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Research Article ABSTRACT
Objectives: The main objective of the study was to evaluate and to compare the surface roughness and
History microhardness of three bulk-fill (ACTIVA Bioactive Restorative, SonicFill 2 Single Fill and SDR Flow Plus) and one
conventional (G-aenial Posterior) composite resin at different depths.
Received: 13/01/2023 Materials and Methods: Eighty disc-shaped composite resins (6 mm diameter, 2 mm height) were polymerized
Accepted: 12/06/2023 as recommended and then subjected to the appropriate finishing and polishing procedure. Transparent strips

were placed between the samples before polymerization to evaluate the hardness at different depths (0-2mm
and 2-4mm) of the bulk-fill composites. Microhardness was evaluated with a Vickers hardness tester and
roughness was evaluated with an optical profilometer. One way ANOVA and Tukey multiple comparisons were
performed for the statistical evaluation of microhardness and one way ANOVA was performed for roughness.
Results: No statistically significant difference was determined between the composite materials in respect of
surface roughness (p=0.336). It was generally observed that as the layer thickness increased in all materials, the
hardness values decreased (p<0.0001). SF was determined to have higher microhardness values in all the layers
compared to the other samples (p<0.001).

Conclusions: While SF had the highest microhardness values in different layers, SDR was of equivalent value to a
conventional composite. However, the hardness values of ACT in all layers were statistically significantly lower
than conventional and other bulk-fillers.

Clinical Relevance: Within the limitation of this study, it may be recommended to use ACTIVA Restorative bulk-
fill composite as dentin replacement in 2 mm layers and to cover the top surface with a composite.

Keywords: Bulk-fill composite, roughness, microhardness, profilometer, vickers.
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Yeni Nesil Bulk-Fill Kompozitlerin Yiizey Piiriizliiligii ve Mikro Sertliginin
Degerlendirilmesi

(074
Siireg Amag: Calismanin temel amaci, ti¢ bulk-fill (ACTIVA Bioactive Restorative, SonicFill 2 SingleFill ve SDR Flow Plus)
) ve bir konvansiyonel (G-aenial Posterior) kompozit reginenin ylizey purtzltligunu ve farkl derinliklerindeki
Gelis: 13/01/2023 mikrosertligini degerlendirmek ve karsilastirmaktir.

Kabul: 12/06/2023 Materyal ve Metot: Seksen adet disk seklindeki (6 mm gapinda, 2 mm yuiksekliginde) kompozit regine 6nerilen

sekilde polimerize edildikten sonra uygun bitirme ve cilalama prosediriine tabi tutuldu. Bulk-fill kompozitlerin
farkli derinliklerindeki (0-2 mm ve 2-4 mm) sertligi degerlendirmek igin polimerizasyondan 6nce numunelerin
arasina seffaf bantlar yerlestirildi. Mikrosertlik bir Vickers sertlik test cihazi ile ve purtzlulik bir optik profilometre
ile degerlendirildi. Mikrosertligin istatistiksel degerlendiriimesinde one way ANOVA ve Tukey c¢oklu
karsilagtirmalari, puruzltlikte ise one way ANOVA uygulandi.
Bulgular: Calismada kullanilan kompozit malzemeler arasinda yuizey purizltligh agisindan istatistiksel olarak
anlaml fark saptanmadi (p=0,336). Genel olarak tiim kompozit reginelerde tabaka kalinligi arttikga sertlik
degerlerinin azaldigi gézlendi (p<0,0001). SF'nin diger drneklere gore tim katmanlarda daha ytiksek mikrosertlik
degerlerine sahip oldugu belirlendi (p<0,001).
Sonug: SF farkli katmanlarda en ytiksek mikrosertlik degerlerine sahipken, SDR sertlik agisindan geleneksel bir
kompozit ile esdegerdi. Bununla birlikte, ACT'nin tim katmanlarindaki sertlik degerleri geleneksel ve diger bulk-
fillerden istatistiksel olarak anlamli derecede diistiktu.
Klinik Cikarim: Bu galismanin sinirlari dahilinde, ACTIVA Restorative bulk-fill kompozitin dentin replasmani olarak
2 mm'lik katmanlar halinde uygulanmasi ve Ust ylizeyin bir kompozit ile kaplanmasi 6nerilebilir.
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Introduction

In recent years, almost only resin-based composite fillings
have been used for restoration purposes in Restorative
Dentistry. The clinical placement of these composites
requires an incremental layering technique, but this is
time-consuming and may lead to gaps between layers.!
Technological developments have led to the production of
bulk-fill resin-based composite materials which can fill
cavities up to 4-6 mm in one application.?

The most important key to the success of bulk-fill
resin-based  composite  materials is  optimum
polymerization, because polymerization to the full depth
provides proper mechanical and physical properties. The
polymerization of the restoration is directly related to the
organic and inorganic composition of the material as well
as the type and morphology of the filler contents.?

SDR Flow Plus is a new generation product of SDR,
which has been used successfully since 2009. SDR
technology has a patented structure of urethane
dimethacrylate (UDMA), which results in less
polymerization shrinkage and stretch, but it s
recommended that the occlusal part is covered with
conventional composite as SDR has low abrasion
resistance.*

SonicFill is the only bulk-fill composite system with
sonic activation, thereby allowing the possibility of
placement in the cavity at low viscosity and modeling at a
higher viscosity. SonicFill 2 SingleFill is a new product of
the SonicFill family. SonicFill 2 has achieved significant
improvements in polishability, overall aesthetics, wear
resistance, and uptime using a new nanoscale zirconium
oxide filler system. It can also be used without the need to
coat the occlusal surface with a conventional composite.®

Activa, defined as a self-adhesive, dual-cure resin
modified glass ionomer, is a mixture of modified
polyacrylic acid, diurethane and other methacrylates, and
contains 55.4% by weight bioactive glass and sodium
fluoride. It is claimed by the manufacturer that Activa is
durable, resistant to abrasion and breakage, and does not
require an occlusal composite coating.®

The aim of this study was to evaluate the surface
roughness and microhardness at different depths of Activa
Bioactive Restorative, SonicFill 2 SingleFill and SDR Flow
Plus, which are new generation bulk-fill composites,
compared to G-aenial Posterior as a posterior conventional
composite. The null hypothesis of the study was that there
would be no difference between the bulk-fill composites
compared to a conventional composite in respect of surface
roughness and microhardness. It was also hypothesized
that there would be no difference in the microhardness of
different layer thicknesses of bulk-fill composites.

Materials and Methods

Sample preparation

In the present study, three bulk-fill (Activa Bioactive
Restorative, SonicFill 2 SingleFill and SDR Flow Plus) and a
conventional (G-aenial Posterior) composite resin
materials were used. The properties of the composite

resins used are given in Table 1. (Table 1) Composite

samples were prepared by titanium molds and

transparent polyester strips as described below:

— Discl (6 mm @ x 2 mm) top surface cured directly (Disc
I: 0 mm —Disc |: 2 mm)

— Disc Il (6 mm @ x 2 mm) has a bottom surface, cured
by LED from the top surface of disc | and the distance
traveled by the light reaching the bottom surface is 4
mm in total (Disc Il: 2mm — Disc Il: 4mm).
Polymerization was performed with an LED light

source (FreeLight 2, Elipar, 3M ESPE) for the times

mentioned as in Table 1. (Table 1) After demoulding, a

point was placed on the side edge of the bottom surface

with an acetate pen to identify the top and bottom

surfaces. The samples were stored dry in the dark for 24

hours before analysis. All the samples were prepared by a

single researcher in the same environment at the same

time of day.

The composite samples were finished and polished dry
and unidirectionally using Sof-Lex (3M ESPE) Al.03
polishing discs for 20 s at 15,000 RPM. Each disc has been
used once and were changed according to their grain
thickness: Coarse 100 um, Medium 29 um, Fine 14 um,
and Super Fine 8 um, respectively. After each disc, the
samples were washed with distilled water and dried with
airfor5s.7

Microhardness Measurement

Microhardness measurements were made for
different depths of bulk-fill composites. Conventional
composites were obtained as 2 mm, and bulk-fill
composites were obtained as 4 mm before separating
them with transparent strips. The discs produced at 4 mm
were divided into 2 mm. Thus, 4 measurements were
obtained from a bulk-fill composite sample, 0 - 2mm top
and bottom from Disc |, and top and bottom from 2 - 4mm
Disc Il. A total of 140 measurements were obtained from
70 disc-shaped composite resin samples.

Surface Vickers hardness (VH) was determined using a
Vickers hardness tester (Micro Hardness Tester, Wilson,
Buehler, USA) and a 100 g load (0.981 N) applied for 15
seconds, slope: 10 gf/s. Three indentations were recorded
for each sample at different points of the irradiated top
and non-irradiated bottom surfaces. VH values were
expressed as N/mm2 (MPa).

Roughness Measurements

Roughness measurements were made only for the top
surface of the composite resins. A total of 40 disc-shaped
composite resin samples were obtained at 2 mm for
conventional and bulk-fill composites. The surface
roughness of each specimen was measured using an optical
profilometer (Filmetrics, Profilm3D, USA) with white light
interferometry. Two- and three-dimensional profiles were
obtained from the surfaces with a measurement 250x250
um field of view and 0.44 pum spatial sampling at x4
maghnification. The roughness values (Ra) of each specimen
were recorded as pum. Three profiles were obtained from
each specimen, and the arithmetic average of them was
calculated. The profilometer was calibrated against a
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reference block before each measurement. Surface images
were obtained with AFM (Atomic Force Microscopes) for
each composite sample.

Topographic imaging with Atomic Force Microscopy

Three-dimensional (3D) topographic images of 10 x 10
um? sample surfaces were acquired with an atomic force
microscope (AFM; Park Nx10, Suwon, Republic of Korea).
The silicon probe tip was used with a scanning rate of 1 Hz
and a resolution of 256 x 256 pixels.

Table 1: Properties of the dental composites used.

Statistical analysis

The study datas were analyzed statistically using SPSS
Statistics 21 software (IBM Corpn., Armonk, NY, USA).
One-Way Variance analysis (ANOVA) and Tukey multi-
comparisons were applied to evaluate microhardness,
and One Way ANOVA for the analysis of roughness.

Product Shade and

Type . Composition Filler size and content Manufacturer
name cure time
>100 nm; Fluoroaluminosilicate,
- - Inorganic filler
. : : A2, UDMA, Silicon dioxide, <100 nm; Fumed silica,
G-aenial Micro-hybrid Fluoro alumino-silicate . ) GC,
Posterior composite Gl lass, Composite filler Al hill Japan
P 20s g ! P ] 16-17 um; Strontium and pan.
Pigment, Photo initiator. . .
lanthanoid fluoride
wt/vol %: 77/65
Blend of diurethane and . .
other methacrvlates with Reactive ionomer glass fillers
ACTIVA A2, ! vlss e (Amorphous silica 6.7 %)
X R Flowable modified polyacrylic acid . . Pulpdent,
BioActive- . 4mm for . (Sodium fluoride 0.75 %) 55.4 wt
X bulk-fill (44.6%), 1,4-Butanediol . . . USA.
Restorative 20s . . % of bioactive glass and sodium
dimethacrylate, UDMA, Bis- fluoride
GMA. ’
Sonic-
SonicFill 2 ﬂjvcvta';’idn 5 SmAr:for Bis-GMA, Bis-EMA, Ba-B-Al-Si-glass, 5102 Kavo Kerr,
ingleFill TEGDMA A.
SingleFi sculptable 20s G wt/vol %= 83.5/66 us
bulk-fill
Flowable A2, Modified UDMA, BisEMA, Ba-Al-F-B-Si-glass, Sr-AlF-Si-glass Dgntsply
SDR Plus bulkfill base 4mm for TEGDMA 0.02-10.0pum (mean 4.2) wt/vol Sirona,
40s ’ %= 68/45 USA.

*UDMA: Urethane dimethacrylate / Bis-GMA: Bisphenol A-glycidyl methacrylate / Bis-EMA: bisphenol A diglycidyl methacrylate ethoxylated /

TEGDMA: triethylene glycol dimethacrylate

Results

No statistically significant difference was determined
between the materials in respect of top surface roughness
(p=0.336). (Table 2) AFM images of the samples are given in
Figure 1. (Figure 1)

The hardness values of different composite resins were
compared at the same thickness: (Figure 2) The top and
bottom surfaces of the samples at 0-2 mm thickness were
evaluated, SF>GC>SDR>ACT was determined. SF was
statistically different from the other materials (p<0.001),
and the difference between GC and ACT was statistically
significant (p<0.001).

In the evaluation of the top surface of the samples at 2-
4 mm thickness, SF>ACT>SDR was observed, and SF was
determined to be statistically significantly different from
the other materials (p<0.001).

In the evaluation of the bottom surface of the samples
at 2-4 mm thickness, SF>SDR>ACT was observed, and SF
was determined to be statistically significantly different
from the other materials (p<0.001)

The hardness values of the same material at different
layer thicknesses: (Figure 2)
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In all the materials, a decrease was seen in the hardness
values as the layer thickness increased. A statistically
significant increase was seen in hardness between the
bottom surface of SF 0-2mm thickness and the top surface
of SF 2-4mm (p<0.0001).

When the difference in hardness was evaluated
between the layer thicknesses of SF, there was determined
to be a statistically significant difference between SF 0-
2mm thickness top surface and 2-4mm thickness bottom
surface (p<0.0001). There was determined to be a
statistically significant difference between SF 0-2 mm
thickness bottom surface and 2-4mm thickness top and
bottom surfaces (p<0.0001, p=0.019, respectively). The
difference between the top and bottom surfaces of SF 2-4
mm thickness was statistically significant (p<0.0001).

When the difference in hardness was evaluated
between the layer thicknesses of ACT, there was
determined to be a statistically significant difference
between the top and bottom surface ACT 0-2 mm thickness
and the bottom surface 2-4 mm thickness (p=0.006,
p<0.0001, respectively). The difference between the top
and bottom surface of ACT 2-4 mm thickness was
statistically significant (p<0.0001).
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When the difference in hardness was evaluated p<0.0001, respectively). The difference between the
between the layer thicknesses of SDR, there was bottom surface of SDR 0-2 mm thickness and the bottom
determined to be a statistically significant difference  surface of 2-4 mm thickness was statistically significant
between the top surface of SDR 0-2mm thickness and the  (p=0.013).
top and bottom surfaces of 2-4mm thickness (p=0.002,

Table 2: Surface roughness (Ra) of the materials.

n Mean SD
GC 10 1131 .14182
ACT 10 .1046 .05837
SF 10 .1007 .06138
SDR 10 .0827 .03273
Total 40 .1003 .08168

Figure 1. 3D AFM images of (A) GC Top surface 5um (B) GC Top surface 10um (C) GC Top surface 25um (D) ACT
Top surface 5um (E) ACT Top surface 10um (F) ACT Top surface 25um (G) SF Top surface 5um (H) SF Top surface
10um (1) SF Top surface 25um (i) SDR Top surface 5um (J) SDR Top surface 10um (K) SDR Top surface 25um.
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Figure 2. Top and bottom surface hardness of the materials. VHN — Vickers hardness number.

Discussion

The use of bulk-fill composite resins, which can be
applied as a large mass with low technique sensitivity, has
become more widespread among dental practitioners,
especially for large cavities, because of advantages such
as the reduced clinical working time. However, the surface
hardness and roughness of bulk-fill composites applied to
posterior teeth must be within acceptable clinical limits.?
According to the results of this study, which aimed to
investigate this situation, the surface roughness values of
bulk-fill and conventional resins were similar, and SF was
seen to have higher microhardness values at different
layer thicknesses than the other bulk-fill and conventional
composites. Therefore, the null hypothesis of the study
was partially rejected.

The Vickers microhardness (VH) test device was
selected for use in this study as it requires a minimum area
on the sample surface for the test and the method is
simple and rapid results are provided.>!! The size of the
Vickers hardness indentation is larger than the size of the
filler particles in the material complex, so in the
calculation the VH includes not only the filler component
but also the surrounding softer resin matrix. In this
context, VH indirectly considers cross-linking of the entire
matrix network. 13

Profilometers and AFM have become the most
preferred methods for the measurement of surface
roughness of dental materials as they do not cause
deformation of the sample surface and the results are
highly accurate.!* In the literature related to the
measurement of the surface roughness of bulk-fill
composites, there has been reported to be no difference
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between SDR and Sonic Fill in non-polished samples of
different bulk-fill composites, and they have shown the
lowest mean surface roughness compared to other bulk
fillers.* In a review evaluating surface roughness, 32 of 43
studies compared microhybrid/nanohybrid composites
with other composite types such as suprananofill, nanofill,
microfill, bulk-fill, and flow. In 14 of the 32 studies, the
smoothest or at least one smooth surface was obtained in
the microhybrid/nanohybrid samples of all the tested
materials.?® In this study, no difference was found
between GC posterior, a microhybrid composite, and all
the other materials in respect of surface roughness
following a polishing procedure.

In studies that have applied bulk-fill and
conventional composites to cavities 4mm in depth, higher
bonding strength and microhardness results have been
obtained with bulk-fill composites.}” ¥ The reasons for
this include the better light permeability due to the higher
translucency of bulk-fill composites, and the variations in
filler particles in the organic and inorganic matrixes such
as increased molecular weight of the monomers, the
addition of new stress-relieving monomers, the addition
of pre-polymer particles and fiberglass rod segments, and
the presence of plasticizing monomers, alternative and
more reactive photo initiators, and polymerization
modulators. 71920 |t has been suggested that due to all
these modifications, they have less polymerization
shrinkage and a higher degree of conversion.?! According
to the results of the current study, Sonic Fill had a
statistically significantly higher level of microhardness
than conventional G-aenial posterior composite. Sonic
technology is recommended to facilitate the bulk
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placement of the resin up to 5mm and the better spread
to the cavity by increasing the flow of the resin.?> 23

In a study that compared the effect on microhardness
of sonic and incremental composite placement, the bond
strength and microhardness values obtained from
SonicFill resin were higher than from the other bulk-fill
resins and showed similar results to the conventional
resins placed with the incremental technique. Sonic Fill
flow is optimized and can penetrate the cavity better
because of the converters reacting to sonic energy and the
barium glass and silicone dioxide in the inorganic particles.
22, 23 gonic energies have been shown to reduce the
viscosity of the material by up to 87% with the technology.
This means that by using SF in clinical practice, the time to
construct a restoration is shortened by up to 30%.2* The
amount of filler particles of this material is said to be
83.5% by the manufacturer. This high rate could be
responsible for minimizing the stress caused by
polymerization shrinkage of the material. > All these
above-mentioned modifications explain the higher
hardness value obtained in the SonicFill measurements in
all the layers compared to the other composites in the
current study.

Although clinical procedures are simplified and
working time is shortened by materials which allow single
increment application, the problem of low microhardness
may be encountered. 2* There are studies in literature
showing that lower microhardness values have been
obtained with bulk-fill resins compared to conventional
resins applied with an incremental technique. 2% 2°
Similarly in another study, the microhardness of bulk-fill
filling materials with high viscosity was found to be lower
than the microhardness of conventional composites. The
surface microhardness of the experimental groups of low
viscosity materials was found to be even lower. ?’ In the
current study, when the hardness values of the top
surface were evaluated, the conventional G-aenial
posterior composite was seen to have higher
microhardness values than SDR and ACT. That this result
is expected from conventional composite can be
attributed to the increasing polymerization associated
with increased light dispersion of the greater number of
particle/resin matrix interfaces because of the high filler
content because of 2mm application as recommended by
the manufacturer. 2

SDR is a fluid material with modified monomers and a
relatively low amount of filler content (68% by weight).
According to the manufacturer’s information, as the low
inorganic particle content decreases the organic matrix-
filler particle interface contact, the depth of
polymerization is increased by absorbing lighter during
polymerization of the material. Moreover, low viscosity
bulk-fill SDR includes a photoactive group embedded in
urethane-based methacrylate monomers, which can
enter a reaction with camphorquinone. The manufacturer
claims that such an interaction helps to modulate the
hardening reaction, and because of the higher flexibility of
urethane groups, polymerization is reduced, and a more
homogenous polymer structure is formed. 2> 3° The results

of the current study are consistent with this view that
these modifications of SDR have surface roughness and
hardness which may not show a statistically significant
difference from those of conventional composites.

When the microhardness of the top layer was
evaluated in the current study, ACT was determined to
have the lowest microhardness. Low viscosity SDR, which
currently has an indication for use as a base liner, was
seen to have a higher hardness value than ACT, even on
the lowest surface. Despite being a bioactive bulk-fill
composite, ACT is not a recommended material for any
additional occlusal coverage, and the low filler ratio
content (56% by weight) can cause low hardness values.
In a study which examined the Knoop Hardness values of
bulk-fill composites with 5 different properties, the
bioactive flowable composite ACT was seen to have the
lowest hardness values. In the same study, no statistical
difference was determined between the hardness values
in different layers of ACT placed in bulk. It can be seen that
the material not being affected by the increased thickness
has undergone a chemical polymerization reaction caused
by the glass ionomer components. 3! In another study
which compared bulk-fill resins, conventional glass
ionomer, and ACT before and after thermocycles, ACT
showed mechanical properties (diametral tensile
strength, flexural strength) comparable to those of bulk-
fill resin composites, and lower hardness values. 3 The
hardness of a material with a high blend of diurethane and
other methacrylate with modified polyacrylic acid (44.6%)
content and a low inorganic particle amount may be
reduced compared to conventional resin composites.
From these results, which are consistent with the findings
of the current study, ACT, which is a low viscosity material,
can be recommended as a liner for clinical dentin
replacement.

To be able to accept that a composite resin has been
sufficiently cured, generally the arbitrary minimum value
of the bottom-to-top surface hardness ratio should be in
the range of 0.8-0.85. At 0-2mm thickness, other than
ACT, the bottom-to-top surface hardness ratio of the
other composites was above this value and at 0-4mm
thickness, it was below this value for all the bulk-fill
composites.3 However, in both conditions, ACT had the
lowest cure depth values.

In a study which compared the microhardness and
degree of conversion of bulk-fill composites, SDR, which
was within the bulk-fill composites, was seen to have
uniform conversion values throughout the 4 mm depth of
the restorations. 2* The microhardness of high and low
viscosity bulk-fill and conventional composites tested at 4
mm showed no different from the top surface values in
another study. ?’ In the results of the current study, there
was seen to be a significant decrease in microhardness
between the top and bottom layers in all the bulk-fill
composites other than SF. Composite type and
differences in cure depth, and even the general degree of
conversion may be due to the viscosity of composites in
uncured form. Composite viscosity is affected by the
monomer component and filler particle content, and the
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reaction kinetics and ultimately the degree of conversion
is an important parameter as this parameter is affected by
the activity of reactive species.3

In vitro situations and no aging process can be
evaluated as a limitation of this study. In addition, that the
method of obtaining different layer thicknesses was the
application of a metal mold allowing the placement of a
second 2 mm layer by separating with a clear band after
the placement of the first 2 mm layer could also constitute
a limitation of the study. Even if it is attempted to perform
the application in the shortest possible time, the interface
common to the 0-2mm and 2-4mm layers could be
affected by the light. That the 2-4mm top surface was
harder than the 0-2mm bottom surface in the SF group
could have been a result of this.

Conclusions

The results of this study evaluating the surface
properties of bulk-fill composites compared with a
conventional composite demonstrated no difference
between the materials in respect of roughness. When the
hardness values were examined, SonicFill had the highest
values in all different layers. SDR showed similar results to
a conventional composite and ACT had the lowest
microhardness values. Moreover, ACT did not have a
sufficient depth of cure at both 0-2mm and 2-4mm
thicknesses.

References

1. Roeters JJ, Shortall AC, Opdam NJ. Can a single composite
resin serve all purposes? Br Dent J. 2005;199(2):73-79.

2. A. Benetti, C. Havndrup-Pedersen, D. Honor, M. Pedersen,
and U. Pallesen. Bulk-fill resin composites: polymerization
contraction, depth of cure, and gap formation. Operative
Dentistry. 2015;40 (2):190-200.

3. K.-H.Kim, J. L. Ong, O. Okuno. The effect of filler loading and
morphology on the mechanical properties of contemporary
composites. The Journal of Prosthetic Dentistry. 2002;87(6):642-
649.

4. Silva de Assis, F., Lima, L., Nogueira, S., Rodrigues Tonetto,
M., Bhandi, S. H., Souza Pinto, S. C., ... & Coelho Bandeca, M.
Evaluation of Bond Strength, Marginal Integrity, and Fracture
Strength of Bulk-vs Incrementally-filled Restorations. Journal of
Adhesive Dentistry 2016; 18(4):317-323.

5. Ugurlu, M., Sari, F. A 3-year retrospective study of clinical
durability of bulk-filled resin composite restorations. Restorative
Dentistry & Endodontics. 2022; 47(1):e5.

6. Tohidkhah, S., Kermanshah, H., Ahmadi, E., Jalalian, B.,
Ranjbar Omrani, L. Marginal microleakage and modified
microtensile bond strength of Activa Bioactive, in comparison
with  conventional restorative materials. Clinical and
Experimental Dental Research, 2022;8(1): 329-335.

7. C.A. Pereira, E. Eskelson, V. Cavalli, P.C. Liporoni, A.O. Jorge,
M.A. do Rego, Streptococcus mutans biofilm adhesion on
composite resin surfaces after different finishing and polishing
techniques, Oper. Dent. 2011;36 (3):311-317.

8. Pallesen U, van Dijken JW, Halken J, Hallonsten AL, Hoigaard
R. Longevity of posterior resin composite restorations in
permanent teeth in Public Dental Health Service: A prospective
8 years follow up. J Dent. 2013;41(4):297-306.

186

9. Bouschlicher MR, Rueggeberg FA, Wilson BM. Correlation of
bottomto-top surface microhardness and conversion ratios for a
variety of resin composite compositions. Oper Dent.
2004;29(6):698-704.

10. Flury S, Hayoz S, Peutzfeldt A, Hisler J, Lussi A. Depth of cure
of resin composites: Is the ISO 4049 method suitable for bulk fill
materials? Dent Mater. 2012;28(5):521-528.

11. Chuenarrom C, Benjakul P, Daosodsai P. Effect of indentation
load and time on Knoop and Vickers microhardness tests for
enamel and dentin. Mater Res. 2009;12(4):473-476.

12. Hosseinalipour M, Javadpour J, Rezaie H, Dadras T, Hayati
AN. Investigation of mechanical properties of experimental Bis-
GMA/ TEGDMA dental composite resins containing various mass
fractions of silica nanoparticles. J Prosthodont. 2010;19(2):112-
117.

13. Asmussen E, Peutzfeld A. Influence of pulse-delay curing on
softening of polymer structures. J Dent Res. 2001;80(6):1570-
1573.

14. Karatas, O., Gul, P., Gindogdu, M., & Iskenderoglu, D. T. An
evaluation of surface roughness after staining of different
composite resins using atomic force microscopy and a
profilometer. Microscopy Research and Technique. 2020;
83(10): 1251-1259.

15. Alkhudhairy, F. I. The effects of irradiance and exposure time
on the surface roughness of bulk-fill composite resin restorative
materials. Saudi Medical Journal, 2018; 39(2): 197-202.

16. Amaya-Pajares, S. P., Koi, K., Watanabe, H., da Costa, J. B., &
Ferracane, J. L. Development and maintenance of surface gloss
of dental composites after polishing and brushing: Review of the
literature. Journal of Esthetic and Restorative Dentistry.
2022;34(1):15-41.

17. Bucuta S, llie N. Light transmittance and micro-mechanical
properties of bulk fill vs. con-ventional resin based composites.
Clin Oral Investig. 2014; 18:1991-2000

18. Hoffmann, L., Neuerer, C., Heck, K., & Kunzelmann, K. H.
Bulk-fill composites compared to a nanohybrid composite in
class-ll cavities-a two-year follow-up study. J Adhes Dent,
2021;1(23):389-396.

19. llie N, Schoner C, Bucher K, Hickel R. An in-vitro assessment
of the shear bond strength of bulk-fill resin composites to
permanent and deciduous teeth. J Dent. 2014; 42:850-855.

20. Czasch P, llie N. In vitro comparison of mechanical properties
and degree of cure of bulk fill composites. Clin Oral Investig.
2013;17:227-235.

21. Nascimento AS, Rodrigues JFB, Torres RHN, Santos KO, Fook
MVL, de Albuquerque MS, et al. Physicomechanical and thermal
analy-sis of bulk-fill and conventional composites. Braz Oral Res.
2019;33: e008.

22. Kalmowicz J, Phebus JG, Owens BM, Johnson WW, King GT.
Microleakage of Class | and Il Composite Resin Restorations
Using a Sonic-resin Placement System. Oper Dent. 2015; 40:653-
661.

23. Kim YJ, Kim R, Ferracane JL, Lee IB. Influence of the
Compliance and Layering Method on the Wall Deflection of
Simulated Cavities in Bulk-fill Composite Restoration. Oper Dent.
2016;41: e183-e194.

24. Fronza BM, Rueggeberg FA, Braga RR, Mogilevych B, Silva
Soares LE, Martin AA, et al. Monomer conversion,
microhardness, internal marginal adaptation, and shrinkage
stress of bulk-fill resin composites. Dent Mater. 2015; 31:1542-
1551.

25. Almeida LIDS Junior, Penha KIS, Souza AF, Lula ECO,
Magalhdes FC, Lima DM, et al. Is there correlation between
polymerization shrinkage, gap formation, and void in bulk fill
composites? A uCT study. Braz Oral Res. 2017;31: e100.



Stsgtin Yildirim et al./ Cumhuriyet Dental Journal, 26(2):180-187, 2023

26. Flury S, Peutzfeldt A, Lussi A. Influence of increment
thickness on microhardness and dentin bond strength of bulk fill
resin composites. Dent Mater. 2014; 30:1104-1112.

27. Keli¢, K., Mati¢, S., Marovi¢, D., Klari¢, E., Tarle, Z.
Microhardness of bulk-fill composite materials. Acta Clinica
Croatica, 2016;55(4.):607-613.

28. W. Stansbury Dimethacrylate network formation and
polymer property evolution as determined by the selection of
monomers and curing conditions Dent Mater. 2012; 28 (1):13-
22.

29. C. Goracci, M. Cadenaro, L. Fontanive, G. Giangrosso, J.
Juloski, A. Vichi, et al. Polymerization efficiency and flexural
strength of low-stress restorative composites Dent Mater.
2014;30 (6): 688-694.

30. D. Garcia, P. Yaman, J. Dennison, G. Neiva Polymerization
shrinkage and depth of cure of bulk fill flowable composite resins
Oper Dent. 2014;39 (4): 441-448.

31. de Mendonga, B. C., Soto-Montero, J. R., de Castro, E. F.,
Pecorari, V. G. A., Rueggeberg, F. A., & Giannini, M. Flexural
strength and microhardness of bulk-fill restorative materials.
Journal of Esthetic and Restorative Dentistry, 2021;33(4): 628-
635.

32. Alrahlah A. Diametral Tensile Strength, Flexural Strength,
and Surface Microhardness of Bioactive Bulk Fill Restorative. J
Contemp Dent Pract 2018;19(1):13-19.

33. Moore BK, Platt JA, Borges G, Chu TM, Katsilieri I. Depth of
cure of dental resin composites: I1SO 4049 depth and
microhardness of types of materials and shades. Oper Dent.
2008;33(4):408-412.

34. L.G. Lovell, S.M. Newman, C.N. Bowman The effects of light
intensity, temperature, and comonomer composition on the
polymerization behavior of dimethacrylate dental resins J Dent
Res, 1999;78 (8): 1469-1476.

187



