Acta Clin Croat 2016; 55:607-614

doi: 10.20471/acc.2016.55.04.11

MICROHARDNESS OF BULK-FILL
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SUMMARY - The aim of the study was to determine microhardness of high- and low-viscosity
bulk-fill composite resins and compare it with conventional composite materials. Four materials
of high-viscosity were tested, including three bulk-fills: QuiXfil (QF), x-tra fil (XTF) and Tetric
EvoCeram Bulk Fill (TEBCF), while nanohybrid composite GrandioSO (GSO) served as control.
The other four were low-viscosity composites, three bulk-fill materials: Smart Dentin Replacement
(SDR), Venus Bulk Fill (VBF) and x-tra base (XB), and conventional control material X-Flow (XF).
Composite samples (n=5) were polymerized for 20 s with Bluephase G2 curing unit. Vickers hardness
was used to determine microhardness of each material at the surface, and at 2-mm and 4-mm depth.
GSO on average recorded significantly higher microhardness values than bulk-fill materials (p<0.001).
'The low-viscosity composite XF revealed similar microhardness values as SDR, but significantly lower
than XB (p<0.001) and significantly higher than VBF (p<0.001). Microhardness of high-viscosity
bulk-fill materials was lower than microhardness of the conventional composite material (GSO).
Surface microhardness of low-viscosity materials was generally even lower. The microhardness of all
tested materials at 4 mm was not different from their surface values. However, additional capping
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layer was a necessity for low-viscosity bulk-fill materials due to their low microhardness.
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Introduction

Composite materials first appeared in dentistry in
the 1960s with Bowen’s discovery of Bis-GMA ma-
trix. Since then, their composition significantly im-
proved, leading to better esthetics, mechanical proper-
ties and clinical durability’. The greatest disadvantages
of conventional composite materials are stress that oc-
curs as a result of polymerization shrinkage and depth
of cure limited to approximately 2 mm. In order to
overcome these issues, it is recommended to use
oblique incremental technique for composite applica-
tion, by using 2-mm thick layers*¢. However, the in-
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cremental technique can also negatively affect the final
outcome of the restoration due to contamination
between increments, a weaker bond between layers,
and time consumption’®,

The bulk-fill composite resins emerged from the
necessity to reduce clinical working time for direct
composite restorations while simultaneously keeping a
satisfactory degree of conversion and reducing polym-
erization shrinkage. The biggest advantage of these
materials is the possibility of application in 4-mm
thick layers®!?. Two groups of bulk-fill composites can
be distinguished: (a) low-viscosity materials which are
used as base materials and require an additional cap-
ping layer, and (b) high-viscosity materials which are
sole cavity filling materials.

In conventional composite resins, light attenuation
due to light reflection from the material surface, scat-
tering from filler particles and absorption by photoini-
tiators are limiting the depth of cure to approximately
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2 mm. Among other factors, filler content and particle
size are critical to dispersion of light beam!. In con-
trast to the trend of reducing the filler particle size and
producing nanocomposites, fillers in bulk-fill compos-
ites are in the macro-filler range, in order to increase
translucency of the material and increase the depth of
cure'. Larger filler particles have lower filler surface
area and thus smaller resin-filler interface, which is re-
sponsible for the majority of light scattering. Some
low-viscosity bulk-fills also have reduced filler content.
Besides these modifications, the possibility of 4-mm
composite application for Tetric EvoCeram Bulk Fill
is a result of the additional germanium-based photo-
initiator Ivocerin®314,

'The depth of cure as established by the ISO 4049
method seems to be overestimated for bulk-fill compos-
ites. Instead, it is recommended to use Vickers micro-
hardness measurements at the surface and specific
depths for determination of the depth of cure™?¢. Ad-
ditionally, the microhardness data for a specific material
provide information on its wear, polishability and abra-
sive effect on antagonist teeth'’. Positive correlation was
found between volume fraction of fillers and Knoop
hardness'®, as well as between mass fraction of fillers and
Vickers microhardness'*?. Regarding the size of fillers,
the composites containing nanofillers were found to ex-
hibit higher microhardness values than conventional
composites due to more intimate contact of nanofillers
with resin matrix than microfillers®.

Considering the modifications in the composition
and specifically filler content of the bulk-fill materials,
it is necessary to evaluate their micromechanical prop-
erties. The aim of this study was to compare micro-
hardness of conventional and bulk-fill materials of
high- and low-viscosity at the surface, and at 2-mm
and 4-mm depth. The null hypothesis was that there
was no difference in microhardness between different
groups of materials and between different depths.

Materials and Methods

In the present study, eight composite materials
were used. Four of them were high-viscosity compos-
ite materials (Table 1) including three bulk-fill materi-
als: QuiXfil (QF; Dentsply DeTrey GmbH, Konstanz,
Germany), X-tra fil (XTF; Voco GmbH, Cuxhaven,
Germany) and Tetric EvoCeram Bulk Fill (TECBF;
Ivoclar Vivadent AG, Schaan, Liechtenstein), and one
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nanohybrid composite GrandioSO (GSO; Voco
GmbH), which served as control. Smart Dentin Re-
placement (SDR; Dentsply DeTrey GmbH), Venus
Bulk Fill (VBF; Heraeus Kulzer GmbH, Hanau, Ger-
many), X-tra base (XB; Voco GmbH) and X-Flow
(XF; Dentsply DeTrey GmbH) were in the group of
low-viscosity composite materials. The first three were
bulk-fills, while XF was conventional and served as
control (Table 2).

Composite samples were made using a cylindrical
Teflon mold with a diameter of 4 mm and height of 8
mm. Composite material was filled in bulk, condensed
within mold by covering with a glass slide and cured
with Bluephase G2 curing unit (Ivoclar Vivadent,
Schaan, Liechtenstein) for 20 s in high intensity mode
with irradiance of 1120 mW/cm?. Distance between
the light source and the material was 1 mm, which
represented thickness of the glass slide. The samples
were dry stored in dark for 24 h in an incubator at 37
°C prior to abrasion to obtain half-cylinders. The Uni-
versal type 55 blade (Prvomajska, Zagreb, Croatia)
with a diamond plate was used for sample abrasion.
Plate dimensions were 150x32x10 mm and the grit of
synthetic diamonds was 160/125.The abraded samples
were then polished for 1 min with commercial tooth-
paste on a cotton swab. The samples were examined by
optical microscope at different magnifications. Magni-
fication was 2.5x for high-viscosity composites and 1x
for low-viscosity materials.

Vickers hardness method was used to determine mi-
crohardness of each material (n=5). Five microhardness
measurements were made for each sample (on the sur-
face, and at 2-mm and 4-mm depth). For surface mea-
surements, indentations were made 50-100 pm from
the sample surface, which was in direct contact with the
glass slide and the curing unit in order to avoid the oxy-
gen inhibition layer. The Leitz Miniload 2 Microhard-
ness Tester (Leitz, Germany) was used with the load of
200 g. Microhardness was calculated using the follow-
ing formula: HV=1.8544xF/d? where d is diagonal of
the imprint, and F=mxg (g=9.81 N/kg).

Statistical analysis

Normality was tested by the Shapiro-Wilk test and
homogeneity of variance was analyzed by Levene’s
test. Due to the detected variance heterogeneity be-
tween different groups of composites, weighted two-
way ANOVA was used. Type of composite and mea-
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Table 1. Composition of high-viscosity test materials

Composite/code | Manufacturer (Se};(;cil::éloon’zate) Resin composition ](;\‘;ltl;f ;gi;gnt
Tetric Ivoclar Vivadent, |IVA /R04686 Bis-GMA, Bis-EMA, UDMA 81/61
EvoCeram Bulk |Schaan, (2015-12)
Fill (TECBF) Liechtenstein
x-tra fil XTF) | Voco, Cuxhaven, Universal Bis-GMA, UDMA, TEGDMA | 86/70

Germany /1205222

(2014-01)

QuixFil Dentsply DeTrey, | Universal UDMA, TEGDMA, di- and 86 /66
Posterior Konstanz, /1202000268 trimethacrylate resins, carboxylic
Restorative Germany (2013-07) acid modified dimethacrylate resin,
(QF) butylated hydroxytoluene
GrandioSO Voco GmbH, A2/1222126 Methacrylate matrix 89/73
(GSO) Cuxhaven, (2014/11) (Bis-GMA, TEGDMA)

Germany

Bis-GMA = bisphenol A-glycidyl methacrylate; Bis-EMA = ethoxylated bisphenol A glycol dimethacrylate; HEMA = 2-hydroxyethyl
methacrylate; TEGDMA = triethylene glycol dimethacrylate; UDMA = urethane dimethacrylate

Table 2. Composition of low-viscosity test materials

Composite/code | Manufacturer (Sel;l;cilf:é’gl’zate) Resin composition izvlltlgz /33;311'(
Venus Bulk Fill | Heraeus Kulzer Universal UDMA, Bis-EMA 65/38
(VBF) GmbH, Hanau, /010030
Germany (2014/07)
Smart Dentine | Dentsply DeTrey, | Universal SDR patented-UDMA, 68/45
Replacement Konstanz, /1301001101 TEGDMA, Bis-EMA
(SDR) Germany (2014/12)
x-tra base (XB) | Voco GmbH, Universal Methacrylate resin 75/61
Cuxhaven, /1310503
Germany (2015/06)
X-Flow (XF) Dentsply DeTrey, |A2/1206001145 | Di- and multifunctional 60/38
Konstanz, (2014/05) acrylate and methacrylate resins,
Germany DGDMA

Bis-GMA = bisphenol A-glycidyl methacrylate; Bis-EMA = ethoxylated bisphenol A glycol dimethacrylate; DGDMA = diethylene
glycol dimethacrylate; HEMA = 2-hydroxyethyl methacrylate; TEGDMA = triethylene glycol dimethacrylate; UDMA = urethane

dimethacrylate

surement depth were defined as independent factors.
Their interaction was significant and therefore includ-
ed into the model.

Results were analyzed at the significance level of
0.10, at which statistical power was satisfactory (80%)
for detecting the effects of medium size (Cohen’s
£=0.25). The p values were adjusted for multiple com-
parisons according to the Bonferroni-Holm method.
Analysis was performed using the SAS System 8.2
(SAS Institute Inc., North Carolina, USA).
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Results

In the group of high-viscosity composite resins,
application of the conventional composite resin GSO
resulted in largest mean microhardness values, with
maximum mean HV value of 139 recorded at 2 mm
below the surface (Fig. 1). Regardless of the measuring
depth, the mean microhardness recorded for GSO was
significantly higher than for QF, TECBF and XTF
(p<0.001 all). The lowest values, with HV below 60,
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composite resins measured at different depths (0, 2 and 4 mm).
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Fig. 2. Comparison of microhardness measurements for different low-viscosity
composite resins measured at different depths (0, 2 and 4 mm).

were on average recorded for TECBF material. Differ-
ence between QF and XTF in surface microhardness
was not significant. Within the same material, mea-
surements at 2 mm and 4 mm were not significantly
different from surface microhardness measurements
for all materials except for GSO, which recorded sig-
nificantly higher values (p<0.001) at a depth of 2 mm

compared with the other two measurements.
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For low-viscosity composite resins, the highest
mean microhardness was observed when using XB,
with maximum mean HV value of 71 recorded at 4
mm below the surface (Fig. 2). Regardless of the mea-
suring depth, application of XB on average produced
significantly higher values than the control material
XF, SDR and VBF (p<0.001 all). VBF was the mate-

rial that recorded lowest mean microhardness values,
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with surface HV value of 34. Comparison of SDR and
XF did not indicate significant differences, except for
2-mm depth. At this depth, XF and VBF recorded sig-
nificant increase in microhardness relative to surface
measurements (p=0.010 and p=0.096, respectively).
However, for all materials differences between surface
microhardness and microhardness measured at 4 mm
below the surface were not statistically significant.

Discussion

In this study, microhardness of high-viscosity and
low-viscosity bulk-fill composite materials was deter-
mined on the surface and at 2 mm and 4 mm, and
compared with each other and with conventional
composite materials as controls. High-viscosity mate-
rials showed higher values than low-viscosity materials
at all measured depths. The exception was TECBE,
which demonstrated similar microhardness as XB, the
material with highest microhardness in the group of
low-viscous materials.

According to different investigators, acceptable
depth of cure is achieved when hardness of the bottom
layer is at least 80% corresponding to hardness mea-
sured at the surface'®**?, In this study, all tested mate-
rials satisfied this requirement. Greater variations were
not observed in the values on the surface and at 2 or 4
mm. In our previous study®, which investigated Knoop
microhardness of high-viscosity bulk-fill materials,
only 30-s irradiation with a similar light intensity was
sufficient to achieve 80% of maximum microhardness
at 4-mm depth for QF and XTF, but not for TECBE.
'This difference could be explained by different meth-
odologies used. Namely, in the present study, the sam-
ples were grounded and polished, while in the previous
study, the hemi-cylindrical molds were used without
polishing and hardness testing was performed at the
specimen outer resin-rich layer. This likely contributed
to the lower microhardness values in the previous
study®.

Different composite characteristics are affected by
filler properties such as size, volume and weight. With
increasing filler volume, the flexural strength and
modulus of elasticity, as well as hardness, improve'222.
Comparison of microhardness of high-viscosity com-
posite materials with their filler volume fraction yield-
ed positive correlation. GSO had the highest micro-
hardness value and the largest volume filler fraction of
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73%. It was followed by XTF, QF and TECBE, with
the filler amount of 70.1%, 66% and 61%, respective-
ly**#_The same pattern appeared when comparing
microhardness results of low-viscosity bulk composites
with their filler volume. XB with 61% filler volume
had the highest microhardness values, followed by
SDR, XF and VBE, with filler volume percentages of
45%, 38% and 38%), respectively®*2 This also explains
the similar values of TECBF from the high-viscosity
group to the low-viscosity material XB. Namely, ac-
cording to the manufacturer’s data, TECBF contains
prepolymerized filler particles consisting of inorganic
glass particles previously polymerized in the resin ma-
trix, which is the cause of lower hardness of fillers, as
well as of the entire material’. Also, one study reports
that the manufacturer’s claim that TECBF achieves 4
mm depth of cure is not true’. However, this is not
supported by the present study since there was no sig-
nificant hardness difference at any of the measured
depths.

Even though XF and VBF have the same amount
of filler, significantly lower microhardness of VBF
compared to XF was demonstrated. This difference
could be ascribed to the resin composition. However,
the exact composition of the resinous part of XF is not
provided, so any potential conclusions could only be
speculations. Low mechanical properties of VBF are
supported by several other studies'>****. Unlike most
other bulk-fill materials, VBF has not increased the
filler particle size, but reduced the total filler amount,
which must be one of the major contributing factors to
its low microhardness®*.

Microhardness is also related to the properties of
composites such as Young’s modulus of elasticity and
viscosity. The composite viscosity is correlated with the
type of resin matrix. Bis-GMA as the most viscous
one is also least flexible, while UDMA and TEGD-
MA are least viscous® ., The aforementioned correla-
tion was observed in this study, where the highest mi-
crohardness values were noted for materials based on
Bis-GMA matrix, GSO and XTF in the high-viscos-
ity group, and XB of the low-viscosity materials.

The GSO, XF and VBF showed lower microhard-
ness at the surface than at 2 mm. This finding is in line
with the observations by Czasch and Ilie*. This agrees
with the study which states that the optimal curing is
associated with the amount of oxygen present during
polymerization®. Contrary, Czasch and Ilie* rejected
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the theory of the influence of oxygen inhibited layer
with the fact that the average thickness of this layer is
only 20-50 pm. They report that this phenomenon is
related to shrinking of the non-bonded material to-
wards the center of the restorations.

Higher microhardness values correlate with lower
material wear, and thus durability and biocompatibili-
ty of composite fillings***2. The present study supports
the manufacturers’ recommendations and previous
findings that low-viscosity bulk-fill materials should
not be used without the capping layer, as their micro-
hardness is not sufficiently high to withstand mastica-
tory forces. High-viscosity bulk-fills had lower micro-
hardness than the control material GrandioSO, but
the values were similar to some conventional nanohy-
brid composites'?. Nevertheless, it is recommended to
conduct long-term clinical studies in order to assess
clinical performance of these materials.
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Sazetak
MIKROTVRDOCA BULK-FILL KOMPOZITNIH SMOLA
K. Kelic, S. Matic, D. Marovic, E. Klarici Z. Tarle

Svrha istrazivanja bila je odrediti mikrotvrdo¢u visoko-viskoznih i nisko-viskoznih bulk-fill kompozitnih smola i uspore-
diti ih s konvencionalnim kompozitnim materijalima. Cetiri visoko-viskozna materijala su testirana, od toga tri bulkfill:
QuiXfil (QF), x-tra fil (XTF) i Tetric EvoCeram Bulk Fill (TEBCF); nanohibridni kompozit GrandioSO (GSO) sluzio je
kao kontrola. Ostala Cetiri materijala bila su nisko-viskozna, tri dulk-fill: Smart Dentin Replacement (SDR), Venus Bulk Fill
(VBF) i x-tra base (XB) te konvencionalni kontrolni materijal X-Flow (XF). Kompozitni uzorci (n=5) polimerizirani su 20
s polimerizacijskom lampom Bluephase G2. Mikrotvrdoé¢a svakog materijala na povrsini te na dubini od 2 i 4 mm je odre-
dena po Vickersu. GSO je u prosjeku imao znacajno vise vrijednosti mikrotvrdoce od ostalih materijala (p<0,001). Nisko-
viskozni kontrolni kompozit XF imao je sli¢ne vrijednosti kao SDR, ali znacajno nize nego nego XB (p<0,001) i znacajno
vise nego VBF (p<0,001). Mikrotvrdoca visoko-viskoznih dulk-fi/l materijala je niZa nego kod konvencionalnog kompozit-
nog materijala GSO. Povrsinska mikrotvrdoca nisko-viskoznih materijala je opcenito jo§ niza. Mikrotvrdoca svih testiranih
materijala na dubini od 4 mm se ne razlikuje od njihovih povrsinskih vrijednosti mikrotvrdoce. Dodatni sloj kompozita za
prekrivanje nisko-viskoznih bu/k-fi/l materijala je nuzan zbog njihove male mikrotvrdoce.

Klju¢ne rijeci: Kompozitni materijali; Bulk-fill; Mikrotvrdoca
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