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RESUMO

Objetivo: Avaliar o efeito do atraso na fotopoativacdo de compdésitos bulk-fill duais na
adaptacdo interna e microdureza (KHN) em profundidade. Materiais e Métodos: Trinta e cinco
dentes foram preparados em forma de caixa e restaurados de acordo com 0s seguintes
protocolos (n = 5): Filtek Bulk-Fill fotoativado imediatamente apds a insercao (FBF); Bulk EZ
fotoativado imediatamente apés a insercao (BEZ-1); Bulk EZ fotoativado 90 segundos apos a
insercdo (BEZ-DP); Bulk EZ autopolimerizado (BEZ-SC); HyperFIL fotoativado imediatamente
apos ainsercao (HF-I); HyperFIL fotoativado 90 segundos apés a inserc¢ao (HF-DP); HyperFIL
autopolimerizado (HF-SC). ApoOs 24 horas, as amostras foram seccionadas axialmente e a
adaptacao interna foi avaliada usando réplicas em microscopio eletrdnico de varredura (MEV).
A KHN foi avaliada em seis profundidades (0,3; 1; 2; 3; 4; 5 mm). A analise estatistica foi
realizada utilizando a = 0,05. Resultados: KHN diminuiu significativamente com a
profundidade, exceto no modo de autopolimerizagéo, quando KHN foi semelhante em todas
as profundidades. O atraso na fotoativacdo aumentou significativamente a KHN em
profundidades maiores. A adaptagéo interna foi dependente do material. A fotoativacdo ndo
influenciou a adaptacdo interna de HyperFIL, enquanto o atraso na fotoativagdo reduziu
significativamente as fendas internas (%) de Bulk EZ. Concluséo: O atraso na fotoativacdo
melhorou a profundidade de polimerizagdo das resinas compostas bulk-fill duais. A
fotoativacéo néo influenciou a adaptacéo interna do HyperFIL, mas o atraso na fotoativacdo
melhorou a adaptacao interna de Bulk EZ.

Palavras-chave: Resinas Compostas. Polimerizagdo. Adaptacdo Marginal Dentaria.



ABSTRACT

Objective: To evaluate the effect of delayed light curing of dual-cure bulk-fill composites on
internal adaptation and microhardness (KHN) in depth. Materials and Methods: Bulk-fill
composites were placed in thirty-five box-shaped preparations and cured according to the
following protocols (n = 5): Filtek Bulk-Fill light cured immediately after insertion (FBF); Bulk
EZ light cured immediately after insertion (BEZ-I); Bulk EZ light cured 90 seconds after
insertion (BEZ-DP); Bulk EZ self-cured (BEZ-SC); HyperFIL light cured immediately after
insertion (HF-1); HyperFIL light cured 90 seconds after insertion (HF-DP); HyperFIL self-cured
(HF-SC). After 24 hours, the samples were axially sectioned and internal adaptation was
evaluated using replicas under a scanning electron microscope. KHN was evaluated in six
depths (0.3; 1; 2; 3; 4; 5 mm). The statistical analysis was performed using a = 0.05. Results:
KHN significantly decreased with depth, except for in self-curing mode, when KHN was similar
in all depths. Delayed light curing significantly increased KHN at higher depths. Internal
adaptation was material-dependent. Light curing didn’t influence internal adaptation of
HyperFIL, while delayed light curing significantly reduced internal gaps (%) of Bulk EZ.
Conclusion: The delayed light curing improved the depth of cure of dual-cure resin composites.
Light curing didn’t influenced internal adaptation of HyperFILL, but delayed light curing

improved internal adaptation of Bulk EZ.

Key words: Resin composites. Polymerization. Dental Marginal Adaptation.
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1 INTRODUCAO

Os materiais utilizados na pratica clinica odontolégica foram evoluindo e sendo
desenvolvidos ao longo do tempo e com o grande avanco dos estudos e tecnologia. Dentre
eles se apresentando com grande destaque estdo os materiais restauradores, que nao
diferentemente passaram por grandes transformacfes. Deve-se ressaltar a reducdo da
utilizacdo do amalgama de prata como material restaurador definitivo, oferecendo espaco para
a soberania das resinas compostas, visto que suas propriedades mecéanicas e estéticas
possibilitam uma maior viabilidade de procedimentos mais conservadores com um menor

desgaste da estrutura dental remanescente (Fernandes et al., 2014).

Assim, 0s preparos cavitarios tradicionais, com dimensdes maiores do que o
necessario, que desgastavam uma quantidade significativa de estrutura dental sadia para
serem confeccionados, tiveram sua utilizagcdo bem reduzida para a utilizacdo de preparos
restauradores mais conservadores. E isso se deve essencialmente da grande evolugéo dos
sistemas adesivos, que possibilitou essa grande mudanca na prética clinica da Odontologia

restauradora (Alex, 2015).

Além disso, os compdsitos restauradores resinosos tiveram cada vez mais suas
particulas reduzidas para possibilitar um melhor acabamento e polimento. Outros estudos,
buscaram diminuir a contracdo de polimerizacdo destes materiais, a qual se apresentava
como uma das maiores desvantagens da utilizacdo dos compésitos resinosos (Fernandes et
al., 2014).

Neste contexto, devido aos avancgos obtidos na reducdo da tensédo de contracao
de polimerizacao e buscando obter maior facilidade na utilizacdo dos compdsitos resinosos,
além desuperar o limite de 2 mm por incremento existente nos compadsitos tradicionais, foram
desenvolvidos compdésitos bulk-fill, os quais foram langados no mercado nacional em 2010,

estando disponiveis comercialmente nas viscosidades fluida e regular (Silva et al., 2010).

Os compositos bulk-fill se diferem dos compdsitos tradicionais pois podem ser
inseridos em incrementos de até 4 mm de profundidade. Isso é possivel devido a maior
translucidez destes compdsitos em relagdo aos tradicionais (Ende et al., 2016). Para isto,
foram realizadas modificacbes na matriz organica e nas particulas de carga, objetivando
também diminuir as tensdes geradas pela contracdo de polimerizagdo. Na matriz organica
foram adicionados monémeros mais flexiveis e de maior peso molecular e alterado o sistema
iniciador (a partir de novos fotoiniciadores ou até maior concentracdo dos tradicionais). As

modificacBes nas cargas ocorreram pela adicdo de particulas maiores e/ou com indice de



refracdo similar a matriz organica. Com essas modificacbes, foi demonstrado que os
compdésitos resinosos bulk-fill podem reduzir a deformacédo das cuspides e o estresse de

polimerizacdo, bem como aumentar a resisténcia a fratura (Fugolin e Pfeifer, 2017).

Assim, a utilizacdo deste tipo de compdésito faz com que o procedimento seja
realizado de maneira mais rapida e facil, diminuindo o nimero de passos clinicos quando
comparada a técnica incremental. Entretanto, a efetividade da polimerizacdo em profundidade
e a desadaptacdo interna devem ser cuidadosamente analisadas, visto que tais problemas
ainda ocorrem com os compositos bulk-fill (Benetti et al., 2015). Também foi relatado que a
técnica incremental com compdsitos tradicionais produz melhor adaptacéo interna quando
comparada a técnica de restauragdo em incremento Unico utilizando compésitos do tipo bulk-
fill (Alqudaihi et al., 2019). Além disso, os compdsitos bulk-fill possuem, em geral, menor
microdureza em profundidade quando comparado aos compdésitos convencionais (Keli¢ et al.,
2016).

Tendo em vista as caracteristicas citadas, buscando suprir as desvantagens e
caréncias dos compoésitos bulk-fill convencionais, surgiram os compositos bulk-fill duais, que
sdo comercialmente apresentados como duas pastas (Fraga et al., 2021). A ativacdo quimica
desses compositos poderia suprir os problemas gerados pela atenuacdo da luz em
profundidade e melhorar a polimeriza¢@o nesta regido. Além disso, a ativagdo quimica ocorre
de forma mais lenta, atrasando o ponto gel do material. Um estudo que avaliou um compdésito
desta classe de materiais demonstrou que, apesar de sofrer contragéo volumétrica, o material
tem melhor adaptacéo interna e maior uniformidade de polimeriza¢éo do topo da restauracao
em relacdo a base (Hayashi et al., 2019). Além disso, uma menor viscosidade de materiais
bulk-fill, duais ou fotoativados demonstrou reduzir a formacgéo de fendas marginais e internas
em preparos do tipo classe |l (Sampaio et al., 2020). Adicionalmente, compdésitos bulk-fill duais
demonstram também um maior grau de conversao em compara¢ao com 0os compaésitos bulk-
fill fotopolimerizaveis, quando em mesmas condicdes de polimerizacdo. Além de variacdes
menores de microdureza em profundidade quando preparos de 6 mm foram avaliados (Wang
e Wang, 2020).

Atrasar o ponto gel de materiais duais tem sido uma alternativa utilizada em
cimentos resinosos para reduzir as tensfes geradas podendo ser benéfica para a cimentacdo
de restauracdes indiretas em dentes vitais, sem afetar as propriedades mecénicas (Soares et
al., 2016). Em compositos bulk-fill duais, essa medida demonstrou reduzir a flexdo de cuspide
e nao afetar as propriedades mecéanicas do material (Hughes et al., 2019). Entretanto, o

procedimento de atraso na fotoativacdo ndo € um consenso entre os protocolos de aplicacédo
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estabelecidos pelos fabricantes desses compdésitos, 0 que justifica o estudo de diferentes

protocolos de fotoativacdo para esses materiais.

O objetivo neste estudo foi avaliar se o atraso na fotoativacao diminui a formacao
de fendas e melhora a polimerizacdo em profundidade, a partir da utilizacdo de compdésitos
bulk-fill duais.
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2 ARTIGO: DELAYED LIGHT CURING OF DUAL-CURE BULK-FILL COMPOSITES ON
INTERNAL ADAPTATION AND DEPTH OF CURE

Submetido no periddico Journal of Esthetic and Restorative Dentistry - Anexo 4

Objective: To evaluate the effect of delayed light curing of dual-cure bulk-fill composites on
internal adaptation and microhardness (KHN) in depth. Materials and Methods: Bulk-fill
composites were placed in thirty-five box-shaped preparations and cured according to the
following protocols (n = 5): Filtek Bulk-Fill light cured immediately after insertion (FBF); Bulk
EZ light cured immediately after insertion (BEZ-I); Bulk EZ light cured 90 seconds after
insertion (BEZ-DP); Bulk EZ self-cured (BEZ-SC); HyperFIL light cured immediately after
insertion (HF-1); HyperFIL light cured 90 seconds after insertion (HF-DP); HyperFIL self-cured
(HF-SC). After 24 hours, the samples were axially sectioned and internal adaptation was
evaluated using replicas under a scanning electron microscope. KHN was evaluated in six
depths (0.3; 1; 2; 3; 4; 5 mm). The statistical analysis was performed using a = 0.05. Results:
KHN significantly decreased with depth, except for in self-curing mode, when KHN was similar
in all depths. Delayed light curing significantly increased KHN at higher depths. Internal
adaptation was material-dependent. Light curing didn’t influence internal adaptation of
HyperFIL, while delayed light curing significantly reduced internal gaps (%) of Bulk EZ.
Conclusion: The delayed light curing improved the depth of cure of dual-cure resin composites.
Light curing didn’t influence internal adaptation of HyperFILL, but delayed light curing improved

internal adaptation of Bulk EZ.

Clinical Significance: Light curing is fundamental for improving mechanical properties of dual-
cure resin composites; moreover, depending on dual-cure resin composite, the delay in light

curing can reduce the internal gaps.

Keywords: Bulk-fill resin composite, internal adaptation, microhardness, light curing, dual cure
bulk-fill.
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1. Introduction:

Bulk-fill resin composites gain popularity due to the possibility to be placed in a
single increment of 4-5 mm thickness. Changes were made in the organic matrix and filler
particles to reduce the polymerization shrinkage stress * and increase translucency compared
to the traditional resin composites. 2 More flexible and higher molecular weight monomers were
added, as well as the initiator system was changed. *° The size of the filler increased and its
refractive index was closest to that of the organic matrix. These modifications reduced the cusp

deformation and the polymerization stress, as well as increase fracture resistance. ©

Bulk fill composite makes the restoration technique faster and easier, decreasing
the number of clinical steps when compared to the incremental technique.  Nevertheless,
gaps are formed in the bottom of restoration 8 and light is attenuated in bulk fill composites,
impairing the degree of conversion at higher depths. ° It has also been reported that the
incremental technique produces better internal adaptation when compared to the single
increment restoration technique using bulk-fill composites. 1° Furthermore, bulk-fill composites
have lower microhardness at higher depths than conventional composites used with

incremental technique. *

Dual-cure bulk-fill composites have emerged to overcome issues related to light
attenuation and improve the depth of polymerization. 2 Self-cure doesn’t depend on light.
Moreover, it reduces polymerization kinetics and polymerization occurs slowly, delaying the
gel point. A previous study found the dual-cured bulk-filled resin composite showed no
decrease of degree of conversion through the depth and the highest cavity adaptation despite
its tendency for higher volumetric shrinkage. & Additionally, dual bulk-fill composites also
demonstrated a higher degree of conversion than photopolymerizable bulk-fill composites
under the same polymerization conditions. Such materials showed smaller variations in

microhardness at a depth when 6 mm preparations were evaluated. 3

It was found that delayed light activation reduce the polymerization stress of the
resin cements without jeopardizing degree of conversion. * In dual-cure bulk-fill composites,
delayed light curing reduce shrinkage stresses without negatively affecting the degree of cure
or mechanical properties. * Bulk EZ manufacturer recommend that light curing be made at
least 90 seconds after mixing, when 90 seconds after past mixing, while HyperFIL
manufacturer recommend that resin composite be light cured immediately after past missing.
It was found that dual-cure resin composite light cured 90 seconds after mixing had
microhardness similar from the top to 5 mm depth, while dual-cure resin composite light cured

immediately after mixing showed a reduction in microhardness at higher depths. The light
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curing delay procedure is not a consensus for dual-curing resin composites. Finally, by
delaying light curing, improved internal adaptation and depth of polymerization can be

expected.

Therefore, the aim of this study was to evaluate the effect of the delay in light curing
on internal adaptation and depth of cure of dual-cure bulk-fill composites. The hypotheses
tested were that: (1) there would be influence of restorative protocols on internal adaptation of
resin composites and, (2) there would be influence of restorative protocols on microhardness

of resin composites.
2. Materials and methods

Five restorative protocols were evaluated in this study (Figure 1). The resin
composite materials are described in table 1.



Filtek Bulk Fill
(FBF)(Control group)

Bulk EZ
Immediate photoactivation (BEZ-I)

Bulk EZ
Delayed photoactivation (BEZ-DP)

35 samples BEZ EZ

(n=5) Self-cured (BEZ-SC)
HperFil

Immediate photoactivation (HF-I)

HyperFil
Delayed photoactivation (HF-DP)

HyperFil
Self-cured (HF-SC)

Figure 1 - Organizational chart of the experimental design

14
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Table 1. Composite resins, manufacturer and composition.

Material Manufacturer  Matrix composition Filler type/loading Shade
(Wt%)
Bulk EZ Danville Monomers; Barium glass, A2
Materials, EBPDMA, Ytterbium, Trifluoride
Carlsbad, CA, TEGDMA,
50-70 wt%
BisGMA, UDMA
USA
HyperFIL  Parkell, New  Monomers; Barium glass/silica Universal
TM DC York, NY, BisEMA, UDMA,
70-75 wt%
USA and
other

dimethacrylate

monomers.
Filtek 3M ESPE, SL Bis-GMA, Bis- Zirconia/silica, A2
Bulk-fill Paul, MN, EMA(6), UDMA, ytterbium, trifluoride

flow USA TEGDMA,

64.5%
Procrylat resins

Abbreviations: BisGMA, bisphenylglycidyl dimethacrylate; BiSEMA, ethoxylated
bisphenol-A dimethacrylate; EBPDMA, 1,6-bis-[2-
methacryloyloxyethoxycarbonylamino]-2,4,4- trimethlhexane; PEGDMA,
Polyethylene glycol dimethacrylate; UDMA, urethane dimethacrylate; TEGDMA,

triethylene glycol dimethacrylate.
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Box-shaped preparation

This study was approved by the local Research Ethics. Thirty-five healthy human
molars had their roots sectioned 3 mm below the cementum-enamel junction using a diamond

disc mounted in a metallographic cutting machine (Isomet, Buehler Ltd., Lake Buff, IL, USA).

Box-shaped preparations were made on the teeth following the previous protocol
proposed 6. The teeth were positioned with the occlusal surface facing downward to allow the
preparation to be made from the pulp chamber to the enamel direction. A preparation
standardizing machine (Elquip, S&o Carlos, SP, Brazil) was used to prepare box-shaped
preparations (4 mm wide x 6 mm long and 5 mm deep). Cylindrical diamond burs no. 3099
(KG Sorensen, Séo Paulo, SP, Brazil) were used, which were replaced after each 5
preparations. The preparations were finished with F and FF diamond tips of the same

numbering.
Restorative procedure

Thirty-five samples were divided into seven groups (n = 5). The number of samples
per group was based on previous studies. !’ The Clearfil SE Bond 2 (Kuraray Noritake
Dental, Tokyo, Japan) adhesive system was applied according to the manufacturer’s
instructions in all preparations. The primer was actively applied for 20 s and gently air-dried for
20 s. The bond was applied, gently air-dried, and photoactivated for 10 s with a multiple-peak
LED device (Valo Cordless, 1,000 mW/cm2 radiant exitance). The restoration was performed
in a darkened environment with controlled humidity (50% + 5) and temperature (25 °C + 1).

The restorative protocol for each group is described below:

- FBF: Filtek Bulk fill was placed in a single increment and immediately light cured

for 20 seconds with an irradiance of 1,000 mW/cm? (Valo Cordless).

- BEZ-I: Bulk EZ was placed into the cavities in a single increment and immediately

light cured for 20 seconds with an irradiance of 1,000 mW/cm?2 (Valo Cordless).

HF-I: HyperFIL was placed into the cavities in a single increment and immediately

light cured for 20 seconds with an irradiance of 1,000 mW/cm?2 (Valo Cordless).

-BEZ-DP: Bulk EZ was placed into the cavities in a single increment and after 90

seconds, light cured for 20 seconds with an irradiance of 1,000 mW/cmz (Valo Cordless).
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HF-DP: HyperFIL was placed into the cavities in a single increment and after 90

seconds, light cured for 20 seconds with an irradiance of 1,000 mW/cmz (Valo Cordless).

- BEZ-SC: Bulk EZ was mixed, placed into the cavities in a single increment, and

the specimens were stored at 37 °C = 1 in a dark container.

HF-SC: HyperFIL was mixed, placed into the cavities in a single increment, and

the specimens were stored at 37 °C = 1 in a dark container.

Internal adaptation

The samples were axially cut into four slices in the occlusal-cervical direction using
a diamond disc (Isomet Diamond Wafering Blades, No. 11-4244, Buehler Ltd., Lake Buff, IL,
USA). The slices were polished with SiC abrasive papers (600, -1200 and -2000, Norton
Abrasivos, Vinhedo, SP, Brazil) and diamond grits in suspensions of 6, 3, 1, and 0.05 ym
(Buehler Ltd. Lake Bluff, IL, USA). After polishing, the samples were washed abundantly, dried
and polyvinylsiloxane impressions (Adsil ultra soft+putty, and regular paste, Coltene,
Bonsucesso, Rio de Janeiro, Brazil) were taken to obtain epoxy resin replicas (Buehler, Lake
Bluff, IL, USA) of the slices. The replicas were fixed in stubs, gold-sputtered and analyzed in
scanning electron microscopy (SEM). The images of the entire length of the bonding interface

were analyzed at 75X magnification.

The SEM images of replicas were reconstructed with the aid of ImageJ software
(NIH, Bethesda, MD, USA), obtaining the total perimeter of preparation and the length of gaps.
The internal gaps (%) were expressed as a percentage of the length of gaps by the total length

of the preparation.

Knoop microhardness (KHN)

The central slice of each sample was selected to perform the KHN test. Knoop
microhardness analyses was carried out in a microdurometer HMV 2000 (Shimadzu, Tokyo,

Japan) with a 50 gF (0.490 N) static load and 10 seconds indentation time. Three indentations
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were made at 0.3 mm, 1 mm, 2 mm, 3 mm, 4 mm, and 5 mm and a mean calculated for each
depth.

The microhardness percentage (KHN%) at 1 mm, 2 mm, 3 mm, 4 mm, and 5 mm

was calculated according to the following equation: MH% = (KHN depth/KHN top)*100
Statistical analysis

Data were tested for normality (Shapiro-Wilk test) and homoscedasticity (Levene’s
test). Internal adaptation data were evaluated by one-way ANOVA and pairwise comparisons
by Tukey’s test. Microhardness data were evaluated by split-plot ANOVA and pairwise

comparisons by Bonferroni test. For all analyses the level of significance was set to a=0.05.
3. Results

Internal adaptation was significantly influenced by restorative protocols (p = 0.001).
The internal adaptation results obtained from replicas are shown in Table 2. HF composite
showed the highest percentages of gaps. Light curing methods didn’t influence the internal
adaptation of HF. BEZ had significantly less gap formation in self-cure and delayed light curing
mode. FBF had internal gaps (%) similar to BEZ-DP and BEZ-SC, but significantly less gaps
(%) than other groups.

The microhardness data are shown in Table 3. There was a significant interaction
between factors (depth and restorative protocols, p<0.001). When light cured, KHN
significantly decreased with depth. KHN was similar in all depths when dual-cure resin
composites were used in the self-curing mode. Bulk EZ and HyperFIL were not significantly
influenced by light curing protocol (immediate or after 90 seconds) up to 3 mm depth. At higher
depths (4 mm and 5 mm), delayed light curing significantly increases the KHN for Bulk EZ and
HyperFIL. Light curing significantly increased KHN of Bulk EZ in all depths. Nevertheless, light
curing did not increase KHN of HyperFIL at 5 mm depth.
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Table 2. Mean and standard deviation of internal gaps (%).

Groups Mean Standard deviation Tukey
FBF 45.9 7.0 B
BEZ-I 59.8 4.6 A
BEZ-DP 43.4 4.4 B
BEZ-SC 42.6 8.7 B
HF-I 69.8 3.6 A
HF-DP 59.4 6.9 A
HF-SC 65.4 4.5 A

* Different capital letters represent significant differences between groups.

The FBF group (control) had the lowest KHN values in all depths. In addition, KHN
of FBF significantlydecreasedwith depth.

Table 3. Mean and standard deviation of KHN values at different depths.

Depth
Group

Omm Imm 2mm 3mm 4mm 5mm

FBF 31.3(0.7)Ac 29.0(1.8) 27.6(22) 26.2(27) 245(26) 23.1(2.4)

Bd Cd Dd Ee Fd
BEZ-1 44.8(0.9) Aa 42.2(0.5) 39.7(1.2) 37.4(1.1) 35.2 (0.8) 32.4
Ba Ca Dab Ec (1.7)Fbc

BEZ- 44.5(1.0)Aa 42.8(1.2) 41.1(0.6) 39.1(20) 39.2(1.0) 37.9(0.9)
DP Ba Ca Dab Da Ea
BEZ- 31.1(1.8)Ac 31.1(1.7) 31.2(15) 31.2(1.6)Ac 31.3(1.6) 31.4(1.6)
SC Ac Ac Ad Ac
HF-l 443 (1.7) Aa 41.8 (1.7) 39.8 38.1(1.5) 35.8(0.7) 33.9(1.2

Ba (1.8)Ca Dab Ebc Fb
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HF-DP 449 (2.1) Aa 41.6(1.7) 40.5(1.6) 39.9 (1.49) 39.5 (0.9) 38.6 (1.2)
Ba Ca Ca Da Ea
HF-SC 37.0(0.6) Ab 37.4(0.2) 375(0.2) 37.5(0.2) Ab 37.3(0.3) 37.3 (0.3)

Ab Ab Ab Aa

*Bonferroni test: Different capital letters represent significant differences between depths.
Different lowercase letters represent significant differences between restorative protocols
(p<0.05).

KHN% data are shown in Figure 2. A black dashed line was also drawn to
represent the limit boundary of 80% of the top/bottom KHN relation achieved by each resin
composite. Self-cured groups (BEZ-SC and HF-SC) had similar KHN% at all depths. All the
light-cured groups had decreased KHN% with depth; however, in the delayed light-curing
groups (BEZ-DP and HF-DP) groups the top/bottom KHN relations were higher than 80% in
all depths.

® Imm " 2mm % 3mm 4mm Smm
AsAaAsAa A
Ab AsAaAadada R T o
100t 7 B Ay Ab Rih A o i &
2: \ b 2 P, Bbey . BbBbpe
N [Pl | FE | TEFS | | N | P | | |
- 'tl 82 | 12 :
g l :
o 60
'@ |
§ 40 \
4 20 \
“ |
-
-
0 &
FBF BEZ-1 BEZ-DP BEZ-SC HF-I HF-DP HF-SC
Groups

Figure 2. Microhardness in percentage values (MH%) for 1 mm, 2 mm, 3 mm, 4 mm and 5
mm in relation to the top for each sample group, according to the following equation: KHN%
= (KHN depth / top of KHN) * 100. *Bonferroni test: Capital letters show differences between
depths. Lowercase letters present differences between restorative protocols. The dotted line
represents the threshold percentage top/bottom ratio considered suitable for depth

polymerization.
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4. Discussion

The internal adaptation of data were significantly affected by the restorative
protocols. Thus, the first hypothesis of this study was accepted. Groups restored with HF
showed higher gaps than others. Several factors are responsible for marginal misfit, such as
viscosity of resin composite, cavity design, and restorative procedures. In addition,
polymerization shrinkage stress may induce gap formation, which depends on degree of
conversion and elastic modulus of resin composites. 8 Previous studies found a higher degree
of conversion in HF groups than in other resin composites. 2131° Although degree of
conversion values improves the mechanical properties, it also may increase the polymerization
shrinkage and, consequently, gap formation. In addition, HF composite presents a higher
viscosity than the other materials evaluated in this study. The high viscosity impairs the flow of
the resin composite, which can reduce the internal adaptation. 2°

When immediately light cured, HF showed a similar gap formation than BEZ-I. It is
recommended that BEZ be light cured only 90 seconds after its insertion to reduce the
polymerization shrinkage stress. A previous study found that the delay period before light
activation significantly reduced the maximum rate of polymerization of a resin cement similar
to the reaction rate of the cements tested in self-cure mode. ! Self-cure produces a more
slowly autoacceleration by the action of free radicals formed by the oxy-reduction reaction,
postponing the vitrification of the material. 2* Therefore, more monomers are converted before
vitrification reducing the polymerization shrinkage stress.?* When BEZ was self-cured (BEZ-
SC) or light cured after 90 seconds (BEZ-DP), internal adaptation increased substantially,
which demonstrates the positive effect of self-cure in reduce internal gaps. It was shown that
delay in light curing of dual composites improved internal adaptation, microhardness in-depth
and cusp flexion due to the reduction of polymerization shrinkage stress.?? Therefore, light
curing after 90 seconds is important to improve the mechanical properties of dual-cure resin
composites. These results corroborate with a previous study, in which BEZ presented less
internal gaps than conventional bulk-fill composites. 812 Conversely, in our study, HF did not
show a reduction in the formation of gaps even when the light curing delay was performed.
Thus, the behavior of dual-cure materials cannot be considered in a generalized manner, as it

is material-dependent.

FBF, BEZ-SC or BEZ-DP had no significant differences in gap formation. As
previously discussed, internal adaptation depends on the flowability of resin composite and

polymerization shrinkage stress. FBF is a flowable bulk fill resin composite, which may improve
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the adaptation due to the higher flow of the material in the cavity. Moreover, FBF has less filler
content, which is related to a lower elastic modulus and, consequently, lower polymerization

stress. 2t

KHN values were significantly influenced by restorative protocols. Thus, the
second hypothesis of the study was accepted. Microhardness is a mechanical surface property
that is related to the resistance of a material to scratching or permanent deformation when
under pressure. 2 In Dentistry, microhardness provides subsidies on the clinical performance
of the materials. 22 When the resin composite microhardness is evaluated at different depths,
it may indicate the depth of polymerization of the material. 2

The control group (FBF) showed lower KHN values than BEZ and HF light-cured
(BEZI, BEZ-DP, HF-I, and HF-DP). Microhardness is determined by several factors such as
degree of conversion, organic matrix composition and filler particles content. 2° The higher the
content (by volume) of cargo, the higher the KHN. FBF has a lower percentage of filler particles
than HF and BEZ, which may be responsible for the lower hardness of this composite resin.
Other studies have shown that dual bulk-fill composites present higher microhardness and
degree of conversion than light-cured bulk-fill flowable materials. **° In addition, previous

study found lower FBF microhardness compared to other bulk-fill flowable composite resins.
17

FBF is a light curing resin composite. It is know that light is attenuated even in bulk
fill composites, impairing the degree of conversion at higher depths. On the other hand, dual
cure bulk-fill composites have two distinct ways of activation: oxy-reduction chemical
polymerization, when the initiator molecule contacts an accelerator, and a polymerization
activated by light when free radicals are formed from a dissociated molecule by a light cure
unit. 2 Two mechanisms of photoactivation contribute to improve the microhardness in the
groups BEZ-l, BEZ-DP, HF-I and HF-DP that received two kinds of activation. Thus, an
advantage of dual-cure bulk-fill composites is the higher microhardness and degree of

conversion than light-cured bulk-fill flowable materials. 319

On the other hand, in groups BEZ-SC and HF-SC (only self-cured), KHN values
were lower compared to light-cured ones. Although the self-cure was more homogeneous, the
lack of light curing can negatively affect the mechanical properties of these composites and,
probably, their degree of conversion, 2’ highlighting the relevance of light curing for the
mechanical properties of these materials. 28 These data corroborate with previous studies that
demonstrated that self-curing was unable to reach enough degree of conversion in dual bulk-

fill composites. %28
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For KHN% values, only BEZ-DP, BEZ-SC, HF-DP and HF-SC groups had
microhardness values higher than 80% at 4 mm and 5 mm depth (Figure 2). According to the
literature, an adequate depth of polymerization is achieved when top/bottom percentage ratio
is greater than 80%. 2%%° |t is know that self-cure produces homogenous degree of conversion
and microhardness because polymerization initiation doesn’t depend on external factors.
Although self-cured produced homogeneous polymerization in all depths (KHN% higher than
80%), the absolute microhardness were lower than in the light-cured groups. Thus, delay in
light curing can be mentioned as an advantage because it does not affect the mechanical
properties and provides adequate polymerization in depth.

In addition, immediate light curing (BEZ-I and HF-1) don’t produce adequate
polymerization up to 5 mm. It can be hypothesized that immediate polymerization reached the
maximum polymerization rate of the composite (maximum Rp) more quickly, which may have
increased the viscosity of the material suddenly. Increased viscosity leads to compaosite
vitrification and decreased monomer mobility. 3! This fact may have limited conversion by self-
curing. For BEZ-DP and HF-DP, the 90-second delay in light curing allowed a greater action
of self-curing, which becomes essential in deeper layers of the restoration, allowing these
groups to have a less pronounced decrease in microhardness and maintenance of the

mechanical properties at higher depths.

Thus, the light curing protocol is a determining factor in depth of polymerization of
dual bulk-fill composites. When light-curing was performed after 90 seconds, adequate
microhardness (KHN% 80% top in relation to the bottom) was achieved without reduction of
the absolute microhardness, which did not occur in the self-cured group. Internal adaptation
was material-dependent, but light-curing protocol can also reduce the gap formation. BEZ-DP
restorative protocol showed more promising results regarding deep microhardness and
internal adaptation. A limitation of this study was the lack of evaluation of the degree of
conversion and the polymerization shrinkage stress. Further studies comparing the degree of
conversion and polymerization shrinkage stress of these restorative protocols could be done
to better elucidate why lower internal gaps and improved microhardness were found when light

curing was done 90 seconds after mixing.
5. Conclusions

The delayed light curing can reduce the internal gaps in dual-cure resin composites

and improves the polymerization in-depth.

Light curing is mandatory to maximize the mechanical properties of dual-cure resin

composites.
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3 CONCLUSAO

A partir deste estudo, pode-se concluir que a fotoativacdo apresenta-se como um
aspecto fundamental para manutencéo das propriedades mecénicas; entretanto, o atraso na
fotoativagao pode melhorar a polimerizacdo em profundidade e reduzir as fendas internas de

acordo com o material.



28

REFERENCIASY

10.

Alex G. Universal adhesives: thenextevolution in adhesivedentistry?
CompendContinEduc Dent. 2015 Jan;36(1):15-26; quiz 28, 40.

Alqudaihi FS, Cook NB, Diefenderfer KE, Bottino MC, Platt JA. Comparison of Internal
Adaptation of Bulk-fill and Increment-fill Resin Composite Materials.Oper Dent. 2019
Jan/Feb;44(1):E32-E44. doi: 10.2341/17-269-L.

Benetti AR, Havndrup-Pedersen C, Honoré D, Pedersen MK, Pallesen U. Bulk-fill resin
composites: polymerization contraction, depth of cure, and gap formation. Oper Dent.
2015 Mar-Apr;40(2):190-200. doi: 10.2341/13-324-L.

Fernandes HK, Silva R, Marinho MAS, Oliveira POS, Ribeiro JCR, Moyses MR.
Evolucéo da resina composta: reviséo da literatura. Revista da universidade vale do rio
verde; 12(2), 401-411; 2014. doi: 10.5892/ruvrd.v12i2.1465.

Fraga MAA, Correr-Sobrinho L, Sinhoreti MAC, Carletti TM, Correr AB. Do dual-cure
bulk-fill resin composites reduce gaps and improve depth of cure. Braz Dent J. 2021 Sep-
Oct;32(5):77-86. doi: 10.1590/0103-6440202104497.

Fugolin AP, de Paula AB, Dobson A, Huynh V, Consani R, Ferracane JL, et al.
Alternative monomer for BisGMA-free resin composites formulations. Dent Mater. 2020
Jul;36(7):884-92. doi: 10.1016/j.dental.2020.04.009.

Hayashi J, Espigares J, Takagaki T, Shimada Y, Tagami J, Numata T, et al. Real-time in-
depth imaging of gap formation in bulk-fill resin composites. Dent Mater. 2019
Apr;35(4):585-96. doi: 10.1016/j.dental.2019.01.020.

Hughes KO, Powell KJ, Hill AE, Tantbirojn D, Versluis A. Delayed photoactivation of dual-
cure composites: effect on cuspal flexure, depth-of-cure,and mechanical properties. Oper
Dent. 2019 Mar/Apr;44(2):E97-E104. doi: 10.2341/18-140-L.

Keli¢ K, Mati¢ S, Marovi¢ D, Klari¢ E, Tarle Z. Microhardness of Bulk-Fill Composite
Materials. Acta ClinCroat. 2016 Dec;55(4):607-14. doi:10.20471/acc.2016.55.04.11.

Silva LNC, Silveira CR, Carneiro GKM. Vantagens das resinas bulk fill: revisdo da
literatura. Rev Saude Multidiscipl. 2019;5(1).

* De acordo com as normas da UNICAMP/FOP, baseadas na padronizacéo do InternationalCommitteeof Medical
JournalEditors - Vancouver Group. Abreviatura dos periddicos em conformidade com o PubMed.



29

11. Soares CJ, Bicalho AA, Verissimo C, Soares P, Tantbirojn D, VersluisA. Delayed Photo-
activation Effects on Mechanical Properties of Dual Cured Resin Cements and Finite
Element Analysis of Shrinkage Stresses in Teeth Restored With Ceramic Inlays. Oper
Dent. 2016 Sep-Oct;41(5):491-500.

12. Van Ende A, De Munck J, Lise DP, Van Meerbeek B. Bulk-Fill Composites: A Review of
the Current Literature. J Adhes Dent. 2017;19(2):95-109. doi:10.3290/j.jad.a38141.

13. Wang R, Wang Y. Depth-dependence of degree of conversion and microhardness for
dual-cure and light-cure composites. Oper Dent. 2020 Jul;45(4):396-406. doi:
10.2341/19-074-L.



ANEXOS

Anexo 1 - Verificagcéo de originalidade e prevencgéo de plagio

TCC RISSATO

ORIGMALITY REPORT

19 15 164 2«

SIMILARITY IMDEX INTERMET SOURCES PUBLICATIOMNS STUDEMNT PAPERS
PRIMARY SOURCES
www.scielo.br
Intermet Source 5 %
"Full Issue PDF", Operative Dentistry, 2022 4
Pubdlication %
pinnacle.allenpress.com 4
Intarmel Source %
Taciana MF Caneppele, Natalia C Gutierrez, 4 %
Sabrina E Moecke, Leticia CCC Perote et al.
"Bond Strength of Composite Resin
Restoration Repair: Influence of Silane and
Adhesive Systems", The Journal of
Contemporary Dental Practice, 2019
Pubdication
"Full Issue PDF", Operative Dentistry, 2020 4
PulMication %
H www.pubfacts.com 4
Intermel Source %
ri.ufs.br 4
Intarmel Source %




Anexo 2 —-Comité de Etica em Pesquisa

N UMNICAMP - FACULDADE DE
‘;IL ODONTOLOGIA DE wrm
£0 PIRACICABA DA
UNIVERSIDADE DE CAMPINAS
- FOPMUMNICAMP

FARECER COMSUBSTANCIADO DO CEP
DADCE 0D FROJETD DE FESG@UIEA
Tthalo da Pecquisa: Efsito do afaso do ponio 9=l na adapéacio intema & profundidade pollmerzacio de
compdshos reshyuradores Gulk Tl dusls
Pacguicador: May Snny Alves Frosga
draa Tematioa:
Varclo: 2
CGAAE: 30BASI20.3.0000.5215

incittulgdo Proponends: Facuidade de Ddoniologla de Firackaba - Unicamp
Fatrocinador Pricsdpal: Financiamenh: Prdprio

DADCE 00 FARECER

Komarns do Pansser: 20228 065

Aprecentagdo do Projeba;
Tr.ms-l:m;iu ediada do conf=ddo oo reglisto do profiocols = dos amuives aneados 4 Flataforma Brasl

A EQUIPE DE FEEEUISA cEada na capa do projein de pesquisa Imciul MAY ANNY ALVES FRAGA
{Cirungl8 Dentista, Mestranda no PPG em Materials Dentdrios da FOP-UNICAMP, Pesgulsador
Fesponsivel), LUCAE DUTRA REBSATO (Grajuando no cwrso de Cdonfologla da FOR-UMICAMEF,
Fesquissdor parbcipante] e AMERICD BORTOLAZZS CORRER (Clurgilc Dentista, Docente da Area de
Misteriaks Demlarios da FOP-UNECARE, Peoguissdor participani=], o que & confimrmada na detlu'a-;!l:l [= =]
pesquisadores = na PE.

Delneamenic da pesquisac Trafa-se de eshudo aboratorial comparathn gue envoiverd 35 denbes miclanss
e, obbkdcs d-u-al;!-l:l-l:l-: um demtisks que oS Exiral por razsoes clinicas & independentes da pesguiss. O
obletvo mesie ssiudo serd avallar == o afmaso na rnl:-:-ul:l'ru;E-u de compidsios bulk 51 duals dminul a
desadaptaco inberna & msthom a poilmerzaclo em profundidade. Pam lsso, serdo confeccionadas 35
cavidsdss do Hpo boe-shaped, gue serfa restsuradas conforme oS grupos (ReSc Dols compdsBos bulk Al
duais [Bulk EZ & Hyper=1) serdo iesiados, varando os proioooios de abivagiio (1. Foloatvacio imediata, 2.
Alrazo de 50 segundos na foloatvaclo, 3. Afvaclo guimica), os quals serio comparados @ um compasio
bk T

Erdarspz:  Ax Lmars 50 Cesm Poeml 52

Ealrre: Arsilic CEP: 3443
[ Y Bunicipic:  PIRACICARS
Taldona: 1 O@0E-ST Fan: (153G W0ES54G E-mall: cscifop unoan: b

i U1 i 13

31



I UNICAMP - FACULDADE DE
' ODONTOLOGIA DE Ploboforme
i:';‘% PIRACICABA DA %

LINIWERSIDADE DE CAMPINAS

- FOPMUJHNICAMP

Comiruchis du Pursoks 404 DG

Qutros cormeniaris. pdf DO2450 | Fraps Ao
Declarapio de deckrapssgulsadonss. paf ZIEGT | ay Anny Alves et
P sadores D013 | Frosgs

D by [= ] brboerrepaces Forio ! 2104000 | May Anny Alves Ao
Manuseio Mabsrial DOEZEEF | Frags

Bloiggico: |

Blorepoisibiio

Blotanc o

Daciars [= 3 deckarainsiiu o paf Z10EED | May Anny Adves Aoeiio
Insiiu [ DOEZEOE | Frosgs

Infraes natura

IHusgdo do Pareosr:

Aprovadc

Heoscoia &preslagdo da CONER:

Mo

PIRACICABA, 23 de Malo de 2020
Exsinado par:
Janks jongs junlor
| Cosmirdamadariajl

Ercareps: Ay Lmsrs 501 Csbos Postsl 52

Bslrre:  Arsidc CEP: 45

e B Mencipio  PRACICARS

Talmiona | |QQ0E-S04E Fan: (19085545 E-mall: cecififop unicans be

gk Wi T

32



Anexo 3 — Parecer do Assessor PIBIC

e ) Dic
T pibit]

Relatorio Final

Efeito do atraso no ponto gel na
adaptacdo interna e profundidade
polimerizacao de compaositos
restauradores bulk fill duais

Versao enviada em 12/09/2021 17:58:43
[1] ver relatorio (. Sarguivesrel_final/AlunaCod_24946_1-RelFinal_2020.

— Parecsr do orientador emitido em 130072021 08:53:37
Desempanho do alune mo projeto: O desempsanho do aluno no
prajeto foi excelents, 2e dedicow ao projeto ds pasguiza & cumpriu o
croncegrama de pesguisa, meamo com as dificuldades impostas
pela pandemia. O bolsizta participou de discusabes & de outras
stividades no laboratdrio de Materiaiz Dentarioz com alunos do
Programa de Pae-Graduagio em Matariaiz Dentarios da FOP-
UMICARMEP

Desampanho académico do aluno: O alune apresenta dessmipanihg
académico excelents, astando classficado como 2o melhor am
relagdo 4 sua turma de ingresso. Com relagdo ao rendimento
académico, o bolzista cumpriu satisfatordaments as cbrigagtes
curriculares, apresentando dtimo dezempenho académico.

— Parecer do Assessor dado em 131002027 21:55:55

O relatorio final de atividadas apressntado pelo aluno esta
axcalents. Muito bem estruturado e dizcuseio dos resultados
apropriada. Recomendo a publicagao doz achadoz am uma revista
cientifica. O aluno cumpriu todas as atividades académicas tambam
da modo sxcelents, poszuindo o segundo melhor CH de sua turma.
Azzim, recomendo a aprovagdo do relatorio final de atividadss.

@® Aprovado




Anexo 4 —Comprovante de submisséao

o Journal of Esthetic and Restorative Dentistry <no-reply@atyponrex.com=

Para: Vocé

Dear May Fraga,

Your manuscript entitled "Delayed light curing of dual-cure bulk-fill composites on
internal adaptation and depth of cure” has been successfully submitted online and is
being delivered to the Editorial Office of Joumnal of Esthetic and Restorative Dentistry
for consideration.

You will receive a follow-up email with further instructions from our electronic editorial
office platform, ScholarOne Manuscripts, typically within one business day. That
message will confirm that the Editorial Office has received your submission and will
provide your Manuscript ID.

Thank you for submitting your manuscript to Journal of Esthetic and Restorative
Dentistry

Sincerely,
The Editarial Staff at Journal of Esthetic and Restorative Dentistry



