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Abstract: Composites have been proven to have a cytotoxic 
effect on a variety of tissues and cells. Aim: The aim of this 
study was to analyse the degree of conversion of resins 
and its correlation with the cell viability in primary gingival 
fibroblasts. Methods: Resin-based silorane (Filtek P90) 
and conventional methacrylate resins (Filtek Z100, Filtek 
Z250 and Filtek Z350XT) were used to evaluate cell viability 
and the degree of conversion. The resins were light-cured by 
a LED for 20 and 40 seconds. The degree of conversion was 
analysed by Fourier transform infrared spectroscopy. Cellular 
metabolism was evaluated after 24 hours by the MTT assay 
(n = 6) using the storage solution of composite resin for 
either 24 hours or 12 days. Variance analysis (ANOVA) with 
a Bonferroni correction (p < 0.05) was performed to compare 
the groups. Results: The composite Filtek P90 showed a 
higher degree of conversion when polymerised for 40 or 
20 seconds, while the composites Filtek Z100, Filtek Z250 and 
Filtek Z350XT showed similar degree of conversion. Only the 
Filtek Z100 resin was cytotoxic. Conclusion: We found no 
statistically significant correlation between cell viability and 
the degree of conversion.
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Introduction

Light-cured composite materials have been used as fillers in restorative dentistry for 
a number of years and are an established alternative to amalgam1. However, it has 
been demonstrated that composite restorative materials continue to release resin 
monomers and other components even after polymerisation. Degradation can lead 
to resin-based dental material components leaching into the oral environment and 
initiating adverse effects2.

After polymerisation, unbound monomers and additives are extracted by solvents, 
e.g. saliva and/or digestive solvents, especially during the first 24 hours. Previous 
studies revealed a variety of potential cytotoxic and metabolic effects due to the 
leaching of these methacrylates from the restorations, such as teeth sensitivity, 
local immunological effects, chronic inflammatory reactions of human pulps, geno-
toxicity and apoptosis2-4.

By varying the composite compounds, the manufacturers can influence the physi-
cal and chemical properties to suit special requirements regarding handling, clinical 
acceptance and the toxicity of these materials. Due to the severe cytotoxicity of some 
traditional composites like methacrylate, industries are searching and developing new 
materials and new strategies. Materials based on modern chemistry (e.g. silorane, 
Ormocer) have been shown to be the most biocompatible5.

Resins containing the monomer Silorane (Filtek P90) are based on the replacement of 
the methacrylate monomers system for an epoxy ring-opening-silorane. The mono-
mer silorane is obtained by the reaction between siloxane and oxirane and has shown 
to have a shrinkage percentage of only 0.99 vol%3,6 while methacrylate has been 
shown to have an average contraction of 2.33% vol over time7. The siloxane compo-
nent brings a higher hydrophobicity to the material, while the oxirane component has 
a higher reactivity and a lower polymerisation shrinkage8. In addition, the degree of 
conversion of silorane-based resin has been shown to be greater than that of methac-
rylate-based resin compounds9.

Composites have been proven to have a cytotoxic effect on a variety of tissues and 
cells. Cell culture studies are frequently used to assess the cytotoxicity of resin-based 
materials and their components10. Among these cells include gingival fibroblasts that 
are closely related to restorative materials, especially in Class II restorations4.

The cytotoxicity of a composite is related both to its chemical composition and to 
the conversion percentage of its monomers. As it is known, a high conversion per-
centage is vital for good mechanical properties and biocompatibility11,12. Low values 
of double bond conversion involve a large number of residual monomers trapped 
in the polymeric matrix, reducing its biocompatibility. However, the cytotoxicity pre-
sented by the Filtek Z350XT resin in gingival fibroblasts did not correlate with the 
degree of conversion13.

There are few studies in the literature that have evaluated the relationship between 
cytotoxicity and the degree of conversion12,13. Thus, the present study aimed to evalu-
ate the cytotoxic effect on primary gingival fibroblasts from different materials used 
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in restorative dentistry and to analyse the degree of conversion of these materials and 
its possible correlation. The null hypothesis tested was that a lower degree of conver-
sion of the resin would result in lower cytotoxicity in gingival fibroblasts.

Materials and Methods

Materials and sample preparation

The resin composites used in this study were obtained from 3M ESPE (Table 1).

Table 1. Resin composite used in this study with respective matrix and inorganic filler

Products Resin matrix % Inorganic filler

Filtek P90 Silorano 76

Filtek Z350XT Bis-GMA, Bis-EMA, UDMA, TEGDMA 78,5

Filtek Z100 Bis-GMA, TEGDMA 71

Filtek Z250 Bis-GMA, Bis-EMA, UDMA, TEGDMA 60

The specimens were fabricated in a glass matrix, (4 mm diameter x 2 mm height) 
under aseptic conditions. The moulds were placed on a glass plate, and the restor-
ative materials were condensed into them from above. A mylar strip was applied to 
the surface. The specimens were divided into two groups which were light-cured from 
above for 20 or 40 seconds, with the curing tip placed 2 mm away from the material 
surface, simulating the distance between the composite and the pulp wall. A diode 
light source emitting blue light (Flash lite, DISCUS Dental, Culver City, USA) was used to 
cure the resin composites. Irradiation intensities (570-600 mW/cm2) were monitored 
during the test by an external radiometer (MODEL 100 Curing Radiometer, Demetron/
Kerr, Danbury, CT, USA). Excess flash was trimmed away with a sterile scalpel, and the 
discs were removed by extrusion of the glass matrix and immediately stored in a dry 
and protected from the light environment.

Cell culture

Primary human gingival fibroblasts (HGFs) were purchased from American Type Cul-
ture Collection (ATCC; Manassas, VA, USA). The HGFs were cultivated in Dulbecco’s 
Modified Eagle Medium (DMEM) with 10% foetal bovine serum (FBS) and 0.1% antibi-
otic-antimycotic solution at 37ºC and 5% CO2.

MTT assay

The sterilised specimens by ethylene oxide, were placed in 1mL of DMEM without 
FBS and incubated at 37ºC in a 5% CO2 air atmosphere for two periods: 24 hours 
or 12 days (n = 6). Fresh DMEM was used as the control group. Exponentially grow-
ing cells were seeded in 96-well plates at a density of 5.0 x 103 cells/well and were 
cultured for 24 hours. After this, the culture medium was replaced with 100 µL of 
culture medium containing the material extracts of the resin-based restoratives and 
incubated for 24 hours.
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Cell viability was evaluated according to the reduction of tetrazolium salt to formazan 
crystals. Briefly, MTT solution (10 μL; 5 mg.mL-1) plus 100 μL of growth medium were 
added to each well, and then the plates were incubated at 37°C in a 5% CO2 atmosphere 
for 4 hours. Sodium dodecyl sulphate (SDS; 100 μL) was added to dissolve the for-
mazan, and the absorbance was measured at 570 nm by a spectrophotometer (Thermo 
Scientific Multiscan Spectrum, Vantaa, Finland) after 4 hours of incubation. Cell survival 
was calculated as the percentage of the dye accumulated in the untreated controls14.

FTIR assay

The degree of conversion (%DC) was assessed by micro-attenuated total reflectance 
Fourier transform infrared spectrometry (micro-ATR FTIR). The FTIR spectrometer 
(Spectrum 2000 - Perkin Elmer, Boston, MA, USA) was operated under 4000–400 cm−1 
range, 2 cm−1 resolution and 32 scans per sample9. Three specimens of each material 
were prepared as described above and placed immediately in the sample holder of the 
device, and the spectra were recorded.

For the methacrylate resin-based composites (Filtek Z100, Filtek Z250 and Filtek Z350XT), 
the peak intensity ratio of aliphatic C=C to aromatic C=C (1638 and 1609 cm-1, respectively) 
was evaluated before and after irradiation to determine the percentage of unsaturated 
aliphatic C=C bonds remaining9. The absorption of the aromatic C=C stretching band 
remains constant during polymerisation and serves as an internal standard (Figure 1). 
Then, the DC of each methacrylate specimen was calculated according to Eq. (1).

(%C=C) = (aliphatic C=C/aromatic C=C) polymer

(aliphatic C=C/aromatic C=C) monomer
X 100

Figure 1. FTIR spectra exhibiting the reduction in the peak height at 1638 cm-1 associated with the saturation 
of aliphatic C=C within the resin-based methacrylates (Z100, Z250 and Z350XT). Absorption of the aromatic 
C=C stretching band (1609 cm-1) remains constant during polymerisation.
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The monomer of the silorane resin-based composites (Filtek P90) does not contain 
aliphatic C=C groups (1610 cm-1), remaining constant during polymerisation. The 
mean %DC of silorane specimens were identified through the FTIR spectra in 883 cm-1, 
which corresponded with the oxirane ring-opening regions (Figure 2). Then, the %DC 
of silorane specimen was calculated according to Eq. (2).

(%C-O-C) = (oxirane (C-O-C)/aromatic C=C) polymer

(oxirane (C-O-C)/aromatic C=C) monomer
X 100

Statistical analysis

Statistical analyses were performed using an analysis of variance (ANOVA) followed 
by the Bonferroni test. The level of significance was set at p < 0.05.

Results

The cell viability

The mitochondrial reducing activity assessed with the MTT assay was inhibited only 
by Filtek Z100 (20 and 40 seconds) in both periods of pre-incubation (24 hours or 
12 days). For all the resins evaluated, the variation of the polymerisation time did not 
affect the percentage of cell viability (Figure 3).

Figure 2. FTIR spectra exhibiting the (A) reduction in peak height at 883 cm-1 associated with the saturation 
of the oxirane rings within the resin-based oxirane (Filtek P90); (B) absorption of the aromatic C=C stretching 
band (1610 cm-1) remains constant during polymerisation.
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Degree of conversion

Among the assessed resins, Filtek P90 showed the highest %DC. Statistical compar-
isons showed a significant increase in the %DC of Filtek Z100 and Filtek P90 when 
cured for 40s compared to cured for 20s. Filtek Z250 and Filtek Z350XT did not reveal 
significant differences between %DC when cured for 20 or 40 seconds (Table 2). No 
correlation was found between the degree of conversion and cell viability.

Table 2. Degree of conversion (DC) of resin composites after irradiation by 20 or 40 s (n=3). Standard 
deviation in parentheses.

Composite Polymerization Time %DC

Filtek Z100 20 s 62.9 (0.7)A

Filtek Z100 40 s 68.5 (0.7)C

Filtek Z250 20 s 60.1 (0.8)A,F

Filtek Z250 40 s 57.2 (0.8)B,F,G

Filtek Z350XT 20 s 60.7 (0.9)A,G

Filtek Z350XT 40 s 59.2 (0.9)A,G

Filtek P90 20 s 81.7 (1.1)D

Filtek P90 40 s 87.0 (1.1)E

Values followed by the same superscript are not statistically different, p > 0.05.

Discussion
The present study investigated the cytotoxicity and the degree of conversion of cur-
rently used resin composites.

One major interest factor when making a clinical decision about resin composites 
is based on their potential for adverse biological effects. The cytotoxicity of the 
resin composites has been mainly attributed to the release of monomers such as 
UDMA, HEMA and TEGMA, which are frequently added to the chemical composi-
tion of resins15.

Figure 3. Percentage gingival fibroblast viability after incubation with composite extracts after (A) 24 hours 
or (B) 12 days. (FIB = fibroblasts; the same letters indicated similar groups).
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Both the resin content and percentage of monomer conversion of dental materials 
were considered as potential causes of cytotoxicity11. These unconverted monomers, 
such as TEGMA and UDMA, and photo-initiators, such as camphoroquinone, are 
known to be cytotoxic for cells16.

The MTT results showed that only the resin Filtek Z100 was cytotoxic. Considering 
the degree of conversion of the resin Filtek Z100, it wouldn’t be expected to present 
high cytotoxicity. By presenting a lower account of the residual monomers, a smaller 
release of dimethacrylates into the storage medium should be expected. By com-
paring it with Filtek Z250, which presents more components and organic solvents 
(Table 1), the latter would present higher cytotoxicity.

The literature has shown that the monomer Bis-GMA, is known as the most cytotoxic 
one among all other monomers6,16. It should, however, discuss the characteristics of 
the polymer chains formed. While some composites have in their composition differ-
ent amounts of components, possibly generated by chain reactions, they are shown 
to be more stable and, therefore, release a smaller number of monomers into the 
environment. Despite the cytotoxicity presented by Bis-GMA, they are important in 
maximizing the conversion of the monomer into methacrylate groups17. The Filtek 
Z100 resin, composed of Bis-GMA and TEGDMA chains, was the methacrylate resin 
that showed the highest degree of conversion when polymerized for 40 seconds.

A previous study by Ferracane and Condon18 reported that the majority of toxic effects 
from resin composites occur during the first 24 hours. Unlike these authors18, the 
present study showed that the release of the unreacted toxic components from the 
composite materials probably continues.

The formulation of dental materials affects the substances that are released and thus 
their cytotoxicity. Because of the severe cytotoxicity of traditional methacrylates, man-
ufacturers have developed new materials and filling strategies. In the present study, 
the silorane base composite Filtek P90 showed no cytotoxic effect6.

Regarding the degree of conversion, the composite with the highest value was Filtek 
P90. According to Palin et al.19 the polymerisation of silorane-based composites gen-
erates reactive species with higher mobility than the free radicals generated in the 
polymerisation of the composite methacrylate, and this is responsible for the highest 
degree of conversion.

By containing higher amounts of the organic matrix, it was expected that Filtek 
Z250 had a higher degree of conversion compared to the other composites (Table 
1 and 2). However, it did not show that. It should, however, be considered that the 
concentration of the materials and its chemistry has a strong influence on the charac-
teristics of the polymerisation18.

The monomer UDMA, presented in the Z250 and Z350XT resins, has a long linear 
chain, without aromatic rings, which gives greater flexibility and hence also a higher 
degree of monomer conversion20,21 that contradict our findings.

The particle size was also related to the degree of conversion of methacrylate res-
ins. Resins with larger particles would hinder the passage of light, increasing disper-
sion and reducing the conversion of the monomer22. Therefore, it was expected that 
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Filtek Z100 and Z250 resins had a lower degree of polymerization compared to Filtek 
Z350XT. However, the results were similar. A possible explanation would be the pres-
ence of Bis-GMA in the methacrylate resins evaluated, which have a high refractive 
index, or due to the significant reduction of TEGDMA in Filtek Z350XT, which is related 
to a lower degree of conversion23.

The composites Filtek Z250 and Filtek Z350XT showed no differences when they were 
polymerised for 20 or 40 seconds. These findings confirm the information provided 
by the manufacturer that 20 seconds was enough for sufficient polymerisation of the 
structure of these resins when using a curing light (LED Flash lite Disculs). According 
to Calheiros et al.24 by increasing the time of light exposure, one does not increase the 
degree of conversion due to the fact that a saturation of the polymer chains of the 
composite is obtained.

We found no statistically significant correlation between cell viability and degree of 
conversion. Thus, the null hypothesis is accepted. However, more studies are needed 
to evaluate the cytotoxicity effect and the degree of conversion in other materials.

Conclusions
In conclusion, we observed that the levels of cytotoxicity of restorative resin materials should 
vary with the number and type of constituent components. As the density and stability of 
the connection polymer formed; this can influence the release of unreacted components.
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