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ABSTRACT
A study was conducted to evaluate the amount of release of monomers from Methacrylate based
Nano-Composites at different Electron beam radiation dosages and different storage times.Two dental Nano
composite materials were used.After curing the samples for 20 seconds,they were divided into four groups
(n=3) of each material for each irradiation dosage of 1kGy,3kGy,5kGy.After irradiating,they were immediately
immersed in 2ml of absolute alcohol.The samples were stored at room temperature and the storage medium
was renewed after 24 hours and again stored for 7 more days.Ethanol samples were measured using High
Performance Liquid Chromatography Unit to know the amount of monomers released.The results were
statistically analyzed using Kruskal Walli’s test,Wilcoxon signed Rank test,Mannwhitney test.Regardless of the
dose of Electron Beam Radiation,the material or storage time,a higher amount of BisGMA was released
compared to TEGDMA.After 24 hours leaching of monomers was maximum in non-irradiated samples and
minimum in samples irradiated at dose of 3kGy.Among irradiated samples, maximum leaching of monomers
was seen in samples irradiated at 5kGy followed by 1kGy,except in case of BisGMA monomers from restorative
nano-composites.After 1 week there was decrease in leaching of monomers,except in case of TEGDMA
monomers from restorative nano-composites where an increase in leaching was seen.
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INTRODUCTION
Composites are widely used in dentistry, owing to their esthetics which has led to an
increase in their demand over the last few years. Nanocomposites are composites that have
nanoparticle fillers of sizes ≤ 100nm. [1] Nanocomposites have enhanced esthetics along
with better wear resistance and fracture toughness. [2] They also can be easily polished and
they adhere to the tooth structure. [3]
The resin matrices mainly consist of different methacrylate monomers like BisPhenol-A-Glycidyl-dimethacrylate (BisGMA) and Urethane Dimethacrylate (UDMA) along
with other monomers of lesser viscosity, consisting of Triethyleneglycol Dimethacrylate
(TEGDMA), Tetraethyleneglycol Dimethacrylate (TEEGDMA), Neopen and others.
Although composites are stable materials there exists a concern regarding their
effect on human health and their toxicity. Components (residual monomers, oligomers, and
degradation products) may be released from the resin matrix of the composite materials in
the oral environment. Elution is thought to be occurring by the diffusion of the resin matrix
or by its degradation or erosion over a period of time. [4, 5] The unpolymerized monomers
can be released from dental composites directly into the oral cavity, [6, 7] or into the pulp
by means of dentinal microchannels. [8, 9]
Leaching of monomers raises concerns regarding its biocompatibility and causes
cytotoxic reactions in the human gingival fibroblast and may even lead to cell death. [5, 10,
11] The leached monomers after dilution by the saliva can enter the intestine. [12] The
monomers have shown to induce mutagenic/ carcinogenic effect in cells including those of
oral cavity. [10, 13] In mammalian cells they also cause an increase in the reactive oxygen
species (ROS) leading to apoptosis and oxidative DNA damages. [10, 14]
The leaching of the monomers is affected by the size of the molecules. Smaller
molecules are believed to have higher mobility and thus may be eluted faster than the large
molecules. [5] Studies have shown the degree of conversion of monomer-polymer
conversion has been between 35-77%. [15- 20]
Incomplete polymerization of the composite resin adversely affects the
biocompatibility and mechanical properties of the composites. [21-27]
Electron beam irradiation is a modern method to improve the properties of
polymers. It has shown significant improvement in the mechanical the properties of
composites. [43] Electron beam irradiation or e-beam irradiation is basically a form of
ionizing energy. It uses a beam, a concentrated highly charged stream of electron, produced
by acceleration and conversion of electricity. The beams may be either pulsed or
continuous. [42]
In polymers, an electron beam leads to chain scission and cross linking. Chain
scission leads to the shortening of the polymer chain, the C-C bond splits and the polymer
structure may be broken. [27] Chain linkage can be initiated at several distinct points. When
an electron beam hits a polymer, it will interact with its atoms and lead to formation of
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backscattered electrons, secondary electrons and x-rays, visible light. Hence polymers may
be arranged in a new arrangement and become cross linked. [28]
Hence we conducted this study to evaluate the amount of monomers leached from
nanocomposites over different storage intervals using High Performance Liquid
Chromatography (HPLC) equipment before and after irradiation by the electron beam
accelerator.
MATERIALS AND METHODS
Two Nano - Composite materials Filtek Z350 XT Restorative (3M ESPE, USA) and
Filtek Z350 XT Flowable (3M ESPE, USA) were used for the study. Their composition and
manufacturers are given in Table 1.
Table 1: Composition and Manufacturers of Filtek Z350 XT Restorative and Filtek Z350 XT Flowable Nano Composite Materials
MATERIALS USED

COMPOSITION

MANUFACTURER

Monomers: BisGMA, UDMA, TEGDMA, BisEMA.
Filtek Z350XT Restorative

Fillers: aggregated zirconia (0.6-1.4µm) and SiO2(20nm)
78.5/59.5% m/v.

3M ESPE, USA

Monomers:BisGMA, TEGDMA, BisEMA, dimethacrylate
polymer.
Filtek Z350 XT Flowable
Fillers: zirconia (5-10nm) nanofiller and Silica(75nm)
65/55% m/v.

3M ESPE, USA

Preparation of composite samples
Samples were polymerized using composite Quartz Tungsten Halogen curing unit
(QHL 75 curing light, Dentsply Caulk, Milford, CT, USA) for 20 seconds. Samples were
standardized using a Teflon mould of dimension 2x2x2 mm. The mould was positioned on a
transparent plastic matrix strip lying on a glass plate and was filled with composite material.
After inserting the material into the mould a transparent plastic matrix strip was placed on
top of them to avoid oxygen-inhibited superficial layer.
Standardization of Dose
The doses of Electron Beam Irradiation to be used were standardized using an 8 MeV
Microtron at Microtron Centre, Mangalore University, Mangalore, India. Since there is no
literature on radiation dose for nano-composites, standardization of dose was a prerequisite
for the present study. Samples were irradiated starting at 200Gy 400Gy and 600Gy initially
which all gave totally negative results in handling properties. At 1kGy, 3kGy, 5kGy handling
properties were similar to the normal nano-Composites which are used in the present study.
Hence, 1kGy, 3kGy and 5kGy were used as standard doses for irradiation in the present
study.
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Groups
After curing, the specimens were irradiated with Electron Beam Irradiation and
divided into two groups-irradiated (n=18) and non-irradiated groups (n=6). The irradiated
groups were further divided into three subgroups based on the radiation dose -1kGy, 3kGy
and 5kGy (n=6 in each).
After irradiation samples were immediately immersed in 2 ml of absolute alcohol
(Ethyl alcohol [99.9% v/v min], Hayman Limited, Eastways Park, Witham, Essex, CM83YE,
England.). The samples were stored at room temperature and the storage medium was
renewed after 24 hours and again stored for 7 more days. After 7 days the composite blocks
were removed from the storage medium (absolute alcohol) and samples were prepared for
measurements.
Evaluation of Samples
The samples were measured using High Performance Liquid Chromatography
(SHIMADZU, Model SPD 20A, Shimadzu Corporation, Kyoto, Japan.). A reverse phase High
Performance Liquid Chromatography unit was used to detect the release of monomers. The
separation of monomers took place with a CC 125/4 Nucleodur 100-5 C18ec HPLC-Column.
The mobile phase was acetonitrile/water (75/25% v/v) at a flow rate of 1 mL/min and
detection was performed at a wavelength of 254 nm for 30 minutes. For the analysis of
extracted residual monomers a reference standards of TEGDMA (CAS No. 494356, Sigma
Aldrich Chemical Co., USA) and BisGMA (CAS No. 261548, Sigma Aldrich Chemical Co., USA)
were purchased and stoke solutions were prepared by appropriate quantitative dilution. 20
μl from the solution was injected into HPLC system and standard chromatograms were
obtained for both the monomers individually. Results were tabulated under each group and
were statistically analyzed using KruskalWalli’s test, Wilcoxon signed Rank test,
Mannwhitney test.
RESULTS AND DISCUSSION
In present study, effect of different doses of Electron Beam Radiation on leaching of
BisGMA and TEGDMA monomers from Filtek Z350XT Restorative and Filtek Z350XT Flowable
dental nano - composites were evaluated and compared with the non – irradiated samples
of the same materials.
Electron beam irradiation (a high-energy dose irradiation) is a modern method to
improve the properties of dental composites. It has shown to increase the links between
polymer chains. [27]
Two types of irradiation-initiated reaction can be defined as chain linkage and chain
breakage. [29, 30]
During a chemical reaction, radicals, which bring about chain linkage, are initiated
from several points. It has shown that irradiation initiates the radical build-up of all
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components of a polymer. The entire polymer may simultaneously be newly arranged and
cross-linked when irradiated. [28]
In contrast, chain breakage can also occur. This phenomenon happens when high
energy dose is used. During this phenomenon, the C–C bonds split off and the polymeric
structure is broken down. [27]
In present study TEGDMA and BisGMA were identified by their retention times in
HPLC. This is a standard method used for the determining the elution of monomers from
dental composites.
Mean difference of BisGMA was more than TEGDMA release from both Filtek Z350XT
Restorative and Filtek Z350XT Flowable nano-composite, suggesting more release of
BisGMA before and after Electron Beam irradiation. This finding is an agreement with the
findings of Olga Polydorou et al. and Komurcuoglu et al. who have shown more release of
BisGMA than TEGDMA in their studies. This could be because in present study 100% ethanol
was used as a solvent for immersing the samples. To simulate clinical scenario Ferracane
and Condon used ethanol as solvent to rapidly immerse the samples. Ethanol has shown
maximum ability to extract unreacted monomers. Ethanol solution has the solubility
parameter that is similar to BisGMA. [7, 31, 32, 35] Ethanol has the ability to penetrate and
swell the polymer chains which can lead to release of residual monomers from the set
composites. [17, 33, 34]
At the end of 24 hours, leaching of monomers was maximum from non-irradiated
samples and minimum from samples irradiated at a dose of 3kGy, however the difference
was not statistically significant. [Fig 1, 2] This could be because of the initiation of the chain
linkage reaction at the dose of 3kGy. Among the irradiated samples maximum leaching of
monomers was seen from the samples irradiated at 5kGy, followed by samples irradiated at
1kGy. [Fig 1, 2] We hypothesize that this could be because at 5kGy there may be chain
breakage reaction occurring in the polymer of both nano-composites and the dose of 1kGy
might be insufficient to initiate any of chemical reaction among the molecules of polymer.
[36] Charlesby in 1953 stated that “the degree of cross-linking produced in these polymers is
proportional to the radiation dose over a wide range of values, so that it is possible to
prepare polymers of any required degree of crosslinking without the introduction of foreign
atoms or heat treatment”. However, Schlitz et al. showed that for low dose radiation, it
does not agree with the experimental results. On further research, it showed that crosslinking of polymers with radiation does not follow an easy dose–reaction relationship. [37,
38] But in case of restorative nano-composites leaching of BisGMA monomers decreased
with the increase in the radiation dose, however it was not statistically significant. [Fig 2]
This might be due to differences in chemical properties and reactive potentials of BisGMA
and TEGDMA monomers to the electron beam radiation. [7] It is also dependent on the
structure of the polymer, functional groups during the investigation and on the irradiation
parameters like dose rate or acceleration of the electrons. [39]
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Figure 1: Line graph showing the release of TEGDMA monomers from Restorative and Flowable Nanocomposites after 24 hours
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Figure 2: Line graph showing the release of BisGMA from the Restorative and Flowable Nano-composites
after 24 hours.
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After 1 week of storage time, there was decrease in leaching of monomers from
both nano-composites as compared to the amount of monomers leached at the end of 24
hour.This is in accordance with the study by Nathensen et al and Komurcuoglu et al who has
shown that maximum release of monomers is seen within 24 hours and then it is reduced,
[35, 40] but in case of restorative nano-composites there was increase in leaching of
TEGDMA Monomers, however it was statistically not significant. [Table 2] This could be
because time required for the release of TEGDMA monomers from the inner layers of nanocomposites is more, due to high degree of cross linking at the surface of nano-composites.
[41]
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Table 2: Comparison of Leaching Of Monomers from Irradiated and Non-irradiated Samples after 24 Hours
and 7 Days
TEGDMA

RESTORATIVE

AREA % - 24 HOURS

AREA %-7 DAYS

FLOWABLE

AREA % - 24 HOURS

AREA %-7 DAYS

BisGMA

RESTORATIVE

AREA % - 24 HOURS

AREA %-7 DAYS

FLOWABLE

AREA % - 24 HOURS

AREA %-7 DAYS

1KgY
3KgY
5KgY
Control
1KgY
3KgY
5KgY
Control
1KgY
3KgY
5KgY
Control
1KgY
3KgY
5KgY
Control
1KgY
3KgY
5KgY
Control
1KgY
3KgY
5KgY
Control
1KgY
3KgY
5KgY
Control
1KgY
3KgY
5KgY
Control

2.475
2.386
2.504
2.996
3.444
2.773
4.707
5.609
7.447
3.174
11.896
20.406
4.197
2.069
4.932
6.44
40.086
39.254
29.830
43.503
19.734
18.080
17.990
20.26
12.498
6.980
15.078
17.266
4.533
2.983
11.933
12.902

1.240
0.912
1.272
0.726
2.711
2.253
3.103
4.504
5.451
2.980
11.853
12.920
4.551
2.572
5.074
6.068
7.268
9.255
14.008
3.495
12.958
17.044
11.227
15.289
6.106
5.527
7.466
5.692
5.031
4.345
6.713
14.234

.423
NS

.863
NS

.292
NS

.826
NS

.589
NS

.972
NS

.204
NS

.287
NS

CONCLUSION
The present study was done to evaluate the amount of release of BisGMA and
TEGDMA monomers from two Methacrylate based nano-composite materials, for different
radiation dosages and different storage periods.
The following conclusions were drawn:

There was significant reduction in the leaching of monomers from nano-composites
after being irradiated by electron beam radiation.

Among the irradiated samples, there is minimum leaching of monomers from
samples irradiated at 3kGy.
Only few studies could be found in dentistry supporting that electron beam
irradiation is able to enhance the mechanical properties. Further research should be
performed with different doses of electron beam irradiation on different dental composite
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materials, in order to notice reduction in the leaching of monomers from composites which
in turn can be used as indirect restorations in the oral cavity.
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