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Abstract: The aim of this study was to determine the effect of acidic beverages on the mechanical
characteristics of a nanofilled composite resin and of a glass ionomer. Thirty specimens of each
restorative material were produced and were evaluated at three different time points: before immer-
sion (T0), after a 7 day immersion (T1) and after a 14 day immersion (T2) in water, beer and a soft
drink. The studied parameters were microhardness and surface roughness. At T2, composite resin
and glass ionomer specimens immersed in water, beer and the soft drink showed a statistically signif-
icant decrease in microhardness compared to T0 results. The surface roughness of composite resin
specimens decreased between T0 and T1/T2 after immersion in beer and soft drink. A statistically
significant increase was found between the roughness of glass ionomer specimens immersed in each
one of the beverages at T0 and T1/T2. It is essential that clinicians are aware not only of available
restorative materials, its characteristics and best handling techniques but also of the importance
of performing an adequate assessment of patients’ dietary habits, thus making it possible to offer
patients quality treatments with a predictable prognosis and longevity.

Keywords: composite resin; glass ionomer; mechanical properties; acidic beverages

1. Introduction

Direct restorative approaches are currently one of the main treatment options in
restoring esthetics and function of the teeth. There are several materials available for this
purpose for either permanent or temporary restorative procedures, namely composite or
glass ionomer-based materials [1].

The use of a composite resin in clinical dental practice makes it possible to carry
out an accessible permanent dental rehabilitation, with good esthetic, mechanical and
chemical performance. On the other hand, glass ionomer-based materials are often used in
temporary procedures. In these situations, these materials should be able to offer a quality
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rehabilitation during the time period between appointments, which generally includes the
removal of dental caries lesions and the definitive restoration [2–5].

The viability, longevity and good clinical performance of restorations will always
be the main goals of these kinds of treatments. However, the degradation of restorative
materials may occur due to intrinsic (e.g., eating disorders) and extrinsic (e.g., diet, medi-
cation, oral hygiene and smoking) etiological phenomena as well as due to normal wear
and exposure to the oral cavity environment [4–7]. Therefore, not all restorative materials
guarantee functional longevity of rehabilitations, presenting with a clear need to control
these restorations in order to prevent failure [4,5].

Behavior of dental composites and other restorative materials in a normal oral en-
vironment is well studied by several papers that reproduced normal oral conditions by
means of immersion of samples in artificial saliva, and all reported changes in the surface
of restorative materials, namely a decrease in microhardness and an increase in surface
roughness [1,8,9]. Although this is well documented, some patients present more defying
oral situations, for example when there is a higher consumption of acidic beverages, mak-
ing it necessary to also develop further research on its impact on restorative materials. In
fact, the consumption of acidic drinks and consequent erosive phenomena is increasing
worldwide, presenting as side effects an increase in tooth wear and a significant increase in
the materials’ degradation and risk of restoration failure [10,11].

In order to determine the effect of acidic beverages on the mechanical characteristics
of restorative materials, the present study aimed to assess a nanofilled composite resin and
a glass ionomer’s surface microhardness, roughness and weight gain from the absorption
after immersion in three acidic drinks: water, beer and a soft drink.

2. Materials and Methods

For this study, a nanofilled composite resin—Filtek Supreme XTETM (3M ESPETM, St.
Paul, MN, USA)—and a glass ionomer-based material—Ketac ionomer-basedcapTM (3M
ESPETM, St. Paul, MN, USA)—were used. The characteristics of the selected materials are
presented in Table 1.

Table 1. Characteristics of restorative materials used in the present study.

Material Filtek Supreme XTETM

(3M ESPETM, St.Paul, MN, USA)
Ketac Universal AplicapTM

(3M ESPETM, St. Paul, MN, USA)

Composition

Non-agglomerated/non-
aggregated 20 nm silica filler,

non-agglomerated/non-
aggregated 4–11 nm zirconia filler,
aggregated zirconia/silica cluster

filler, UDMA, TEGDMA, bis-EMA,
bis-GMA

Powder: ZnO Glass
Liquid: water, copolymer of acrylic

acid-maleic acid, tartaric acid

Lot no. N805469 629441

Sixty specimens—thirty of each restorative material, composite resin and glass ionomer—
were produced using a silicone mold (12 × 6 × 4 mm − length × width × thickness)
especially made for this purpose.

The mold was filled manually, in one increment, with each one of the restorative
materials and covered with a glass slab. The specimens were then photopolymerized
using an LED polymerizing unit (Bluephase®, Ivoclar Vivadent AG, FL-9494 Schaan,
Liechtenstein) with a light intensity of 1200 mW/cm2 ± 10% for 40 s. The curing light
intensity was verified with a radiometer Bluephase® meter (Ivoclar Vivadent AG, FL-9494
Schaan, Liechtenstein).

The upper and lower sides of all specimens were polished using a polishing machine—
LaboPol-5® (Struers ApS, Ballerup, Denmark)—with several abrasive discs and using
them in a decreasing order of abrasiveness (Buehler, Lake Bluff, IL, USA), thus performing
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a gradual and controlled surface smoothing (P320; P600; P2500) and reducing surface
roughness.

Afterwards, the specimens were randomly divided into 6 groups (G1–G6). Each group
had 10 specimens, numbered from 1 to 10, allowing their individual identification.

The specimens were stored in sterile 100 mL containers, where three beverages were
added as an immersion medium: G1 and G2—bottled water (Caldas de Penacova®, Pena-
cova, Portugal); G3 and G4—beer (Super Bock®, Unicer, Portugal) and G5 and G6—soft
drink (Coca-Cola®, The Coca-Cola Company, Madrid, Spain). The beverage’s characteris-
tics are summarized in Table 2.

Table 2. Beverages used for immersion of composite resin and glass ionomer specimens.

Acidic
Beverage Brand Composition Lot No. pH

Water

Caldas de
Penacova®

(Penacova,
Portugal)

Mineralization 32 (±2) mg/L;
SiO2 8.9 (±0.4); Cl− 9.9

(±0.4); HCO3
− 2.3 (±0.5);

SO4
2− 1,3 (±0.2); NO3

− 1.9
(±0.2); Na+ 5.3 (±0.4); Mg2+

1.1 (±0.2); Ca2+ 0.5 (±0.1)

LD153171 213
LC159171 030 5.3

Soft drink

Coca-Cola®

(The Coca-Cola
Company,

Spain)

Carbonated water, sugar,
colour (caramel E150d),

natural flavourings
(including caffeine), acidulant
(E-338), carbon dioxide (E290)

L9E55:12
L3C08:51 1.78

Beer
Super Bock®

(Unicer,
Portugal)

Water, barley malt, unmalted
cereals (corn and barley),

hops (5.2% vol.)

L2513572
L3144291 4.2

All specimens were evaluated at three different time points: before immersion in the
beverages (T0), after a 7 day immersion (T1) and after a 14 day immersion (T2).

The volume of each drink used in each container was enough to fully immerse all
specimens, estimated at 40 mL. All groups were stored in an oven during the experimental
time period, at 37 ◦C. The immersion media were renewed on the 7th day of immersion (T1).

2.1. Specimens Weight

A 150 mm digital caliper (Mitutoyo, Tokyo, Japan) was used to measure each specimen,
with an error of 0.01 mm, and each one was further weighed on a high-precision digital
weighing microbalance (Mettler, Toledo, Switzerland), with the readings recorded at the
nearest 0.00001 g. All specimens were weighed before and after immersion in all three
solutions at every time point. Prior to every weight measurement, all samples were gently
dried with absorbent paper and left undisturbed for 5 min to allow stabilization.

2.2. Surface Microhardness Analysis

Microhardness measurements were evaluated on the upper side of each specimen,
with the purpose of eliminating the influence of the indentations resulting from the Vickers
test method. The Vickers test was performed using Struers Duramin-2 (Struers A/S,
Ballerup, Denmark) testing equipment, according to the standard DIN EN ISO 6507 part
1-3, ASTM E-384-99; Knoop: ISO 4545 (0.2 kgf—(1.962 N)—HV0.2, 40 s).

Indentation measurements were performed according to the Standard Test Method
for Microindentation Hardness of Materials (ASTM WK27978, 2010). Five measurements
were performed on each sample, evenly distributed along the surface, each one of them
being perpendicular to the previous one, minimizing the influence of directionality.
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2.3. Surface Roughness Analysis

Surface roughness was evaluated on one of the specimens’ surfaces. These measure-
ments were performed by means of a surface roughness evaluation machine, Mitutoyo
Surftest—Series SJ-500/P 178 (Mitutoyo, Tokyo, Japan), according to the standard DIN EN
ISSO 4288 [12]. This instrument allows the two-dimensional tracking of a surface.

The specimens were positioned on a metallic support. The recommended extension
for surface measurement was 4 mm according to the standard. The evaluated profile is the
surrounding profile of the actual acquired surface. The traced profile consists of deviations
in shape, roughness and undulation components. The parameters are usually defined over
the length of the sample.

Therefore, an estimate of each average parameter is automatically calculated, taking
the arithmetic mean of the parameter estimates of all individual sample lengths for rough-
ness profile parameters for each specimen. Regarding curves and related parameters, the
basis for calculating parameter values is the length of the evaluation.

The monitored roughness parameters used for surface roughness analysis were Ra
(average surface roughness), Rz (mean roughness depth), Rq (root mean square roughness),
and Rsk (roughness skewness).

The average surface roughness, Ra, is the arithmetic average of the absolute values
of the roughness profile ordinates. Mean roughness depth, Rz, is defined as the average
distance between the highest peak and lowest valley within a sampling length. Rq repre-
sents the root mean square value of ordinate values. The skewness parameter (Rsk) is a
measure of the symmetry of the amplitude density function. This last parameter considers
the profile’s symmetry regarding the midline, which characterizes the asymmetry of height
distribution concerning Gaussian distribution. A surface profile where the total valley area
is less than the total peak area will have a positive Rsk and in the opposite case a negative
Rsk. The Rsk value may be used to distinguish differently shaped surfaces with the same Ra
value. Moreover, Rsk is strongly influenced by isolated peaks and valleys, which reduces
its practical importance.

Ten measurements were performed on each specimen, distributed along the width of
the surface under analysis and perpendicular to the previous one to minimize the influence
of directionality.

The statistical analysis was performed by means of the IBM® SPSS® software v.26.0
(IBM Corporation, Amrnonk, New York, NY, USA). The normality of the variables was
assessed according to the Kolmogorov–Smirnov test. Student t-tests and the three-way
ANOVA test were used. Multiple comparisons were done by Scheffé statistical. The level
of significance assumed was 5%.

3. Results
3.1. Specimens Weight

Regarding the weight of the specimens, all weight measurements remained without
alterations from T0 to T2 (Table 3). No statistically significant differences were found
between groups in all three of the evaluation times (p > 0.05).

Table 3. Weight measurements (T0/T1/T2).

Material Glass Ionomer Composite Resin

Water 0.54 ± 0.02 0.45 ± 0.03

Soft drink 0.52 ± 0.02 0.48 ± 0.04

Beer 0.54 ± 0.02 0.43 ± 0.03

3.2. Surface Microhardness Analysis

The initial surface microhardness (T0) was significantly higher (p < 0.001) in the glass
ionomer specimens when compared with the composite resin specimens (p < 0.001).
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Regarding the initial surface microhardness of the composite resin specimens, no sta-
tistically significant differences were identified between groups. However, at T1, composite
resin specimens immersed in water, beer and soft drink showed a decrease in the initial
microhardness. The only decrease in microhardness found to be statistically significant
(p = 0.020) was that of specimens immersed in beer. A statistically significant difference
was also identified regarding the microhardness of resin specimens immersed in water
and those immersed in beer and in the soft drink (p = 0.001). No statistically significant
differences were found between resin specimens immersed in beer and those immersed
in the soft drink. At T2, composite resin specimens immersed in water, beer and the soft
drink showed a statistically significant decrease in microhardness compared to T0 results.
A statistically significant difference was found between specimens immersed in water and
in beer (p = 0.006) and in the soft drink (p < 0.001).

Regarding the initial microhardness of the glass ionomer specimens, no statistically
significant differences were found between groups. Glass ionomer specimens immersed in
water, beer and soft drink for 7 days (T1) showed a decrease in the initial microhardness.
Differences with statistical significance were observed regarding the decrease in microhard-
ness of samples immersed in beer (p < 0.001) and in the soft drink (p < 0.001). A statistically
significant difference was also identified between the microhardness of glass ionomer
specimens immersed in water and in beer (p < 0.001) and in the soft drink (p = 0.001). No
statistically significant differences were found between glass ionomer specimens immersed
in beer and those immersed in the soft drink. The decrease in microhardness observed
between T0 and T2 and between T1 and T2 was statistically significant for all beverages
(p < 0.001). At T2, a statistically significant difference was also found between specimens
immersed in water and in beer (p < 0.001) and in the soft drink (p < 0.001), as well as
between specimens immersed in beer and in the soft drink (p < 0.001).

Results for the microhardness of glass ionomer and composite resin specimens are
presented in Table 4.

Table 4. Results regarding microhardness of glass ionomer and composite resin specimens.

Water Beer Soft Drink

Time T0 T1 T2 T0 T1 T2 T0 T1 T2

Glass
ionomer

119.93 ±
11.0

104.82 ±
4.24

91.54 ±
6.35

118.46 ±
9.74

86.13 ±
4.23

67.43 ±
3.69

118.42 ±
9.76

82.91 ±
4.72

55.66 ±
3.94

Composite
resin

89.42 ±
8.00

81.16 ±
2.67

69.30 ±
5.61

91.32 ±
12.53

75.60 ±
4.12

64.67 ±
4.99

87.54 ±
6.22

74.67 ±
4.35

62.64 ±
4.32

3.3. Surface Roughness Analysis

Given the measurement error resulting from deep cracks and a large surface texture
irregularity, the Rz parameter was considered to be invalid for glass ionomer specimens
evaluation.

Results for the different roughness parameters evaluated in glass ionomer and com-
posite resin specimens are presented in Tables 5 and 6, respectively.

The surface roughness of composite resin specimens decreased between T0 and T1
after immersion in beer (p = 0.003) and soft drink (p = 0.035). Between T0 and T2, statistically
significant differences were found between surface roughness results regarding resin
specimens immersed in beer (p = 0.003) and in the soft drink (p = 0.029). No significant
differences were found concerning composite resin specimens immersed in water in any of
the three experimental time periods.

Statistically significant differences were found between the roughness of glass ionomer
specimens immersed in each one of the beverages at T0 and T1 (p < 0.001), as well as
between T0 and T2 (p < 0.001).

No statistically significant differences were found between roughness results at T1
and T2 for any of the materials after immersion in each one of the beverages.
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Table 5. Results regarding roughness of glass ionomer specimens.

Parameter Water Beer Soft Drink

Time T0 T1 T2 T0 T1 T2 T0 T1 T2

Ra
0.32 ±

0.11
0.36 ±

0.18
0.36 ±

0.10
0.30 ±

0.09
0.41 ±

0.23
0.41 ±

0.19
0.32 ±

0.10
0.53 ±

0.27
0.54 ±

0.17

Rq
0.71 ±

0.37
0.87 ±

0.50
0.87 ±

0.33
0.55 ±

0.18
0.94 ±

0.72
0.94 ±

0.63
0.71 ±

0.24
1.14 ±

0.78
1.14 ±

0.50

Rsk
−5.83 ±

2.27
−6.65 ±

2.42
−6.55 ±

2.02
−5.06 ±

3.11
−5.01 ±

3.09
−5.01 ±

2.51
−7.29 ±

2.26
−3.72 ±

2.47
−3.73 ±

2.07

Table 6. Results regarding roughness of composite resin specimens.

Parameter Water Beer Soft Drink

Time T0 T1 T2 T0 T1 T2 T0 T1 T2

Ra
0.29 ±

0.07
0.28 ±

0.08
0.28 ±

0.03
0.27 ±

0.07
0.23 ±

0.06
0.23 ±

0.02
0.26 ±

0.09
0.23 ±

0.09
0.23 ±

0.05

Rz
2.66 ±

0.71
2.37 ±

0.41
2.37 ±

0.71
1.93 ±

1.29
2.09 ±

0.52
2.09 ±

0.37
2.36 ±

0.70
2.32 ±

0.86
2.32 ±

0.60

Rq
0.38 ±

0.01
0.38 ±

0.01
0.38 ±

0.05
0.38 ±

0.03
0.38 ±

0.05
0.31 ±

0.04
0.38 ±

0.01
0.35 ±

0.12
0.35 ±

0.08

Rsk
−1.35 ±

1.04
−1.15 ±

0.55
−1.15 ±

0.87
−1.52 ±

1.15
−0.58 ±

1.24
−0.60 ±

0.80
−1.48 ±

1.71
−1.63 ±

1.44
−1.68 ±

1.00

4. Discussion

The success of dental rehabilitation using restorative materials such as composite
resin and glass ionomer is mostly related to the longevity of the restorative procedures,
thus being essential for the careful identification and evaluation of all parameters that may
jeopardize it [13].

The oral cavity is a complex environment, where the influence of different intrinsic
and extrinsic factors, can compromise the esthetics, function and longevity of different
restorative materials. The influence of dietary habits, namely of beverages with erosive
potential, whose consumption has increased over the last few decades, is already recognized
in the literature, which makes the study of its effects on different dental materials of
uttermost importance [14–18].

In the present study, three drinks with a high consumption rate—bottled mineral
water, beer and soft drink—were selected for the experimental protocol. After fourteen
days, it was possible to identify significant differences in microhardness and roughness of
glass ionomer and composite resin specimens immersed in the different beverages. The
specimens immersed in beer and soft drink, the ones with the lowest pH values, presented
with the most changes, which is in line with the results from a similar study [19].

Regarding microhardness results, they are in line with several studies that analyze the
effect of alcoholic and carbonated beverages on different restorative materials [4,20–23].
Karaman et al. [22] reported a decrease in microhardness of Filtek Supreme XTETM after
a 15-day challenge with Coke®, as well as Gupta et al. [23], who reported a decrease
in microhardness of different restorative materials (composites, compomers and glass
ionomers) after a 10 min/day immersion in Coke® for 56 days. Poggio et al. [24] also
immersed four different composites in Coke® and orange juice for 1 and 7 days, and a
significant decrease in microhardness was also registered for all the groups. Silva et al. [4]
tested the effect of three different alcoholic beverages on three composite resin materials
and also reported a decrease in microhardness after a 30 day immersion in beer. On the
other hand, Ilday et al. [19] tested the effect of three different acidic beverages, on surface
characteristics of four different composite resin materials and did not find significant
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changes in the composites’ surface microhardness. However, the authors only evaluated
the effects for over a 7-day time period.

Although most studies that use water as an immersion medium report that the micro-
hardness of the evaluated restorative materials does not change [6,25–28], the bottled water
used in this study presents a low pH value (5.3), which may justify the results. The decrease
in surface microhardness observed after immersion of the specimens (glass ionomer and
composite resin) in water, beer and soft drink may be associated with hydrolytic degra-
dation caused by these beverages. The water absorption causes the spaces between the
linear chains of the polymers to expand, causing the loss of the chemical bond between the
fillers and the matrix. The nanoparticles move from the outer surface, causing a decrease
in microhardness [4,20,27,28].

The composition of the evaluated materials (monomers, fillers and coupling agents) is
also of significant importance regarding the results. Filtek Supreme XTETM, for example,
presents in its organic matrix the BisEMA monomer, which has a high molecular weight and
is resistant to degradation due to the removal of OH group terminals, which are susceptible
to absorption and solubility. However, monomers such as UDMA, TEGDMA and Bis-GMA
are very susceptible to absorption and solubility when in contact with alcohol, which may
cause softening and degradation of the organic matrix [29,30]. There is, however, a clear
need for more clinical trials to evaluate these parameters, since it is described that the
salivary film that adheres to materials may act as a protective barrier [31].

Regarding roughness, most existing studies only evaluate the Ra parameter, which
makes it impossible to accurately assess the surface of the materials as well as to compare
results [32,33]. Even though Ra is the most commonly used roughness parameter to describe
surface texture, it is not capable of making a distinction between peaks and valleys nor
does it qualitatively evaluate its form or consider unusual ones. Therefore, it is necessary to
include other parameters in the analysis to improve the faulty roughness evaluation when
using Ra alone. Rz and Rsk parameters characterize the depth between peaks and valleys.
A surface with predominantly deep valleys has a greater susceptibility to infiltration in its
cracks and indentations, which is of great importance when evaluating materials used in
oral rehabilitation [32,34].

The increase in surface roughness, observed in glass ionomer specimens, can de-
termine the increase in bacterial infiltration and adhesion, allowing for a fast microbial
colonization. The subsequent oral biofilm maturation is associated with a greater suscep-
tibility to periodontal disease and dental caries. Furthermore, materials with a higher
surface roughness are more susceptible to color changes, compromising the esthetics of the
restoration [35–38]. Filtek Supreme XTETM, a nanofilled composite resin, presents with a
particle size varying from 4 to 20 nm. Ketac Aplicap UniversalTM results from the mixture
of a powder and a liquid, making it more susceptible to infiltration and to an increase in
surface roughness [34,39]. These characteristics may explain the different profilometric
changes resulting from the immersion of the specimens.

Although this study allows a better understanding of the effects of acidic beverages on
dental materials, it has some limitations, for example, the number of specimens per group
could have been higher to promote more accurate results. In addition, the specimens were
immersed only in undiluted solutions, which do not replicate the oral environment since,
in the oral cavity, saliva dilutes every liquid. Placement of the specimens in artificial saliva
after immersion in the acidic beverages could have been performed to simulate a clinical
condition. Thermocycling could also have been carried out to mimic an aging environment.
Further clinical studies should also be conducted in order to confirm the effect of these
beverages in the restorative materials.

The results are in line with those of other studies, which evaluated different beverages
with a low pH value, proving the importance of this characteristic in the integrity of
different restorative materials. The composition of such materials is also an important
factor to consider in the severity of changes caused by acidic solutions, but the influence of
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other factors, such as the presence of alcohol in beverages’ composition and oral hygiene,
must also be considered [4,20–22,27,40].

5. Conclusions

From the experimental protocol, it was possible to observe changes in microhardness
and surface roughness of a composite resin and a glass ionomer after 14 days of immersion
in water, beer and a soft drink. It is essential that clinicians are aware not only of available
restorative materials, their characteristics and best handling techniques, but also of the
importance of performing an adequate assessment of patients’ dietary habits, thus making
it possible to offer patients quality treatments with a predictable prognosis and longevity.
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