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Can energy drinks affect the surface quality =~ ==
of bioactive restorative materials?
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Abstract

Backgrounds This study aimed to compare the effects of different energy drinks on the surface roughness, weight
loss, and color change of various bioactive restorative materials.

Methods Charisma Diamond One, Activa™ BioActive Restorative, Activa™ Presto™ and Equia Forte HT Fil samples
were prepared using plastic molds (8 X2 mm) (n=10/groups). After polishing, the samples were weighed, their colors
were recorded using a spectrophotometer according to the CIEDE2000 system, and their surface roughness was
measured using a profilometer. The samples were immersed in Powerade, Burn, Monster and distilled water for 7 days.
After immersion, all the measurements were repeated. Statistical analyses were performed using the Wilcoxon signed-
rank test and the Mann-Whitney U test (p < 0.05).

Results All energy drinks roughened the surface of Equia Forte HT Fil (p <0.05). Powerade and Monster increased the
Ra of all materials after 7 days (p < 0.05). Burns affected all materials except the Activa Bioactive (p <0.05). Significant
weight loss was observed in the Equia Forte group after immersion in all the energy drinks, whereas no weight loss
was observed in the other groups. According to the color measurements, AE,, values were greater in the Burn and
Monster groups, except for the Equia Forte HT Fil group (p < 0.05).

Conclusion Energy drinks affected bioactive materials to varying degrees. The glass hybrid material was the most
affected, and the bioactive restorative materials based on the resin matrix were the least.

Keywords Bioactive restorative material, Glass hybrid materials, Color change, Resin composite, Surface roughness,

Weight loss
Background
Dental caries remains one of the most common dis-
eases worldwide.Under normal conditions, deminer-
alization and remineralization are in balance. Before
the demineralization process, remineralization is most
desirable and does not cause caries. Disruption of the
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glass-based dental materials have been introduced to
the market as alternatives to amalgam [3].

Resin composites are often preferred by profession-
als due to their optical and physical properties, as they
are suitable for minimally invasive procedures [3].
Although the long-term performance of resin com-
posite restorations has been proven, their disadvan-
tages, such as difficult application, the need for strict
moisture control, polymerization shrinkage, second-
ary caries, degradation of interfacial adhesion and lack
of biocompatibility with periodontal tissues, cannot
be neglected [3, 4]. Due to the positive dynamic rela-
tionship between bioactive materials and the tissues
in which they are applied, bioactive materials are also
widely used in dentistry [5].

Bioactive restorative materials, although their pri-
mary purpose is to restore and replace missing tooth
structure, they both may actively stimulate cellu-
lar or tissue responses and control the interactions
of microbiological species [6]. Modern dentistry has
introduced biomaterials designed to promote apatite
formation and the remineralization of tooth structure
[6]. In cariology, bioactive materials can control car-
ies and biofilm formation due to their mineral release
and antibacterial properties. With the development of
nanotechnology, the current biomaterials used to con-
trol caries formation include fluoride-based, calcium-
based, phosphate-based, graphane-based, metal oxide
nanomaterials, and peptide-based materials. For some
biomaterials in this group, there are no commercial
products yet because the clinical evidence for these
materials is still insufficient, and further research is
needed [7].

Glass ionomer cement (GIC) is considered a bioac-
tive material because it contains biologically active
ions. In GIC, fluoride ions inhibit the formation of
secondary caries and fluorapatites for the remineral-
ization process. Calcium, strontium, sodium, phos-
phate and silicate ions are also biologically active ions
in their structure. Due to their adhesion layer, they
can form an active layer with the tooth tissue with-
out forming a fibrous encapsulation. The acidic poly-
alkenoid structure in GIC forms chemical bonds with
the tooth structure and this mechanism is affected by
the ability of mineralization of calcium phosphates on
a material’s surface in vivo [8].

Newly developed bioactive materials include bioac-
tive ionic resin and bioactive ionomer glass. Bioactive
ionic resins release calcium (Ca?"), fluoride (F7) and
phosphate (PO,%>7). In addition, fluorine-containing
glass fillers in acidic media help to increase the resis-
tance of bioactive restorative materials to solubility
[9]. Bioactive glass filler can improve the mechani-
cal properties and surface roughness of materials [9].
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According to a previous study, bioactive restorative
materials have a better resin matrix than GIC, and
their physical properties, such as flexural strength and
elastic modulus, are comparable to those of resin com-
posites [10]. However, further studies are still needed
to determine the effects of bioactive restorative mate-
rials [10].

For long-term successful restoration, apart from
related factors such as operators and patients, the
choice of restorative material is important [11].
Restorative materials in the oral environment are
exposed to many acidic conditions. One of them might
be caused by the constant consumption of energy
drinks [12]. The uptake of energy drinks has increased
among adolescents and adults [12]. A study reported
that the consumption of energy drinks was related
to a lack of knowledge about their caffeine content,
which exceeded the recommended limit. Consum-
ers who were aware of the potential side effects con-
sumed these drinks significantly less. A previous
study reported that if a person consumes 2 to 3 energy
drinks per day, the risk of dental erosion will increase
[12]. After their consumption, the oral cavity becomes
acidic, and unexpected changes occur on the surface of
the teeth and restorations. A previous study reported
that an acidic environment adversely affects the sur-
face and optical properties of restorative materials
[13].

At low pH, discoloration of restorative materials may
also occur. According to a previous study, the opti-
cal properties of restorative materials are affected by
the filler size and composition of the material [14]. A
higher filler content and larger monomers positively
influence the color stability under acidic conditions
[14]. Additionally, the polymer structures present may
absorb moisture in the oral environment, the siloxane
bond chains may break, and the monomers may be
washed away by the solvents as saliva. Therefore, the
solubility of the material surface may cause surface
irregularities and discoloration [15, 16].

The combined effect of newly developed bioactive
restorative materials on these parameters has not been
widely studied. Considering the clinical significance
of the effect of storage media on the surface and opti-
cal parameters of restorative materials, the purpose of
this study was to evaluate the effect of different energy
drinks on the surface roughness, solubility/erosion,
and color change of different bioactive restorative
materials. The null hypothesis was that energy drinks
have no impact on the surface roughness, weight
loss, or color change of bioactive materials or resin
composites.
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Methods

Four restorative materials were investigated: a nano-
hybrid resin composite (Charisma Diamond One),
bioactive restorative materials (Activa™ BioActive
Restorative/AB and Activa™ Presto™/AP), and a bulk-
fill glass hybrid material (Equia Forte HT Fil/EF). The
materials, lot numbers, types, and compositions are
presented in Table 1. These materials were tested for
surface roughness, weight loss and color change after 7
days of energy drink immersion [17-19].

A total of 160 disc samples of 8 X2 mm (n=10) were
prepared according to the manufacturer’s instructions
in plastic molds. Charisma Diamond One (CD) was
placed in the mold in one increment using Optra Sculp
Pad (Ivoclar Vivadent AG, Schaan, Liechtenstein)
modeling instrument. Activa Bioactive Restorative
(AB) is a two-paste system dispensed directly from
its automix syringe into the mold, while Activa Presto
(AP) is a flowable bioactive restorative material that is
placed in one increment. Equia Forte (EF) was encap-
sulated and mixed for 10 s with a mechanical vibrator
device (Silvermix90, GC). After the capsule was mixed,
the material was placed into the molds using an appli-
cator gun.

Mylar strips and glass slides were placed on the top
and bottom sides of all specimens. Specimens, except
for EF, were photopolymerized for 20 s on both sides
using a third-generation polywave LED light-curing
device (ZenoLite, President Dental, Germany) under
standard curing mode with an output wavelength
of 430-490 nm and an intensity of 1300 mW/cm? in
continuous curing mode with a perpendicular angle.
The output of the light intensity was measured with a
radiometer after every 10 samples preparations. After
polymerization, all specimens were polished using all
sizes of Sof-Lex discs (3 M ESPE, St. Paul, MN, USA).
Polishing was performed under dry conditions for
15 s/disc for each sample with a 10 000 rpm handpiece
at low speed with a one-way rotation movement, and
each disc was used only once for all samples. After
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each polishing step, the samples were rinsed with
a water spray for 10 s and air-dried for 5 s. To avoid
operator variation, all finishing and polishing proce-
dures were performed by the same operator. Then, the
specimens were immersed in distilled water for 24 h
and stored at room temperature.

Commercially available energy drinks—Powerade
(Coca-Cola Co. Atlanta GA, United States), Burn
(Coca-Cola Co. Atlanta GA, United States) and Mon-
ster (Monster Energy Limited, Corona, California,
United States)—were purchased and opened before
the immersion procedure. The energy drinks in all the
groups were regularly changed every 24 h for 7 days
and stored at 37 °C. The pH of each energy drink was
measured using a digital pH meter (Mettler Toledo
digital pH meter, Greifensee, Switzerland) at room
temperature every day before sample immersions.
Powerade (pH:3.57) contains water, glucose, citric
acid, sodium citrate, potassium citrate, gum arabic,
glyceric esters of wood resin, aspartame, acesulfame-k,
vitamin B6. Burn (pH:2.5) contains carbonated water,
sucrose, citric acid, taurine (0.4%), sodium citrate,
E163, E150d, potassium sorbate, sodium benzoate, fla-
vor, caffeine (0.03%), inositol, vitamins [nicotinamide
(B3), d-calcium pantothenate, pyridoxine hydro-
chloride (B6), cyanocobalamin (B12)], seed extract
of guarana (0.005%), antioxidants (ascorbic acid).
Monster (pH:2.7) contains carbonated water, sugar,
glucose, apple juice concentrate, orange juice concen-
trate, taurine, citric acid, guava puree, sodium citrate,
potassium sorbate, panax ginseng flavor, caffeine,
maltodextrin, gum arabic, sodium benzoate, sucralose,
natural flavors and niacinamide.

Before all the samples were randomly divided into
subgroups according to the presence of distilled water
and three different energy drinks, initial measure-
ments of color, weight and roughness were performed.
After being immersed in the indicated beverages for 7
days, all measurements were repeated and recorded.

Table 1 Properties, lot numbers, type and composition of the dental materials used in the study

Materials Lot No Type Composition

Charisma Diamond One (Kulzer,  K010022 Resin composite TCD-Urethaneacrylate, UDMA, TEGDMA

Hanau, Germany) (CD) Barium Aluminium Fluor Boro Silicate Glass, 5 nano mikron-20 mikron
(mean 0.6 um), filler wt/vol; 80/64

Activa Bioactive Restorative 220411 Bioactive restorative  Blend of diurethane and other methacrylates with modified polyacrylic

(Pulpdent, MA, USA) (AB) acid (44.6%), amorphous silica (6.7%), and sodium fluoride (0.75%). 56%
by weight reactive glass particles

Activa Presto (Pulpdent, MA, 220,419 Bioactive restorative  The resin phase (29%) contains Urethane dimethacrylate resin 15-20%;

USA) (AP) aliphatic dimethacrylate 5-8% and phosphate methacrylate resin 5%.
71% is filled with barium and strontium glass (60-65%). CRYSTA (Methac-
rylated calcium Phosphate) in the amount of 2-3%; and nano silica 5%.

Equia Forte HT Fil (GC, Tokyo, 2,107,011 Glass Hybrid Powder: fluoroaluminosilicate glass, polyacrylic acid, iron oxide

Japan) (EF)

Liquid: polybasic carboxylic acid, water
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The average surface roughness (Ra, pm) of the speci-
mens was measured using a surface profilometer
(SurfTest SJ-301, Mitutoyo, Tokyo, Japan). The mea-
surements were made with a cutoff length of 0.25 mm,
a tracing length of 0.8 mm, and a stylus speed of
0.25 mm/s. The average roughness (Ra) values were
derived from three measurements at different loca-
tions for each sample.

For weight loss, an electronic balance with the near-
est 0,0001 g (Pioneer PA64, Ohaus, Pine Brook, USA)
was used to evaluate the weight of the samples at base-
line and after 7 days.

Color measurements according to the CIEDE2000
system were performed using a noncontact spectro-
photometer (SpectroShade Micro, MHT, Milan, Italy)
against a gray background under daylight conditions in
air and at the same time of day to obtain initial values.
The device was calibrated at the beginning of every
five measurements according to the manufacturer’s
recommendations using the white and dark calibra-
tion standard provided. The positioning of the device
on the sample was achieved by an angle control sys-
tem of the device, which calculates the optimal angle
of incidence between the optic handpiece and a target
sample. This angle was verified by a horizontal green
line representing the accurate geometry. The spectral
data obtained were translated into CIEDE2000 coor-
dinates by software using the standard D65 illuminant
and 2° observer angle as a reference. Three consecu-
tive measurements were taken on the samples, and the
mean value was recorded as the final value (AE,). The
initial color measurement was performed after initial

temperature

=

Specimen preparations

LED polymerization

Color Repolishing

measurements

Fig. 1 Schematic illustration of the methodology of specimen preparation

Immersion for 24 h in
distilled water at room
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immersion in distilled water for 24 h. All the proce-
dures are illustrated in Fig. 1.

For the calculation of the samples in this study,
power analysis was performed for the Wilcoxon-
Mann-Whitney test with the G*Power 3.1 (Heinrich-
Heine-Universitaet Duesseldorf, Germany) program
and the number of samples was calculated as 30 for
each group for power=0.80, a error probability=0.05
effect size (d)=0.67. Each sample (n=10) was evalu-
ated for color measurements and surface roughness a
total of 3 times.

All the statistical analyses were performed using sta-
tistical software (SPSS 25.0, IBM Corp., Armonk, NY,
USA). Surface roughness values were analyzed using
ANOVA and Tukey tests, while color change values
were evaluated using the Wilcoxon signed-rank test
and Mann-Whitney U test. The pvalue was set to
p<0.05 for all tests.

Results

The surface roughness values (Ra, um ) of the samples
before and after immersion are shown in Table 2. The
smoothest surfaces at the beginning were obtained
with AB (0.29 pm*0.08) and AP (0.37 pm=0.12).
Compared with the baseline values, the surfaces of all
the groups, except the AB group, were roughened by
distilled water storage after 7 days (p<0.05).

All the energy drinks significantly roughened the
surfaces of EF (p<0.05). Powerade and Monster
increased the Ra of all the bioactive materials after 7
days (p<0.05). All groups, except the AB group, were

roughened after 7 days.
i
Color

Weight
measurements
Surface roughness

measurements
measurements

Immersion for 7 days,
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Table 2 Mean and SD values of surface roughness (Ra, um) of the samples immersed in energy drinks after 7 days

Materials Baseline Distilled water Powerade Burn Monster

(@) 042+0.16"2 052+0.17%2 055+0.16%2 0.52+0.13%2 067+0.1¢2
AB 0.29+008"" 0.29+0.05”° 0.34+0.06%P 0.30+0.05"P 0.38+0.08%P
AP 037+0.127 046+0.13%2 062+0.10%¢ 0.53+0.08%2 0.52+0078¢

EF 0.86+0.09"¢ 1.07+0.158¢ 1047+0.17¢¢ 1062+0.71<¢ 1051+062%¢

*The same bold uppercase letters in the same row indicate no statistically difference between the drinks. The same-colored lowercase letters in the same columns

indicate no statistically difference

Table 3 Weight loss in milligrams (mg) of restorative materials after 7 days of immersion in energy drinks

Materials Distilled water Powerade Burn Monster
Charisma Diamond One -2.55mg 13.25mg -0.55mg -11.75mg
Activa Bioactive Restorative 55mg -2.5mg -9.7 mg 43 mg*
Activa Presto 1.75mg -745mg -0.65 mg 6.95 mg
Equia Forte HT Fil -0.65 mg* 36.35 mg* 123.15 mg* 77.35 mg*

*statistically significant weight loss
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Fig. 2 Differences in the AEOO values of the materials immersed in different solutions (initial, after immersion and after polishing)
*C. Charisma Diamond One; A: Activa Bioactive; P: Activa Presto; E: Equia Forte HT Fil**The same letter in the same-colored boxes means no statistically

significant differences

Table 3 shows the mean values of weight loss after
immersion in different energy drinks. Significant
weight loss was observed in the EF groups after immer-
sion in all energy drinks (230.35 mg in distilled water;
194.00 mg in Powerade; 107.20 mg in Burn; 153.00 mg
in Monster; p=0.042), while no loss was observed in
the other groups. Significant weight loss was observed
in the AB immersed in Monster group (p=0.046).

The AE, values of the different restorative materi-
als included in the study are reported in Fig. 2. The
least affected bioactive material from the process
was the AB. Burns and Monster, which are lower pH
materials, led to greater discoloration of all the bioac-
tive materials (p<0.05). After 7 days of immersion in
Burn, the EF group was more affected than those of
the other groups. After the repolishing procedures, the
EF immersed in Burn still had the highest AE, values.

Discussion

In dentistry, bioactive restorative materials are very
recent materials that must be both mechanically resis-
tant and esthetically acceptable. However, the clini-
cal behavior of this new group of materials is not yet
well known. For this reason, the aim of this study was
to investigate the surface roughness, weight loss, and
color change of some of these bioactive materials. The
hypothesis evaluated was rejected because the restor-
ative materials tested, which were immersed in energy
drinks, were affected differently in terms of surface
roughness, weight loss and color change.

In oral environment, the restorative materials can
be affected by beverages [13]. According to a previous
study, significant changes were observed in the hard-
ness values of the materials after 7 days of immersion
in different beverages [17]. Another study has reported
that the sorption and solubility of the resin-based
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materials containing bioactive glass are affected by
being kept in distilled water for 7 days [18]. In another
study using restorative materials, significant color
change was observed after 7 days [19]. In the light of
these informations, the materials tested were kept in
energy drinks for a peripd of 7 days.

Surface irregularities of dental restorative materials
lead to plaque accumulation, increased discoloration
and eventual restoration failure. This variable is by the
skill of the operator and the material structure [11].
However, in this study, all the materials were polished
by the same operator with the same polishing system
for the same period of time to obtain uniform surfaces,
and different initial surface roughness values were
observed among the tested materials. This observation
showed that the material structure plays a major role
in the final surface smoothness of the restoration.

Of the restorative materials tested, EF exhibited the
highest surface roughness of all the immersed energy
drinks. This result could be related to the internal
porous structure of glass ionomer-based materials or
to their mixing and application procedures, which may
contain some bubbles [20]. To make glass ionomer and
glass hybrid materials more wear resistant and to pro-
tect them until they fully mature, it is recommended to
apply a resin-based coating material to their surfaces.
A previous study showed that this coating material
does not protect against water dissolution but contrib-
utes to the abrasion resistance of glass ionomer mate-
rials [21]. In addition, glass ionomers or glass hybrid
materials combined with this resin coating reduce the
surface roughness [21]. Since clinically, this top resin
coating layer dissolves rapidly after a few months in
the mouth and the material remains in direct contact
with the oral environment, we deliberately did not use
this layer in our glass hybrid groups. The objective was
to test the pure dissolution and discoloration of the
glass hybrid material exposed to energy drinks and not
its effects on the resin coating layer, which will con-
tinue to disappear under clinical conditions.

According to a previous study, the consumption
of low-pH energy drinks increased the risk of poros-
ity in dental restorations [22]. Furthermore, the cit-
ric acid contained in energy drinks has a high erosive
potential. In our study, all the energy drinks we tested
contained citric acid. The increased values of surface
roughness obtained for the tested restorative materi-
als after immersion could be explained by their citric
acid content, except for AB. This situation is consis-
tent with the results of a recent study investigating the
effects of surface roughness of restorative materials in
HCI media [23]. According to the results of this study,
the AB was not affected, but the EF was affected by the
erosive challenge. The AB is a type of resin-modified
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glass ionomer material that undergoes double-bond
reactions. However, these two groups of materials dif-
fer in the dimethacrylate-phosphate monomers that
cross-bond due to the presence of aluminum cations
[24]. For this reason, the dimethacrylate-phosphate
monomers could be the cause of the surface roughness
values obtained.

For the results of weight loss, the greatest change
was observed with the EF compared to the other mate-
rials. This difference was attributed to the fact that EF
was used without its coating. In a previous study, EF
with its resin coating was found to have a lower weight
loss than EF without its coating [25]. In addition, the
process of inserting EF into the molds may have led to
the formation of voids in the material, increasing the
solubility by allowing more erosive fluids to penetrate
the material structure [26].

According to the surface roughness results, all the
materials were affected by the acidic environment.
This clearly shows that the surface layer of the light-
cured resin-based materials was affected by the acidic
environment without further weight loss, i.e., dis-
solution of the material [25]. The scaling method we
used to evaluate the weight loss of the materials is
very simple. However, this approach provides reli-
able results very quickly and may indicate the need for
more sophisticated analyses. Because the results we
obtained were obvious and unambiguous, we did not
use another evaluation method for material substance
loss.

The quality of a restoration in dentistry is also rein-
forced by its long-term lasting aesthetic properties
[27]. There are two main methods for evaluating the
color of a restoration. One is the visual method, which
is traditional but subjective and therefore depends
mainly on the operator. The other is an instrumental
method using spectrophotometers, spectroradiom-
eters or colorimeters, which is more objective [27].
The Commission Internationale de l'’Eclairage (CIE,
International Commission on Illumination) introduced
the CIElab color difference formula, expressed as AE
values, to evaluate the color changes of materials at
two different times. Based on the calculated and per-
ceived color differences in the CIElab color space, the
CIEDE2000 formula was subsequently developed [28].
Previous studies have reported that the CIEDE2000
system is more consistent with the visual assessment
of color changes in dentistry [29, 30]. Based on these
results, the CIEDE2000 formula was used in the pres-
ent study.

The color change of dental restorative materials
can be influenced by the material structure, storage
temperature, and pH of the discoloring liquid. In the
present study, energy drinks were refreshed daily to
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maintain their acidity, which was measured at base-
line using a digital pH meter. The surface layer of den-
tal materials, such as glass ionomers, which are cured
by an acid-base reaction, has an incomplete radi-
cal polymerization structure. This reaction could be
responsible for a stronger color change on the surface
of this group of materials [31]. In this study, EF was
used as a glass hybrid material for this acid-base reac-
tion. This phenomenon might have led to the stron-
ger color change of this group compared to the other
restorative materials tested.

The AB showed less color change than the other
groups. In a study, the color stability of bioactive
restorative materials was compared after immersion in
different media [32]. The color stability of the AB was
greater than that of the other materials tested. This
phenomenon can be attributed to the fact that the AB
contains urethane dimethacrylate instead of bisphe-
nol A-glycidyl methacrylate [32]. Materials contain-
ing urethane dimethacrylate with limited hydrophilic
aliphatic chains and carbamate bonds have lower
water sorption than materials containing bisphenol
A-glycidyl methacrylate and therefore cause less color
change in the long term [33]. Although the Charisma
Diamond One resin composite tested in the current
study also contains urethane dimethacrylate, it exhib-
ited more color changes than did the AB. This differ-
ence can be attributed to the electropositive barium
fillers contained in the resin composite, which have a
high affinity for water. The absorption of water into
the resin composite structure during the discoloration
process degrades the silica structure in the dental
composite [34].

After immersion in different energy drinks, all materials
were repolished with the same discs. This process may par-
tially contribute to the removal of the superficial discolor-
ation of the materials [7]. Therefore, all materials had lower
color change values after repolishing than after the staining
process. However, these values were all lower than the base-
line values.

Our results showed that CD, AB and AP were more
resistant to energy drinks than was EF in terms of wear
and discoloration. Since this study involved new bioactive
restorative materials tested under specific conditions, we
believe that the results will contribute to the literature.

One of the limitations of this study is that it was designed
in vitro. Therefore, we could not include, as observed in
clinical situations, the buffering capacity of saliva against
the acid attacks to which the materials were exposed when
consuming energy drinks. Additionally, dietary habits, oral
hygiene, and other patient-related factors could not be con-
sidered or evaluated. The second limitation is that the glass
hybrid material was used without a resin coating. This coat-
ing could protect the glass hybrid material from erosion and
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color changes. Therefore, further studies need to be per-
formed with groups that also use glass hybrid materials cov-
ered with a resin coating.

Conclusion
Within the limitations of this study, the following conclu-
sions can be drawn:

1. The bioactive glass hybrid material EF was affected
by all energy drinks in terms of surface roughness,
weight loss and color change and should not be
used as a restorative material in heavy energy drink
consumers.

2. The bioactive restorative material AB was the least
affected by all energy drinks in terms of surface
roughness, weight loss and color change and would
be a good restorative material alternative for heavy
energy drink consumers.

3. CD and AP restorative materials may be used as
second options while restoring heavy energy drink
consumer’s teeth.
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