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ABSTRACT

Objective: This study is of significant importance as it evaluates the polymerization properties of bulk-fill
and conventional resin composites regarding the degree of conversion (DC) and microhardness (MH) at
different polymerization times. The findings of this research can potentially influence the future of
restorative dentistry.

Materials and Methods: In this study three different polymerization times (20 s, 60 s, and 100 s) were
applied to disc-shaped samples (6 mm wide; and 2 mm high) prepared from two bulk-fill resin composites
(Filtek One Bulk Fill Restorative, X-tra Fil) and two traditional resin composites (Filtek Z550, Charisma
Smart). The DC of the polymerized samples was measured with a Fourier Transform Infrared/ Attenuated
Total (FT-IR/ATR)device, and the MH values were measured with a Vickers hardness device. The collected
data were subjected to statistical analysis.

Results: The FT-IR analysis and Vickers microhardness test results demonstrated that the DC and MH
values of the groups exposed to 100 s of light curing were significantly higher than those of the other groups
(p<0.05).

Conclusions: The extended polymerization time applied to the resin composites in this study significantly
increased the materials’ DC and MH.
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INTRODUCTION

At present, resin composites represent the most widely
utilized restorative materials in dental practice for treating
dental hard tissue defects (caused by caries, trauma,
systemic disease, congenital factors, etc.) to restore the
aesthetic and functional functions of teeth by ensuring the
integrity and continuity of the dental tissue with correct
diagnosis and appropriate treatment of the defects (1). The
maximum thickness that can be applied to ensure
adequate polymerization in traditional resin composites is
2 mm (2). For this reason, conventional resin composites
are applied incrementally in deep cavities. In addition to
requiring technical precision, incremental application is
time consuming and there is a risk of contamination and
gaps between layers (3). To overcome these limitations,
manufacturers have developed bulk-fill resin composites
that can be applied in 4-5 mm increments by incorporating
modifications such as the use of alternative photoinitiators,
adjustments in the size of inorganic fillers, and alterations
in the monomer composition (4).

Adequate polymerization of resin composites is essential
for the success of restorations (5). The physicomechanical
properties of resin composites depend on the degree of
polymerization; and, thus, on certain variables such as the
color, content, and thickness of the composite, light
polymerization unit, light intensity, wavelength and
polymerization time (6, 7). Ideally, all the monomers in
resin composites should be converted to polymers during
the polymerization reaction. However, dimethacrylate
monomers cannot polymerize completely and residual
monomers (double carbon bonds) may remain, which can
cause irreversible damage to the pulp through the dentinal
tubules (8).

As the degree of polymerization increases, the amount of
residual monomer that does not participate in the reaction
in the organic matrix decreases, which enhances the
physical properties of the material, such as the elastic
modulus, color stability, biocompatibility, solubility and
monomer release (9, 10). As the DC increases and the
material’s residual monomer content decreases, the resin
composite’s hardness increases (11). An indicator of the
high DC of resin composites is that they reach sufficient
hardness values When the literature is scanned,
microhardness tests are frequently used as an indirect
method when determining DC (12).

While previous studies have compared the microhardness
and monomer conversion rates of bulk-fill and
conventional resin composites, the effect of extended light
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exposure time has yet to be thoroughly investigated (13,
14). This study aimed to assess the impact of extended
polymerization times on the DC and MH of two different
bulk-fill and two conventional resin composites. The null
hypothesis of our study is as follows:

1. The DC does not change as the light application time
increases.

2. MH does not change as the light application time
increases.

MATERIALS AND METHODS

In this study, one traditional nanohybrid resin composite
(FZ550; Filtek™ Z550, 3M ESPE, St Paul, MN, USA), one
traditional microhybrid resin composite (CS; Charisma
Smart, Heraeus Kulzer GmbH, Hanau, Germany) and two
bulk fill resin composites (FOBF; Filtek™ One Bulk Fill
Restorative, 3M ESPE, St Paul, MN, USA) and (XF; X-tra
Fil, Voco, Cuxhaven, Germany) were used.

A power analysis was conducted to determine the
appropriate sample size. According to the power analysis
results of the test performed in the G*Power 3.1 program
with an alpha value of 0.05 and an 85% confidence interval,
the minimum number of samples was 5. For this reason,
the number of samples in our study was determined to be
6.

Specimen preparation

In our study, resin composites were applied to a Teflon
mold (6 mm in diameter, 2 mm in height) placed on glass
with the help of a handpiece. Then, another glass was
placed under constant hand pressure to provide a flat form
to the upper surface and prevent air bubbles from
remaining. To achieve equal light distance standards for
each resin composite sample, the tip of the light device was
positioned in direct contact with the glass and
perpendicularly. The prepared samples were polymerized
with an LED light device (Valo / Cordless, Ultradent
Products Inc, South Jordan, UT, USA) for 20 s (control
group), 60 s and 100 s. After the samples were prepared,
finishing and polishing procedures were performed in a
dry condition the Sof-Lex Composite Finishing and
Polishing Disc Set (3M ESPE, St Paul, MN, USA)
sequentially from coarse to fine grit with a low-speed
handpiece. Each disc was used for 30 seconds and every
two samples were changed. The prepared samples were
categorized according to their groups, placed in dry
conditions within lightproof containers, and stored at
room temperature for 24 hours. The DC of the composite
samples was evaluated via FT-IR/ATR analysis, and the
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MH values were evaluated via Vickers hardness
measurements.

Vickers microhardness

The samples (12 groups n=6) were placed under the Vicker
notch tip of the microhardness device (EMCO
Test/DuroScan, Kellau, Kuchl, Austria). A load of 100 g
(2,942 N) was applied to the samples for 15 s, and three
measurements of each sample were made at three different
points. The mean of the three measurements was
calculated and recorded as the hardness value of each
sample. Rectangular-shaped notches were made with a
Vicker's notching tip positioned perpendicular to the
surfaces of the samples. After the notch was opened, the
diagonal lengths of the quadrangular notches formed in
the samples placed under the x40 magnification lens of the
microhardness device were manually determined with the
help of the arms moving in the x-y-z plane of the hardness
device, and the device automatically calculated the
Vickers hardness value.

FT-IR/ATR analysis

The spectra of the polymerized samples (12 groups, n=6)
for which the DC of the monomer was measurements were
measured with an FT-IR/ATR device (Perkin Elmer/ 400
FT-IR/ATR Spectrometer Spotlight 400 Imaging System,
Waltham, Massachusetts, USA) at 4000-400. In the cm™
wavenumber range, 20 scan counts and 4 cm’
wavenumber resolution were recorded. First, FT-IR/ATR
spectra of non-polymerized composite samples were
recorded. Subsequently, the polymerized composite
samples were positioned against the ATR crystal, and the
device's clamping arm was secured. In this way, spectral
measurements of each sample were performed, and the
absorbance values were measured. The DC was calculated
by substituting the obtained data and the determined
absorbance values of the double-bonded carbons into the
formula below.

(ahphaﬂc) |
aromatic polymer

(ahphaﬁc)
———— | monomer
aromatic

DC(%)=[1- ¥ 100

Statistical analysis

While the findings obtained in the study, were being
evaluated the SPSS 20 (SPSS Inc.; Chicago, IL, USA)
program was used for statistical analysis. Statistical
analyses of the data obtained from the samples studied
with FT-IR/ATR and Vicker's Hardness devices were
performed via one-way variance (One-Way ANOVA) to

evaluate the differences between groups, and two-way
variance (Two-Way ANOVA) to assess the effects of
various times and materials was performed. Multiple
comparisons were performed using Bonferroni and Tukey
HSD post-hoc analyses. A p-value of less than 0.05 was
considered statistically significant for all analyses.

RESULTS

The mean values and standard deviations for the DC and
MH of the resin composites evaluated in this study are
presented in Table 1. Based on the calculated results,
extending the polymerization time significantly enhanced
the DC and MH values of the resin composites tested (p <
0.05). The MH values of the FOBF and CS resin composites
increased as the polymerization time increased, but the
difference was not statistically significant (p>0.05). When
the MH values of individual resin composites were
examined during the polymerization period, FZ550
presented the highest value, and the CS resin composite
presented the lowest value.

Table 2 displays the resin composites’ DC and MH values
and standard deviations, regardless of the light curing
duration. When we looked at the DCs of the resin
composites used regardless of the polymerization time, XF
had the highest value, and the CS resin composite had the
lowest value.

Table 1. Average degree of conversion (DC) and microhardness

(MH) findings and standard deviations of resin composites

according to light application time
Degree of

. Microhardness
Conversion
Resin Time N Mean  Statistical Mean Statistical
Composite DC+SD Difference MH*SD Diff
ifference
20s 6 50.7+0.7 A 74.6+83 A
FZ550 60s 6 55.8+1.3 B 109.5+#13.7 B, C
100s 6 68+1.5 C 112.4+14.4 B, C
20s 6 27.2+0.8 D 97.1+14.8 B
CS 60s 6 35+1.5 E 103.5+16.8 B
100s 6 39.8#14 F 126.1+#44 C
20s 6 304+1.1 G 59.1#13 A,D
FOBF 60s 6 322408 G 59.5+20.4 A,D
100s 6 49.6x1.1 A 75.6£16 A
20s 6 59.8£0.8 H 39.846.6 D
XF 60s 6 65.240.5 1 54.3+154 A,D
100s 6 65.6+0.8 1 58.2+¢8.6 A,D

The DC and MH values and standard deviations of the
resin composites used with different polymerization times
regardless of the type of composite are shown in Table 3.
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Table 2. Average degree of conversion (DC) findings and
standard deviations of the resin composites used regardless of the
light application time

Degree of Conversion Microhardness
Resin N Mean Statistical Mean Statistical
Composite DC+SD  Difference MH+*SD  Difference
FZ550 18 57.948.8 A 108.9+15.2 A
CS 18 34+6.3 B 50.8+9.6 B
FOBF 18 37.4+10.6 C 64.749.4 C
XF 18  63.5t3.2 D 98.8+21 D

Table 3. Average degree of conversion (DC) findings and standard
deviations of resin composites due to light application, regardless
of the resin composite type

Degree of Conversion Microhardness

Time N  Mean Statistical Mean Statistical
DC+SD  Difference MH*SD Difference

20s 24 42+15.07 A 67.65+24.2 A

60s 24 47.1+16.1 B 81.7+ 28.8 B

100s 24 55.6+133 C 93+31.5 C

DISCUSSION

In our study, increasing the polymerization time of bulk-
fill and traditional resin composites from 20 s to 100 s
significantly increased their DC. There was no statistically
significant difference between the 20 and 60 s
polymerization times of the FOBF samples and the 60 and
100 s polymerization times of the XF samples. Therefore,
according to our findings, the first null hypothesis of the
study, which was that the DC would not changes as the
light application time increased, was rejected.

It is hypothesized that the DC of resin composites is
directly correlated with the duration of light-curing
exposure (15). In our study, the impact of varying light
curing durations on the DC across different resin
composite materials was investigated, and it was observed
that increasing the light application time from 20 seconds
to 100 seconds resulted in increased DC in the samples.
Lempel et al. (13) and Szalewski et al. (15) compared the
DC of resin composite samples by polymerizing them for
different periods; and a positive correlation existed
between the duration of light curing and the DC. These
data in the literature support the results of our study.

The literatiire has reported that DC is affected by the type
of monomers in the organic matrix and their viscosity (16).
Yildirim et al. (17), and Szczesio-Wlodarczvk et al. (18) in
their study comparing the DC of methacrylate-based
resins, reported that the highest DC in TEG-DMA and the
lowest DC in Bis-GMA. They also found the DC order was
Bis-GMA <Bis-EMA < UDMA < TEGDMA. Manufacturers
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combine Bis-GMA with other monomers to increase the
DC of resin composites by reducing viscosity. In particular,
the presence of amine groups in the UDMA monomer
the mobility of sites  through
characteristic chain transfer reactions that provide a

increases radical
second pathway for the continuation of polymerization.
Thus, DC has increased (16).

Although both the FZ550 and CS groups used in our study
are traditional resin composites, the reason different DCs
may be due to the differences in the compositions of the
materials. The manufacturer reported that the CS
composite contains only Bis-GMA in its matrix. Its low DC
can be explained by the high amount of this high-viscosity
compound in its organic matrix. FZ550 contains UDMA,
Bis-EMA and TEG-DMA in addition to Bis-GMA. Since
these monomers decreased the viscosity of Bis-GMA and
increased monomer mobility, they may have caused an
increase in DC.

In our study, the FOBF groups generally presented low
DC in all periods. A study evaluating the DC of different
types of resin composites polymerized by applying light
for a standard time, suggested that FOBF had the lowest
DG, possibly due to its organic matrix content (14). FOBF
contains different monomers such as high molecular
weight AUDMA, AFM, and DDDMA, which can increase
the stiffness of the polymer chain. High molecular weight
monomers reduce the number of reactive groups on the
organic matrix and inhibit their mobility during the
polymerization reaction. This information supports the
results of the monomer conversion degree obtained by
looking at the monomer content of the resin composites we
used in the study.

Since bulk-fill resin composites are applied at relatively
high thicknesses, their opacity is reduced and their
translucency is increased by reducing the amount of
inorganic fillers in their structure for increased light
transmission and sufficient polymerization (19). It is
claimed in the literature that a high filler ratio negatively
affects DC. It is thought that increasing the number of
inorganic fillers causes the interaction of monomers,
especially those with high viscosity, such as Bis-GMA, to
weaken. As a result, it becomes difficult for the material to
polymerize (5, 21). In contrast, in our study, the amount of
inorganic fillers in the resin composites used was between
76% and 86%. According to our results, the percentage of
DC in FZ550 (81.8%) was greater than that of the other
samples. These results showed that the amount of
inorganic fillers alone may not have much effect on DC,
and may be due to the geometry of the inorganic fillers or
differences in their components.
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Microhardness testing is another commonly employed
method to assess the DC in resin composites. In our study,
as the duration of light application increased, it increased
in MHs as in DCs. Therefore, our second null hypothesis
was also rejected. MH is affected by the inorganic filler
content of resin composites. Adding zirconium, barium
and ytterbium particles to the inorganic filler structures of
resin composites to increase their radiopacity also
increases their light transmittance (22). Tekce et al. (23)
suggested that the high inorganic filler ratio and the
presence of Zr/SiO: particles effectively increase the MH
value of the FZ550 resin composite. In line with the data
we obtained in parallel with this information, the
significant superiority in the MS values of XF and FZ550
can be attributed to the high Zr/SiO: ratio in the inorganic
filler.

Nagi et al. (24) compared the MH values of two bulk-fill
resin composites polymerized at different thicknesses (2, 3
and 4 mm) and for various times (10, 20, 40 and 60 s). The
XF group had higher hardness values than the other resin
composites. It has been suggested that the XF bulk-fill
resin composite shows high MH due to the large size and
amount of inorganic filler particles. However, no
statistically significant differences were detected in the
MH values of the XF bulk fill resin composite across
varying light curing durations. In our study, XF groups
with a thickness of 2 mm to which light was applied for
different periods, presented high MH values. In contrast,
there was a statistically significant difference in the MH
values at 20 s compared with those at 60 s and 100 s.

This study’s limitations include its in vitro design, which
does not account fort he effects of temperature, humidity,
and oral fluids. Additionally, the optical properties of
dental tissues, such as their ability to reflect and transmit
light were not considered. The impact of the type of light
source used was not evaluated, and the effects of different
light sources should be further investigated. Moreover, the
study examined only specific polymerization durations,
which constitutes another significant limitation..

CONCLUSION

Considering the limitations of the present study, it
can be concluded that the resin composite XF
exhibited the highest degree of conversion (DC)
regardless of light exposure duration, while FZ550
showed the highest DC specifically at 100 seconds of
light application. Furthermore, Vickers
microhardness (MH) testing revealed that FZ550

168

had the highest MH values among the tested
composites. Overall, both the degree of conversion
and microhardness generally increased with
extended light exposure up to 100 seconds.
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