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Abstract

Objectives: To investigate the effects of acidic beverages regarding brushing on surface roughness and erosion of bulk-fill re-
storative materials.

Methods: Sixty-seven specimens of each bulk-fill resin composite and giomer were prepared. Baseline data of surface roughness
and erosion were recorded using a profilometer and surface characteristics were examined using scanning electron microscopy
(SEM). Three groups of discs (n = 22) were alternately immersed in 300 mL of each beverage for 5 s and in 300 mL of artificial
saliva for 5 s for 10 cycles. After immersion, specimens were divided into two subgroups, the brushing group with automatic
toothbrush for 2 s with a force of 2 N and the non-brushing group. This process was repeated every 8 hours. Surface roughness
and erosion was recorded again on day 7, 14, 21, and 28, and surface characteristics were examined on day 28. The specimens were
evaluated and data were analyzed by repeated analysis of variance (ANOVA), Tukey’s honestly significant difference and t-test (x
= 0.05).

Results: Coca-cola caused significantly greater roughness and erosion than other groups (P < 0.05). Giomer had significantly
greater roughness and erosion than the bulk-fill resin composite (P < 0.05). Brushing groups caused a rougher surface than non-
brushing groups (P < 0.05).

Conclusions: The effects of coca-cola and orange juice on the surface roughness and erosion of bulk fill restorative materials
depended on the physical and chemical composition of the restorative materials, pH of the beverages and brushing,
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Introduction amalgam-banned in many countries. Recently, RBC technology
development was launched as so-called, “bulk-fill RBCs” [3].

Tooth-colored filling materials are widely used in esthetic restora-
tive dentistry. There are several kinds of tooth-colored filling
materials such as resin-based composite (RBC), resin modified
glass ionomer cement, glass ionomer cement, and giomer. Resin-

Bulk-fill RBC materials have become more widely used in pos-
terior teeth than other restorative materials. They have many ad-
vantages such as their easy filling techniques in a single increment,

based composites are the most popular restorative materials for ~ Presenting with a lower polymerization shrinkage stress [4], hav-

posterior teeth. Nowadays, RBCs have been developed in a resin
matrix, filler and initiator [1]. Additionally, development of adhe-
sive systems and the physical, mechanical and esthetic properties

ing a deeper depth of cure of 4-5 mm [5], and having higher
light transmission properties because of light scattering at the
filler—matrix interface by either reducing the filler amount [6] or

of RBCs have also been improved [2], and ate trending in many increasing the filler size [7]. Moreover, they reduce cuspal deflec-
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tion [8] and possess time-saving filling materials when compared
with conventional resin composite filled by the multi-incremental
layering technique [3, 4, 6].

Giomers are the latest type of glass ionomer-composite hybrid
esthetic restorative materials. They consist of a pre-reacted glass
(PRG) filler and an organic-resin matrix [9]. They are polymerized
with light-activated blue light with a wavelength of 470 nm. The
chemical compositions of giomers facilitates fluoride ion release
and recharge so they can release and reuptake fluoride [10] with
the potential for prevention of recurrent caries [11]. The giomers
are easy to handle, have better polishability and are more esthetic
than conventional glass ionomers [11].

The common reasons for RBC replacement are surface degrada-
tion, technique, fracture, and color alteration [12] because of the
continuous exposute to saliva and acidic beverages/food within
the oral conditions [13]. Degradation of RBCs might be related
to the degree of the water sorption and the hydrophilic prop-
erty of the resin matrix. Furthermore, the composition of the
food-simulating liquid and beverages may degrade the surface of
the restorative materials [13]. Moreover, tooth brushing also in-
fluences the restorative material’s longevity. Abrasion may result
in alterations of restorative material’s surfaces affecting contour,
coloration and favoring plaque retention caused by the surface
roughness |12]. This raises the question whether acidic beverages
and brushing could affect bulk-fill restorative materials or not.
Therefore, the objectives of this in vitro study were to compare
surface roughness and erosion of various bulk-fill restorative ma-
terials after exposure to acidic beverages and brushing, and to
investigate the pH and titratable acidity of the different beverages.
This study tested the hypothesis that the surface roughness and
erosion of various bulk-fill restorative materials would not change
after immersion in beverages and brushing;

Materials and Methods
Specimen Preparations

A total of 67 disc-shaped specimens (10.0 mm in diameter and
2.0 mm in thickness) of each bulk-fill nanohybrid resin composite
and giomer (shade A2, Table 1) were prepared in a polytetrafluor-
octhylene cylindrical mold on a glass slab and covered with a my-
lar matrix strip. A glass plate was then placed over the mylar strip.
Excess materials extruded by applying a static load of approxi-
mately 200 g, and a smooth and flat surface on each specimen
was achieved. Consequently, the specimens were polymerized for
40 s with a light-activated polymerization unit (Elipar 2500, 3M
ESPE, St. Paul, MN, USA). The light intensity was verified with
a measuring device (Cure Rite, L.D. Caulk, Milford, DE, USA).
After polymerization, the mylar strip and the glass plate on the
top and the glass slab on the bottom of the mold were removed.
The specimen was then removed from the cylindrical mold. Me-
chanical preparation or abrasions of the specimens were not per-
formed.

The pH and titratable acidity measurements
Two acidic beverages, coca-cola and orange juice, were used in

this study. Their compositions are shown in Table 2. The pH of
each beverage was verified using a pH meter (Orion 900A, Orion
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Research, Boston, MA, USA). Ten pH readings of each beverage
were acquired in order to record a mean pH measurement.

Twenty mL of each beverage was added by 0.5 mL increments of
1 mol/L sodium hydroxide (NaOH) in order to measure titrat-
able acidity (buffering capacity). The amount of NaOH required
to reach pH levels of 5.5, 7.0 and 10.0 was recorded and repeated
10 times to obtain a mean value of the titrations for each storage
agent.

Acidic beverage immersions

Sixty-seven discs of each bulk-fill nanohybrid resin composite
and giomer were divided into three groups of 22 specimens for
immersion in coca-cola, orange juice and deionized water (serving
as the control). Each group was subjected to a surface roughness
measurement and surface morphology analysis for baseline data
(before immersion).

The specimens were then alternately immersed in 300 mL of an
acidic beverage for 5 sec and in 300 mL of artificial saliva for 5 sec
[14] conducted over 100 cycles at room temperature (about 25°C).
Consequently, the specimens were divided into 2 groups; brush-
ing and non-brushing groups (control). For the brushing group,
the specimens were brushed with an electric toothbrush (Oral-
B Vitality Precision Clean, Procter & Gamble, Cincinnati, OH,
USA) with 2 N force at 7,600 Hz for 2 sec [15]. The specimens
wete cleaned in an ultrasonic bath (ELMA Transsonic 460/h Ul-
trasonic Bath, Elma GmbH & Co KG, Singen, Germany) for 10
min to remove a smear layer [16]. This process was repeated every
8 hr for simulating beverage consumption after 3 meals a day [17].
Alternated immersion of specimens in artificial saliva was incor-
porated as an attempt to simulate the washing effect in the oral
cavity and through simulated brushing, The beverages were re-
freshed daily during the experiment to keep the original pH level
of the beverages. Subsequently, the specimens were rinsed with
deionized water, blotted dry against filter paper, and conducted
to post experiment surface roughness and erosion measurement.

Surface roughness and erosion measurements

Surface roughness and erosion were measured by a profilometer
(Surfcorder model SE-2300, Kosaka Laboratory Ltd., Tokyo, Ja-
pan). The cut-off value for surface roughness was 0.8 mm and
the stylus navigating distance was 4 mm. The radius of the stylus
tip was 5 pm, and the stylus tip force and speed were 4 mN and
0.5 m/s, respectively. The sutface roughness values (Ra, the at-
ithmetical average of surface heights) and erosion values (Rmax,
the magnitude of the peak-to-valley height in all cutoff lengths)
[18] of each specimen were achieved in five different positions
(1.5 mm apart), each before and after the experiment (day 7, 14,
21, and 28).

Surface micromorphology analysis

The effect of each beverage and brushing on the surface micro-
morphology of the materials before and after the experiment (day
28) was determined using a scanning electron microscope (JSM-
5800, JEOL, Tokyo, Japan). Three specimens of each restorative
material from each group were examined at day 28.

Statistical analysis
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The surface roughness and erosion values were conducted to re-
peated analysis of variance (ANOVA), Tukey’s honestly signifi-
cant difference (HSD) and the t-test for multiple comparisons (at
o = 0.05).

Results

Table 3 showed the mean pH and standard deviations (SDs) and
titratable acidity of beverages with 1 mol/L NaOH. Coca-cola
had less pH (2.35 * 0.2) and less titratable acidity (2.82 * 0.08
mL) than orange juice (pH 3.42 * 0.06 and 8.39 * 0.3 mL, re-
spectively). Table 4 and 5 presented the surface roughness and
erosion values of the materials used before and after the experi-
ment. Generally, coca-cola caused significantly rougher surfaces
than did orange juice and deionized water (P < 0.05). Bulk-fill
giomer were significantly rougher than bulk-fill nanohybrid RBCs
after the experiments (P < 0.05). Brushing groups caused rougher
surfaces than non-brushing groups (P < 0.05).

SEM photomicrographs of the bulk-fill nanohybrid resin com-
posite and giomer before and after the 28-day experiment period
in the different beverages are presented in Figures 1, 2 and 3,
respectively. Overall, the coca-cola groups produced the roughest
specimen surface (figures 3A and 3B). The brushing groups pre-
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sented rougher specimen surfaces than the non-brushing groups.

Discussion

The null hypothesis of this study was that surface roughness and
erosion of various bulk-fill restorative materials would not change
after immersion in beverages and brushing. On the basis of the
data, the null hypothesis of this present study should be rejected.
This study showed that after the first, second, third, and forth
week of the experiment in all beverages, the surface roughness of
the bulk-fill giomer significantly changed (P < 0.05) in the brush-
ing and non-brushing groups.

In this study, the mean surface roughness value and erosion of
the specimens increased due to a chemical reaction or dissolution
from the beverages as seen from SEM photomicrographs. The
combination of quantitative assessment and qualitative evaluation
by SEM supported qualitative data in three dimensions of the sur-
face examined [19]. Roughness evaluations were obtained from
5 scans, spaced 1.5 mm apart, and each tracing a 4 mm distance
to ensure the results were representative of the entire surface.
Therefore, many measuring scans were required when using the
profilometer.

Surface degradation of the restorative materials was associated

Table 1. Bulk-fill resin composite and giomer used in this study.

Filler Filler
Material | Type | Manufacturer Resin Filler . Volume
size (pm)
(%)
3-trimethoxysilylpropyl methacry-
Sonic- nano | Kerr, Orange, | late, Bis-EMA, bisphenol-A-bis- silicon dioxide, 04 83.50%
Fill 2 hybrid CA, USA (2-hydroxy- 3-methacryloxypro- barium glass ' o
pyl) ether, TEGDMA
- Shofu Dental -
?:?SEE{ Czrp Bis- GMA, UDMA, Bis MPEPP, | ° iiiiﬁfﬁ’fd
glomer > TEGDMA, DL-camphorquinone, . . 0.8 74.50%
Restor- San Marcos . alumino- silicate
. > pigments and others
ative CA, USA glass

Bis-EMA: Ethoxylatedbisphenol-A dimethacrylate, TEGDMA: Triethyleneglycol dimethacrylate, Bis-GMA: Bisphenol-A glycidyl methacrylate

>

UDMA: Urethane dimethacrylate, Bis-MPEPP: Bisphenol A polyethoxymethacrylate, S-PRG: Surface pre-reacted glass-ionomer.

Table 2. Acidic beverages used in this study.

Beverage Trade name Manufacturer Composition
Coca-Cola Com- carbonated water, sugar, caffeine,
Soft drink Coca-cola pany, Atlanta, GA, | phosphoric acid, caramel color, natural
USA flavorings
Orange 100% tangerine | Tipco F&B, Bang- | Tangerine orange, vitamin A, vitamin
juice orange juice kok, Thailand C

Table 3. The mean pH and standard deviation and titratable acidity (volume of NaOH (mL) to bring pH to 5.5, 7.0 and 10.0) of acidic
beverages tested.

Cumulative volume of NaOH used
Beverage Mean pH * SD to titrate to each pH (mL)
5.5 7 10
Coca-cola 2351+ 0.2 0.77 £0.13 | 1.57 £0.03 | 2.82 = 0.08
Orange juice 3.42 +0.06 49+0.15 | 6.57+0.19 | 839£0.3
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Table 4. The mean surface roughness (Ra) values and standard deviations (SD) of bulk-fill restorative materials after experiments at dif-

ferent times.

Mean surface roughness (um) = SD
. Storage Brushing / .
Material . Before ex- After experiment
agent non-brushing K
periment First week Second week Third week Forth week
Deionized Brushing 0.02 £0.01 0.02 £ 0.01¢,G 0.02 £ 0.01¢,G 0.02 £ 0.02¢,G 0.02 £ 0.01¢,G
water Non-brushing | 0.01 £ 0.01 | 0.02£0.01¢,G | 0.02 % 0.02¢,G | 0.02 % 0.01¢,G | 0.02 % 0.01¢,G
o Brushing | 0.01 £ 0.01 [ 0.13 +0.02%2,G | 0.16 + 0.01%a,E | 0.20 + 0.02%a,E | 0.24 + 0.02*a,EE
SonicFill 2 | Coca-cola >
Non-brushing | 0.02£0.01 | 0.02+0.01¢,G | 0.02%£0.01¢,G | 0.03%0.01c,G | 0.03 £0.02¢,G
Orange Brushing 0.01 £ 0.01 | 0.09 £ 0.04*b,F | 0.12 £ 0.03*b,F | 0.15 = 0.02*b,F | 0.19 + 0.02* b,F
juice Non-brushing | 0.02+ 0.01 | 0.02% 0.01¢,G | 0.02 % 0.01¢,G | 0.03£0.02¢,G | 0.03 £ 0.02¢,G
Deionized Brushing 0.02+0.01 [ 0.02 £0.01e,G 0.02 £ 0.01e,G 0.02 £ 0.01e,G 0.02 + 0.02¢,G
water Non-btrushing | 0.01 £ 0.01 | 0.02£0.01¢,G | 0.02%0.01e,G | 0.02%0.02¢,G [ 0.02£0.01e,G
BEAUTI- Brushing | 0.02% 0.01 | 031+ 0.0252,A | 039 + 0.01%2,A | 0.51 £ 0.025a,A | 0.72 + 0.03%a,A
FIL-Bulk | Coca-cola -
Restorative Non-brushing | 0.01 £ 0.01 | 0.22 + 0.02%,c,C | 0.28 + 0.01%,¢,C | 0.32 + 0.02%¢,C | 0.38 + 0.01%,¢,C
Orange Brushing 0.01 £0.01 | 0.26 £ 0.02*b,B | 0.32 £ 0.02*b,B | 0.36 £ 0.01*b,B | 0.43 + 0.02*b,B
juice Non-brushing | 0.02 £ 0.01 | 0.18 £ 0.01*,d,D | 0.23 £ 0.02*,d,D | 0.28 * 0.02*,d,D | 0.32 £ 0.02*,d,D

* indicates statistically significant difference (in rows) from the before experiment value according to the t- test (P < 0.05).
a-d indicates statistically significant difference (in columns) among experiments (in column) for each material according to Tukey’s HSD test (P <

0.05).
A-G indicates statistically significant difference (in columns) among expeiiments and materials (in column) according to Tukey’s HSD test (P <
0.05).
Table 5. The mean erosion (Rmax) values and standard deviations (SD) of bulk-fill restorative materials after experiments at different
times.
Mean erosion (pm) + SD
Material Storage Brushing'/ Before ex- After experiment
agent non-brushing X
periment First week Second week Third week Forth week
Deionized Brushing 525%0.05 | 5.25%0.06¢,G 5.26 * 0.04c,G 5.26 £ 0.05¢,G 5.27 £ 0.06¢,G
water Non-brushing | 5.26 £0.05 [ 5.26 £ 0.06¢,G 5.26 £ 0.05¢,G 5.27 £ 0.04¢,G 5.27 £ 0.06¢,G
Sonic- Cocacola Brushing 526 £ 0.04 | 6.13 £0.05%,0,G | 6.91 £0.05%a,E | 7.35%0.04*a,E | 7.97 £0.05%,E
Fill 2 Non-brushing | 5.27 £0.05 [ 5.27 £0.07¢,G 5.27 £ 0.06¢,G 5.28 + 0.04¢,G 5.28 £ 0.05¢,G
Orange Brushing 526 £0.03 | 591 £ 0.04*bF | 6.55* 0.05%bF | 7.22 £ 0.06%b,F | 8.30 £ 0.05%b,F
juice Non-brushing | 5.27 £0.04 | 5.27 £ 0.06¢,G 5.27 £0.06¢,G 5.28 £ 0.07¢,G 528 £0.07¢,G
Deionized Brushing 527 %10.06 | 527 *0.04e,G 5.27 £ 0.06e,G 5.28 = 0.06e,G 5.28 £0.07¢,G
BEAUTL | water Non-brushing | 5.27 £0.04 | 5.27 £ 0.06e,G 5.27 £ 0.07¢,G 5.28 £ 0.04¢,G 5.28 + 0.04¢,G
FIL-Bulk Brushing 526 £0.07 | 9.13 £ 0.05%,a,A | 13.32 £ 0.06*%,2,A | 17.91 = 0.05%,a,A | 22.12 = 0.06*,a,A
Restor- | O X0 rushing | 527 % 0,04 | 7.58 £ 0.03%0C | 9.89 % 0.050C | 1342 £ 0.045,0C | 17.18 £ 0.03%,0.C
ative Orange Brushing 527 £0.05 | 8.16 £ 0.05%b,B | 11.25 £ 0.05%b,B | 15.11 = 0.05%,b,B | 19.02 = 0.03*b,B
juice Non-brushing | 5.26 £ 0.04 [ 6.27 £ 0.04*,d,D | 8.42 £ 0.04*,d,D | 11.85 £ 0.05%,d,D | 14.53 £ 0.06*,d,D

* indicates statistically significant difference (in rows) from the before experiment value according to the t- test (P < 0.05).
a-d indicates statistically significant difference (in columns) among experiments (in column) for each material according to Tukey’s HSD test (P <

-G indicates statistically significant difference (in columns) among experiments and materials (in column) according to Tukey’s es
A-G indicates statistically significant diffc 1 g exp ts and material 1 ding to Tukey’s HSD test (P <

Figure 1: SEM photomicrographs of before immersion (X300). (A) bulk-fill resin composite (SonicFill 2); (B) bulk-fill gi-
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Figure 2. SEM photomicrographs of SonicFill 2 resin composite (X 300). (A) deionized water and brushing; (B) deionized
water and non-brushing; (C) coca-cola and brushing; (D) coca-cola and non-brushing; (E) orange juice and brushing; and
(F) orange juice and non-brushing.

Figure 3. SEM photomicrographs of BEAUTIFIL-Bulk Restorative (X300). (A) deionized water and brushing; (B) deion-
ized water and non-brushing; (C) coca-cola and brushing; (D) coca-cola and non-brushing; (E) orange juice and brushing;
and (F) orange juice and non-brushing.

with the pH and the titratable acidity, which corresponds to pre-
vious studies [13, 14, 17, 20, 21]. Moreover, many studies have
shown that acids might change the physical properties of RBCs
and giomer under acidic conditions over time [13, 14, 17, 20, 21]
which correlated to the results of this study where the beverage
acidity had a pH ranging between 2.35 and 3.42. Coca-cola is a
popular soft drink having the lowest pH of the beverages in the
present study. After immersing the specimens in the beverages,
coca-cola produced the roughest surfaces. It has been reported
that a low pH in acidic food and drink induces erosive wear in
materials [13, 14, 17, 20, 21]. The erosive potential of an acid bev-
erage is not only exclusively influenced by its pH, but also strongly
depends on its tritratable acid content [20]. The pH values indi-
cate only a measure of the free hydrogen ion concentration. It
does not take into account the existing hydrogen ions remaining
in undissociated forms. Thus, the potential surface degradation
of RBCs and giomers from acidic beverages should be measured
for both the pH value and titratable acidity [13, 20]. Some drinks
appear to be less erosive than others within the same pH. It may

also be possibly related to the type of acid used in the drinks’
preparations. Orange juice is composed of citric acid while coca-
cola is a carbonated beverage containing carbonic acid and phos-
phoric acid which promotes dissolution and easily eroded the ma-
terials |13, 20]. Phosphoric acid softens materials more than citric
acid and carbonic acid. Howevetr, citric acid has been shown to be
aggressive for dental hard tissues and resin based restorative ma-
terials [13, 20]. Acidity might affect increases in dissolving, soften
the polymer matrixes and dislodge the filler particles resulting in
reducing the load resistance and increasing surface roughness and
the degree of erosion in RBCs and giomer [13, 14, 17, 20, 21].
In comparison to giomers, RBCs were found to be less affected
by low pH beverages or acid solution [20]. Therefore, SonicFill 2
resin composite exhibited less change in surface hardness values
than Beautifil bulk giomer.

Moreover, the effect of water absorption might degrade polymer
materials [22]. When polymer materials absorb water, coupling
agents cause hydrolysis and loss of chemical bond between resin
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matrix filler and particles. Filler particles also dislodge from the
outer surface of the material resulting in rapid increase in sur-
face roughness, reduction of surface microhardness of RBCs and
giomer, and facilitate the erosion of RBCs and giomer causing
surface roughness and erosion of RBCs and giomer [23].

The filler size has been related with the surface characteristics of
RBCs. The results of this study showed that BEAUTIFIL-Bulk
Restorative (giomer) presented greater surface roughness than
SonicFill 2 after soaking in acidic beverages, corresponding with
SEM photomicrographs. Large filler particles will have rougher
surfaces than smaller filler particles. The RBCs used in this study
were SonicFill 2 (nanohybrid RBCs), which has an average filler
particle size of 0.4 um and a smaller particle size than that of
the BEAUTIFIL-Bulk Restorative (giomer), which has an average
filler particle size of 0.8 pm.

The simulated brushing could have favored some changes in the
restorative material surface. This present in vitro study simulated
brushing to be a factor to measure the restorative material’s ability
to maintain the smoothness, brightness, and avoid staining [24].
The greater the number of brushing cycles and periods, the great-
er the degradation of the RBCs with higher surface roughness
[24]. Likewise, in this present study, simulated brushing signifi-
cantly increased of surface roughness as a result of the gradual
removal of the filler particles during the brushing procedure. This
would explain the difference observed by this present study, in
which BEAUTIFIL-Bulk Restorative had rougher surfaces than
SonicFill 2, in agreement with other studies [12].

The results of this study showed that acidic beverages and brush-
ing may affect the surface roughness and erosion of bulk-fill
restorative materials. However, this study only evaluated the in
vitro effects, with some limitations. The dilution effects of saliva,
including the pH change in the oral cavity, should also be con-
sidered. Therefore, further studies are required to examine the
effects of acidic beverages in vivo. This study at least confirms the
erosive potential of acidic beverages with brushing and how they
can potentially degrade bulk-fill restorative materials. The public
should be concerned about this fact.

Conclusion

Within the limitations of this study, the following conclusions
could be drawn. Coca-cola significantly caused rougher surfaces
and erosion than orange juice. Coca-cola and orange juice sig-
nificantly increased surface roughness and erosion of giomer,
compared with bulk-fill RBCs. Brushing groups caused rougher
surfaces than non-brushing groups.
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