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Aim: Evaluate the roughness, microhardness and color
change of different Bulk Fill resins when submitted to the
condition of gastroesophageal reflux and bulimia. Methods:
60 specimens (n = 10) of Bulk-Fill composite resins were
made: M, — Filtek™; M, — Tetric N-Ceram and M, — OPUS,
through a matrix 2x6 mm and light cured by the VALO light
source. After polishing, initial analyzes (48 hours - T,) of
surface roughness (Ra), microhardness (VHN) and color
change (AE) were performed. To simulate the oral condition
of severe gastroesophageal reflux and bulimia, the specimens
were immersed in hydrochloric acid (S,) (pH 1.7) 4 minutes a
day, for 7 days. Control group specimens were immersed in
artificial saliva (S,). Subsequently to immersions, mechanical
brushing was performed for 3 minutes, three times a day,
simulating 7 days of brushing. And again, the analyzes of Ra,
VHN and AE were performed (7 days - T,). Thus, hydrochloric
acid immersion, mechanical brushing and Ra analysis were
repeated at 14 days (T,) and 21 days (T,); and T,, T, and
T, (3 years) for VHN and AE. Results: After Shapiro-Wilk
statistical test, ANOVA and Tukey test with Bonferroni
adjustment (p>0.05), M, showed the lowest Ra at all times
compared to the other resins, while the highest Ra was at T,,
M, and T, showed higher VHN. And M, and T, showed higher
AE. Conclusion: Bulk Fill resins can be indicated for patients
with Gastroesophageal Reflux and Bulimia, nonetheless,
Tetric N-Ceram resin showed the worst results.
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Introduction

Dental erosion and consequent loss and demineralization of mineralized tissues may
be present in individuals with eating disorders, bulimia nervosa or gastroesophageal
reflux disease, due to exposure to gastric acids'. Acids of extrinsic or intrinsic origins
in contact with the dental surface can promote the irreversible loss of this substrate,
whose increase in incidence and prevalence has been documented®.

The pH of pure hydrochloric acid varies between 0.9 to 1.5 and after episodes of vom-
iting in the oral cavity, this pH does not fall below 1.5 due to esophageal buffering and
dilution of saliva, leading to a serious and high-risk condition for the formation and
progression of erosive lesions®’.

The durability of restorations depends on some factors, such as the choice of a suit-
able restorative material. Composite resins provide excellent restoration properties
such as increased wear resistance®. However, acidic conditions can damage the phys-
ical and mechanical properties of these materials, leading to the degradation of the
organic matrix and the exposure of inorganic filaments, changing the properties of
resins reducing the durability of restorations®.

With advances in the development of dental materials and clinical techniques, com-
posite resins have become more widely used as direct restorative materials to satisfy
patients with esthetic demands’®. Many changes in its composition have been carried
out since its inception, as well as the use of low-shrink, high-molecular-weight mono-
mers to overcome the effects of polymerization shrinkage, one of the main deficien-
cies in the mechanical and chemical properties of these materials™.

Bulk-Fill resins were developed to simplify the time-consuming incremental technique,
with 4-5mm depth increments, and featuring bisGMA, UDMA, bisEMA and Procrylate
monomer composition, plus a combination of ytterbium trifluoride and zirconia/ sil-
ica, giving the material a lower polymerization shrinkage™'®.

Surface roughness, color stability and microhardness can affect the survival of restorations
as well as the dentist’s decision to replace them™. Faced with the development of materials
with new chemical formulations, there is a need for new experimental studies that evaluate
the physical and mechanical properties of these new composite resins, in the conditions of
oral challenges of patients with gastroesophageal reflux and/or bulimia, in order to to pro-
pose a more specific observation in the manufacture of materials, so that the longevity of
these resins can be guaranteed during aggressive and extreme oral situations.

Thus, this study aims to evaluate the effect of hydrochloric acid on the roughness,
microhardness and color of different Bulk resins over 48 hours, 7 days, 14 days, 21
days and 3 years.

Material and Methods

Experimental Design

For the evaluation of the effect of the acid challenge associated with the mechanic
on the variables surface roughness, microhardness and color change, the factors
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for this study were: Restorative material (3 levels: M, — Composite Resin Filtek™
Bulk Fill (3M, Ribeirdo Preto, Sdo Paulo, Brazil); M, — Composite Resin Tetric N-Ce-
ram Bulk Fill (Ivoclar Vivavent, Sdo Paulo, Brazil) and M, — Composite Resin OPUS
Bulk Fill (FGM, Santa Catarina, Brazil)), Solution (2 levels: S, - Hydrochloric Acid, S, -
Artificial saliva) and Time (4 levels: T,- 48 hours; T, - 7 days; T, - 14 days; T, - 21 days;
T,- 3 years) (Table 1).

Table 1. Division of groups according to response variables, variation factors and different levels

SURFACE ROUGHNESS MICROHARDNESS COLOR CHANGE
M, — Composite Resin FiltekTM Bulk Fill; M, M,
Restoratwe M, — Composite Resin Tetric N-Ceram Bulk Fill; M, M,
material
M, — Composite Resin OPUS Bulk Fil M, M,
S, — Hydrochloric Acid; S, S,
Solution
S, — Artificial saliva S, S,
T, — 48 hours; T, T,
T, - 7 days; T, T,
Time T, — 14 days; T, T,
T, — 21 days; T, T,
T, - 3years T,

Fabrication of test specimes

60 specimens (n=10) were made according to the manufacturer’s instructions using
a teflox matrix measuring 6 mm in diameter and 2 mm in depth.

With the aid of a resin spatula (Duflex, Sdo Paulo, Brazil), the material was inserted
into the matrix in a single increment. A polyester matrix and a glass plate were put on
top of the filled cavity. Additionally, a weight of 1 kg was put on top to guarantee the
complete filling of the matrix and to produce the overflowing of any excess material.
Next, the light activation was carried out on the specimens light-curable using a curing
light VALO (Ultradent — S&o Paulo, Brazil), in accordance with instructions from the
manufacturer.

After the polymerization, samples were taken out of the matrix and kept in relative
humidity for 24 hours, in the oven at 37+1 °C. Afterwards, the specimens were pol-
ished with Sof Lex discs (3M, Sdo Paulo, Brazil) in a decreasing sequence of granula-
tion, and one of the faces was marked to serve as a positioning guide, to be used with
the Confocal Laser Microscope, Microhardness and spectrophotometer.

Storage of Specimens

All specimens were kept in relative humidity of artificial saliva in an oven at 37 +1°C
throughout the experiment period, they were only removed from the oven to be sub-
mitted to the action of hydrochloric acid and to the tests at the proposed times.
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Gastroesophageal reflux condition and Bulimia

For the specimens of each material that were subjected to the acid challenge, each
specimen was individually immersed in 15 mL of hydrochloric acid (pH = 1.7) for
4 min, once a day, for 21 days, under vibration. And for the time of 3 years, the speci-
mens were immersed for 3 uninterrupted days'®.

Mechanical challenge

The brushing of the specimens was performed using the Pepsodent brush-
ing machine. This test was performed before the readings of the times of 7 days,
14 days, 21 days and 3 years. Colgate Total 12 toothpaste was used. The volume of
10 g suspended in 10 mL of distilled water (1:1 proportion) in the appliance vats on
the specimens. To perform the brushing, the time of 3 minutes was used, correspond-
ing to 1025 cycles of the machine to simulate 7 days of brushing, three times a day.
And for the 3-year brushing time, 2 hours and 5 minutes of brushing was used. After
brushing, the specimens were washed in running water for 30 seconds and inserted
again in relative humidity with artificial saliva in the oven at 3741 °C.

Surface Roughness Readouts

Surface roughness readouts were performed after polishing the specimens at
48 hours, 7 days, 14 days and 21 days using a confocal laser microscope (LEXT
0OLS4000, Olympus, Japan). The device was calibrated to focus an image at 1500 um
through the 5x objective lens. The average roughness of the area (Sa, pm) of the pol-
ished surface of the specimens was measured. Data were obtained using OLS4000
software version 2.0 (LEXT OLS4000, Olympus Corporation, Tokyo, Japan).

Microhardness Readouts

The microhardness readouts were performed in the experimental time intervals of
48 hours, 7 days, 14 days, 21 days and 3 years. For this analysis, the microdurometer
(HMV-2000 Shimadzu Corporation, Japan) was used, with a pyramid-shaped diamond
coated penetrator of the Vickers type, with a load of 100 g, applied for 10 seconds. 3
readings were made in the upper surface region of each specimen at points equidis-
tant from each other, and the average of the measurements was obtained.

Color Change Readouts

The color change readouts were performed after polishing the specimens at 48
hours, 7 days, 14 days, 21 days and 3 years using the SP62S spectrophotometer
with Model QA Master | Software (X-Ritelncorporated - Neu-Isenburg Germany.
Each specimen was carefully manipulated using clinical forceps (Millennium, Gol-
gran, SP, Brazil), dried with absorbent paper, and kept in a device duly prepared with
niches for placement of the specimens and standardization of the readouts against
an opaque white background.

Color measurements were performed using the CIE L* a* b* color system. The AE*
value is the total difference between two color stimuli and was calculated using fol-
lowing formula:
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AE* = [(AL%)? + (Da®)? + (Ab*)2,

Statistical Analysis

The results obtained were submitted to the Shapiro-Wilk normality test and data were
analyzed using ANOVA test (p < 0.05) and Tukey test with Bonferroni adjustment,
using the Assistat (7.7 beta) software package.

Results

In the interaction of the Material x Time of surface roughness, it was found that T, (48
hours) had higher averages than the other times and M, had means statistically lower
than M, and M, (p< 0,007) (Table 2).

Table 2. Mean values for Roughness by interaction Material (M) x Time (T)

M, M, M,
T, 2,39 + 0,56 aA 2,80 + 0,37 bA 2,48 + 0,30 abA
T, 2,43 40,62 aA 2,63 0,50 aA 1,78 +0,27 bB
T, 2,37 40,59 aA 2,36+ 0,55 aB 1,89 + 0,38 bB
T, 2,28 40,56 aA 2,77 0,68 bA 1,77 +0,23 cB

Lowercase letter line sense
Capital letter column sense

For microhardness, in the means for the interaction of the Time x Material (p< 0,001)
and Time x Solution (p< 0,001), it was found that the T, time presented averages sta-
tistically higher than the other times. The acid solution (S,) showed statistically higher
averages than artificial saliva (S,). It is possible to verify that the material M, showed
statistically lower averages than M, and M, (Table 3).

Table 3. Mean values for Microhardness by interactions Time (T) x Material (M) and Time (T) x Solution (S)

To T, T, T T,
M, 49,15 + 6,47 aA 52,53 +3,94 cA 53,03 + 5,60 bA 47,23 £2,76 dA 47,72 £ 6,27 dA
M, 40,09 £ 6,35 aB 44,32 +7,23 bB 38,99 +531aB 40,60 £+ 5,34 aB 41,72 +7,04 aB
Ms 43,74 £ 5,51 bB 51,26 +7,11 aA 46,31+ 6,56 bC 47,42 + 6,26 cA 52,58 + 6,60 aC
S, 45,46 £7,78 aA 48,06 £ 7,78 bA 42,88 £ 6,51 aA 43,54 £ 5,59 aA 44,75+ 7,80 aA
S, 43,20 £ 6,26 aA 50,67 + 6,35 bA 49,33+ 8,44 bB 46,63 + 5,83 cB 49,96 + 7,24 bB

Lowercase letter line sense
Capital letter column sense

For color change, in the means for the interaction of the Time x Material (p< 0,001),
it was found that M, had higher averages than M, and M, and T, had means statisti-
cally higher than the other times (Table 4).
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Table 4. Mean values for Color Change by Time (T) x Material (M)

M, M, M,
T, 2,72 40,93 aA 2,84+ 1,42 aA 2,63+ 1,33 aA
T, 1,87+ 0,87 aB 3,16 £ 1,59 bA 2,19+ 176 aA
T, 2,92+0,99aC 374+1,81bB 2,34+ 1,45aB
T, 2,85+ 1,48 aC 4,20+ 1,65bB 2,83+1,19 aA

Lowercase letter line sense
Capital letter column sense

Discussion

The null hypothesis is that the acid does not change the properties of Bulk Fill res-
ins, although in this work, OPUS Bulk Fill resin presented less roughness than Filtek
Bulk Fill and Tetric N Ceram. This result may be related, mainly to the amount of
inorganic components of Bulk Fill resins. The OPUS Bulk fill resin (79% by weight)
has more inorganic component than Filtek Bulk Fill (76% by weight) and Tetric N
Ceram (75% by weight), this composition probably favored its lower roughness and
greater hardness.

The roughness was higher in the 48 hours when compared to the times of 7 days,
14 days, 21 days and 3 years. These results are not in accordance with several
studies’ where they stated that, over time, there is a degradation of the organic
matrix of resins, which provides an increase in surface roughness as a function
of the time of restorative materials. According to Ishii et al.’” (2020), the polishing
technique can cause the release of the particles of charge, which generate voids
on the resin surface and thus collaborate to increase the roughness. On the other
hand, the effect of daily brushing, may favor the smoothing of the surfaces of the
specimens over time, due to the abrasion process, which is in accordance with
Somacal et al.”® (2020).

Somacal and collaborators' (2020) evaluated the effect of pH cycling and sim-
ulated brushing on the surface roughness of Bulk Fill resins, and although the pH
cycle caused changes in the surface of the studied resins, it was not enough to
generate changes in surface roughness. This result corroborates with the present
study, since the low pH acid solution did not negatively influence the roughness of
Bulk Fill resins.

In the literature, acidic solutions can result in damage to the surface and reduce the
microhardness of restorative materials, as they cause the material to dissolve, soften
the polymeric matrices and detach the filler particles(11,14). Tanthanuch et al.’® (2018)
also reported that the immersion of Bulk Fill resins in liquids and acid-simulating food
drinks can negatively influence the surface properties of restorative materials.

The lower microhardness of the Tetric N-Ceram Bulk Fill (M,) resin is probably
related to the type of photoinitiator that this material presents in its composition,
Ivocerin. This germanium-based initiator system has a high light-curing activity and
an absorption spectrum that extends below 380 nm to 460 nm, with an absorp-
tion peak close to 408 nm™. When materials with this photoinitiator are photopoly-
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merized with polywave light sources, they may present polymerization impairment,
since the light source with this characteristic may present a problem of homoge-
neous light emission and thus interfere with the material's microhardness??",

In addition, the lower microhardness of the Tetric N-Ceram Bulk Fill (M,) resin may be
related to the reduction in the percentage of inorganic components when compared
to the other resins. This lower inorganic amount in the composition could have influ-
enced the lower microhardness of the restorative material'®.

Alencar and collaborators?(2020), reported that after 7 days of immersion, the restor-
ative materials used in the study (Filtek Z350XT, GrandioSO, Filtek Bulk Fill, X-tra fil)
showed less microhardness in different solutions (deionized water, acid citric 5% and
hydrochloric acid 0.1%). These previous results corroborate with the data of the pres-
ent study, where the microhardness was reduced over the different analyzed times.

Acidic solutions can degrade the monomeric matrix of restorative materials, impair-
ing hardness, roughness and increasing water sorption. Thus, the importance of
the correct choice of restorative material in patients with severe dental erosion
is evidenced?.

It was found that the Tetric N-Ceram Bulk resin (M,) under the action of acid (S,) was
more sensitive, as it presented a greater color change than the M, and M, resins after
14 days, a result that showed that there was time addiction.

When the color change occurs, this change may be related to the composition of
the material, such as the type of photoinitiator system, type of monomer, percent-
age by weight and volume; and size of the charge particles, which can influence the
stain susceptibility?+26,

The color stability of composite resins can be mainly caused by water absorp-
tion and the hydrophilicity of the matrix. Most resin matrix compositions such as
bisphenolglycidyl methacrylate (Bis-GMA) and urethane dimethacrylate (UDMA)
present hydrophilic molecules in their formulation, that is, with the ability to attract
water with Bis-GMA, a slightly more hydrophilic component when compared to
UDMA. Such a situation will have a direct impact on the detection of stains found
when resins with this monomeric composition are immersed in solutions. In the
present study, Tetric N-ceram resin was the compound that showed the greatest
color change, and this fact is probably due to the presence of Bis-GMA in its mono-
meric composition'427.28,

According to Rittermann et al.?? (2010), color stability is related to the conversion
of the photoinitiator system. This system can form by-products that fade thermally
or under ultraviolet light and shift the color of the resin to a more red or yellow
color. Tetric N-Ceram Bulk Fill resin has its own photoinitiator, Ivocerin. This type
of photoinitiator can influence the susceptibility of material stains®. In addition,
a hydrophilic matrix contributes to the discoloration of the material. However, even
if the matrix structure is not hydrophilic, water and coloring fluids can diffuse in
the composite resin and cause susceptibility to discoloration. Diffusion and discol-
oration occur when the inorganic and organic contents are not silanized correctly
or when the integration in the resin matrix is not sufficient®'. Moreover, the Tetric
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N-Ceram Bulk Fill resin compared to the other study resins is the material that has
a lower percentage of charge, an amount that could contribute to a greater color
change in this material.

Smaller particles affect the pigment adsorption on the material surface, affecting the
overall color saturation after staining®. According to Gonulol and Yilmaz®®(2012), the
monomer content and the surface roughness affect the color change of composite
resins, more than the size of the filler particles. In the absence of pigments, the degree
of conversion (proportion of remaining unreacted carbon-carbon bonds) and greater
translucency of composite resins may be one of the other factors of color change,
that is, color change is a multifactorial problem.

Acid solutions can promote the degeneration of resins leaving the surface rougher,
which could allow greater pigment retention and thus influence the color change, jus-
tifying the results found when observing the significant averages according to the
respective solution'®30,

Clinical experiments are necessary for the validation of the methods used in this
study, since the evaluation made in the present research was an in vitro analysis.
The results of this study show that the choice of material should be considered when
planning restorations in patients with gastroesophageal reflux. Furthermore, it can
be observed that the composition of the restorative material (monomer, photoinitia-
tor, particle size, and inorganic filler) and the presence of acid can have considerable
effects on the properties of the different resins tested.

In conclusion and according to the methodology used, it is possible to conclude
that the roughness was higher at 48 hours and the composite resin OPUS Bulk Fill
always showed lower roughness when compared to the other resins. In addition, it
was possible to observe that the acid did not negatively influence this property. The
composite resin Filtek™ Bulk Fill showed the highest microhardness in 7 days. The
acid negatively influenced the microhardness of the resins, however, Tetric N-Ceram
Bulk Fill behaved better. Also, color change has increased over time. At 3 years, com-
posite resin Tetric N-Ceram Bulk Fill showed greater color change when associated
with hydrochloric acid.

Acknowledgements

The University of S&o Paulo, Ribeirdo Preto School of Dentistry (Department of
Materials and Prosthodontics) and School of Philosophy, Sciences and Letters
(Department of Chemistry).

Declaration of Interests

The authors certify that they have no commercial or associative interest that
represents a conflict of interest in connection with the manuscript.

Author Contribution

Substantial contributions to the conception and design of the work: MMA; TCD;
LPAA; RC. Substantial contributions to the analysis; MMA; TCD; LPAA, RC, Substan-

Braz J Oral Sci. 2023;22:230282 8



Arnez et al.

tial contributions to the interpretation of data for the work: MMA; ABCEBC. Draft-
ing the work: MMA; ABCEBC. Reviewing it critically for important intellectual con-
tent: MMA; ACR; ABCEBC. Manuscript findings: MMA; TCD; LPAA; RC; DEU; ACR,;
ABCEBC. Final review and approval of the version to be published: MMA; TCD; LPAA,
RC; DEU; ACR; ABCEBC. Agreement to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity of any part of the work
are appropriately investigated and resolved: MMA; TCD; ACR; ABCEBC. All authors
actively participated in the manuscript's findings, revised and approved the final ver-
sion of the manuscript.

References

1. Milani DC, Borba M, Farré R, Grando LGR, Bertol C, Fornari F. Gastroesophageal reflux
disease and dental erosion: the role of bile acids. Arch Oral Biol. 2022 Jul;139:105429.
doi: 10.1016/j.archoralbio.2022.105429.

2. Davis HA, Wildes JE. Eating disorders: bulimia nervosa. In: Caballero B, editor. Encyclopedia of
human nutrition. 4.ed. Academic Press; 2023. p.304-13. doi: 10.1016/B978-0-12-821848-8.00074-3.

3. Ranalli DN, Studen-Pavlovich D. Eating nt. Dent Clin North Am. 2021,;65(4):689-703.
doi: 10.1016/j.cden.2021.06.009.

4. LiY,Wang Z, Fang M, Tay FR, Chen X. Association between gastro-oesophageal reflux disease and
dental erosion in children: A systematic review and meta-analysis. J Dent. 2022 Oct;125:104247.
doi: 10.1016/j.jdent.2022.104247.

5. Marro F, O'Toole S, Bernabé E, Bartlett D, Aranguiz V. Associated risk factors with quantitative erosive
tooth wear progression. J Dent. 2022 Aug;123:104179. doi: 10.1016/j.jdent.2022.104179.

6. Guedes APA, Moda MD, Suzuki TYU, Godas AG de L, Sundfeld RH, Briso ALF, et al. Effect of fluoride-
releasing adhesive systems on the mechanical properties of eroded dentin. Braz Dent J. 2016 Mar-
Apr;27(2):153-9. doi: 10.1590/0103-644020160635.

7. Donovan T, Nguyen-Ngoc C, Abd Alraheam |, Irusa K. Contemporary diagnosis and management of
dental erosion. J Esthet Restor Dent. 2021 Jan;33(1):78-87. doi: 10.1111/jerd.12706.

8. YangH, Lu Z cen, Attin T, Yu H. Erosion of CAD/CAM restorative materials and human enamel: An in
vitro study. J Mech Behav Biomed Mater. 2021 Jul;119:104503. doi: 10.1016/j.jmbbm.2021.104503.

9. Lima VP Machado JB, Zhang Y, Loomans BAC, Moraes RR. Laboratory methods to simulate the
mechanical degradation of resin composite restorations. Dent Mater. 2022 Jan;38(1):214-29.
doi: 10.1016/j.dental.2021.12.006.

10. Bompolaki D, Lubisich EB, Fugolin AP. Resin-Based Composites for Direct and Indirect Restorations.
Dent Clin North Am. 2022 Oct;66(4):517-36. doi: 10.1016/j.cden.2022.05.003.

11. Asadian F, Shahidi Z, Moradi Z. Evaluation of wear properties of four bulk-fill composites: attrition,
erosion, and abrasion. Biomed Res Int. 2021 Nov;2021:8649616. doi: 10.1155/2021/8649616.

12. Naz F, Samad Khan A, Kader MA, al Gelban LOS, Mousa NMA, Asiri RSH, et al. Comparative
evaluation of mechanical and physical properties of a new bulk-fill alkasite with conventional
restorative materials. Saudi Dent J. 2021 Nov;33(7):666-73. doi: 10.1016/j.sdent}.2020.04.012.

13. Ajaj RA, Farsi NJ, Alzain L, Nuwaylati N, Ghurab R, Nassar HM. Dental bulk-fill resin composites
polymerization efficiency: a systematic review and meta-analysis. J Compos Sci. 2021;5:149.
doi: 10.3390/jcs5060149.

Braz J Oral Sci. 2023;22:230282 9



14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Arnez et al.

Bahbishi N, Mzain W, Badeeb B, Nassar HM. Color stability and micro-hardness of bulk-fill
composite materials after exposure to common beverages. Materials (Basel). 2020 Feb;13(3):787.
doi: 10.3390/ma13030787.

Kulkarni A, Rothrock J, Thompson J. Impact of gastric acid induced surface changes on mechanical
behavior and optical characteristics of dental ceramics. J Prosthodont. 2020 Mar;29(3):207-18.
doi: 10.1111/jopr.12716.

Tanthanuch S, Kukiattrakoon B, Eiam-0O-Pas K, Pokawattana K, Pamanee N, Thongkamkaew
W, et al. Surface changes of various bulk-fill resin-based composites after exposure to
different food-simulating liquid and beverages. J Esthet Restor Dent. 2018 Mar;30(2):126-35.
doi: 10.1111/jerd.12349.

Ishii R, Takamizawa T, Tsujimoto A, Suzuki S, Imai A, Barkmeier WW, et al. Effects of finishing and
polishing methods on the surface roughness and surface free energy of bulk-fill resin composites.
Oper Dent. 2020 Mar/Apr;45(2):E91-E104. doi: 10.2341/18-246-L.

Somacal DC, Manfroi FB, Monteiro MSG, de Oliveira SD, Bittencourt HR, Borges GA, et al. Effect of
pH cycling followed by simulated toothbrushing on the surface roughness and bacterial adhesion of
bulk-fill composite resins. Oper Dent. 2020 Mar/Apr;45(2):209-18. doi: 10.2341/19-012-L.

Moszner N, Fischer UK, Ganster B, Liska R, Rheinberger V. Benzoyl germanium derivatives
as novel visible light photoinitiators for dental materials. Dent Mater. 2008 Jul;24(7):901-7.
doi: 10.1016/j.dental.2007.11.004.

Michaud PL, Price RBT, Labrie D, Rueggeberg FA, Sullivan B. Localised irradiance distribution found in
dental light curing units. J Dent. 2014 Feb;42(2):129-39. doi: 10.1016/j.jdent.2013.11.014.

Maghaireh GA, Price RB, Abdo N, Taha NA, Alzraikat H. Effect of thickness on light transmission
and vickers hardness of five bulk-fill resin-based composites using polywave and single-peak light-
emitting diode curing lights. Oper Dent. 2019 Jan/Feb;44(1):96-107. doi: 10.2341/17-163-L.

Alencar MF, Pereira MT, De-Moraes MDR, Santiago SL, Passos VF. The effects of intrinsic and
extrinsic acids on nanofilled and bulk fill resin composites: Roughness, surface hardness,
and scanning electron microscopy analysis. Microsc Res Tech. 2020 Feb;83(2):202-7.

doi: 10.1002/jemt.23403.

Soares LES, Soares ALS, de Oliveira R, Nahérny S. The effects of acid erosion and remineralization
on enamel and three different dental materials: FT-Raman spectroscopy and scanning electron
microscopy analysis. Microsc Res Tech. 2016 Jul;79(7):646-56. doi: 10.1002/jemt.22679.

Azzopardi N, Moharamzadeh K, Wood DJ, Martin N, van Noort R. Effect of resin matrix composition
on the translucency of experimental dental composite resins. Dent Mater. 2009 Dec;25(12):1564-8.
doi: 10.1016/j.dental.2009.07.011.

Ortowski M, Tarczydto B, Chatas R. Evaluation of marginal integrity of four bulk-fill dental composite
materials: In vitro study. ScientificWorldJournal. 2015;2015:701262. doi: 10.1155/2015/701262.

Shamszadeh S, Sheikh-Al-Eslamian SM, Hasani E, Abrandabadi AN, Panahandeh N. Color stability of
the bulk-fill composite resins with different thickness in response to coffee/water immersion. Int J
Dent. 2016;2016:7186140. doi: 10.1155/2016/7186140.

Kerby RE, Knobloch LA, Schricker S, Gregg B. Synthesis and evaluation of modified urethane
dimethacrylate resins with reduced water sorption and solubility. Dent Mater. 2009 Mar;25(3):302-13.
doi: 10.1016/j.dental.2008.07.009.

Mansouri SA, Zidan AZ. Effect of water sorption and solubility on color stability of bulk-fill resin
composite. J Contemp Dent Pract. 2018 Sep;19(9):1129-34.

Rittermann S, Suyoun K, Raab WHM, Janda R. Effect of exposure time on the color stability of
resin-based restorative materials when polymerized with quartz-tungsten halogen and LED light. Clin
Oral Investig. 2010 Oct;14(5):599-605. doi: 10.1007/s00784-009-0316-y.

Braz J Oral Sci. 2023;22:¢230282 10



30.

31.

32.

33.

Arnez et al.

Barutcigil G, Barutcigil K, Ozarslan MM, Diindar A, Yilmaz B. Color of bulk-fill composite resin
restorative materials. J Esthet Restor Dent. 2018 Mar;30(2):E3-E8. doi: 10.1111/jerd.12340.

Tuncdemir AR, Gliven ME. Effects of fibers on color and translucency changes of bulk-fill
and anterior composites after accelerated aging. Biomed Res Int. 2018 Jan;2018:2908696.
doi: 10.1155/2018/2908696.

Miletic V, Marjanovic J, Veljovic DN, Stasic JN, Petrovic V. Color stability of bulk-fill and universal
composite restorations with dissimilar dentin replacement materials. J Esthet Restor Dent.
2019 Sep;31(5):520-8. doi: 10.1111/jerd.12529.

Gondlol N, Yilmaz F. The effects of finishing and polishing techniques on surface
roughness and color stability of nanocomposites. J Dent. 2012 Dec;40 Suppl 2:¢64-70.
doi: 10.1016/j.jdent.2012.07.005.

Braz J Oral Sci. 2023;22:230282 11



