Ann Med Res 2020;27(10):2731-6

Annals of Medical Research
DOI: 10.5455/annalsmedres.2020.04.375

Original Article

Long-term monomer elution from bulk-fill composite

resins

Ayse Dundar’, ®@Cagatay Barutcugil’,

Sevde Gul Batmaz’,

Kardelen Yildirim’, ©@0znur Gucluer?

'Department of Restorative Dentistry, Faculty of Dentistry, Akdeniz University, Antalya, Turkey
2Department of Endodontics, Faculty of Dentistry, Akdeniz University, Antalya, Turkey

Copyright © 2020 by authors and Annals of Medical Research Publishing Inc.

Abstract

Aim: The aim of this study was to investigate the long-term elution of unreacted monomers from bulk-fill composite resins.

Material and Methods: Four different restorative bulk-fill composite resins (Filtek Bulk Fill, 3M ESPE; X-tra fil, VOCO; SonicFill, Kerr;
and Tetric EvoCeram Bulk Fill, Ivoclar Vivadent) were used. A total of 15 samples per group (5 x 5 x 4 mm) were polymerized with
light as a single layer (4 mm). Then the samples were put into 75/25% ethanol/water mixture. Evaluation of monomer release was
performed by using High-Performance Liquid Chromatography device. This process was repeated after one hour, 24 hours, and 3
months. One-way analysis of variance was used to determine the differences in monomer release between groups, while the Tukey
HSD test was used for multiple comparisons. The paired sample t-test was used to determine the time-dependent changes of the

same material. (P <.05).

Results: Monomer release was observed in all groups. At the end of 3 months, a statistically significant increase was observed in the
amount of almost all monomers released from bulk-fill composites (P <0.05).
Conclusion: It can be stated that monomer release still continues from all bulk-fill composite materials after three months.
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INTRODUCTION

In clinical dentistry, the highest caries rates were seen in
makxillary and mandibulary molars (1). Because of limited
visibility and difficulty in accessing, the restoration of
posterior teeth with composite materials is tough. To
alleviate these challenges, bulk-fill composites were
developed. These composites provided great convenience
to the clinician during the treatment by placing up to 4
mm thickness. However, as in other composites, bulk-fill
composites are formed by an organic matrix and there are
various monomers in their structure. Bisphenyl-glycidyl-
methacrylate (Bis-GMA), urethane dimethacrylate (UDMA),
triethylene glycol dimethacrylate (TEGDMA), ethoxylated
bisphenol A dimethacrylate (Bis-EMA) are the common
monomers used in the organic matrix (2,3). In the past,
studies have shown that about 35% -77% of unreacted
residual monomers were present in the polymerized
composite (4,5). It has been shown that about 10% of the
remaining monomers were released from the structure of
the composite as aresidual monomer (6). These unreacted
monomers can be released from the composite into the
mouth. According to the amount and type of monomers
released from the composite resins, the bioavailability of
the composite is gaining importance. It has been found

that some of these released compounds have cytotoxic
(7), mutagenic (8,9), and estrogenic (10) effects and are
caused pulp, gingival and oral mucosal reactions (11-13).

The release of ingredients from resin-based dental
materials has already been extensively investigated
in vitro by immersion of composite samples in the
various extraction solutions (14). Generally, the release
is determined after 24 h or 1 week, but few studies
incubated the samples for longer periods (one month,
three months, and even 1 year) (15-17). Since composite
restorations are expected to be used by patients for long
years, it is important to investigate whether there is long
term monomer release from composite materials. If
long-term monomer release is present, this means that
existing toxicity persists. There are many test methods
for detecting the unreacted monomers released from
composite resins, especially those with larger molecular
structures such as BisGMA, UDMA, BisEMA (18). Gas
chromatography or gas and liquid chromatography/mass
spectrophotometry are currently used methods. However,
High-Performance Liquid Chromatography (HPLC) is one
of the most frequently used methods while evaluating the
high molecular weight of unreacted monomers (19).
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The aim of this study was to determine the long-term
monomer elution from 4 different bulk-fill composite
resins. The null hypothesis was that monomer will not be
released from the bulk-fill composites during the long-
term period.

MATERIAL and METHODS

Sample preparation

A total of 15 samples per composite material were
prepared from 4 different bulk-fill composite materials
(Filtek Bulk Fill, 3M ESPE; X-tra fil, VOCO; SonicFill, Kerr;
and Tetric EvoCeram Bulk Fill, Ivoclar Vivadent) (5 x 5 x 4
mm). Materials used in this study and their properties are
given in Table 1.

Teflon molds of the desired sizes were used to prepare the
samples. One side of the Teflon mold was covered with a
transparent strip and placed on glass. Then the bulk-fill
composites were placed into this mold in the form of a
4 mm high monolayer and were sealed with transparent
strip. For polymerization, a third-generation LED light
curing device (ELIPAR S10, 3M ESPE, St. Paul, MN, USA)

with a light output power of 1200 mW / cm? for the time
period recommended by the manufacturer, was used. In
order to verify, the irradiance at each use of the light cure
unit, a calibrated radiometer (Blast LED Light Meter, First
Medica, Greensboro, NC, USA) was used.

Preparation of solvent solutions

A mixture of 75% / 25% ethanol and distilled water was
prepared to examine the monomer release from the bulk-
fill composite samples. Next, 10 ml of prepared solution
was added to amber colored small sterile glass vials. The
samples were placed in vials one by one and stored at
room temperature. For all material groups, measurements
of monomer release were made in 3 different time periods
(14). Bulk-fill composite groups (Filtek Bulk Fill (FBF),
X-tra fil (XTF), SonicFill (SCF), and Tetric EvoCeram
Bulk Fill (TBF)) were divided into 3 subgroups (n = 5) for
measurement at 1 hour, 24 hours and 3 months. At the
end of holding times, 0.5 ml of the solution from each
vial containing the samples were taken up in sterile glass
vials with the help of a micropipette and stored at room
temperature for analysis with HPLC.

Table 1. Used materials and their properties

Inorganic filler

Material Manufacturer Code Organic Matrix Filler Loading ratio LOT Number
% (wt / vol)
Filtek Bulk-fill M ESPE'USStAPa”" MN. ppr BisEai?mc:;?a"fgsins YbF, sziilri‘é‘;"i”m' 65/42.5 N719528
SonicFill Kerr CorpiJ ggange, CA, SCF BisleEI;/i\s,ETl\ljﬁDMA, Silicon (li)(()i)((jige, glass 83.5/— 6383679
Tetric EvoCeram Bulk "’°°L'iaerc\rﬁ‘éf]‘if;tnAG' TBF BisGMA, UDMA Eggg'gﬁ 79-81/- 026276
X-tra fil Cu;’tgsgfgg‘g;ny XTF Bisﬁ'\E"é\bl,\JA'iMA' (Unknown) 86/70.1 1717238
HPLC analysis Water was obtained using the Millipore refinement system

HPLC was used to determine the amounts and types of
released monomers. Pure monomers were provided for the
standards to be used in the calibration of the HPLC system.
For this purpose, bisphenol-A glycidyldimethacrylate
(BisGMA),triethyleneglycol dimethacrylate
(TEGDMA), urethane dimethacrylate (UDMA),
hydroxyethylmethacrylate (HEMA) and ethoxylated
bisphenol-A dimethacrylate (BisEMA) monomers were
used as pure and were searched as residual monomers
in solvent solutions in the HPLC apparatus (14). Standard
solutions were prepared in a 75% ethanol-water mixture
to maintain the required concentrations and stored in
a refrigerator (+4 C°. Standard working solutions at a
concentration of 5,10, 25, 50, and 100 pg/ml were obtained
separately for each monomer. When standard monomers
are delivered in different concentrations, the device is
both calibrated and peaks are created to determine the
amount of released substance in the samples tested.

in ultrasound (18.2 MQcm at 25 C° and the diluted
samples were passed through a 0.45 pm membrane filter
before injection. Chromatographic measurements were
performed using the Accela HPLC system including a
thermo diode array detector and an autosampler. Thermo
Xcalibur v.2.2 Software was used to control instruments
and data handling. The decomposition of the monomers
was carried out using Phenomenex 100-5C18 on a 250
mm x 4.6 mm column using 80% acetonitrile / 20%
ultrapure water. The fluid flow rate was set at T ml/min. By
using standard curves obtained from standard solutions,
monomer amounts in the samples were calculated.

Statistics

Data were analyzed wusing Kolmogorov-Smirnov
and Shapiro-Wilk tests for normality analysis. One-
way analysis of variance was used to determine the
differences in monomer release between groups, while
the Tukey HSD test was used for multiple comparisons.
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The paired sample t-test was used to determine the time-
dependent changes of the same material. The significance
level was determined as 0.05 in all statistical analysis and
SPSS v.20 (IBM Software, USA) was used for the analysis.

RESULTS

The amount of monomer released from bulk-fill composite
groups and the statistical differences between the groups
are presented in Table 2. According to the data obtained,
it was found that BisEMA, UDMA, and BisGMA were
released from FBF composite. TEGDMA was not detected

in any time period. An increase in the amount of monomer
in all-time periods was statistically significant (P < 0.05)
(Figure 1).

In the SCF group, while BisEMA, TEGDMA, and BisGMA
were released, UDMA was not detected. The amount of
BisEMA at the end of 3 months period was significantly
higher than the amount at the end of the 24 h and 1 hour
(P <0.05) (Figure 1). It was found that TEGDMA release
increased up at the end of 24 h (P <0.05), but this release

did not change much at the end of 3 months (P >0.05).

Table 2. Amount of monomer released from bulk-fill composite groups polymerized by light curing unit

FBF
Th 2.141+£0.5552
BisEMA 24h 3.748 + 0.252°
3m 6.962 1 0.504°
HEMA
1h
TEGDMA 24 h
3m
Th 7.997 + 0.967 *
UDMA 24 h 13.600 + 3.052 2
3m 35.01247.860°
T1h 9.618+1.214%
BisGMA 24 h 19.021 +3.615°
3m 36.532+7.1112
1h 19.756
Total amount of released monomer 24h 36.368
3m 78.506

SCF TBF XTF
3.688 +0.236° : *
3.406+0.151°
6.933+0.252°
10.298 +2.779° 28.503 + 1.466°
41.563%5.225° 37.185+9.263°
46.598 + 5.419° 89.238 +13.085°
. 33.052£9.603" 27.483+3.521"
63.487 £ 8.254" 30.860 + 6.559 °
159.878 £9.410° 128.061 +7.889°
20.317 £ 3.253" 15.702 + 3.061° 16.399 + 3.559 °
79.716 + 5.405° 39.926 + 13.258" 35.857 £ 10.648"
156.473 +16.808 151.971 £+ 7.375°¢ 84.871 +7.623°
34.304 48.753 72.386
124.685 103.414 103.903
210.003 311.849 302.171

The average amounts (ugr / mit) and standard deviations of monomers released from light-cured bulk-fill composite samples are shown in the table.
Different lower-case letters in the same row indicate statistically different groups (P <0.05). In the statistical analysis, Independent t-test was used

for the comparison of two groups and one-way ANOVA and Tukey multiple comparison tests were used for the comparison of the multiple groups.
(*: Monomer release could not be determined)
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Figure 1. Changes in the amount of monomers released in bulk-fill composite samples which are polymerized by light-curing unit
depending on time periods. The lower-case letters on the columns indicate statistical differences, separately for each monomer.
Paired t-test was used as a statistical analysis (P <0.05). (*: Monomer release not detected)
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In the TBF group, UDMA and BisGMA were present in the
ethanol/water solution, but BisEMA and TEGDMA were
not detected in the test solution. The amount of UDMA at
the end of 24 h and 1 h were not different from each other
(P >0.05) (Figure 1). It was detected that the release of
BisGMA increased statistically in all time periods (P <0.05)
(Figure 1).

Finally, in the XTF group, it was seen that BisEMA was not
present. It was detected that the amounts of TEGDMA and
UDMA were similar in the first two time periods and the
release was increased at the end of the 3 months (P <0.05)
(Figure 1).

At the end of 3 months, the highest TEGDMA release was
observed at XTF (P <0.05), (Table 2). UDMA was shown
to be less released in all time periods in FBF compared
with TBF and XTF; BisGMA was significantly released
from SCF and TBF at the end of 3 months. However, it
was shown that HEMA was not released from the bulk-fill
composites in detectable amounts in HPLC. In all bulk-fill
composite groups, the total amount of monomer released
after 3 months was observed mostly in TBF and then in
XTF (Table 2).

According to the data, after immersion in the solvent
solution for 3 months, the amount of monomer released
from all materials (for all monomers) was found to be
higher than the amount of monomer released after
immersion for 1 h (Figure 1).

DISCUSSION

Accordingtotheresults of this study, it was determined that
there was a monomer release from bulk-fill composites
in the long-term period. Therefore, the null hypothesis
that monomer will not be released from the bulk-fill
composites during the long-term period was rejected.
It has been reported in previous studies that unreacted
monomer in composite resins may have toxicity (14, 18,
19). In this context, it is important to determine whether
there is any residual monomer release from the composite
materials used.

Gas Chromatography-Mass Spectrometry (GC-MS)
technique has been previously used in conjunction with
the Liquid Chromatography-Mass Spectrometry (LC-MS)
to describe the resin composition and the substances
eluted from conventional resin composites (2,20,21).
However, it has been found that conventional GC-MS
is a very sensitive detection method. High molecular
weight monomers, such as BisGMA and UDMA, can only
be identified after elution in gas chromatography (22).
Therefore, the quality and quantity of residual monomers
eluted from dental resin materials are generally determined
using HPLC (14,23,24) which is a very powerful and widely
used separation method. HPLC is more preferred than gas
chromatography because the monomer is soluble in the
mobile phase, and it provides more control over the elution
process (25). Therefore, in this study, HPLC analysis was
preferred to evaluate the release of monomers from the
bulk-fill composites tested.

The deterioration of composite resins in the mouth
depends on the enzymatic reactions in the saliva, the
acidic conditions, and the erosive factors caused by
food and beverages. To mimic these conditions, organic
solvents such as ethanol, methanol, or mixtures of these
solvents with water (26) should be preferred. A 75%/25%
ethanol-water solution by the United States Federal Drug
Administration is recommended as a liquid that mimics
the food-to-mouth relationship (27) and has been used
in various studies (14,28). Therefore, a 75%/25% ethanol-
water solution was used in this study.

In general, polymer networks formed by the polymerization
of dimethacrylates exhibit heterogeneity. In this context,
some parts are tightly cross-linked while others are
loosely cross-linked (19). This polymer network often
contains unreacted monomers which remain trapped
in gaps between polymer chains or polymer clusters.
The cross-linked polymers are not normally soluble but
can swell in good solvents. The solvent penetrates the
matrix and expands the gap between the polymer chains
(29), which causes not only the mass of the polymer
chain but also the dimensions. The unreacted monomers
begin to decompose. (19) In this study, it was seen that
monomer elution of almost all bulk-fill composites
increased in all time periods; and the amount of elution
of all monomers released at the end of 3 months was
found to be statistically higher than the amount released
in 1 h. Alshali et al., in their study of monomer elution
of various composites including bulk-fill, found that, the
monomer release continued in 3 months (15). This result
is compatible with the findings of our study. It was found
that after 3 months, there was still monomer release, and
the total amount of released monomer was greater than
the amount released within 1 hour in our study. This can
be explained by the fact that, as noted above, the solvent
gradually expanded the gaps between the polymer chains
as a result of its penetration into the composite matrix,
it causes elution of monomers from the composite mass
(19). The heterogeneous structure of the composite, the
solvent, and the voids in the swollen mass may cause the
release of unreacted monomers from the composite in the
long term.

In direct composite restorations, since the area reached
by the light is limited (30), the degree of conversion cannot
be achieved in the composite. Therefore, they contain
monomer structures that do not form a polymer network.
However, while expecting residual monomer to be at very
low levels in resin-containing materials polymerized in
a laboratory environment, it has been reported in a very
recent article that monomer is released in the long-term
even from CAD/CAM blocks containing resin (31). If the
monomer release has occurred in long period, even in
hybrid blocks, where we expect the amount of residual
monomers to be low, it seems that it is possible to evaluate
monomer release in bulk-fill composites polymerized
using a curing light. This shows that monomer structures
cannot fully form a polymer chain.
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In 2015, the European Food Safety Authority (EFSA)
reduced the tolerable daily intake of BPA from 50 to 4 pg/
kg bw/day (Available from http://www.efsa.europa.eu/
en/topics/topic/bisphenol.htm.). BPA (Bisphenol A), the
main substance of BisGMA and BisEMA, can remain as
a residue in the composite and this is one of the major
causes of toxicity (32). In addition to the basic monomers,
BisGMA and UDMA, the co-monomer TEGDMA, is believed
to have a high toxic potential (33-36). Therewithal, the low
degree of conversion of the monomers is very effective in
the formation of this toxic effect. In a study examining the
individual conversion degrees of monomers, a conversion
rate of about 70% was indicated for UDMA. However,
these conversion rates were 76% for TEGDMA and 52% for
BisEMA, and 39% for BisGMA due to high molecular weight
and viscosity (37). In this study, all bulk-fill composites
had BisGMA release. If the degree of conversion is as low
as 39% and the molecular weight is high, the amount of
unreacted residual monomer will be too high. However, itis
seen that BisEMA, which has higher conversion rate than
BisGMA as mentioned above, is released only from Filtek
Bulk Fill and SonicFill. As can be seen in Table 2, other
bulk-fill composite materials do not contain BisEMA. It is
therefore not surprising that this monomer has not been
detected in the measurements of the HPLC device. After
3 months, the amounts of all monomers released were
statistically higher than those released for 1 h (Figure 1).
This study showed that monomers were released from
bulk-fill composites in the long term.

The first limitation of this study was that the degree of
conversion and the cytotoxicity of the materials were not
measured. Because of this, it is difficult to assume the
relationship between the amount of monomer released,
the degree of conversion and cytotoxicity. The second
limitation of this study was that only one concentration of
ethanol/water solution was used.

CONCLUSION

Within the limitations of this study, the following results
can be highlighted:

1. All Bulk-fill composites showed monomer release.

3. Even after 3 months, the amount of all monomers'
release was higher than the amount of 1 h in all bulk-
fill composites. Better polymerization methods such as
layering technique and high-intensity light curing unit can
be preferred in the clinical use to increase the degree of
conversion and decrease the cytotoxic level of composite
resins.
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