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Elution of residual monomers from dental composite resins.
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Abstract

The biocompatibility of composite resins decreases with the increase of released monomer since they
are cytotoxic on pulp or living tissues. Commercialy used composites should be choosen according
to their biocompatibility to not jeopardize the patient’s health. Analyze of the composite
biocompatibility and determination of the monomers elution of four different composite resin
materials with nano filler content is completed in the study to investigate if there is difference and
the most possible healty way of usage.

The amount of Bis-GMA, UDMA and TEGDMA released from four different composite resins
measured on three different day using the HPLC. Four groups (n=10, diameter: 5 mm, thickness:
2 mm) of each material were prepared. Samples were placed in 75% ethanol-water. On days 1, 15
and 30, 1 mL samples were taken for measurement. A total of 120 samples’ findings were analysed
statistically.

Bis-GMA and UDMA were released from all the materials used in the study. There were
significant differences in the total monomer release of all composite resins in terms of time
(P=0.001). Tetric Evoceram is the most residual monomer-releasing composite in experiment
groups. The maximum amount of monomer release for all three monomers was on the 15th day.
In order to reduce concerns about toxicity, taking measures to protect the pulp for example using
cavity liners and bases specially in case of having less than 0.5 mm thickness of dentin. There is a

need for these results to be supported by further clinical studies.

Keywords: Nanofiller Composite Resin, Residual Monomer, High Performance Liquid Chromato Figurey,
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Introduction

The use of long-life and biocompatible materials in
restorative dentistry is important. The characteristics
and biocompatibility of composite resins are determined
by the monomers in their contents. The most commonly
used monomers to form a polymer matrix are Bis-
GMA (bisphenol A diglycidyl methacrylate), UDMA
(urethane dimethacrylate), TEGDMA (triethylene glycol
dimethacrylate) HEMA (hydroxyethyl metacrylate)
and Bis-EMA (bisphenol A diglycidyl methacrylate
ethoxylated) [1]. The mechanical properties of the polymer
depend on the degree of conversion of the monomers
and other components of the composite (e.g. The filler
and initiator systems) [2]. The degree of conversion in
composite resins is 40%-75%. Therefore, it is difficult
to provide complete polymerization in each region of the
resin at the same rate [3-5]. As the monomer conversion
rate falls, it leads to increase of water absorption of the
material, decrease of wear resistance and color stability,
inadequate binding and unwanted tissue reactions [6,7].
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The conversion rate of the Bis-GMA monomer
with high molecular weight and viscosity is lower than
that of other monomers. Reducing the Bis-GMA ratio
increases polymerization shrinkage. Some of the
dimethacrylates are densely bound to the cross linkage
while others are loosely bound. Thus, an unreacted
amount of monomers remains between the polymer
chains [3].

UDMA monomer with similar weight to Bis-GMA
but lower viscosity provides color stability in composite
resins and increases adhesion. This monomer, which
exhibits less polymerization shrinkage than Bis-GMA,
has a high biocompatibility potential [8].

To reduce the viscosity of composite resins, TEGDMA
is added as the diluent and the high reactivity, low
viscosity and molecular weight of TEGDMA increases the
degree of polymer conversion and shrinkage. The
lipophilic nature of TEGDMA enables it to easily
penetrate  the cytoplasm and membrane lipid

compartments of mammalian cells [9].
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breaking the polymer chains with intraoral fluids which is
a powerful organic solvent [4]. These monomers released
from dental composites after interacting with intraoral
fluids, enters the body circulatory system in three ways:
the first, through the uptake of the secreted monomers
from the gastrointestinal tract, the second through the
absorption from the dentinal tubules [10,11] and the third
through the uptake of volatile components in the lungs
[12,13]. While residual monomers leached from the
composite materials cause minor effects in the oral cavity
over time, they may diffuse through dentin tubules into the
pulp and affect pulpal cells [14]. These may cause allergic,
cytotoxic or mutagenic reactions on pulp or live tissues.
The catabolic effects of monomers have raised concerns
about the reliability of composite resins [15].

In recent years, the focus of research on composite resins
has been the problems of biocompatibility due to residual
monomers. These studies have evaluated in particular
when and what amount of monomers was released [16].
The differences in the amount of monomer released from
the resin materials can be explained by the structural
properties of the monomer [17,18]. There are different
methods to test the presence of residual monomer [19].
HPLC is the most appropriate method for samples with
high molecular weight and which are potentially perishable
when heated [20].

Studies have shown that the amount of residual monomer
release is changed when different polymerization times,
light sources or aging periods are used. The degree of
polymerization is known to be affected by filler particle
type and content [21]. The main aim of this investigation
is to assess the doses and risks associated with residual
monomer released from four nanoparticle composite
resin material at different time periods using the HPLC
device. The null hypothesis that will be tested is that there
is no significant difference between residual monomer
amounts released from the same type but different brands
composites.

Materials and Methods

The study used four different composite resin materials
with nano filler (Grandio, Filtek™ Ultimate Universal
Restorative, Clearfil Majesty Posterior and Tetric
EvoCeram) of A2 color and activated by visible light
(Table 1).

Bis-GMA, UDMA and TEGDMA (Sigma Aldrich, St
Louis, MO, USA) were used as standard materials for the
identification of the monomer peaks in the chromatograms.
99% ethanol, 99.8% acetonitrile, deionized water,
micropipettes, 1.5 mL amber colored glass vials, amber
colored and 20 m glass bottles with screw cap were also
used.

For each resin-based dental material, 10 disc-shaped
specimens (5 mm diameter and 2 mm thickness) were
prepared using teflon rubber molds (n=40). BlueLex GT-
1200 (Monitex Industrial Co Ltd, Taiwan) was used for
the polymerization of the samples. It was polymerized for
20 seconds according to the manufacturer’s instructions.
The distance between the light source and sample were
standardized using a 1 cm glass plate. Four different
study groups were formed, including 10 samples of each
material. Sof-Lex polishing discs (3 M ™ ESPE ™, St
Paul, USA) were used to remove the oxygen inhibition
layer that could be formed on the surface of the material.
Precision scales (Ohaus PA 224, USA) were used to weigh
the completed polymerized discs.

Each of the 40 sample discs were placed in a 20 mL amber
glass vials with a vacuum lid, containing 75% ethanol-
water solution (Merck). All the vials were kept in the oven
at 37°C for 30 days and were analyzed on day 1, 15 and
30. For the measurements, 1 mL samples were taken from
these solutions into Eppendorf’s tubes, then transferred
to 1.5 mL light impermeable ammonite glass vials. Thus,
a total of 120 samples were transferred to the HPLC by
sampling the samples from four different composite resin
solutions at three different time points.

Six different solutions (0.1, 1, 10, 100, 500, 1000 ppm)
from each monomer were prepared and injected into the
HPLC system to calibrate the device. The Agilent 1260
Infinity I Quaternary LC (Agilent Technologies, USA)
HPLC instrument was used. Eluates of the specimens
were analyzed using HPLC, equipped with a Diode
Array Detector (DAD) (204 nm) (Agilent Technologies,
USA), and a symmetry silica column C18 (5 um, 4.6 mm
1.d./250 mm length) (Agilent ZORBAX Eclipse XDB
columns-C18, Agilent Technologies, USA).

The eluent was a solution of acetonitrile/water (ACN
Merck) 80/20 wt % at a flow rate of 1 mL/min. Identification

Table 1: Chemical structures of composite resins and properties of standard monomers.

. Composition

Material Type Matrix Filler Lot no
Grandi Mixture of different dimethacrylates,

randio Nano-hybrid Bis-GMA %10-12, silicate fillers, initiators, pigments,

o/ 19 . o . .
(VOCO Cuxhaven, . UDMA %12-14, am.m§S, additives. The 1norgaplc filler 1719521
Germany) composite TEGDMA ratio in the methacrylate matrix was
87% by weight (71.4% by volume).

' ' ' Bis-GMA %1-10, T.h.e filler .contams free-st?ndlqg 20nm
Filtek Ultimate Universal UDMA. TEGDMA %<1 silica particles, 4-11nm zirconium
Restorative(3M™ ESPE™  Nanofilled composite ’ " particles and clusters together. The N889185

St. Paul, USA) EMA

PEGDMA %<5, BIS-

inorganic filler ratio in the methacrylate
matrix was 78.5% (63.3% by volume).
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Clearfil Majesty Posterior
Nanofilled composite
(Kuraray Dental Inc, Japan)

Bis-GMA %<3, UDMA
TEGDMA %<3

Hydrophobic aromatic dimethacrylate,
silanated glass ceramics, surface treated
alumina micro filler, silanated silica

> filler, dI-Camphorquinone, accelerators, 3V0042
pigments, others. The inorganic filler
ratio in the methacrylate matrix was
92% by weight (82% by volume).

Nano-hybrid
Tetric EvoCeram(Ivoclar
Vivadent, Principalit of
Liechtenstein)

composite

Bis-GMA %3-<10,
UDMA %3-<10,
Ytterbium trifluoride %3-
<10, Ethoxylated Bis-
EMA %3-<10

Barium glass filler as filler,
ytterbiumtrifluoride and mixed oxide
48.5% by weight, prepolymers 34.0%
by weight, additives 0.4%, catalyst and
stabilizing agents 0.3%, color pigments
<0.1%. The inorganic filler ratio in

the methacrylate matrix was 83.2% by
weight

U23115

PEGDMA: Poly(ethylene glycol) dimethacrylate

and quantitative analysis of components were performed
by comparison of the elution time and the integration
of absorption peak area of the eluates with those of the
authentic sample. The amount of monomer matching to
the peak areas in chromatograms was calculated in ppm to
acquire data for statistical analysis.

Statictical analysis

Data obtained in the study were analysed statistically using
SPSS V21.0 software. The results were stated as mean =+
standard deviation (SD) values. The Shapiro-Wilk test was
used for assessment of normal distribution. The One Way
Anova test was used on the basis of the residual amount
of monomer release between different brands in each
different measurement period. The Tukey HSD test was
used to determine from which brand and which monomer
the difference originated. The Bonferroni test was used
for binary comparisons in repeated measurements. Total
released monomer over 30 days is calculated linear point
to point fitting method of the curve. A value of P<0.05 was
considered statistically significant.

Results

Under the experimental conditions used in this study, the
retention time of HPLC peaks of the standard solution of
Bis-GMA, UDMA, and TEGDMA was found to be 5.3,
4.9, and 4.4 min, respectively.

Bis-GMA and UDMA were detected in all four different
compositeresin materials used in the study. Only TEGDMA
release was not observed from the Tetric EvoCeram
(TEC) material. Significant differences were observed in
the total release time of monomers on different days. The
results indicate that the highest values of Bis-GMA and
TEGDMA monomers released from Grandio and Clearfil
were reached on day 15. UDMA monomer reached the
highest release value on day 1. All monomers released
from Filtek and TEC reached the highest value on day 15.
This result is significant at the P=0.001 level (Tables 2-4).

From the Figure 1 above we can see that TEC reported
significantly more than the other three composite
considering the monomer release on any of the control
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days. For any of the monomers on any control days, there
is statistically difference between composites. The highest
released total monomer amount were reached on day 15
for any composites (Figure 1).
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Figure 1: Total monomer release from composite resins on
control days.
Note: *There is a statistically significant difference
between values of A,B,C among their colour group at the
P=0.001 level.

In Figure 2 there is a clear trend of increasing monomer
release for on the 15th day. The amount of monomer
release detected on the 30th day were significantly lower
in comparison with the amount of monomer release on
the 15th day in all groups. From this data, we can see
that TEGDMA releases in the lowest value of monomer
(Figure 2).

e (ppm)

BE-GMA
mUDMA
= TEGDMA

Day 1 Day 15 Day 30
Days

Figure 2: Total monomer release from composite resins.

There is statistically significant differences between values
of A,B,C and linear lines’ endpoints at the P=0.001 level.
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Table 2: Average concentrations (ppm) of Bis-GMA eluted from composite resins in different time periods.

Grandio Filt.ekTM Ultimate Clearﬁ.l Majesty Tetric Evo Ceram
Universal Posterior p
(Mean + SD) (ppm) (Mean £ SD) (ppm) (Mean  SD) (ppm) (Mean £ SD) (ppm)
1. Day 1.86 £ 0.19A 0.91 £ 0.38A 1.52+1.12A 4.70 = 0.86A 0.001*
Bis-GMA 15. Day 2.63 +£0.28B 1.46 £ 0.50B 2.30 £ 1.78A 9.42 +2.94B 0.001*
30. Day 1.38 +£0.23C 1.04 £ 0.34A 1.49 £ 1.09A 7.09 +2.81A 0.001%*

Note: *Expresses statistically significant difference

Different uppercase letters within the same column indicate a significant difference. This result is significant at the P=0.001 level.

Table 3: Average concentrations (ppm) of UDMA eluted from composite resins in different time periods.

Grandio F ilt-ekTM Ultimate Clearﬁ.l Majesty Tetric Evo Ceram
Universal Posterior P
(Mean £ SD) (pPM)  (\joon + SD) (ppm) (Mean £ SD) (ppm) V1620 £ SD) (ppm)
1. Day 0.32 £ 0.06A 1.78 £ 0.60A 0.15+0.10A 6.26 + 1.14A 0.001*
UDMA 15. Day 0.28 £0.8B 2.71 - 0.85B 0.06 £ 0.18A 11.27 £3.58B 0.001*
30. Day 0.16 £ 0.05C 1.91 £ 0.57A 0.04 £0.11B 7.79 + 3.13AC 0.001%*

Note: *Expresses statistically significant difference

Different uppercase letters within the same column indicate a significant difference. This result is significant at the P=0.001 level.

Table 4: Average concentrations (ppm) of TEGDMA eluted from composite resins in different time periods.

Grandio Filt‘ekTM Ultimate Clearﬁ.l Majesty Tetric Evo Ceram
Universal Posterior P
(Mean £ SD) (ppm) (Mean £ SD) (ppm) (Mean  SD) (ppm) (Mean £ SD) (ppm)
1. Day 0.55 + 0.04A 0.01 £ .009A 0.87£0.71A 0 0.001*
TEGDMA  15. Day 0.94+0.08 B 0.08 £0.04B 1.41+1.13B 0 0.001*
30. Day 0.14 +£0.03C 0.05+0.01B 0.81+0.61A 0 0.001*

Note: *Expresses statistically significant difference

Different uppercase letters within the same column indicate a significant difference. This result is significant at the P=0.001 level.

There were no significant differences between Bis-GMA
release from Clearfil on day 1 and 30. The difference of
released Bis-GMA values from all other materials between
1st, 15th and 30th days was significant.

No significant difference was found between the 1st and
30th day of UDMA released from Filtek and TEC and
between the 15th and 30th day values of UDMA released
from Clearfil. In all other measurements, the difference of
the released monomer values between 1st, 15th and 30th
days was significant.

Only trace amounts of TEGDMA were detected in TEC.
No significant difference was found between the 15th
and 30th day of TEGDMA release from Filtek and on
the Ist and 30th day of TEGDMA release from Clearfil.
In all other measurements, the difference of the released
TEGDMA monomer values between 1st, 15th and 30th
days was significant.

The differences between the composites are highlighted in
Figure 3. From this data, we can see that the highest value
of estimated total amount of monomer release is in TEC
over 30 days. The highest TEGDMA release material was
found to be Clearfil Majesty (Figure 3).
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Figure 3: Estimated total amount of monomer release
over 30 days from composites.

Note: *There is a statistically significant difference
between all values. This result is significant at the P=0.05
level.

Discussion

Polymerization of dimethacrylate monomers in resin
composites that forms a cross-linked polymer brings
stability to composite. However, not all of these
monomers are fully converted into a polymer and
combined with fillers and additives. Thus, not only these
unbound substances, but also uncured monomers release
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the significant amount of residual monomers [22]. This
release starts with intraoral degradation processes that
firstly cause mechanical [23], hydrolytic and enzymatic
degradation, chain breaking and results with the production
of the polymeric degradation products formation. Later
release continues by aging of composite materials due to
the interplay of water absorption, mechanical swelling and
chemical/enzymatic degradation that can lead to porosity
[24] and finally lead to gradual increase of released non-
polymerized monomers initially trapped in the polymer
network [23]. Besides all that, factors such as the type
and monomer content of the material, the molecular size
and chemical composition of the monomer, the degree
of polymerization and the oxygen inhibition layer, the
thickness of the sample and the chemical structure of the
organic solvent are important in residual monomer release
[25]. Investigating the validity of this thesis about the
content of the material effect, we validated this thesis and
observed that TEC released the highest amount of Bis-
GMA and UDMA. During the Scientific Documentation
review of the material, it is seen that it doesn’t contain
TEGDMA and uses pre-polymerization method (Scientific
Documentation, Tetric EvoCeram, Ivoclar Vivadent). This
method aiming to improve the mechanical properties of
the material produces high monomer release. This view
is also supported by Kopperud (2013) who writes that,
the heterogeneous distribution and agglomeration of the
particles/pre-polymerized fillers in the TEC affects the
scattering and penetration depth of the polymerizing light
in the material and results in the hardness reduction of the
material and residual monomer increase [26]. Our study
correlates with this result. The null hypothesis of this study
was rejected. Significant differences were seen between
composites in terms of monomer releases.

Guler’ [27], Sideridou and Achilias’ [9], Polydorou’ et al.
[28] and Polydorou’ et al [29] research findings supported
the fact that Bis-GMA has the highest release rate among
residual monomers when they investigate the monomer
release in different dental materials. Moldovan et al. [30]
also obtained similar findings where they compared the
commercially used composites with the one they produced
experimentally. The results of the current study, consistent
with previous findings in literature, showed that the most
released monomer was Bis-GMA and the least released
was TEGDMA. Lowest release rate of TEGDMA, which
is a reactive diluent typically used in dental materials [31],
can be explain with its high conversion degree and lower
molecular weight (Bis-GMA molecular weight: 512 g/
mol, UDMA :470 g/mol, TEGDMA:286 g/mol) [9] that
leads to high reactivity by letting high polymerization
performance in the composite.

The rate of changing monomers to polymer is called the
degree of conversion and the maximum conversion degree
is reached by the end of 24 hours which can vary from 50%
to 70% [32-34]. Prior studies that have noted although
monomer release can last for months, the maximum
release occurs within the first days after polymerization
[9,29]. In the literature, there is a contradicting view
about the time needed for the complete elution of the
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extractable amount of unreacted monomers. Some studies
have suggested that the elution is completed within 7 days
with a peak at the end of first day, while others have found
that it lasts for a long time, for example, 30 days [9]. Our
study findings were consisted with the second group of
studies. The reason of our findings can be rooted from
using 75% ethanol/water organic solvent for degradation.
Also Hiirmiizli’s work support this group of studies when
he measured the amount of residual monomers of 3 bulk-
fil and one nanohybrid composite on day 1 and day 30
and observed higher release on the 30th day [35]. We have
found that monomer release lasts 30 days like Hiirmiizlii
however the highest releasing rate is reached on the 15th
day on contrary his findings. The reason is because that no
intermediate extraction taken in his experiment.

Using oral environment in vivo experiments has an
important effect on degradation of resin based composites
but in vivo experiments are not always applicable, ethical
and long period of time demanding. Thus, in vitro aging
experiments are acceptable instead of in vivo experiments.
There are many mediums for mimicking oral medium but
the most often chosen is ethanol-water solution. 75%
ethanol-water solution is chosen as the elution medium
since it mimics and speeds up the expected process of daily
degradation occurring orally by the food consumption
and saliva [36]. Therefore, FDA recommends its usage
in vitro experiments and many studies uses it like we
did in our study [3,6,9,15,37]. However, ethanol/ water
solution creates not clinically possible destruction on the
composites in short amount of time which can be related
to monomer release rate. This destruction that can occur
in a month in ethanol solution corresponds to the several
months or years of destruction that can occur in oral
environment [36].

Bis-GMA and Bis-EMA which are BPA-based (bisphenol
A), TEGDMA and UDMA which are non-BPA based
are the monomers most commonly found in a dental
composite resin matrix [38,39]. Both of these groups can
act as endocrine disruptors by mimicking and disturb
the hormone receptors. This leads to low fertility on any
gender and problem with gene expression [40]. Besides
the endocrine disrupting, non-based BPA monomers can
be cytotoxic for the local application area. This can cause
pulp deformation, gingival margin retraction, secondary
caries, failure of the restoration and local allergic reactions
[41]. Bis-GMA over 0.001 mM and UDMA over 0,05 mM
for gingival and pulp fibroblasts [42] and TEGDMA over
1.2 £ 0.9 mM for gingival and TEGDMA over 2.6 + 1.1
mM for pulp fibroblasts can lead to cytotoxicity depending
on the time and the concentration [41]. In our study when
we are questioning these residual monomers toxicity on
human dental treatments, we had to consider the factors
such as the surface area and storage time of our discs
and relation between oral and chemical elution medium.
Van Landuyt measured and determined the average tooth
and fillings surface areas in her meta-analysis such as
an occlusal restoration’s surface area is 19 mm2 [14].
According to our basic intuition we would expect that a
linear correlation between the surface area and released
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monomers however as Pelka’s study indicated that there
is no linear correlation but only high correlation [43].
Thus we can still consider an average restoration’s and
our discs’ surface areas relation to estimating the release
monomer amount. Molecular weight of the monomers
and their release amount in our study gave us the mM
unit released amounts. Even when we consider the surface
areas’ ratio in our evaluation of released monomer in mM
unit, we obtain higher amount of released monomer than
toxic limits of monomers. However according to in vivo
Michelsen study, there was no released Bis-GMA, UDMA
and TEGDMA in human saliva taken 10 min, 24 h, and
7 days after filling treatment [44]. So our results can be
explained with ethanol-water solution’s accelerating
impact on the monomer release from restoration. Our
testing medium provides an important clue about
performance of composite but not about time-monomer
release correlation. Thus, our experiment conditions don’t
provide the necessary information to decide on the toxicity
on the human pulp and gingival fibroblasts. Therefore, we
need new studies which can help us to understand better
the correlation between in vivo and in vitro conditions
about the residual monomers.

Conclusion

Residual monomers are released from all composite
brands we used even if on 30th day. In order to reduce
concerns about toxicity, taking measures to protect the
pulp for example using cavity liners and bases especially
in case of having less than 0.5 mm thickness of dentin.
Another precaution is making polymerization according
to manufacturer’s instructions against inadequate
polymerization and using composite resins with increased
filler content, which may contribute to the biocompatibility
of composite resins.
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