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Abstract

Objective: This study aimed to investigate and compare the water sorption (WS),
solubility (SO) and surface roughness (SR) of four bulk fill resin-based composites
(RBCs), a conventional flowable RBC and a conventional hybrid RBC.

Materials and Methods: Disc-shaped specimens of 3 low-viscosity bulk fill RBCs
(SureFil SDR flow, X-tra base, Filtek Bulk Fill flow), 1 high-viscosity bulk fill RBC
(Tetric EvoCream Bulk Fill), 1 conventional low-viscosity flowable RBC (Filtek
Ultimate flow) and 1 conventional hybrid RBC (Filtek Z250) (n=10) were prepared
and immersed in distilled water for 28 days. Upon removal, specimens were weighed
using an electronic scale to determine WS and SO based on weight gain/loss, and
surface profilometry was performed to determine SR. Data were analyzed using
one-way ANOVA and Tukey's post-hoc tests (p=0.05).

Results: WS and SO showed significant, positive correlations (r=0.612; p<0.001),
and both varied significantly among the materials, with WS and SO values of both
high-filled and low-filled bulk fill RBCs lower than their conventional counterparts.
Moreover, SR values of both bulk and conventional flowable low-fill RBCs were
significantly lower in comparison to the high-fill RBCs (p<0.05).

Conclusion: WS, SO and SR of RBCs are material-dependent and highly affected
by filler loading and resin matrix composition. Bulk fill RBCs can be used in a large
variety of clinical situations in line with the manufacturers' recommendations.

0z

Amagc: Bu calismanin amaci dort farkli bulk fill kompozit rezin ile bir adet geleneksel
akiskan kompozit ve bir adet geleneksel hibrit kompozitin su emilimi, ¢oziintirltik
ve ylizey purizliligu degerlerini karsilastirmali olarak incelemektir.

Gerec ve Yontemler: Ug adet diisiik viskoziteli bulk fill kompozit (SureFil SDR flow,
X-tra base, Filtek Bulk Fill flow), bir adet ylksek viskoziteli bulk fill kompozit (Tetric
EvoCream Bulk Fill), bir adet geleneksel diisiik viskoziteli akiskan kompozit (Filtek
Ultimate flow) ve bir adet geleneksel hibrit kompozit (Filtek Z250) kullanilarak
disk seklinde Grnekler hazirlanip distile suda 28 giin bekletilmistir (n=10). Ornekler
elektronik bir terazide tartilarak kiitle kazanim ve kayip degerlerine gore su emilimi
ve ¢Oziinirliik degerleri hesaplanmistir. Daha sonra ylizey piiriizlilugi 6l¢timi icin
profilometre cihazi kullanilmistir. Elde edilen veriler tek yonlic ANOVA ve Tukey
post-hoc testleri ile analiz edilmistir (p=0,05).
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Bulgular: Su emilimi ve ¢oziinirlik degerleri arasinda pozitif korelasyon tespit edilmistir (r=0,612; p<0,001), her iki parametre de
materyaller arasinda belirgin farklilik gostermistir. Hem distik hem de yiiksek viskoziteli bulk fill kompozitler geleneksellerine kiyasla
daha diistik su emilimi ve coziiniirliik degerleri gostermistir. Yiizey puirtizliiligu acisindan ise hem geleneksel hem de bulk fil akiskan
kompozler, yiiksek dolduruculara gore belirgin seklide daha diistik piirtizllik géstermistir (p<0,05).

Sonug: Su emilimi, ¢oziintirlik ve yiizey pirizliligl degerleri materyale bagli ozelliklerdir ve rezin matriksin yapisindan ve
doldurucu oranindan énemli derecede etkilenirler. Uretici dnerileri dogrultusunda bulk fill kompozitler klinikte genis bir kullanim

alanina sahiptirler.

Introduction

As a result of constant efforts by the industry to
improve the properties of dental materials, several
innovative restorative materials have been introduced
for use in posterior dental restorations, including a
new class of resin-based composite (RBC) materials
known as “bulk fill RBCs”(1). Manufacturers of bulk
fill composites claim that polymerization shrinkage
stress has been reduced and depth of cure improved
sufficiently to allow for placement of these materials
in layers of up to 4 mm. The improvements in material
characteristics have been achieved through various
strategies - e.g. using macrofillers to increase material
translucency, incorporating particles with a low elastic
modulus and otherwise modifying resin composition,
as well as using alternative photoinitiator systems
(2,3). In contrast to the first versions of bulk fill
materials, which had low viscosity and required
an additional, final layer of conventional RBC, the
recently introduced bulk fill RBCs have a higher
viscosity and don’t require capping with conventional
RBCs (4). Most low-viscosity, flowable bulk fill RBCs
are indicated by their manufacturers for use as either
a liner or base in class 1 and 2 cavities (1). In addition,
some flowable bulk fill RBCs are indicated for use
in class 3 and 5 cavities as well as in the restoration
of minimally invasive cavity preparations and as pit-
and-fissure sealants (5,6). High-viscosity bulk fill RBCs
are indicated for restorations in the posterior region
(classes1and2,includingthereplacementofindividual
cusps), class 5 restorations and reconstructive build-
up (3). Regardless of their properties, all restorative
materials are subjected directly to saliva and other
altering conditions in the oral environment, making
water sorption (WS), water solubility (SO) and surface
roughness (SR) important parameters in determining
their clinical longevity (7-9). This study measured
the WS, SO and SR of 4 bulk fill RBCs and compared
them to those of a conventional flowable RBC and a

conventional hybrid RBC. The null hypotheses were
that:

1. WS, SO and SR of the tested bulk fill RBCs
would not differ from those of their conventional
counterparts; and

2. WS, SO and SR properties of low-fill RBCs would
not differ from those of high-fill RBCs.

Materials and Methods

Test Materials

The study was conducted with 6 commercially
available RBCs, including 3 low-viscosity flowable bulk
fill RBCs, 1 high-viscosity bulk fill RBC, 1 conventional
low-viscosity flowable RBC and 1 conventional high-
viscosity hybrid RBC. Material formulations and
manufacturers are listed in Table 1.

Water Sorption and Solubility

Specimens (n=10 per group) were prepared using
2 mm depth x 10 mm diameter teflon molds. Molds
were filled with composite, placed between two
glass microscope slides, each about 1 mm thick, and
pressed by hand to extrude excess material. A light
emitting diode light-curing unit, (Elipar Free Light
I, 3M/ESPE, St. Paul, MN, USA) was used to deliver
1.200 mW/cm? irradiation to each specimen. Light
intensity was checked between each application using
a calibrated radiometer. Specimens were irradiated
from both the top and bottom surfaces for 20 s
each, with the light tip -9.5 mm diameter - in direct
contact with the microscope slides. After curing, the
specimens were released from the molds, extruded
material was removed using abrasive paper (Phoenix
Beta, Buehler, Germany), and debris was cleared
away using a dust blower. Specimens were placed
in a vacuum desiccator and dried at 37+1 °C for 22
hours, transferred to a second desiccator and further
dried at 23+1 °C for 2 hours, and then weighed to an
accuracy of 0.0001 g, using a digital scale (Precisa XB
220 A, Zurich, Switzerland). The process was repeated
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until a constant mass value was obtained (i.e. mass
change of <0.1) on the display of the scale and
recorded as “m.”. Specimens were then immersed in
10 mL distilled water in individual containers at 37z1
°C for 28 days, removed, gently dried with absorbent
paper and weighed again to obtain to evaluate the
weight after immersion and recorded as “m.”. Using
the same protocol described above, specimens were
reconditioned in desiccators until a constant mass
was obtained again to evaluate the mass loss after
immersion and recorded as “m_”. Percentages of WS
and SO were calculated for each specimen according
to the following equations: WS=100x(m,-m )/m),
SO=100x(m_-m.)/m).

An additional 10 specimens per group were
prepared and polymerized as described above.
Following polymerization, specimens were stored
in distilled water at 37 °C for 24 h, removed and
finished/polished using a series of aluminum oxide
discs (Sof-Lex, 3M ESPE, St. Paul, MN, USA) for 15 s
per disc (coarse medium, fine, superfine) in the same
direction without water cooling. All preparations were
performed by a single investigator. Polished specimens
were rinsed in distilled water and allowed to dry again
for 24 h in the room temperature (23 °C) before the
average SR measurement. Roughness measurements
were taken at 3 different locations per specimen
from the top surfaces using a surface profilometer

Table 1. Materials used in the present study
Product

Filler (wt%), (vol%)

| Resin system

Filtek-bulk fill flowable, 3M ESPE, Germany

Low viscosity bulk fill

Bis-GMA, UDMA, Bis-EMA, TEGDMA,
procrylat resin

64.5%, 42.5%

SureFil SDR flow, Dentsply Caulk, Milford,
DE, USA

Low viscosity bulk fill

Modified UDMA, Bis-EMA, TEGDMA 68%, 44%

X-tra base, VOCO, Germany

Low viscosity bulk fill

Bis-EMA, EBPADA 75%, NA

Tetric EvoCeram bulk fill, lvoclar Vivadent,
Schaan, Liechtenstein

High viscosity bulk fill

Bis-GMA, UDMA, Bis-EMA, 77%, 60-61%

Filtek™ Supreme XTE, 3 M ESPE, Germany
RBC

Conventional flowable

Bis-GMA, TEGDMA, Bis-EMA, 65%, 55%

procrylat resin

Filtek Z 250, 3 M ESPE GmbH, Germany

RBC

Conventional hybrid

UDMA, Bis-GMA, Bis-EMA, TEGDMA | 82%, NA

NA: Stands for not available, UDMA: Urethane dimethacrylate, Bis-EMA: Bisphenol A ethoxylate dimethacrylate, TEGDMA: Triethylene glycol
dimethacrylate, Bis-GMA: Bisphenol A glycidyl dimethacrylate, EBPADA: Ethoxylated bisphenolAdiacrylate, RBC: Resin-based composites

Table 2. Mean WS, SO and SR values of tested materials

Material WS (%) SO (%) SR (Ra, pm)

Filtek Bulk fill flowable 1.3240.21% 0.08+0.03¢ 0.07+0.02*

SureFil SDR flow 1.03£0.34%° 0.03+0.01° 0.08+0.03*

X-tra base 0.81+0.28* -0.07+0.03® 0.07+0.02*

Tetric EvoCeram bulk fill 1.07+0.148 -0.05£0.01° 0.38£0.17Y

Filtek™ supreme XTE 1.4140.17¢ 0.12+0.04¢ 0.05+0.02%

Filtek™ Z250 1.2440.23% 0.12+0.04¢ 0.32+0.12Y

WS: Water sorption, SO: Solubility, SR: Surface roughness, Differences in superscript letters in the same column represent significant differences
between groups (a=0.05)
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(Mitutoyo SJ-400, Mitutoyo, Tokyo, Japan) with a
speed of 0.1 mm/s, a 0.25 mm cutoff value and a 2
mm tracing length. SR values were calculated as the
average of the 3 readings and recorded as “Ra” (um).

Statistical Analysis

All statistical analysis was performed using SPSS
for Windows, Version 12.0.1 (SPSS Inc, Chicago,
IL, USA). Shapiro-Wilk’s tests were performed and
showed normality of distribution for all groups. Thus,
data were compared using 1-way ANOVA followed by
Tukey honestly significant difference and Tamhane’s
T2 post-hoc tests. Pearson correlation coefficients
were calculated to analyze the correlation between
WS and SO for each test material during 28 d water
immersion. The level of significance was set at at 0.05.

Results

Means and standard deviations for the groups
are presented in Table 2. The Pearson correlation
coefficient analysis showed a positive, significant,
correlation between WS and SO (r=0.612; p<0.001).
X-tra base had the lowest WS value (0.81+0.28),
and Filtek™ Supreme XTE had the highest WS value
(1.41+0.17). Differences in WS between X-tra base,
SureFil SDR flow and Tetric EvoCeram Bulk Fill and
between Filtek™ Supreme XTE, Filtek Bulk Fill Flowable
and Filtek™ 7250 were not statistically significant
(p>0.05).

SO values varied significantly among the groups
(p<0.05). The lowest SO values were detected in the
X-tra base (-0.07+0.03) and Tetric EvoCeram bulk
fill (-0.05%£0.01) groups (p<0.05). The highest SO
values were observed in the Filtek™ Supreme XTE
(0.1240.04) and Filtek™ 7250 (0.12+0.04) groups, but
the differences in values among Filtek™ Supreme XTE,
Filtek™ Z250 and Filtek Bulk Fill flowable group were
not statistically significant (p>0.05).

SRvaluesalso varied significantly among the groups
(p<0.05), as follows: Filtek™ Supreme XTE<Filtek Bulk
Fill flowable=X-tra base<SureFil SDR flow<Filtek™
Z250<Tetric EvoCeram bulk fill.

Discussion

According to the study findings, WS, SO and SR
values for some of the tested bulk fill RBCs were
similar to those of their conventional counterparts;
therefore, the first null hypothesis was partially
accepted. Furthermore, viscosity had an effect on the

SR of the bulk fill RBCs, but had no effect on their WS
or SO; therefore, the second null hypothesis was also
partially accepted.

The clinical performance of RBCs is dependent
upon material characteristics as well as clinician
proficiency. Until the last few decades, incremental
layering had long been accepted as the standard
technique for resin-composite cavity preparations
(10). However, this technique has several drawbacks,
namely the possibility of voids, contamination, or
bond-failure between composite layers as well as
the relatively extensive time required to place and
polymerize each layer. In light of several recent
studies suggesting that fewer increments and even
bulk filling could be just as successful as the traditional
layered approach (11,12), several manufacturers have
developed posterior “bulk fill composite resins” that
claim to have enhanced curing, shrinkage and other
physical properties (2,3,5,6). Although various studies
have been conducted that examine bulk fill RBCs,
particularly in terms of polymerization (1,13-15),
there is little information available regarding the WS,
SO and SR of bulk fill RBCs.

WS and SO are important properties in assessing
the clinical durability of dental restorative materials.
According to ISO 4049:2009, WS is assessed by
immersing dried specimens in distilled water for
a certain period of time and by determining the
amount of absorbed water by weight and the SO
should be determined by weighing these specimens
after drying them once again to constant weight (16).
WS is a diffusion-controlled process that may to a
certain extent reduce the polymerization shrinkage
stress of RBCs (17), but may also result in chemical
degradation of the material, leading to drawbacks
such as filler-polymer matrix debonding and residual
monomer release, and to mechanical degradation,
leading to reductions in RBC restoration longevity (7)
and potential allergic reactions in some patients (18).
WS of RBC is affected mainly by material hydrophilicity
and cross-linking of the network structure. Filler
material, grain size, volume fraction and dispersion
within the matrix as well as properties of the filler-
matrix interface also play a role in the amount of
solvent uptake during exposure (19-21). This study
found the low-viscosity bulk fill composites X-tra base
and Surefil SDR flow had significantly lower WS values
when compared to their conventional counterpart.
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This could be attributed to the higher filler-loading
content of the bulk fill composites, given that an
increase in filler ratio (by weight) entails a smaller
polymeric matrix and hence a decrease in WS (21,22).
The similar WS values of Filtek Bulk Fill Flowable and
Filtek™ Supreme XTE can be explained by the similar
filler loading and resin contents of the two materials,
as noted by Alshali et al (21). In contrast to the low-
viscosity RBCs tested, no significant differences in WS
values were found between the high-viscosity bulk
fill RBC TetricEvoCeram bulk fill and the high-viscosity
conventional RBC Filtek™ Z250 (p>0.05). Although
Filtek™ Z250 has higher filler load than Tetric
EvoCeram bulk fill; the fillers used in Filtek™ Z250 are
unsilanated, this could be expected to weaken the
filler-matrix interface (21).

SO and WS are expected to show a correlation,
since a solvent needs to penetrate a material in order
for unreacted components to leach out. At the same
time, conversion and cross-linking density play a
major role in the relationship between sorption and
SO (23).In fact, this study found correlations between
WS and SO values for all RBCs tested (r=0.612). Thus,
the same factors described above with regard to WS
are also able to explain the findings of the present
study with regard to SO. This study found negative
SO values for X-tra base and Tetric EvoCeram bulk
fill, indicating a reduction in the final volume when
compared to the initial volume-which does not mean
that the materials exhibited no SO, but simply that the
amount of SO was less than the amount of WS of the
materials. The negative values may mask the actual
properties of the materials tested with regard to SO
(24). Previous studies have also reported negative SO
values for Tetric EvoCeram bulk fill (21,25). It has been
suggested that this finding is related to incomplete
dehydration and the formation of metal hydroxides
within the RBC (21). SR is an important property
that affects the appearance of RBC restorations.
Profilometry using a contact stylus and determination
of the Ra parameter has been a common method of
guantitatively evaluating the SR of dental materials. A
rough surface leads to increases in the accumulation
of dental biofilm, residues and dyes, causing gingival
irritation and a risk of secondary caries, and also
diminishing restoration gloss, resulting in discoloration
(26). The SR of RBCs is influenced by several material
factors, including the type, shape, size and distribution
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of inorganic fillers. This study found no difference in
the SR values of bulk fill RBCs when compared to their
conventional counterparts (p>0.05). However, the
high fill RBCs (Tetric EvoCeram bulk fill and Filtek™
Z250) had significantly higher SR values than the
low-fill RBCs. An earlier study also reported high-
fill RBCs to have higher SR values than low-fill RBCs
(27). Moreover, previous studies have suggested that
SR decreases in line with decreases in filler size (28)
and increases in filler content (29). The nano-fill RBC
Filtek Supreme XTE is characterized by a low filler-
particle size and a low filler load, which could explain
why it yielded the lowest Ra values of all the RBCs
tested in this study. Roughness values of >0.2 um can
increase plague accumulation, secondary caries risk
and periodontal inflammation. In the present study,
SR values of the high-fill RBCs Tetric EvoCeram bulk
fill and Filtek™ Z250 were 0.38 um and 0.32 um,
respectively which are above clinically acceptable
values. Previous studies have also reported high Ra
values for Filtek™ Z250 (30,31).

Conclusion

Dental practitioners need to keep abreast of the
rapid developments in dental materials in terms of
technical properties and clinical performance. Within
the limitations of this in vitro study, bulk fill materials
had WS, SO and SR values that were better or equal
to their conventional counterparts, suggesting that
they can, in fact, be used in the large variety of clinical
situations recommended by their manufacturers.
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