Results showed that there was no statistical
difference between the flowable composite tested. For SUR, there is no statistical difference
between the restorative techniques. For Z350F, the restorative technique ADJ showed lower
microleakage than technique CS only when the flowable composite was applied to 1.0 and
2.0 mm thickness. And for both techniques and flowable composite resins, 0.5 mm sample
thicknesses showed lower microleakage than 2.0 mm thickness. Comparing with the control
group, the lower thickness of Z350F (0.5 mm for technique CS and ADJ and 1.0 mm for
technique JAD) and SUR (0.5 mm for technique ADJ) showed lower microleakage. It is
possible to conclude that use a lower thickness of flowable composite resin provided less

microleakage, suggesting better sealing tooth-restoration interface.

Key World: microleakage; flowable composite resin; absorbance

spectrophotometer



CLINICAL RELEVANCE

The use of flowable composite resin as elastic layer is effective to reduce

microleakage, however it should be applied with lower thickness.

INTRODUCTION

The polymerization reaction in dental composites occurs through the conversion of
monomer molecules in a structure of crosslinked polymersl’z. The formation of polymer
macromolecules is associated with shrinkage of the composite due to polymerizationl’z.
Consequently, the shrinkage that occurs during the polymerization of the composite resin
could induce mechanical stress on the tooth structure” and contribute to the formation of gaps

in the composite-dentin interface®, initiating the microleakage process.

The use of an elastic resin layer between the composite resin and adhesive system
has been proposed as an alternative to creating tooth-restoration interface without the
presence of gapss’(’. This intermediary layer is able to minimize the shrinkage stress of
composites during polymerizati0n7’8. Studies has been suggested that flowable composite
resins are capable of relieving the stress generated during polymerization shrinkage and
promote more effective sealing to the tooth structure due to its lower modulus of elasticityg’9

10,11

and, consequently, is effective in reducing gaps between the restoration and tooth ™ ', thus

. 12,13
reducing leakage = .

In addition, the low-viscosity resins have a lower amount of charge and a higher
proportion of diluent monomers in their formulation, which offers lower viscosity, resulting
in better adaptation to the internal wall cavity, easier insertion and greater elasticity,
compared to conventional composites'*. The low modulus of elasticity'> may imply that the
material support and dispelling of tension generated by thermal stresses and chewing16 acts as

a modulator of stress between conventional composites and the inner wall of the tooth'”.



However, few studies have been conducted with the aim of verifying the
interference of the thickness of the flowable composite resin and the restorative technique.

Different thicknesses of flowable composites were described in the literature: 0.2 mm to 0.5

18-21 22-27

and 1.4 mm
28-30

mm”, an intermediate layer of 0.5 mm , 0.5 mm to 1 mmlo, 1 mm

thickness'”. Other studies didn't describe the thickness of flowable composite and there

were also studies that did not standardize the thickness®'.

Furthermore, there may be differences between the flowable composite resins.
Conventional flowable composites may produce higher shrinkage stress>’. On the other hand,
a new composite resin (SureFil®SDR™ Flow - SUR) was launched with the intention of
being used as an intermediate layer of composite resin restoration. This material presents a
modification in the composition due to the incorporation of a photoactive group in the
urethanedimetacrylate, which provides a reduction in shrinkage stress in the resin compared

to conventional methacrylate, resin-based and flowable composites32.

So, it is important to quantitatively evaluate the microleakage around dental
restorations that are performed with a composite resin by varying the thickness of the two
flowable composite resins and the restorative techniques. Thus, it was hypothesized that: 1)
The flowable composite resin leads to lower microleakage at the cervical interface of a
restoration; 2) lower thickness of flowable composite resin promotes lower microleakage; 3)
flowable composite resin applied to the cavosurface angle - restorative technique CS -
promotes lower microleakage than when applied until amelo-dentinal junction - restorative
technique ADJ; 4) SureFil ®SDR™ Flow - SUR- presents lower microleakage than Filtek
72350 Flow - Z350F.



METHODS AND MATERIALS

One hundred thirty extracted bovine incisors were collected, cleaned with a
periodontal curette, polished with a Robinson brush and pumice paste under water, and then
they were stored in distilled water until they were used. The teeth had part of their roots
embedded in cold-cure polystyrene resin (Piraglass, Piracicaba, SP, Brazil) and, afterwards,
were split obliquely 11 mm from the amelodentinal proximal junction using a double-faced
diamond disc (KG Sorensen, Barueri, SP, Brazil). After cutting, the incisal surfaces were

finished with 600-grit water-abrasive papers to obtain a smooth surface.

Specimen Preparation: Cavities were made using a diamond tip #3146 (KG
Sorensen, Barueri, SP, Brazil) coupled to a cavity preparation unit on the flattest proximal
surface, simulating Class II, measuring 8 mm high, 4mm wide and 1.5mm deep (Figure 1),
under irrigation with an air/water jet. The burrs were replaced after every five preparations.
The cavities were randomly restored, following the manufacturers' instructions. The
preparations were etched for 30 seconds in enamel and 15 seconds in dentin, using 37%
phosphoric acid (3M ESPE Products, St Paul, MN, USA), washed for 15 seconds and gently
dried with filter paper to prevent excessive dentin drying. The adhesive system Adper Single
Bond 2 2 (3M ESPE Products, St Paul, MN, USA) was applied in two consecutive coats,
lightly air dried for 10 seconds and light-polymerized for 10 seconds using a Bluephase 161
light curing unit (Vivadent - Biirs-Austria A-6706) with irradiance of 1100 mW/cm?”. The tip
of the light-curing unit was positioned perpendicular to the incisal surface of the tooth

without touching it.

Next, the flowable composite resin Filtek Z350 flow - Z350F - (3M ESPE Products,
St Paul, MN, USA) or SureFil®SDR™ Flow - SUR- (DENTSPLY CAULK, Milford, DE)
was applied to the cervical wall, according to the thickness (0.5, 1.0 or 2.0 mm) and
restorative technique (flowable composite applied until cavosurface angle - CS; or flowable
composite applied until amelo-dentinal junction - ADJ) (Figures 2 A-2 C and 3 A- 3C)
(n=10). The thickness of the flowable composite was controlled using a millimetric probe.
The micro-hybrid resin composite, Filtek Z250 (shade A2) (3M ESPE Products, St Paul, MN,

USA), was inserted in horizontal increments, 2mm thick each. The first increment was



applied until the desired height of 2mm (1.5 or 1.0 mm, depending on the height of the
flowable composite resin — 0.5 or 1.0 mm). All increments were polymerized using the light
curing unit Bluephase 16, for 20 s. A control group was performed using 4 increments of

Filtek Z250 (shade A2), without previous use of flowable composite resin.

After 24 hours' storage at 37°C, the restorations were finished and polished with Sof-
Lex Pop-on aluminum oxide disks (3M ESPE, St Paul, MN, USA), in decreasing order of
granulation. The samples were thermal cycled 1,000 times (5 +2°C, 37 + 2°C and 55 + 2° C)
with a dwell time of 1 minute each at each temperature and a transfer interval of 5 seconds.

Dye Immersion: After these procedures, the entire sample (except the cervical
interface between the restoration and the tooth) was protected with two layers of fast-setting
Superbonder cyanoacrylate-based adhesive (Loctite Adesivos, Ltda). Before dye immersion,
a Imm strip of adhesive (Fix-Baby, Embalando, Fitas adesivas Ltda., Aruja, SP, Brazil) tape
was placed around the area that was infiltrated and two layers of nail varnish were applied.
Then the tape was removed, the interface was cleaned with sterile gauze and the specimens
were totally immersed in 2% neutral methylene blue solution for 2 hours. After this period,
the blocks were removed from the dye solution, washed under running water and dried. The
nail varnish was removed using a periodontal curette and the dye on the restoration was worn

off 0.05 mm from the surface, controlled by a caliper.

Sample Trituration: To take a reading of the infiltrated dye color, specimens (dental
block + restoration) were initially split up and weighed. After the weighing the specimens
were triturated in a hard fabric grinder (MA-475 - Marconi Equip. Ltda, Piracicaba —SP,
Brazil) in order to obtain a powder composed of tooth/restoration and then weighed again. If
the difference between the initial and final weight were higher than 10%, the specimen would

be discarded. In this study, no specimen was discarded.

Dissolution: After trituration, the powder obtained from each sample was separately
immersed in a test tube containing 4 ml of absolute alcohol PA for 24 hours to dissolve the
dye that leaked through the tooth/restoration interface. The solution obtained was centrifuged
at 3000 rpm for 3 minutes, so that the powder and other elements decanted. The supernatant

of the centrifuged solution was submitted to quantitative analysis of the dye present in the



solution with a Spectrophotometry (Beckman DU-65 - Intruments, Inc., Fullerton — CA,

USA, 92631-5) unit through absorbance reading.

The absorbance reading was taken in an adjusted unit at a wavelength of 668 nm,
corresponding to the maximum absorbance of methylene blue dye. Prior to the readings, the
spectrophotometry unit had been adjusted by spectral reading with pattern solutions at the
concentrations of 0.1; 0.2; 0.3; 0.5; 1; 2; 4; 6 ug/ml, to obtain the maximum spectral
absorbance wavelength. Readings of the solutions were made using the wavelength value to
find the maximum value of spectral absorbance. Through the ABS-concentration system, one
obtains the r* value (0.9999) and the equation of the line (y = a + bx). The following
regression was obtained: absorbance = 0.22759 x (dye concentration) + 0.0011. From this
regression, dye concentration could be calculated. A graph of lines in a Cartesian system of
axes was drawn, using the values of dye concentration in micrograms per milliliters on the
axis of the abscissas and the optical density obtained on the axes of the ordinates. The linear
regression was obtained from Y as a function of X to determine the equation of the line, from

which the concentration of dye was calculated.
The microleakage data of experimental groups was submitted to three-way ANOVA

and Tukey testing. The Dunnett test was applied to comparisons between the experimental

groups and the control group. The level of statistical significance was 5%.
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RESULTS

The microleakage results are shown in Table 1. There was no statistical difference
between the two flowable composite resins tested in all experimental conditions. For SUR,
there is no statistical difference between the restorative techniques. For both techniques, the
0.5 mm sample thicknesses showed lower microleakage than 2.0 mm thickness, and the 1.0
mm thickness showed intermediary results, with no statistical differences for 0.5 and 2.0 mm.
For Z350F, restorative technique ADJ showed lower microleakage than technique CS only
when the flowable composite was applied to 1.0 and 2.0 mm thickness. For both techniques
and flowable composite resins, the 0.5 mm sample thickness showed lower microleakage

than the 2.0 mm thickness.
Compared with the control group, the lower thickness of Z350F (0.5 mm for

technique CS and ADJ and 1.0 mm for technique ADJ) and SUR (0.5 mm for technique ADJ)

showed lower microleakage.
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DISCUSSION

The aim of this in vitro study was to evaluate the microleakage of two different
techniques of restoration using two different flowable composite resins with different
thickness. So, four hypotheses were formulated. The first hypothesis was partially accepted.
Flowable composite resin with smaller thicknesses would lead to the lowest microleakage,
and they were statistically different from the control group, with the exception of the SUR
group restored with technique CS. The use of low-thickness flowable composite resin
improved the marginal adaptation of the Class II composite resin due to the low modulus of
elasticity that enables elastic deformation to absorb polymerization shrinkage stresses,
reducing the possibility to open margins of composite resin restorations”’. Besides that, the
elastic intermediary layer formed by the flowable composite with lower thickness may absorb
the stress that occurs by the functional loading of the restored teeth®, or by sudden

temperature changes as simulated in the present study.

In addition, the ability of these materials to fill the irregular margin of the proximal
box had been stated in previous studies””* due to their low viscosity and wettability,
facilitating the initial adaptation of the composite into the irregularities caused by the
diamond burs, and consequently reducing the microleakage. This fact also corroborates the
results of the present study, when the restorative techniques were compared. Technique CS
(flowable composite was applied at enamel and dentin) showed similar microleakage when
compared with technique ADJ (flowable composite applied only in dentine) when Z350F was
used with lower thickness (0.5 mm) or SUR was used with any thickness. In this way, the

third hypothesis was not accepted.

However, only the groups Z350F with thickness of 0.5 mm (technique CS or ADJ)
or 1.0 mm (technique ADJ), or SUR with thickness of 0.5 mm (technique ADJ) showed
lower microleakage than the control group. Extending the flowable composite to the
cavosurface angle decreased the microleakage means only when Z350F was used with a
thickness of 0.5 mm. The flowable composite resins show higher coefficient of thermal
expansion than the microhybrid composite resin used in this study due to lower low filler

content (Z350F — 65% wt; SUR — 68% wt; Filtek Z250 — 75-85% wt), and the exposition of

12



the flowable composite to the thermocycling can lead to marginal discrepancy of the

restorations.

Besides that, it seems that the thickness of the flowable composites has an important
role in decreasing microleakage. In the present study, the thickness of 0.5mm showed lower
microleakage means than thicknesses 1.0 mm and 2.0mm, and it was significantly different
from the control group (Table 1). So, the second hypothesis was accepted. In Fabianelli et al.
(2010) %" and Qingshan et al. (2006)'s studies™, the flowable composite was applied at a 0.5
mm thickness and they showed improvement in marginal adaptation. In Oliveira et al.'s study
(2010)** , the use of flowable composite with a thickness of 2.0 mm displayed more
shrinkage stress in the cervical wall of composite resin restorations than cavities restored
without flowable composite resin. In a prospective clinical study (Stefanski & van Dijken, in
press35), there was no statistical difference in Class II composite resin restorations performed
with or without 1.0-1.5 mm intermediary layer of flowable composite resin, after 2 years of

evaluation.

Two factors may explain these results: 1- the way that the polymerization occurs in
the first increment of the restoration; 2- the elastic modulus and the magnitude of the

polymerization contraction, and how they will affect shrinkage stress.

When the first increment is light activated, a high polymerization rate occurs on the
top surface of the composite resin increment and a lower polymerization rate on the bottom
surface. This situation creates a stress flow of polymerization shrinkage from the cervical
walls to the surrounding walls (buccal and lingual3 %, increasing the stress concentration in
the adhesive layer of the cervical wall®*, which can open a gap in the cervical interface™. In
the present study, the thin increment showed lower microleakage, probably due to a better
polymerization of the bottom surface of the increment”’, thus better distributing the shrinkage

stress for the surrounding and cervical walls.

Besides that, the C factor of the increment was reduced by decreasing the thickness
of the increment, because a smaller amount of flowable composite resin was in contact with
the surrounding walls of the cavity. Consequently, the direction of the force of contraction

was reversed to the cervical wall.
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The second factor involves Hooke's law, which says that stress is determined by the
stiffness of the material when subjected to a given strain'”. Therefore, the higher the elastic
modulus and the polymerization shrinkage of the composite, the higher the shrinkage stress
will be". However, flowable composite resin tends to exhibit low elastic modulus and higher
polymerization shrinkage32, showing similar shrinkage stress of conventional composite resin
in thick increments'. On the other hand, in thin increments and with a lower C factor, the
same material may show different behavior, in which the polymerization shrinkage stress
would be lower and the elastic modulus would compensate the polymerization shrinkage of

the conventional composite resin.

Hooke's law may also explain the similarity of the tested flowable composite resins,
Z350F and SUR. The low filler content of Z350F and the high percentage of monomer of
lower molecular weight (TEGDMA — 10-15%) reduce the viscosity and increase the
shrinkage polymerization. SUR is based on SDR (Stress Decreasing Resin) technology™ *°
and presents a modification in the polymerization reaction due to the incorporation of a
photoactive group in the urethane dimethacrylate, which provides 60—70% reduction in resin
shrinkage stress compared to conventional methacrylate resin-based composites39 due to a
longer time for this composite resin to reach the gel point during polymerization. However, in
llie & Hickel's study (in press)’, these flowable composite resins were compared and SUR
showed lower shrinkage polymerization and higher elastic modulus than did Z350F, leading
to similar behaviors when they were applied to Class II cavities as an elastic layer. In this

way, the fourth hypothesis was not accepted.
Thus, based on the results, it is possible to conclude that a lower thickness of

flowable composite resin provided lower microleakage, suggesting better sealing tooth-

restoration interface..
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LEGENDS

Fig. 1. simulating Class II, measuring 8 mm hight, 4mm wide and 1.5mm deep.

Fig. 2. Restorative technique 1: 2A) flowable composite applied until cavosurface angle,
thickness determined by the experimental group (X). 2B) Sequence of the composite resin
restoration with micro-hybrid (Filtek Z-250, shade A2). 2C) Overview of the restoration
completed.

Fig. 3. Restorative technique 2. 3A) flowable composite applied until amelo-dentinal
junction, thickness determined by the experimental group (X). 3B) Sequence of the
composite resin restoration with micro-hybrid (Filtek Z-250, shade A2). 3C) Overview of the

restoration completed.
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TABLE

Table 1 — Means of microleakage of experimental groups.

Flowable composite
. Thickness Restorative Technique
resin
1 2
0.5 0.08 (0.05)Ab #0.06 (0.04)Ab
SureFil®*SDR™flow 1 0.09 (0.04)Aab 0.09 (0.05)Aab
2 0.12(0.03)Aa 0,10(0.02)Aa
0.5 #0.04 (0.05)Ac #0.02 (0.01)Ab
Filtek Z350 flow 1 0.11 (0.06)Ab #0.05 (0.03)Ba
2 0.23 (0.09)Aa 0.07 (0.04)Ba
Control - 0.17 (0.10)

Means followed by distinct letters (capital letter in the horizontal and lower case in the
vertical) differ between them (p<0.05). There is no statistical differences between the
flowable composite resins (p>0.05). #There is statistical difference from control group

(p=<0.05).
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FIGURES

8 mm

Fig. 1. simulating Class II, measuring 8 mm hight, 4mm wide and 1.5mm deep.

Fig. 2. Restorative technique 1. 2A) flowable composite applied until cavosurface angle,
thickness determined by the experimental group (X). 2B) Sequence of the composite resin

restoration with micro-hybrid (Filtek Z-250, shade A2). 2C) Overview of the restoration
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completed.

Fig. 3. Restorative technique 2. 3A) flowable composite applied until amelo-dentinal
junction, thickness determined by the experimental group (X). 3B) Sequence of the
composite resin restoration with micro-hybrid (Filtek Z-250, shade A2). 3C) Overview of the

restoration completed.
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3 - CONCLUSAO GERAL

De acordo com as condi¢cdes experimentais e com base nos resultados

obtidos neste estudo, pode-se concluir que:

1) Menores espessuras de resina de baixa viscosidade promoveram menores

valores de infiltracao marginal;

2) A aplicagdo da resina de baixa viscosidade aplicada na parede gengival,

até a jun¢do amelo-dentindria (técnica JAD) promoveu maior selamento marginal;

3) Nao houve diferenca estatistica significante quando utilizou-se as resinas

SureFil®SDR ™Flow ou Filtek Z-350 Flow.
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APENDICE

MATERIAIS E METODOS

PREPARO DOS DENTES

Para a presente pesquisa, foram utilizados 130 dentes incisivos bovinos
(Figura 1 A). Estes foram submetidos a raspagem manual com cureta periodontal para
remogdo de debris orginicos (Figura 1 B), e polidos com escovas de Robinson
(Microdont, Sao Paulo, SP, Brasil) e pasta de pedra pomes (SS White, Rio de Janeiro,
RJ, Brasil) com dgua (Figura 1C). Caso o dente tenha apresentado alguma rugosidade
nas superficies proximais, avaliado através de lupa com aumento de 40X, as mesmas
sofreram um pequeno acabamento com lixas de carbeto de silicio n°600 (Norton,
Guarulhos, SP, Brasil). Em seguida, esses dentes foram armazenados em 4gua destilada

até o momento da sua utilizacao.

Figura 1 — A) Dentes Bovinos. B) Raspagem manual com cureta periodontal. C) Polimento com escova
de Robinson.

Os dentes foram seccionados transversalmente, a uma distincia de 11 mm
da juncdo amelo-cementdria (JAC) proximal, com o auxilio de discos diamantados
dupla face (KG Sorensen, Barueri, SP, Brasil) (Figura 2A), obtendo-se, assim, uma
superficie plana incisal (Figuras 2B), que foi lixada com lixas de carbeto de silicio n°

600 (Norton, Guarulhos, SP, Brasil) conectadas a uma méquina politriz (APL-4, Arotec,
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Sao Paulo, SP, Brasil) (Figura 2C) até altura inciso-apical de 11 mm entre a JAC e a

borda incisal proximal (Figura2D).

Figura 2 — A) Seccdo transversal do dente. B) Distancia de 11 mm da JAC.

C- Dente sendo lixado com lixas de carbeto de silicio d’agua n° 600. D- Dentes cortados e
lixados.

INCLUSAO DAS RAIZES

A porgao radicular dos dentes bovinos foi incluida em resina de poliestireno
(Piraglass, Piracicaba, SP, Brasil). As raizes foram posicionadas lateralmente no interior
de tubos de PCV (Tigre Tubos e Conexdes S/A, Joinville, SC, Brasil) de 2,1 cm de
diametro e, aproximadamente 2 cm de altura, os quais foram fixados com cera pegajosa,
de modo que a superficie proximal de cada dente ficou posicionada no centro do tubo,
perpendicular a base (Figura 3A). Este posicionamento foi efetuado com auxilio de um
delineador (Bio Art Ltda, Sdo Carlos, SP, Brasil). A resina de poliestireno foi preparada

na propor¢do de 2% (100g de resina para 2g de catalisador) e vertida no interior dos
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tubos de PVC. Apdés um periodo de aproximadamente seis horas, os dentes foram

removidos dos anéis de PVC (Figura 3B).

Figura 3 — A) Posicionamento do dente no interior do tubo de PVC com a
superficie proximal no centro do tubo perpendicularmente a base do tubo. B)
Dente incluido na resina de poliestireno.

Foram realizados preparos na face mesial dos elementos, simulando Classe
I, com 8 mm de altura, 4 mm de largura e 1,5 mm de profundidade (Figura 4B), sob
irrigacdo com jato de ar/adgua, utilizando-se ponta diamantada #3146 (KG Sorensen,
Barueri, SP, Brasil), com turbina de alta rotacdo acoplada a méquina de preparo

cavitario (Figura 4A). A cada cinco preparos, a ponta foi substituida por outra nova.

8 mm

Figura 4 — A) Confecg¢do da cavidade. B) Dimensdes do preparo.
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RESTAURACOES

Cada cavidade foi lavada abundantemente com dgua e secada com papéis
absorventes (Kleenex, Kimberly-Clark, Mogi das Cruzes, SP, Brasil), evitando o
ressecamento da dentina. A cavidade foi condicionada por 15 segundos em dentina e 30
segundos em esmalte, com 4cido fosférico a 35% (Figura 5 A e 5 B), seguida de

lavagem por 15 segundos (Figura 5 C) e gentil secagem (Figura D), evitando ressecar a

dentina.

Figura 5 — A) Inicio de aplicagdo do 4cido fosférico 35% em esmalte.
B) Aplicagdo do 4cido fosférico em toda cavidade. C) Lavagem do
dcido por 15 segundos. D) Gentil secagem com papel filtro.

O sistema adesivo Adper Single Bond 2 (3M ESPE, St Paul, MN, USA)
(Figura 6 A) foi aplicado em duas camadas (Figura 6 B), intermediadas por leve jato de
ar, e a ultima fotoativada (fotoativador Bluephase 161 —Vivadent com irradiancia de luz

de 1100 mW/cm?2) por 10 segundos.
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Figura 6 — A) Adesivo Adper Single Bond 2. B) Aplicacdo do adesivo. C) Fotopolieriza¢do do
adesivo.

Em seguida as cavidades foram restauradas em seqiiéncia aleatorizada,

detalhadas através do seguinte protocolo por técnica restauradora:

Técnica 1 (Figura 7A-D) - Restauracdo com a resina de baixa viscosidade
aplicada na parede gengival, até o angulo cavo-superficial (Figura 7 A ): A resina
composta de baixa viscosidade foi inserida na cavidade, através da ponta dispensadora,
na espessura determinada pelo grupo experimental, em tnico incremento (espessuras de
0,5, 1 e 2 mm), e fotoativado por 20 segundos. Apds isto, a cavidade foi restaurada pela
técnica incremental (Figura 7 B), com incrementos de 2 mm, até a parede incisal,
utilizando-se resina composta micro-hibrida (Filtek Z-250, cor A2), sendo cada
incremento fotoativado por 20 segundos. A espessura de cada incremento foi controlada

através de sonda milimetrada (Figura7 D).

" - o«

A B C

Figura 7— Técnica restauradora 1: A) resina de baixa viscosidade aplicada na parede
gengival, até o angulo cavo-superficial na espessura determinada pelo grupo experimental (X); B)
Sequéncia da restauragdo com resina composta micro-hibrida (Filtek Z-250, cor A2); C) Visdo da
restauracdo concluida.
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Figura 7 D - Sonda milimetrada sendo utilizada
para controle das espessuras da resina de baixa
viscosidade.

Técnica 2 (Figura 8A-C) - Restauracido com a resina de baixa viscosidade
aplicada na parede gengival, somente em dentina: A resina composta de baixa
viscosidade foi inserida na parede gengival, até a juncdo amelo-dentindria, através da
ponta dispensadora, na espessura determinada pelo grupo experimental, em unico
incremento (espessuras de 0,5 , 1 e 2 mm), e fotoativado por 20 segundos. Apos isto, a
cavidade foi restaurada pela técnica incremental, com incrementos de 2 mm, até a
parede incisal, utilizando-se resina composta micro-hibrida (Filtek Z250, cor A2), sendo
cada incremento fotoativado por 20 segundos. A espessura de cada incremento serd

controlada através de sonda milimetrada (Figura 7 D).

a 4 a4

A B C

Figura 8 — Técnica restauradora 2: A) resina de baixa viscosidade aplicada na parede gengival,
somente em dentina, até a jun¢do amelo-dentindria na espessura determinada pelo grupo experimental
(X); B) Seqiiéncia da restauracdo com resina composta micro-hibrida (Filtek Z250, cor A2); C) Visdo da
restaurag¢do concluida.
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Seqiiéncia da restauracdo com resina composta micro-hibrida (Filtek Z250, cor

A2) em incrementos horizontais de 2 mm (Figura 9 A e B).

Figura 9 - A) Insercdo da resina Z250 em incrementos
horizontais de 2 mm. B) Restauragao finalizada.

GRUPO CONTROLE

Controle Z7250- Cavidade restaurada pela técnica incremental horizontal,
com incrementos de 2 mm, até a parede incisal, utilizando-se resina composta micro-
hibrida Filtek Z250, cor A2 (Figura 10 ), sendo cada incremento fotoativado por 20

segundos.

Figura 10 - Resina Filtek Z250.
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Para a fototivagdo dos compdsitos dentais, utilizou-se o aparelho de
fotoativacdo Bluephase 161 — Vivadent com irradiincia de luz de 1100 mW/cm2 (Figura
11). Ap6s 24 horas, foram realizados os procedimentos de acabamento e polimento das
restauracoes, utilizando-se disco de 6xido de aluminio Sof-Lex Pop-on (3M ESPE, St

Paul, MN, USA) (Figura 12), em ordem decrescente de granulacdo (Figura 12).

Figura 11 - Aparelho de
fotoativagdo Bluephase 161 —
Vivadent

Figura 12 - Acabamento e
polimento com de 6xido de aluminio
Sof-Lex Pop-on.

CICLAGEM TERMICA

Os grupos foram termociclados com 1.000 ciclos de temperatura em agua

destilada entre 5 + 2 °C, 37 + 2°C e 55 + 2 °C, com 1 minuto de permanéncia em cada
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banho, e 5 segundos de intervalo de transferéncia, com auxilio de simulador de ciclos

térmicos (MSCT — 3 PLUS, Sao Carlos, SP, Brasil). Protocolo de Soares (2009).

ANALISE DA INFILTRACAO MARGINAL

A infiltracdo foi analisada  quantitativamente por meio da
Espectrofotometria, pelo aparelho Beckman DU 65 (Instruments, Fullerton, CA, USA)
assim como empregada por Aguiar et al. (2002), Barros et al. (2003), Aguiar et al.

(2003) e Santos et al. (2005) com objetivo de avaliar infiltragcdo marginal.

IMERSAO EM CORANTE

Toda a amostra, com exce¢do da interface dente/restauracdo na darea
correspondente ao primeiro incremento das resinas compostas, foi protegida com duas
camadas do adesivo a base de cianoacrilato de presa rdpida Superbonder (Loctite
Adesivos LTDA, Itapevi, SP, Brasil). Antes da imersdao em corante foi colocada uma
fita adesiva (6 mm x 4 mm) ao redor da drea a ser infiltrada (correspondente ao primeiro
incremento da restauracdo) (Figura 13 A). Em seguida, foram aplicadas duas camadas
de esmalte para unha (Figuras 13 B e C). Entdo, os espécimes foram totalmente imersos
em solu¢do neutra de azul de metileno a 2% (Merck, Darmstadt, Germany) por 2 horas
(Figura 13 D). Decorrido este periodo, os blocos foram removidos da solucdo corante,
lavados em &dgua corrente e secados. Realizou-se a remog¢do do esmalte para unha ao
redor da area estudada com cureta periodontal. Com o objetivo de remover o corante
depositado na superficie da restauracdo, esta superficie sofreu um desgaste superficial

de 0,05 mm, controlado por um paquimetro digital (Mitutoyo, Tékio, Japao).
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Figura 13 — A) Colocacdo da fita adesiva. B) Aplicacdo de duas camadas de esmalte para unhas. C)
Ap6s remocao da fita adesiva. D) Apds imersdo em corante.

TRITURACAO DAS AMOSTRAS

Para preparar a leitura de corante infiltrado, os corpos de prova (bloco
dental + restauracdo) foram pesados e triturados em moinho para tecidos duros (MA-
475 - Marconi Equip. Ltda, Piracicaba —SP, Brasil), com o objetivo de obter um pé
composto pelo conjunto dente/restauracdo e pesado novamente. Se a diferenca entre os
pesos, inicial e final, fossem maior que 10%, a amostra seria descartada. Neste estudo

nenhuma amostra foi descartada.

DISSOLUCAO

Apos a trituragdo, o p6é obtido de cada amostra foi imerso, separadamente,
em tubo de ensaio, contendo 4 ml de dlcool absoluto PA, por 24 horas, para dissolver o

corante infiltrado na interface dente/restauracdo. A seguir, a solucdo obtida pelas
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amostras trituradas foi centrifugada (3000 rpm por 3 minutos), para que o pé e eventuais
impurezas fossem decantados. O sobrenadante da solu¢@o centrifugada foi submetido a
andlise quantitativa de corante presente na solucao pelo aparelho de espectrofotometria

por meio da leitura de absorbancia.

OBTENCAO DA ABSORBANCIA MAXIMA DO CORANTE AZUL DE
METILENO 2 %

Para a obtencdo absorbancia maxima do corante Azul de Metileno 2% o
aparelho de espectrofotometria foi calibrado, realizando-se uma varredura espectral,
utilizando-se de solu¢des padrdo nas concentracdes de 0,1; 0,2; 0,3; 0.5; 1; 2; 4; 6 mg /

ml, para se obter o comprimento de onda de mdxima absorbancia espectral.

Utilizando-se desse valor de comprimento de onda, foi realizada a leitura
das solucdes obtendo-se o valor mdximo de absorbancia espectral. Através do sistema

ABS-Concentragdo, obtém o valor de 12 e a equacgio da reta.

Foi tracado um gréfico de linhas em um sistema de eixos cartesianos,
utilizando os valores de concentracio de corante em microgramas por mililitros no eixo
das abscissas e a densidade Optica obtida nos eixos das ordenadas. Foi obtida a
regressdo linear de y em fun¢do de x e determinada a equagdo da reta, a partir da qual

pode ser calculada a concentragdo de corante.
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