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Abstract— The objective of this study was to examine and compare the cytotoxicity behavior of commercial two restorative

(light-cured) and three adhesive composites (dual-cured) polymerized by using two different light curing units (LCU).
Commercial composites Filtek Z250, Filtek Supreme XT, Rely X Arc, Rely X U100 and Variolink II were polymerized using
different light densities of halogen (H) and Light Emitting Diod (LED) curing units. After the polymerization process
samples sterilized under UV light for 15 minutes. Dulbecco's Modified Eagle's Minimal Essential Medium (DMEM)
containing 200 µL of serum was placed in 96 well cell plates and samples were added in the wells. They were incubated 5%
CO2 incubator for 48 hours at 37°C. Sample surface area/solution volume was adjusted to 2.5 cm 2/ml. Cytotoxicity of
samples was examined by the extraction method and the results were evaluated using the MTS test. The extracts of the
samples were collected for 24 hours and incubated in L-929 mouse fibroblast cells (MFCs). The data was analyzed with the
SPSS statistics program. Samples polymerized by H light source were generally cytotoxic than the samples polymerized by
LED light source. Rely X Arc in dual-cure system is the most biocompatible material and Variolink II-LED combination is
the most cytotoxic one. Furthermore, there was no statistically significant difference between the cytotoxicity levels of
composites using H and LED light sources (p>0.05).This study showed that the curing treatment used power density LED
affects biocompatibility positively and nano-structures increase the biocompatibility.
Keywords— Cytotoxicity, dental composites, light curing, dual curing, halogen, LED, light curing units.

I.

INTRODUCTION

Light- and dual-curing composite materials have been used with increasing interest as fillers, luting cements and adhesive
resin cements in restorative dentistry for many years [1-5]. Increasing usage of these composite materials has recently
provided to improvement of new formulations, simplification of bonding procedures and decreasing of aesthetic concern.
Therefore physical properties, clinical performance and polymerization degree of resin composites developed. Halogen (H)
and light-emitting diode (LED) light-curing units are the most widely used light sources to achieve the sufficient
polymerization degree for restorative composites.
Recently, several research teams reported that usage of both composite and light curing unit can influence the cytotoxicity of
the material [1-11]. Influence of light curing on the toxic behaviour of composite materials is the interest issue for dental
restoration [1-5]. The relation between the type of light curing unit and the degree of polymerization of dental composites is
currently being discussed in the literature [1-3]. Recently Siguscha et al. reported on the influence of different light curing
units on the cytotoxicity of various dental composites. They proved that the combination of a high power LCU with various
composites caused the lowest cell toxicity [4]. Goldberg explained that cytotoxicity mechanisms effected by the short-term
release of residue monomers during polymerization and long-term release of soluble substances after polymerization process
[12].
Photopolymerization process uses the light energy to initiate photochemical and chemical reactions in organic molecules and
this energy converses the monomer units to macromoleculer polymeric structure with cross linking interactions. Improved
photopolymerization process decreases amount of the residue monomer [6], increases the optimization of mechanical
properties [7, 8], biocompatibility [9] and color stability [10] of light-activated dental composites. Polymerization of the
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organic matrix molecules of light-curing composites is triggered by excitation of a photo initiator system with light [4].
Success of polymerization depends on thickness of the filler material, wavelength of the excitation light, power density and
irradiation time [4, 11]. Tuning between excitation wavelength and photoinitiator system has a decisive effect on the degree
of polymerization. Sigusch et al. showed that shade of the composite has an influence on its cytotoxicity and
cytotoxicity is also influenced by the light curing unit used. It was observed that composites of the darker shade
had a higher cytotoxicity which varied with the LCU employed [13]. Beriat et al. compared the cytotoxic effects of
various dental composites polymerized with two different curing units and their results exhibited that polymerization of
dental composites with a light emitting diode LCU positively influences L-929 mouse fibroblast cell viability [5]. Long
curing time and low intensity of light units occur less cytotoxicity than short curing exposure using high intensity of light
emitted from the curing light source [14]. Another study investigated p-octyloxy-phenyl-phenyl iodoniumhexafluoroantimonate (OPPI) as a photoinitiator system in combination with camphorquinone/amine (CQ/A) photoinitiation systems for
use with di(meth)acrylate-based composite resins. This study suggested that OPPI can be used to replace amine in a given
CQ/A photoinitiator system to accelerate cure rate, increase conversion, reduce initial color and increase color stability [15].
Biomaterial cytotoxicity tests require standard protocols to obtain international comparability [16]. Moon et al. evaluated the
effect of the various irradiation methods with three light curing units on the leachability of the monomers (Bis-GMA and
UDMA) and surface hardness of composite resins as a function of light energy density. Their results presented that a
composite resin cured with various curing units and irradiation methods exhibited different amount of leached monomers
and hardness values depending on the power density levels of units. These differences disappear when the time or the light
energy density increased [17].
Polymerization reaction is never complete according to the results of in vitro studies and side reactions are due to the release
of nonpolymerized monomers such as TEGDMA, Bis-GMA and UDMA [18, 19]. In the most studies, comonomer
TEGDMA has been identified as the main compound released from polymerized resin composites into aqueous media.
However, small quantities of monomers Bis-GMA and UDMA and other comonomers may also be released. Comonomer
TEGDMA is cytotoxic and inhibits cell growth [18]. Extracts of various resin composites contain substances of
camphoroquinone, benzyl and dimethoxybenzoin as photoinitiators, triphenylphosphan and triphenylstibane as catalysts
[20].
Quality of curing light units influences the clinical performance of light-cured composite restorations [21, 22]. Final
properties of light-activated composite resins depend on characteristics such as resin chemistry, light source power density
and exposure time [23]. Efficiency of H and LED light-curing units in polymerization of resin-based composites has been
evaluated in several studies [1-4, 11, 24]. LED unit provides the lowest depth of cure compared to quartz tungsten H units
[25]. Material composition and shade, restoration thickness, type of light source and energy level influence the degree of
double bond conversion of composite resin. High-power LED light sources have modified to reduce the curing time [21].
Nowadays, four main polymerization type using H units, plasma arc lamps, argon ion lasers and light emitting diodes are
preffered in clinical use [26].
H and LED light sources are widely preferred in clinical applications. Consequently, this study tends to examine and
compares the cytotoxicity behavior of commercial two restorative (light-cured) and three adhesive composites (dual-cured)
polymerized by using H and LED curing units.

II.

MATERIALS AND METHODS

2.1 Materials and Sample Preparation
The present study was focused on the examination of potential toxic influences of various dental composites (Table 1)
currently used in dental practice as a function of two different curing units (H and LED) (Table 2) and the curing methods
(light and dual curing).
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TABLE 1
PROPERTIES OF MATERIALS
Composition
Composites

Filtek
Z250

Class

restorative

restorative
Filtek
Supreme XT

Manufacturer

Curing System
Organic Matrix

Inorganic Phase

3M ESPE (USA)

Bis-GMA
UDMA
Bis-EMA
water

78% (w/w) Zirconia/silica

Light

3M ESPE (USA)

Bis-GMA
UDMA
Bis-EMA
TEGDMA
water

78.5% (w/w)
NanoSilica,
NanoZirconia/Silica
particles

Light

3M ESPE (USA)

Paste A
Bis-GMA
TEGDMA
Paste B
Bis-GMA
TEGDMA

Paste A
68% (w/w) Zirconia/Silica
Paste B
67% (w/w) Zirconia/Silica

Dual

72% (w/w) Zirconia/Silica

Dual

73.4% (w/w)
Barium glass
Itterbiumtrifluoride
Ba-Al-fluorosilicate glass

Dual

Rely X
Arc

adhesive
resin
cement

Rely X
U100

adhesive
resin
cement

3M ESPE (USA)

Fluoroaluminosilikat
glass powder
Phosphoric acid esters
with methacrylate
groups TEGDMA

Variolink II

adhesive
resin
cement

IvoclarVivadent
(Liechtenstein)

Bis-GMA
TEGDMA
UDMA

The cytotoxicity of the sample extracts was investigated in vitro. Commercial Rely X Arc, Rely X U100, Variolink II, Filtek
Supreme XT and Filtek Z250 are among the most preferred composite materials in dental restorative practice. Rely X Arc,
Rely X U100 and Variolink II are in dual curing composite cement group while Filtek Supreme XT and Filtek Z250 are in
light curing restorative composite material group.
For each sample, three tablets [27, 28] with 2 mm of thickness and 4 mm of diameter were prepared in Teflon moulds.
Teflon is preferred due to advantages such as homogeneous sample size and flexible structure as mold material. Rely X Arc
and Rely X U100 paste form (Paste A + Paste B) materials have been directly mixed and put into molds. However, Filtek
Supreme XT, Filtek Z250 and Variolink II were in syringe form tubes and transferred into molds. Samples polymerized by H
light source (Blue Luxcer M-835) and LED (Elipar Free Light 2) (Table 2). After the polymerization process, samples were
removed from the moulds and sterilized under UV light for 15 minutes. Extraction protocol adapted by Sigusch and
coworkers is used to analyze the cytotoxicity of the extracts each sterilized sample. DMEM medium (Dulbecco's Modified
Eagle's Minimal Essential Medium) containing 200 µL of serum was placed in 96 well cell plates and then samples were
added in the wells. They were incubated in an incubator containing 5% CO2 for 48 hours at 37°C. Sample surface
area/solution volume was adjusted to 2.5 cm2/mL according to ISO standards [4, 29].
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TABLE 2
LIGHT-CURING UNITS
Halojen

LED

Model

BlueLuxcer M-835

Elipar Free Ligth 2

Manufacturer

Monitex (Taiwan)

3M ESPE (USA)

Light source power (W)

35

5

Fiber-optic light guide (mm)

8-11.5

8

Power density (mW/cm )

400-600

1000

Period of application (s)

40

40

Emission spectrum (nm)

400-500

430-480

2

2.2 Cell Culture
L-929 mouse fibroblast cells (MFCs) were purchased from American Type Culture Collection (ATCC CLL 1, Rockville,
MD). They were incubated until they reach the logarithmic phase at 37°C under 5% CO2 in minimum media including 2
mML-glutamine, 2.2 g/L sodium bicarbonate, 1 mM sodium pyruvate, %10 fetal bovine serum (FBS). Cells were counted
using the hemocytometer (Brigth-Line) and each well was fed by 10.000 cells. 96 well plates were left in an incubator for 24
hours at 37°C under 5% CO2 in order to ensure cell adhesion. Extraction test was chosen to determine the cell-material
contact due to the fact that cells will not directly interact with the material in in vivo conditions and after contacting with
mucosa and saliva, its components will go through the dentinal tubules causing a relative interaction with pulp cells [30].
2.3 Cytotoxicity of Tablets
After the cell adhesion achieved for 24 hours in 96 well culture plates, growth media was removed and 100 µL test extract
was added in each well. DMEM and 15% DMSO by volume were used as negative and positive control respectively. After
48 hours long incubations [4], cytotoxicity levels were determined by using Cell Titer 96 Aqueous One Solution Cell
Proliferation Assay (MTS) [31].
2.4 MTS Test
In this study, MTS method was used to determine cytotoxicity. After incubating for 2 days with 100 µL of test extract, each
well was filled by 20 µL of Cell Titer 96 Aqueous One Solution Cell Proliferation Assay solution from Promega [29]and 100
µL of the growth media. Three hours later absorbance values were obtained at 490 nm using BIO-TEK ELX800 ELISA
instrument. After obtaining the optical densities, cell viability ratios were calculated using the formula below and the results
were shown in figures.

*OD: Optical Density
2.5 Statistics
Experimental values were analyzed using the SPSS (Statistical Package of Social Sciences) for Windows 15.0 software.
Comparison of the quantitative data were performed using Krukal Wallis and Mann Whitney U tests [28] and the results
were studied within 95% confidence interval and at p<0.05 levels.

III.

RESULTS AND DISCUSSION

3.1 Cytotoxicity Results
The cytotoxicity results of composite samples are provided in Figure 1. According to these results, the biocompatibility of
dual curing systems was higher than the biocompatibility of light curing systems.
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Comparison of H and LED light sources indicated that polymerized samples with LED light source were more
biocompatible. This result attributed to the difference between light intensities (H: 400 mW/cm2, LED: 1000 mW/cm2).
Biocompatibility values of composite samples were ranked below from the lowest to highest based on the use of the materiallight source:
Rely X Arc-LED > Rely X Arc-H > Filtek Supreme XT-LED > Rely X U100-LED > Filtek Z250-LED > Rely X U100-H >
Variolink II-H > Filtek Z250-H > Filtek Supreme XT-H > Variolink II-LED
Polymerized samples using LED light source of Filtek Supreme XT light-cured samples were more biocompatible than Filtek
Z250 samples. It was observed that when using H light source Filtek Z250 is more biocompatible than Filtek Supreme XT.

FIGURE 1- CYTOTOXICITY TEST RESULTS OF COMPOSITE SAMPLES (FZ-H: Filtek Z250-H; FZ-L:
Filtek Z250-LED; FS-H: Filtek Supreme XT-H; FS-L: Filtek Supreme XT-LED; RU-H: Rely X U100-H;
RU-L: Rely X U100-LED; RA-H: Rely X Arc-H; RA-L: Rely X Arc-LED; V-H: Variolink II-H; V-L:
Variolink II-LED).
Cytotoxicity results show that nano-structures increase the biocompatibility. Rely X Arc in dual-cure systems is the most
biocompatible material in composites. Rely X U100 is more biocompatible than Variolink II and Variolink II-LED
combination is the most cytotoxic one.
3.2 SEM Analysis
Wide gaps between cells, cellular remnants and trace cell amount were seen from SEM image of positive (+) control
(DMSO) samples. Cellular remnants were indicated with arrows on images (Figure2a-c). Amount of live cell was too much
and cell morphologies were regular in negative (-) control (DMEM) samples. Significant differences in cell amount and gaps
appeared in SEM images of (+) and (-) control samples. Living cells were indicated with arrows on images (Figure2d-f).
Instead of viability, SEM images of Filtek Z250 composite cured with H light source had cell residues as seen in (+) control
(DMSO) samples.SEM images were similar but viability was much more than Variolink II composite material polymerized
by using LED light source. Also, significant changes in cell morphology were observed.
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FIGURE 2- SCANNING ELECTRON MICROSCOPE
(SEM) IMAGES OF POSITIVE CONTROL (a-c);
NEGATIVE CONTROL (d-f); FILTEK Z250
COMPOSITE-H (g-i); FILTEK Z250 COMPOSITE-LED
(j-l); FILTEK SUPREME XT COMPOSITE-H (m-o);
FILTEK SUPREME XT COMPOSITE-LED (p-r).
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FIGURE 3- SCANNING ELECTRON MICROSCOPE
(SEM) IMAGES OF POSITIVE CONTROL (a-c);
NEGATIVE CONTROL (d-f); RELY X U100
COMPOSITE-H (g-i); RELY X U100 COMPOSITE-LED
(j-l); RELY X ARC COMPOSITE-H (m-o); RELY X
ARC COMPOSITE-LED (p-r); VARIOLINK II
COMPOSITE-H (s-u); VARIOLINK II COMPOSITELED (v-x).

Morphologically changed living cells were marked on images (Figure2g-i). When SEM images of Filtek Z250 composite
samples polymerized by using LED and H light sources were compared, viability of cells used LED light source was higher
and the morphology of cells was more closely as observed in the negative control (DMEM). It was also clearly seen that
compounds left in the cellular environment by disrupted cells. Living cells were indicated with arrows on images (Figure2jl). Gaps between cells and change in cell morphologies were more in composites polymerized by using LED light source.
Number of living cells of composites polymerized by using H light source, was closer to (+) control (DMSO) samples.
Morphologically changed living cells were indicated with arrows on photos (Figure2m-o). Amount of living cells in Filtek
Supreme XT composites cured by LED light source was close to the living cell density observed in Rely X Arc sample
image. Cell morphology was also protected as in (-) control samples that LED light source was used. Living cells were
indicated with arrows on photos (Figure2p-r).
SEM image of positive (+) control (DMSO) samples (Figure3a-c) and negative (-) control (DMEM) samples (Figure3d-f)
were mentioned before in Figure2a-c and Figure2d-f. SEM images of Rely X U100 composites polymerized by using H light
source had less amount of living cell and gaps between cells were wider than observed in LED light source curing
polymerization. These results were indicated with arrows on photos (Figure3g-I and Figure3j-l). Morphological change was
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not observed in Rely X Arc composite-H treated cells and also living cells were indicated with arrows on images (Figure3mo). SEM images of Rely X Arc composite cured with LED light source appeared closer to negative control samples, and
seem more biocompatible than H cured composites (Figure3p-r). Comparison of Variolink II composite and negative control
(DMEM) samples showed that gaps between cells were distinctive and began to increase the use of LED light source
(Figure3s-u). Cells left their place to cell debris in SEM images of Variolink II composite material polymerized with LED
light source as seen in SEM images of positive control (DMSO). In addition to this, smaller size cells were observed when
compared to the negative control. Morphologically changed living cells were indicated with arrows on photos (Figure3v-z).
3.3 Statistic Results
Significant difference was not observed between the statistical senses of the cytotoxic effects of dental composites cured with
different light sources.
Cytotoxicity levels of Rely X Arc, Filtek Supreme XT and Filtek Z250 composites polymerized by using LED light source
were higher than the cytotoxicity levels of Rely X Arc, Filtek Supreme XT and Filtek Z250 composites polymerized by using
H light source. This difference was not statistically significant, but very close to significance (p> 0.05).
There was no statistically significant result between the cytotoxicity levels of Variolink II and Rely X U100 composites
polymerized by using LED light source and H light source (p>0.05).
There was no statistically significant difference between the cytotoxicity levels of composite samples using H light source
(p>0.05). The cytotoxicity levels of composite samples using LED light source had statistically significant difference, but it
was not close to significance result (p>0.05).
The present study investigated the cytotoxicity of currently used composite-LCU combinations. The in vitro studies showed
that the extracts of five commercial dental restorative composites had different toxic effects on the viability of L-929 mouse
fibroblast cells (MFCs), which varied with the LCUs used.
According to cell viability results, the biocompatibility of dual curing systems was higher than light curing systems (Fig.1).
This result was attributed to the depth of polimerization in dual curing system which was more than 2 mm as in light curing
polimerization systems [32]. Inadequate curing of composite was not effective only on the mechanical properties of
composite and also effective on biological features by means of residual monomers. Extracted components from composites
in in vitro testing media increase the cytotoxicity and may have harmful effects on dental pulp and oral mucosa [32, 33].
Both chemical and light curing in dual-cure systems decreases amount of residual monomer and reduces the cytotoxicity.
The power density of the light curing units changes the polymerization rate and the amount of residual monomer [34]. Low
polymer/monomer conversion rate results with more residual monomer release [4, 35]. The polymerized samples with LED
light source were more biocompatible when Hand LED light sources compared. This difference was originated from the
difference between light intensities (H: 400 mW/cm2, LED: 1000 mW/cm2). These findings were compatible with recent
studies [32] about the effect of light source on polimerization rate in light curing systems. Despite the widespread use of H
light sources, they have several disadvantages. The life of H bulbs changes between 40 and 100 hours. The effectiveness of
light source on polymerization is reduced in time depending on the operating performance of light bulb [36]. Furthermore,
these findings cause high rate cross-linking through the fast polymerization [4] and also polymer structure has a strong
release of soluble monomer and increases the cytotoxicity of material. These findings and results of the study are agree with
each other [1, 2, 4, 37, 38]. The samples polymerized by H light unit were generally cytotoxic than the samples polymerized
by LED light source.
Filtek Supreme XT-LED (FS-L) samples were more biocompatible than Filtek Z250 (FZ-L) samples. Oppositely Filtek
Z250-H light source (FZ-H) was more biocompatible than Filtek Supreme XT -H light source (FS-S). They had different
biocompatibility due to the polymer matrix components and the chemical structure of filler particles. While Filtek Supreme
XT contains nano-silica, zirconia/silica particles as filler, Filtek Z250 contains micro-sized (0.6 to 1.4 m) zirconia/silica filler
particles. As a result, the cytotoxicity results presented nanostructures increase the biocompatibility.
Rely X Arc in dual-cure systems was the most biocompatible material in composites. Rely X U100 was more biocompatible
than Variolink II and also Variolink II-LED combination was the most cytotoxic one. A common component of dual-cure
and light-polymerized systems is usually the Bis-GMA, UDMA, TEDGMA and HEMA are the most toxic monomers [39].
Sigusch et al. reported that the amount of released UDMA and Bis-GMA monomers from composites changes depending on
the intensity of the light source [4].
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This study showed that dental composites containing Bis-GMA have low cytotoxicity due to the high ratio of inorganic filler
(60-78% w/w). This result is consistent with another study in literature [40]. In addition to this result, Bis-GMA, Bis-EMA,
UDMA and TEDGMA monomers diffused from partially polymerized resins and they may cause cytotoxic effect [32].
SEM images of positive (+) control (DMSO) samples indicated wide gaps between cells and cellular remnants and negative
(-) control (DMEM) samples showed regular behavior between cells and cell morphologies. Cell amount and differences
between cell gaps in (+) and (-) control samples was significantly appeared in SEM images (Fig.2a-f and Fig.3a-f). SEM
images of Filtek Z250 composite cured with H light source (FZ-H) were similar to (+) control (DMSO) samples. SEM
images were similar but viability was much more than Variolink II composite material polymerized by using LED light
source. Also, significant changes in cell morphology were observed (Fig.2g-i). When SEM images of Filtek Z250 composite
samples polymerized by using LED and H light sources were compared, viability of cells used LED light source was higher
and the morphology of cells was more closely as observed in the negative control (DMEM). It was also clearly seen that
compounds left in the cellular environment by disrupted cells (Fig.2j-l).
SEM images of Filtek Supreme XT composites polymerized using H or LED light sources (FS-H and FS-L) exhibited
significant differences. Composites polymerized by using LED light source had more gaps between cells and changes in cell
morphologies when compared with H light source, is closer to (+) control (DMSO) samples (Fig.2m-o). Filtek Supreme XT
composites cured by LED light source (FS-L) had similar living cell density when compared with Rely X Arc sample image
(R-L). Cell morphology was also protected such as (-) control samples that LED light source was used (Fig.2p-r).
SEM images of Rely X U100 composites polymerized by using H light source (R-H) had less amount of living cell and gaps
between cells were wider than observed in LED light source (R-L) curing polymerization (Fig.3g-I and Fig.3j-l). Rely X Arc
composite-H (R-H) treated cells showed morphological change (Fig.3m-o). SEM images of Rely X Arc composite cured
with LED light source (R-L) appear closer to negative control samples and seem more biocompatible than H cured
composites (Fig.3p-r). Comparison of Variolink II composite and negative control (DMEM) samples showed that gaps
between cells were distinctive and began to increase with use of LED light source (Figure3s-u). SEM images of Variolink II
composite material polymerized with LED light source included cell debris as seen in SEM images of positive control
(DMSO). In addition to this, smaller size cells were observed when compared to the negative control (Fig.3v-z).
Significant difference was not observed between the statistical senses of the cytotoxic effects of dental composites cured with
different light sources.
Cytotoxicity levels of Rely X Arc, Filtek Supreme XT and Filtek Z250 composites polymerized by using LED light source
were higher than the cytotoxicity levels of Rely X Arc, Filtek Supreme XT and Filtek Z250 composites polymerized by using
H light source. This difference was not statistically significant, but very close to significance (p> 0.05). There was no
statistically significant result between the cytotoxicity levels of Variolink II and Rely X U100 composites polymerized by
using LED light source and H light source (p>0.05). There was no statistically significant difference between the cytotoxicity
levels of composite samples using H light source (p>0.05). The cytotoxicity levels of composite samples using LED light
source had statistically significant difference but it was not close to significance result (p>0.05).

IV.

CONCLUSION

In general all materials used in experimental studies decreased the biocompatibility in certain amounts. Cytotoxicity test
results of composite samples indicated that biocompatibility of dual cure system was higher than light curing system. When
H and LED light sources effects on in vitro biocompatibility compared, less cytotoxicity was observed in the samples
polymerized with the LED light source. The most biocompatible material-curing method combination was Rely X Arc
polymerized by LED curing unit in all composites.
According to composite types of materials using H and LED light sources, no significant statistical difference was found
between the levels of cytotoxicity (p>0.05).
One of the most important features of restorative materials used in dental practice is biocompatibility. In vitro
biocompatibility study results showed chemical structure of material, degree of polymerization, residual monomer amount in
the structure, clinical setting conditions (temperature, humidity, etc.) and properties of the curing method (light source type,
curing type etc.) stimulate the cytotoxicity formation.
These results revealed the necessity of determination of residual monomer amount and effects on in vitro biocompatibility. In
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conclusion, it was well understood that in vivo experiments should be done beside in vitro studies to achieve the closest data
as in clinical practice. We were able to prove that the combination of a high power LCU with various composites caused the
lowest cell toxicity.

ACKNOWLEDGEMENTS
The authors are deeply grateful to Prof. Dr. Fikrettin Şahin (Head of Genetics and Bioengineering Department, Yeditepe
University) for his cooperation in performing the cytotoxicity experiments.

REFERENCES
[1] Sigusch BW, Pflaum T, Volpel A, Schinkel M, Jandt KD. The influence of various light curing units on the cytotoxicity of dental
adhesives. Dent Mater. 2009;25: 1446-52.
[2] Bala O, Olmez A, Kalayci S. Effect of LED and halogen light curing on polymerization of resin-based composites. J Oral Rehabil.
2005;32: 134-40.
[3] Ozturk AN, Usumez A, Ozturk B, Usumez S. Influence of different light sources on microleakage of class V composite resin
restorations. J Oral Rehabil. 2004;31: 500-4.
[4] Sigusch BW, Volpel A, Braun I, Uhl A, Jandt KD. Influence of different light curing units on the cytotoxicity of various dental
composites. Dent Mater. 2007;23: 1342-8.
[5] Beriat NC, Ertan AA, Canay S, Gurpinar A, Onur MA. Effect of different polymerization methods on the cytotoxicity of dental
composites. European journal of dentistry. 2010;4: 287.
[6] Franz A, Koniq F, Lucas T, Watts DC, Schedle A. Cytotoxic effects of dental bonding substances as a function of degree of
conversion. Dent Mater. 2009;25: 232-9.
[7] Ferracane JL, Greener EH. The effect of resin formulation on the degree of conversion and mechanical-properties of dental restorative
resins. J Biomed Mater Res. 1986;20: 121-31.
[8] Ferracane JL, Mitchem JC, Condon JR, Todd R. Wear and marginal breakdown of composites with various degrees of cure. Journal
of Dental Research. 1997;76: 1508-16.
[9] Wataha JC, Hanks CT, Strawn SE, Fat JC. Cytotoxicity of components of resins and other dental restorative materials. J Oral Rehabil.
1994;21: 453-62.
[10] Imazato S, Tarumi H, Kobayashi K, Hiraguri H, Oda K, Tsuchitani Y. Relationship between the degree of conversion and internal
discoloration of light-activated composite. Dental materials journal. 1995;14: 23.
[11] Lindberg A, Peutzfeldt A, van Dijken JW. Curing depths of a universal hybrid and a flowable resin composite cured with quartz
tungsten halogen and light-emitting diode units. Acta Odontol Scand. 2004;62: 97-101.
[12] Goldberg M. In vitro and in vivo studies on the toxicity of dental resin components: a review. Clin Oral Invest. 2008;12: 1-8.
[13] Sigusch BW, Pflaum T, Volpel A, Gretsch K, Hoy S, Watts DC, et al. Resin-composite cytotoxicity varies with shade and irradiance.
Dent Mater. 2012;28: 312-9.
[14] Knezevic A, Zeljezic D, Kopjar N, Tarle Z. Cytotoxicity of composite materials polymerized with LED curing units. Oper Dent.
2008;33: 23-30.
[15] Shin DH, Rawls HR. Degree of conversion and color stability of the light curing resin with new photoinitiator systems. Dent Mater.
2009;25: 1030-8.
[16] Franz A, Konig F, Skolka A, Sperr W, Bauer P, Lucas T, et al. Cytotoxicity of resin composites as a function of interface area. Dent
Mater. 2007;23: 1438-46.
[17] Moon HJ, Lee YK, Lim BS, Kim CW. Effects of various light curing methods on the leachability of uncured substances and hardness
of a composite resin. J Oral Rehabil. 2004;31: 258-64.
[18] Geurtsen W. Substances released from dental resin composites and glass ionomer cements. Eur J Oral Sci. 1998;106: 687-95.
[19] Englemann J, Leyhausen G, Leibfritz D, Geurtsen W. Metabolic effects of dental resin components in vitro detected by NMR
spectroscopy. Journal of Dental Research. 2001;80: 869-75.
[20] Heil J, Reifferscheid G, Waldmann P, Leyhausen G, Geurtsen W. Genotoxicity of dental materials. Mutat Res-Genet Tox. 1996;368:
181-94.
[21] Mousavinasab SM, Meyers I. Curing efficacy of light emitting diodes of dental curing units. Journal of Dental Research, Dental
Clinics, Dental Prospects. 2009;3: 11-6.
[22] Meniga A, Tarle Z, Ristic M, Sutalo J, Pichler G. Pulsed blue laser curing of hybrid composite resins. Biomaterials. 1997;18: 134954.
[23] Rueggeberg F, Caughman W, Curtis Jr J, Davis H. Factors affecting cure at depths within light-activated resin composites. Am J Dent.
1993;6: 91.
[24] Bala O, Uctasli MB, Tuz MA. Barcoll hardness of different resin-based composites cured by halogen or light emitting diode (LED).
Oper Dent. 2005;30: 69-74.
[25] Obici AC, Sinhoreti MA, Correr Sobrinho L, de Goes MF, Consani S. Evaluation of depth of cure and Knoop hardness in a dental
composite photo-activated using different methods. Braz Dent J. 2004;15: 199-203.
[26] Kramer N, Lohbauer U, Garcia-Godoy F, Frankenberger R. Light curing of resin-based composites in the LED era. Am J Dent.
2008;21: 135-42.
[27] Aranha AMF, Giro EMA, Souza PPC, Hebling J, Costa CADS. Effect of curing regime on the cytotoxicity of resin-modified glassionomer lining cements applied to an odontoblast-cell line. Dent Mater. 2006;22: 864-9.
[28] Costa CAD, Hebling J, Garcia-Godoy F, Hanks CT. In vitro cytotoxicity of five glass-ionomer cements. Biomaterials. 2003;24: 38538.

Page | 125

International Journal of Engineering Research & Science (IJOER)

ISSN: [2395-6992]

[Vol-2, Issue-4 April- 2016]

[29] Protocol AG. CellTiter 96® AQueous One Solution Cell Proliferation Assay. Promega, USA. 2001.
[30] http://www.genscript.com/product_001/chemical/code/C01672/category/chemical/WST-1.html.
[31] Karaul A. Dental restoratif malzemelerin sitotoksisitesine işik kaynağinin ve hidroksiapatit ilavesinin etkilerinin incelenmesi.
Bioengineering Department. İstanbul: Yildiz Technical University 2008.
[32] Annunziata M, Aversa R, Apicella A, Annunziata A, Apicella D, Buonaiuto C, et al. In vitro biological response to a light-cured
composite when used for cementation of composite inlays. Dent Mater. 2006;22: 1081-5.
[33] Rueggeberg F, Caughman W, Curtis Jr J. Effect of light intensity and exposure duration on cure of resin composite. Oper Dent.
1994;19: 26.
[34] Yap A, Seneviratne C. Influence of light energy density on effectiveness of composite cure. Oper Dent. 2001;26: 460.
[35] Caughman WF, Caughman GB, Shiflett RA, Rueggeberg F, Schuster GS. Correlation of Cytotoxicity, Filler Loading and Curing
Time of Dental Composites. Biomaterials. 1991;12: 737-40.
[36] Çekiç I, Ergün, G. Diş hekimliğinde kullanılan görünür ışık kaynakları. Gazi Üniversitesi Diş hekimliği Fakültesi Dergisi. 2007;24
131- 6.
[37] Schmid-Schwap M, Franz A, Konig F, Bristela M, Lucas T, Piehslinger E, et al. Cytotoxicity of four categories of dental cements.
Dent Mater. 2009;25: 360-8.
[38] Emami N, Soderholm KJM, Berglund LA. Effect of light power density variations on bulk curing properties of dental composites. J
Dent. 2003;31: 189-96.
[39] Thonemann B, Schmalz G, Hiller KA, Schweikl H. Responses of L929 mouse fibroblasts, primary and immortalized bovine dental
papilla-derived cell lines to dental resin components. Dent Mater. 2002;18: 318-23.
[40] Wataha JC, Lockwood PE, Bouillaguet S, Noda M. In vitro biological response to core and flowable dental restorative materials. Dent
Mater. 2003;19: 25-31.

Page | 126

