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Statement of Problem: Acrylic plastics are used for over 80 years for the manufacture of prostheses. This
kind of material has some limitations, one of them is a residual monomer, that remains after the polymer-
ization has been terminated, which can influence the biological properties of the final medical device.
The purpose: The aim of this investigations was a comparison of the residual monomer concentration and
cytotoxic effect of three various acrylic materials which differ in the polymerization method (hot-cured,
polymerized under pressure and at lower temperatures).
Material and methods: The cytotoxicity of three different acrylic resins from the same producer were
tested on the in vitro model (VERO CCL-81) by MTT assay. The residual monomer of acrylic materials
was detected by gas chromatography.
Results: The Superacryl Plus material polymerized in hot water has a residual monomer concentration of
0.67 ± 0.05%, Superpont C + B hardened under pressure of 2.61 ± 0.208%, and Premacryl Plus after cold
curing process has 3.53 ± 0.27% of uncured MMA. The results revealed that the least cytotoxic effect were
observed in case of a thermally polymerized material.
Conclusion: Material polymerized in high temperatures has lower residual monomer concentration and
not affect cell cultures. Self-curing materials polymerized in lower temperature have a higher concentra-
tion of residual monomer, which reduces the number of living cells by 20%, which can cause allergic reac-
tion shortly after new denture was prepared.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Currently, despite the development of technology, acrylic den-
tures are still one of the most frequently performed prosthetic
restorations, as full or partial removable dentures. This is mainly
since the process of producing this kind of restoratives is relatively
simple, not requiring a large financial outlay. Besides, acrylics have
a long clinical history of use, sufficient mechanical properties, are
easily polishing and have relatively good biocompatibility
(Jadhav et al., 2018; Rashid et al., 2015). Sometimes, after using
acrylic dentures, in some patients, however, an allergic reaction
may occur, which is characterized by changes in the mucous mem-
brane in the oral cavity in direct contact with the denture base
(Jorge et al., 2003; Goiato et al., 2015).

For this type of allergic reactions, the residual monomer is
mainly responsible, which remains uncured in the interior of the
material after polymerization. The concentration of unpolymerized
monomer is reduced under the influence of time (Jadhav et al.,
2018; Rashid et al., 2015; Qaisar et al., 2017; Ayaz et al., 2014).
Acrylic resins for the manufacture of acrylic dentures, they consist
of two main components: a fluid based on methyl methacrylate
(MMA) and ethylene glycol dimethacrylate (EGDMA), and a pow-
der which is a polymethyl methacrylate with low dibenzoyl perox-
ide (BPO) concentration like a catalyst. After mixing these two
components, the liquid gradually absorbs through the powder.
Then the acrylic materials can be cured in two ways. Through ther-
mal curing - boiling in hot water, or at room temperature. Materi-
als polymerized at room temperature also contain in their
composition N, N dimethyl-toluidine in the liquid and a larger
amount of dibenzoyl peroxide in the powder. Polymerization in
hot water occurs over a longer period from 1 to 7 h and materials
of this type contain a relatively small content of the residual
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monomer. Room temperature polymerization leaves in the acrylic
much higher concentration of this substance. As this process is car-
ried out at temperatures from 23 �C to 60 �C for 15–30 min. Then
the concentration of free methacrylate can be from 3 to 6%. For
comparison, after polymerization, the boiling water in the material
remains below 1.5% of free MMA (Rashid et al., 2015; Jorge et al.,
2003; Goiato et al., 2015). In the literature it is possible to find a
lot of information about cytotoxicity, irritancy properties associ-
ated with the free monomer in acrylic dentures (Rashid et al.,
2015; Qaisar et al., 2017; Ayaz et al., 2014; Zissis et al., 2008).
The other authors quite extensively presented the works on the
subject of residual monomer and its concentration in various
materials. There are only a few studies that would compare the
same materials in which the whole concentration of residual
monomer was tested according to the ISO standard and their
cytotoxicity.

On the other hand, each producer of acrylic resins uses different
raw materials and dyes that can significantly affect the biocompat-
ibility of the final product.

Therefore, the aim of this work was to test 3 different acrylic
materials from the same manufacture polymerized in different
ways, on the concentration of the total residual monomer, using
gas chromatography. In the second part of the study, the same
materials have been tested for cytotoxicity using MTT cytotoxicity
test in direct 24 h contact with cured material.
2. Material and methods

2.1. Acrylic materials

Three acrylic resins manufactured by SpofaDental (Czech
Republic, Jicin) were used as the test material: Superacryl Plus
(hot curing denture base resin), Superpont C + B (pressure curing
for temporary crown and bridges) and Premacryl Plus (cold curing,
for removable orthodontic apparatus). Detailed information on the
materials and their compositions are presented in Table 1.

Superacryl Plus was prepared according to the manufacturer’s
recommendations, mixing 2.2 g of powder with 1 g of monomer.
Totally 22 g of powder and 10 g of liquid were prepared to obtain
5 discs which are necessary for residual monomer detection
according the ISO standard. The material, after 15 min in the phase
of the soft dough, was applied to a metal mold with a diameter of
50 mm and a thickness of 0.5 mm, which was placed in a polymer-
ization flask and covered with class IV gypsum (Convertin Hard). In
this way, 9 samples for testing the residual monomer were pre-
pared. In general, 21 samples of Superacryl Plus- hot curing acrylic
resins were prepared. Example of pressure curing resin it was used
Superpont C + B, which is material for preparation crowns and
bridges. The material was prepared to mix 2 g of powder with
1 g of monomer (20 g powder and 10 g of liquid) and allowed to
stand for 20 min at room temperature until the material reached
the soft dough phase. Samples for residual monomer and cytotox-
icity were the same dimensions as for Superacryl Plus. After being
applied dough to the forms, the altogether was polymerized in a
Table 1
Materials and their main composition used for biovalidation.

Material

Superacryl Plus powder(SpofaDental, Jicin Czech Rep.)
Superacryl Plus liquid (SpofaDental, Jicin, Czech Rep.)
Superpont C + B powder (SpofaDental, Jicin, Czech Rep.) color D2 dentin
Superpont C + B liquid (SpofaDental, Jicin, Czech Rep.)
Premacryl Plus powder (SpofaDental, Jicin, Czech Rep)
Premacryl Plus liquid (SpofaDental, Jicin, Czech Rep)
Convertin Hard (SpofaDental, Jicin Czech Rep)
pressure equipment (Zhermapol) at a pressure of 3 bar and a tem-
perature of 92 �C for a period of 20 min.

The third resin used for the tests was the low-temperature poly-
merized material, Premacryl Plus for making removable orthodon-
tic appliances. The samples were prepared by combining powder
and liquid with a proportion of 2 g of powder and 1 g of liquid
(20 g of powder.10 g of liquid). The material before being applied
to the molds was stored at room temperature for 6 min, when it
did not stick to the walls of the vessel. Premacryl Plus was cured
in a pressure curing unit (Zhermapol- Warsaw, Poland) for
15 min, at a pressure of 0.2 bar and a temperature of 60 �C. Totally
21 samples of Premacryl Plus were prepared. All samples of acrylic
resins removed from the mold were stored at 23 �C in a dark place,
before the tests. A total of 66 samples from 3 acrylic resins were
prepared for the tests.

2.2. Gas chromatography for residual monomer detection

Samples of dimension 50 � 0.5 mm were crushed in to small
pieces and placed in to a closable 10 ml volumetric glass flask,
by weighing approximately 650 mg from the specimen disc. Resins
were dissolved in a pure acetone (99%, Merck Millipore, US). To
determine the residual monomer, the methodology described in
the ISO 20795-1:2013, standard was followed (International
Organization for Standardization ISO, 2013). As an internal stan-
dard, n- butanol (99% Merck Millipore, US) was used. The standard
curve was prepared using known concentration of methacrylate in
acetone, from 6, 60, 150, 300 until 400 mg of MMA. The detection
device was a Shimadzu GC-7 gas chromatograph (Shimadzu, Japan)
equipped with a flame ionization detector (FID) system. Nitrogen
was used as the inert gas carrier, which had a flow rate of approx-
imately 1 ml/min. The detection of residual monomer was carried
out by a flame ionization detector with the temperature of 200 �C
and the ratio of H2/air flow at 45/450 ml/min.

From a scatter plot, a regression line between 0Amma/A internal
standard. and concentration of MMA was drawn. The following
equation (1) for the regression line was used:

y ¼ 0:015x ð1Þ
For R = 0.995
Determination of residual monomer in sample solutions
The peak areas of MMA and I.S. of each sample solution were

recorded by the software of gas chromatography machine. The
concentration of MMA (mg/ml) or CMMA in the sample solution
was calculated using equation o 1, to know the peak field. CMMA

was used to calculate the total amount of MMA in the sample solu-
tion (m MMA) in micrograms (mg) using the equation (2).

mMMA ¼ ½CMMA � 10
2

� �
� 10� ð2Þ

At the end, mMMA was used to calculate the percentage of total
residual monomer in the sample by the following equation (3).

ResidualMMAinSample %ð Þ ¼ mMMA

msample
� 100% ð3Þ
Batch number Composition

6,977,651 PMMA, pigments, BPO
5,594,241 MMA, EGDMA
6,789,991 PMMA, pigments, BPO
5,967,779 MMA, triethylene glycol dimethacrylate
6,198,981 PMMA, pigments, BPO
5,635,530 MMA, EGDMA, DMPT
6,598,805 Calcium sulfate hemihydrate pigments



Table 2
Residual monomer concentration of tested samples.

Superacryl Superpont
C + B

Premacryl Plus

sample [mg] 657.11 ± 13.11 657.22 ± 14.85 656.22 ± 22.89
Amma/A 58.87 ± 4.41 228.18 ± 16.03 309.48 ± 29.974
C MMA [mg] 0.09 ± 0.007 0.34 ± 0.024 0.46 ± 0.045
M MMA [mg] 4.41 ± 0.33 17.11 ± 1.203 23.21 ± 2.25
residual monomer

[%]
0.67 ± 0.05 2.61 ± 0.208 3.53 ± 0.27
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Mean residual monomer value of each material was then calcu-
lated from 9 repetitions.

2.3. Cell culture

There was used Vero CCL-81 (ATCC�, UK) cell line for cytotoxi-
city studies. Vero cells are normal epithelial cells and derive from
the kidney of an African green monkey (Cercopithecus aethiops)
(Khan et al., 2017; Decha et al., 2019). This in vitro model is com-
monly used for cytotoxic and biocompatibility studies of various
dental materials. Cells were maintained in MEM (Gibco, Germany)
medium containing 4% FBS (Gibco, Germany) in 37 �C in humified
atmosphere enriched by 5% CO2. Before experiment cells were
trypsinized (Trypsin-EDTA, Simga-Aldich) and resuspended for
the appropriate cell culture dishes.

Tested article preparation for cytotoxicity studies
The test article extract was prepared in 1x MEM cell growth

medium (MEM supplemented with 10% fetal bovine serum extract)
at the sample to extraction medium ratio of 6.0 cm2/mL and
extracted at 37 ± 1 �C for 72 ± 2 h. The sample was unchanged
by the extraction procedure and the extract was found to be clear
and free of particles.

2.4. Cytotoxicity assay test – direct contact

For the cytotoxicity studies, 12 samples with a diameter of
5 mm and a thickness of 1 mm were prepared, using a metal form.
The material was polymerized gradually by raising the tempera-
ture of water for 30 min to 70 �C then in warm water at 70 �C
for a further 30 min and in 30 min in boiling water. The acrylic disc
test articles were evaluated using the MTT (methyl thiazolyl
diphenyltetrazolium bromide, Sigma Aldrich). Before exposition
Vero cells were suspended on 96-well plate in density 1 � 104

cells/100 ll in MEM/well. The cells were cultivated for 24 h to
obtained 80% of confluency, and then were exposed to tested sam-
ples, positive and negative controls during 24 h. Cell medium was
removed and 6x 100 ll of the sample, positive control, negative
control, blank samples were added to individual wells. After the
incubation time with samples, MTT test was applied using in final
step 2-isopropanol (100 lg/l/well, Sigma Aldrich, Poland) with
simultaneous shaking. The absorbance was detected at 570 nm
after 24 h incubation with tested articles. According the obtained
results the following data analysis was performed. The results
obtained from spectrophotometric measurements defined as the
viability were calculated according to the formula (4):

v iability %½ � ¼ 100 � OD570testsample
OD570blank

ð4Þ

In the equation were used mean values of all measured optical
densities at 570 nm of respective samples.

3. Statistical analysis

All experiments were performed in triplicate for each parame-
ter, which gives 9 repetitions for each parameter. Data were repre-
sented as mean ± standard error of the mean. Data were analyzed
by two-way ANOVA (in GraphPad Software Inc., San Diego, CA,
USA), with p-value < 0.05 as a statistically significant.

4. Results

4.1. Residual monomer concentration

The obtained results and final concentration of residual mono-
mer for Superacryl Plus, Superpont C + B and Premacryl Plus are
shown in Table 2. The lowest concentration of residual monomer
was observed for the samples of Superacryl Plus, which is a mate-
rial polymerized in hot curing method. The result of free MMA was
0.67%. In case of samples of Premacryl Plus which were cured in
the lower temperature and shorter period of time had the free
methyl methacrylate concentration about 3.53%.
4.2. MTT cytotoxicity

The basic interpretation is based on the following observation,
the lower the viability % value, the higher the cytotoxic potential
of the test sample. If viability is reduced to < 70% of the blank, it
has a cytotoxic potential. The obtained results are shown in a for
Superacryl, Premacryl and Superpont C + B and in Fig. 1b for con-
trol samples. The negative control (MEM) and blank sample
(MEM with 4% FBS) both demonstrated no cytotoxic effect, thus
cell oxidoreductive potential was undisturbed. The positive control
(SLS, Sodium lauryl sulphate, Sigma Aldrich, Poland) demonstrated
significant cytotoxic impact. Cell viability decreased with the
increasing PC concentration. After 24 h exposition to Superacryl
and Premacryl the viability was on the level of 20%, in case of
Superpont C + B cell viability reached<10%. The verified articles
not significantly affected mitochondrial activity. After 24 h the cell
viability reached 110.31% for Superacryl of control cells, for Super-
pont C + B 91.21% of control cells, and the self-curing resin Prema-
cryl caused that cell viability 81.5%.

The viability of the cells after 24 h exposition to Superacryl Plus,
Premacryl Plus and Superpont C + B reached > 70% of control cells.
The cytotoxic effect of positive control has been detected in all con-
centrations. Negative control proved no cytotoxic potential.

The results obtained from MTT cytotoxicity test were in corre-
lation with the residual monomer concentration, for the Superacryl
Plus material the cell survival is 110.31% and for the self-curing
resin these values are much lower and amount to 81.56%.
5. Discussion

There is commonly known, that unpolymerized methyl
methacrylate adversely affects physical properties (color stability,
polishing ability, resistance to bending) and biocompatibility of
acrylic dentures (Jadhav et al., 2018; Rashid et al., 2015; Rashid
et al., 2015; Catunda et al., 2017; Huang et al., 2001).

Unpolymerized MMA can be responsible for mucosal irritation
and sensitization of tissues. Different cell cultures may react differ-
ently to the residual monomer released from acrylic dentures. For
example big difference was observed by Huang et al. for a human
oral epithelial KB cell line and primary human oral fibroblasts
derived from buccal mucosa (Qaisar et al., 2017). Particularly note-
worthy is the study of Masayuki et al., who tested the influence of 4
different mammalian fibroblasts on MMA. They observed, that
L929 were marked the largest IC50 value (the amount of MMA that
caused 50% cell death) (34 mM/L), and for comparison Balb/3T3
clone A31 had the least value (1 mM/L); for cells C3H10T1/2 and



Fig. 1. The Vero cells viability results after 24 h of exposition to (a) Superacryl Plus, Superpont C + B and Premacryl Plus, and (b) positive (PC) and negative controls (NC), PC in
various concentrations. * p � 0.05.
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MC3T3-E1 these values were 25 mM/L and 16 mM/L, respectively
(Masayuki et al., 2000).

In some cases, when patients are allergic to substitutes that can
be eluted out of acrylic resins, there is the possibility of using
hypoallergenic materials that do not have MMA in their composi-
tion (Pfeiffer and Rosenbauer, 2004; Spartalis et al., 2017). There
are many ways to reduce the content of this disadvantageous sub-
stance in acrylic dentures, such as long polymerization time, stor-
age of dentures after curing in water, polymerization by means of
microwave radiation, freezing of acrylic cake before polymeriza-
tion or using chemical agents based on hydrogen peroxide
(Thaitammayanon et al., 2018; Wonglamsam et al., 2016;
Charasseangpaisarn et al., 2016; Gonçalves et al., 2008; Kurata
et al., 2012).

In literature it is possible to find few works about concentrated
of eluted monomer from acrylic resins and the cytotoxicity. How-
ever, the authors of the study measure only the amount of mono-
mer released into the water and not the total monomer contained
in the material. At the same time they are observing that MMA can
be washed out of the material for a longer period of time. The sec-
ond important point is the fact that methyl methacrylate is not
well soluble in water and people using prostheses also drink alco-
hol, fat and carbonate, in which the residual monomer dissolves
better. Jorge et al. described in their research that the additional
placement of polymerized acrylic at 55 �C for 60 min reduced its
cytotoxicity in L929 cells by means of a test H-thymidine, which
measures the number of cells synthesizing DNA. For comparison,
samples of Lucitone and QC20 were post cured by the microwave
energy for 3 min at 500 W. Such treatment has not changed the
cytotoxicity of heat curing resins (Jorge et al., 2006).

Bural et al. (2011) compared the effect of the acryl polymeriza-
tion method on the amount of acrylic monomer released and the
survival of cells. This test applies to the material cured by long time
polymerization for 7 h at 70 �C and 3 h at 100 �C. The concentration
of released MMA validated during 1–7 days was tested using high-
performance liquid chromatography. The cytotoxicity was deter-
mined on L-929 fibroblast model XTT proliferation assay. Authors
stated, that samples that were not cured in boiling water adversely
affect cell cultures, reducing their proliferation values from 67 to
73%, which indicated that these resins have cytotoxic properties.
There was noted that samples boiled in hot water showed a cell
survival rate of 84%. In the first two cases, the concentration of
residual monomer in the samples was 6.45% and 2.29% and in
the third 0.92%. The obtained results indicate that the materials
hardened in various methods were characterized by slight cytotox-
icity for a period of 7 days (Bural et al., 2011).

In the other study there was examined the influence of acrylic
heat-resistant acrylic materials and resins for making mobile
orthodontic devices on the released monomers of methyl
methacrylate and urethan dimethacrylate (UDMA), on cellular
cytotoxicity using the method Mosmann’s proliferation-inhibition
test with an established culture of fibroblasts (MTT test). The low-
est amount of monomer released was observed for thermally poly-
merizable materials, which translated into no effect on cell
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cultures. The orthodontic material polished at lower temperatures
was characterized by slight cytotoxicity. The material Triad, which
is acrylate hardened with the help of a light and contains UDMA,
has cytotoxic properties, if the non-polymerized layer of oxygen
inhibition is not removed from it (Rose et al., 2000).

The results obtained by these authors (Jorge et al., 2006; Bural
et al., 2011; Rose et al., 2000; Bural et al., 2011) are consistent with
the results obtained in our studies. We observed, that the content
of residual monomer in polymerized samples polymerized at lower
temperatures is higher (3.5% for Premacryl and 2.6% for Superpont
C + B) with the simultaneous lower survival of cell culture. But, for
the Superacryl Plus resin, the survival rate was very high, since the
residual monomer concentration is 0.69%.

In the case of other studies, where have been observed cytotox-
icity, and our research, the main difference may be in the compo-
sition of the materials used for research. If the product contains in
its composition more or less benzoyl peroxide as a catalyst, it may
be cured in more efficient way and therefore not exhibit cytotoxic
properties. The same statement can be used for self-cure materials,
where the higher content of BPO and DMPT also helps the curing
and lower content of residual monomer to a greater extent (Rose
et al., 2000).

Materials polymerized in hot water do not affect the inhibition
of cell cultures. Too high residual monomer concentration affects
the growth of cell cultures, which has been confirmed for self-
curing and polymerized materials in which pressure periods
(Rose et al., 2000; Bural et al., 2011).

Materials produced by the same manufacturer, containing the
same dyes and raw materials from the same suppliers, may have
different biocompatibility depending on the polymerization
method and the amount of powder and fluid used to prepare the
prosthesis. For example, Material Spofacryl Plus, which has a
2.2/1 (powder/liquid) ratio, does not inhibit the growth of cell cul-
tures as opposed to the Premacryl material. In this resin, the mix-
ing ratio between powder and liquid is 2.0/1 g.

6. Limitation of the study

The main limitation of the study is the composition of individ-
ual acrylic resins, which may differ from each other. Therefore, it is
necessary to optimize the composition due to obtain material
which could be cured in higher temperatures and with low concen-
tration of residual monomer.

7. Clinical conclusion

Acrylic materials for the performance of settling prostheses
should be cured in a process recommended by the manufacturer
of the material. In patients who have suspicions for allergic reac-
tions, the recommendation should be to use thermally polymer-
ized materials for preparation of removable dentures.
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