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ABSTRACT

Composite resins are used in Dentistry to perform direct aesthetic restorations, and are a material whose
properties can be influenced by the diet of the individual, especially in the face of the action of beverages
with acid pH, such as energy drinks. The aim of this in vitro study was to evaluate the effect of two energy
beverages on the chemical composition of a nanoparticulate composite resin, at two-time intervals. Filtek
Z350XT (3M/ESPE) composite resin was used to produce thirty-six specimens (discs) of 6.0mm x 1.5mm
dimensions. The specimens were initially immersed in distilled water for 24h at 37°C and then randomly
divided into two groups (n=18); according to the immersion time: 1 month (T1) and 3 months (T2); and in
three subgroups (n=6) referring to immersion solutions: distilled water (control) and two energy beverages
(RedBull and Monster). The inorganic composition of the specimens was measured by a spectrometry. The
data were submitted to two-way ANOVA and Tukey tests. The main inorganic elements of this restorative
material were respectively: zirconium (Zr), silicon (Si) and calcium (Ca), which reduced its percentage after
immersion time. RedBull was the most active solution, promoting losses of the mineral Si after 1 month of
immersion, of Zr, after 3 months, and of Ca after 1 month and after 3 months. Monster influenced losses
only in Si, after 1 month. Distilled water did not induce significant losses. Thus, the two energy beverages
reduced the inorganic percentage of the nanoparticulate composite resin evaluated in this research.

© 2020 Danielson Guedes Pontes. Hosting by Science Repository.

Introduction

of water sorption and, therefore, acidic drinks can impair the surface
integrity of the composite resins, aesthetically and physically, tending to

The aesthetics of the smile plays an important role in society, with a
composite resin being a widely used dental material for this application,
with indication for both anterior and posterior teeth. Its physical and
chemical properties are closely related to the quantity and size of their
filler components. The higher this percentage, the greater the mechanical
strength, microhardness and modulus of elasticity and less contraction
of polymerization [1]. However, although manufacturers improve the
composition of composite resins, the chemical environment is still an
aspect with appreciable influence on the degradation of this material [2].
The hydrophilic characteristics of the resin matrix influence the degree

cause erosion on the surface of material, and this degradation is related
to the content and distribution of inorganic fillers [2, 3]. Energy drinks
are widely consumed, mainly by athletes, to promote well-being and
better physical performance, due to the presence of components such as
coffee, taurine and glucuronolactone [4-6]. However, the presence of
citric acid, high sugar content and low pH of its composition are harmful
to teeth and restorations, if consumed routinely [6, 7].

It is relevant to evaluate the effect of acidic beverages, such as energy
drinks, on properties of composite resins, such as microhardness, as this,
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when modified, has consequences such as: lower mechanical resistance,
increased roughness, biofilm accumulation, surface degradation and
marginal infiltration, which also supports the importance of studies
evaluating the acid challenge in the resin load, as it is directly associated
with mechanical properties [4, 6-11]. The aim of this study was to
evaluate whether the inorganic content of a nanoparticulate composite
resin solubilizes in the face of the acid challenge of two similar pH
energy drinks, at different immersion times.

Materials and Methods

An in vitro experimental study was carried out in the city of Manaus, at
the Dental Research Laboratory of the State University of Amazonas and
data collection at the Research Laboratory of the Crowfoot Group on X-
Ray Methods at the Superior School of Technology. Thirty-six
specimens (discs) of a nanoparticulate composite resin Filtek Z350XT
(3M/ESPE; California, EUA), shade A3E, were produced with 6.0 mm
(diameter) x 1.5 mm (high) using a incremental technique into the silicon
matrix guide. Before the last increment photo-activation, a polyester
strip was placed on the material, and a glass slide was pressed, to obtain

Table 1: Composition and manufacturers of tested solutions.

a flat and homogenous surface (Figure 1). All increments were light-
cured using a polymerization unit (Radii Call; SDI - Sidney, Australia),
with light intensity of 1.200 mW/cm? for 20 seconds. The inorganic
composition of the specimens was evaluated using the X-ray
fluorescence by wave dispersion equipment (WD-XRF, Rigaku, model
Supermini, palladium tube) with exposure time of 200 s and 200 W of
power. Three different solutions were employed in the present study:
distilled water (control), and two energy drinks (Red Bull™ and
Monster™), whose ingredients are present in (Table 1).

Figure 1: Specimen of the nanoparticulate composite resin Filtek Z350
A3E, brand 3M ESPE.

SOLUTION COMPOSITION MANUFACTURER
Carbonated water, sucrose, glucose, citric acid, natural flavors, 0,4% taurine, sodium Monster Beverage Corporation, Corona,
citrate, color added, 0.08% panax ginseng root extract, 0.04% L-carnitine L-tartarate, California;
Monster 0,03% caffeine, sorbic acid, benzoic acid, niacinamide, sodium chloride, Glycine max pH=3.37

glucuronolactone, inositol, 0,002% guarana seed extract, pyridoxine hydrochloride,

sucralose, riboflavin, maltodextrin, and cyanocobalamin.

Water, sucrose, glucose, acidity regulators (sodium citrates, magnesium carbonate), Red Bull GmbH, Am Brunnen, Austria;
Redbull carbon dioxide, acidifier citric acid, 0.4% taurine, 0.03% caffeine, inositol, vitamins pH=3.54

(niacin, pantothenic acid, B6, B12), flavoring, colors (caramel, riboflavin).

Distilled water

Chemically pure, free from soluble, clear, colourless and odourless

ASFER, S&o Paulo, Brasil; pH=7.0

Filtek Z350 XT UDMA, TEGDMA, BisEMA, particle size: 5-20 nm, Zirconia/nanosilica.

3M ESPE, St. Paul, MN, USA

Figure 2: Identification of the sample groups, Al being the first sample,
followed by the identification of the solution and its corresponding
immersion cycle.

The chemical analysis was performed after all the specimens have been
immersed in distilled water and kept at 37 °C for 24 h (T0-baseline), to
allow the composite resin expansion of after water sorption, a
characteristic behavior of this material [10]. Then, the specimens were
divided into two groups (n=18) according immersion time in test
solutions: one month (T1) and three months (T2). Afterwards, each
group was divided again into three sub-groups (n=6) according to the
type of solution: distilled water; RedBull and Monster. Further analysis
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of the chemical content was conducted at T1 and T2 (Figure 2). The
immersion cycles consisted of 24 hours, at a temperature of 37 °C, daily
immersion with weekly new solutions changes.

e

Figure 3: A) Accommodation of the condensation silicone matrices,
identified and containing the specimen, in the spectrometer equipment
sample holder. B) Specimens positioned in the equipment.

Volume 3(3): 2-5



Effect of Energy Drinks on the Inorganic Composition of a Composite Resin Material

For chemical quantification after immersion, the specimens were
carefully dried with absorbent paper, adapted to the condensation
silicone matrices and inserted in the equipment (Figure 3). The data
obtained were released to the Spectrometer Status program [12]. This
chemical analysis method has already been used in other investigations
[13]. For the study, two independent variables were used: immersion
solution (distilled water, Red Bull, Monster) and immersion time (1
month and 3 months). The two-factor parametric test (bidirectional
ANOVA) for repeated measures was used to assess the influence of time
(factor 1, with 2 levels) and immersion solution (factor 2, with 3 levels)
on the values of the inorganic concentration present in the 3 main
chemical elements found: silicon (Si), zirconium (Zr) and calcium (Ca).
The Tukey test was used to identify differences between the media (oc =
0.05).

Results

The spectrometer identified all the inorganic components present in the
samples of the Filtek Z350XT nanoparticulate composite resin, in mg /
cm2. The chemical elements found were magnesium, aluminum, silicon,
potassium, calcium, iron, zinc and zirconium. In this work, those with
the highest percentage were considered: silicon, zirconium and calcium.
The mean and standard deviation of the data are contained in (Table 2).
The two-way factor analysis of variance (ANOVA) and the Tukey’s test
were performed to analyze the significance of the factors (time and
solution) in the concentration of each element. The Tukey test was
performed to analyze the averages between immersion times after 1
month and 3 months in the different solutions (Table 3), and the p values
can be seen in (Table 4), which shows the statistical interaction between
the solutions at different immersion times for each chemical element.
According to statistics, the amount of charge found for the element
Silicon, in samples immersed in distilled water, was statistically higher
compared to Red Bull (p=0.003) and Monster (p=0.03) in the time of 1
month, which indicates there was a loss of this mineral in the samples
immersed in energy drinks when compared to the distilled water control
solution, with no differences between the different solutions after 3
months.

Table 2: The mean (M) and standard deviation (SD) of the
concentrations (in mg / cm?) of the chemical elements as to the solution
factor compared to the immersion time factor.

Chemical Solution T T2
element M SD M SD
Silicon Distilled water | 0,3632 | 0,032085 | 0,3339 |0,046274
Redbull 0,2850 | 0,04624 | 0,3258 |0,014742

Monster 0,3114 | 0,016795 | 0,3296 | 0,03402
Zirconium | Distilled water | 0,8570 | 0,037489 | 0,9671 |0,117383
Redbull 0,8734 | 0,077916 | 0,7989 |0,053882
Monster 0,8485 | 0,04071 | 0,8884 |0,058173
Calcium Distilled water | 0,2073 | 0,009312 | 0,2164 (0,014931
Redbull 0,1848 [ 0,019613 | 0,1899 | 0,00974
Monster 0,1963 | 0,011584 | 0,2014 | 0,01034

For the Zirconium element, there was no difference in the amount of
charge over the 1 month time between the solutions; however, after 3
months, in the Red Bull energy drink, it was found in a significantly
lower amount compared to distilled water (p = 0.0006). There were no
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significant changes in this element in the samples immersed in Monster,
both between the times and in relation to the other solutions. The calcium
concentration found in the Red Bull energy drink was statistically lower
in T1 (p = 0.01) and especially in T2 (p = 0.003), when compared to the
control solution. No statistical changes for this element in the samples
immersed in Red Bull. From the time Tt to T?, the statistical changes
found were related to Si in the Red Bull energy drink (p = 0.05), as
shown in (Table 4).

Table 3: Statistical differences represented by the Tukey / two way
ANOVA test between the factors of time and immersion solution for
each element.
Silicon Zirconium Calcium
Solution | T1 | T2 | Solugdo | T1 | T2 | Solugdo | T1 | T2
Water | Aa | Aa Agua Aa | Ab Agua Aa | Aa
Redbull | Bb | Aa | Redbull | Aa | Ba | Redbull | Ba | Ba
Monster | Ba | Aa | Monster | Aa |Aba| Monster | Aba |Aba

*Different lowercase letters in the line and different uppercase letters in
the column mean statistical difference by the two way ANOVA / Tukey
test.

Table 4: p values for the interaction between solutions and times for
each chemical element (p values are for the two-way ANOVA test at
0=0.05 level of significance).
Solution Immersion times according to the element
Silicon Zirconium Calcium
T1 T2 Tl TZ Tl TZ
Water x Redbull | 0,0034 | 0,9114 | 0,9127 | 0,0006 | 0,0146 {0,0039

Water x Monster | 0,0347 | 0,9736 | 0,9755 | 0,1410 | 0,3248 |0,1313

Redbull x Monster | 0,3859 | 0,9803 | 0,8104 | 0,8362 | 0,2878 |0,2928

Interaction between the times Tt and T2
in the different solutions (p values)

Solution Silicon Zirconium Calcium
Distilled water 0,1480 0,0103 0,2357
Redbull 0,0471 0,0740 0,4971
Monster 0,3632 0,3296 0,5040
Discussion

The results obtained by spectrometry presented as load constituents of
the composite resin Filtek Z350XT: magnesium, aluminum, silicon,
potassium, calcium, iron, zinc and zirconium, in agreement with the
work of Asaka et al., where the load of eight resins was evaluated, using
the same method, and 20 chemical elements were identified in different
composite resins (Beautifil, Esthet-X, Point 4, Clearfil ST, Solare Solare
P, InTen-S Filtek Supreme) [14]. In the Asaka study, Filtek Z350XT
resin was not studied and it differs from the resins evaluated in the
author's study by the presence of magnesium and by presenting
zirconium as the highest concentration of inorganic particles. The
distilled water did not interfere in the load of the evaluated chemical
elements. Similar in vitro studies also used distilled water as a control
group to assess the interference of acidic media in various resin
properties, such as: color stability, changes in surface roughness,
microhardness and resistance to flexion [2, 7, 10, 15].
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The properties of composite resins, once altered, result in deformation in
the composition of the material, since the erosive effect of the acid
medium acts by degrading the resin matrix and exposing these particles,
something that directly implies the surface roughness of the composite
resin and, subsequently, in its microhardness [16]. Energy drinks,
according to the work of Cavalcanti et al., have a very acid pH, ranging
from 1.52 to 5.5, which would be a direct cause, for the long-term,
solubilization of inorganic content [7]. Silicon (Si) corresponds to silica,
found in dispersed form or in silica-zirconia nanocomplexes, which have
been mentioned in some studies as fundamental to the mechanical
strength of composite resin materials [17, 18]. Here, the elements Si, Zr
and Ca, of the composite resin (Filtek Z350XT), solubilized, which
suggests a possible reduction in the mechanical strength of the material.

There are many studies evaluating the negative effects of the Red Bull
energy drink on the color stability of composite resins. The study by
Ahmadizenouz et al., have investigated the effects of two energy drinks
(Hype and Red Bull), on color change (AE) of two methacrylate-based
(Filtek Z250 — 3M; Filtek Z350XT — 3M) and a silorane-based
composite resin (Filtek P90 — 3M) after 7 and 30 days, and the results
showed that a prolonged immersion time in all solutions increased AE
values of all composites [1]. In the study of Erdemir et al., the effects of
sports and energy drinks were evaluated on the surface hardness of
different restorative materials (Compoglass F-lvoclar Vivadent; Filtek
Z250 — 3M; Filtek Supreme — 3M and Premise - Kerr) [10].

Surface hardness was measured at baseline, after 1 week, 1 month and 6
months. Surface hardness of all restorative materials was significantly
affected by both immersion solution and immersion period. All tested
solutions induced significant reduction in surface hardness of the
restorative materials over a 6-month immersion period. Additionally,
even when composite resin materials are exposed to energy drinks for a
short-term period (one month) a significantly decreased surface hardness
is expected [19]. The methodology of these theses researches differs
from that used in the present study by the time of exposure of the
specimens to the solutions, being one hour a day. Nevertheless, the
achieved results have shown a meaning reduction in the content of the
chemical elements of the composite resin exposed to energy beverages,
even with short-term period to acid exposition.

The Monster energy drink, despite being a pH = 3.65 drink, similar to
RedBull (pH 3.67), did not show statistically significant variations in the
elements Zr and Ca in the Filtek Z350XT resin. Considering the
influence of inorganic filler particles in the physicochemical and
mechanical properties of composites, it is essential for the dental surgeon
to reinforce the awareness of patients after the restorative treatment,
regarding the risks of excessive consumption of energy drinks
(beverages with acidic character), for the maintenance and treatment
longevity.

Conclusion

A solubilization can compromise the properties of the composite resin in
the long term. In the inorganic chemical quantification of Filtek Z350XT
composite resin, the most prevalent chemical elements were zirconium,
silicon and calcium, components that provide resistance to the material.
Additionally, the results have shown a significant reduced concentration
to these elements after energy drinks challenge exposition, especially
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with Red Bull. Nevertheless, it is also suggested to carry out new studies,
with other types of composite resins, as only nanoparticulate composite
resin was used in the present study.
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