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Objective: This study aimed to evaluate the in vitro effects of coffee exposure on the color and roughness of conventional and bulk-
fill resin composites, with and without surface pre-reacted glass-ionomer (S-PRG) filler.

Methodology: Forty-eight cylindrical samples (d6 mm x 2 mm) were prepared and categorized as follows (n = 12 per group):
conventional nano-hybrid (Tetric N-Ceram, Ivoclar); nano-hybrid with S-PRG filler (Beautifil II, Shofu); bulk-fill (Tetric N-Ceram
Bulk Fill, Ivoclar); and bulk-fill with S-PRG filler (Beautifil Bulk Restorative, Shofu). The samples were assessed for surface
roughness (Ra, um), color coordinates (CIE Lab), and overall color change (AE,,, AEqq). Measurements were taken at baseline and
after 7 days of coffee immersion (pH = 4.95). Data were analyzed using generalized linear models, Kruskal-Wallis, Dunn, and paired
Wilcoxon tests (a0 = 0.05).

Results: After the coffee exposure, all resin composites exhibited a significant decrease in L* (towards black), an increase in a*
(towards red), an increase in b* (towards yellow), and a higher Vita color score (p < 0.05). Tetric N-Ceram demonstrated the lowest
roughness values post-exposure; however, a significant increase in roughness over time was observed only for Tetric N-Ceram Bulk
Fill (p < 0.05). For AE,;,, Beautifil Bulk Restorative and Tetric N-Ceram showed higher values compared to Beautifil II. For AE,,
a significant difference was noted between Beautifil Bulk Restorative and Beautifil I (p < 0.05).

Conclusion: Resin composites with S-PRG fillers exhibited similar pigmentation dynamics to conventional composite but showed
greater surface roughness after exposure to coffee. Considering the S-PRG materials, the bulk-fill version is more susceptible to
staining.
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Introduction
Resin composites consist of an organic matrix, filler particles, reaction initiators, and bonding agents,1 a composition that
enables their versatile application in dentistry.” These materials are used in both direct and indirect dental restorations,
with formulations suitable for application in both anterior and posterior teeth.>” Often employed in aesthetic dental
restorations, resin composites can be classified based on particle size or monomer properties,>* which influence the
material’s viscosity, handling,® physical properties,”® and the clinical performance of the restoration.””

However, resin composites are generally susceptible to aging and degradation in the oral environment, a process that
can lead to irreversible changes in their original properties.'” These alterations may involve changes in physical

properties or aesthetic appearance, thereby impacting clinical performance.'’ Consequently, modifications to the surface
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profile can increase susceptibility to staining through the deposition and incorporation of pigments, which promotes
biofilm accumulation and, in turn, the development of gingival inflammation and secondary caries lesions.'*"?

Staining and pigmentation of resin composites occur through different mechanisms: intrinsic pigmentation, resulting
from the material’s aging; extrinsic pigmentation, caused by biofilm accumulation and color changes from dietary intake
or habits; and surface degradation, prompted by pigmenting agents, which can lead to the absorption and adsorption of
pigments by the material.'*'> Consequently, the pigmentation is influenced by the material’s inherent properties, the
characteristics of the oral environment, the nature of the pigmenting agent, patient habits, and professional practices
during restorative and polishing procedures.'® The type of resin matrix, the percentage of inorganic particles, and the size
of the particles also play a role in the pigmentation of resin composites.'*'>

Resin composites are continuously evolving, with recent examples including high-viscosity and low-viscosity bulk-
fill resin composites that have launched in the past decade.* Bulk-fill resin composites, which can be placed in increments
of 4 to 5 mm, are primarily indicated for posterior restorations and have gained widespread use due to their ability to
simplify the process of material placement in cavities.'” Their clinical efficacy is comparable to that of conventional resin
composites, regardless of the type of restoration (Class I and II).'®

The impact of pigmenting agents on the color stability of bulk-fill resin composites remains controversial. Some

1920, \while others

studies suggest that bulk-fill resin composites have lower color stability when exposed to staining,
report higher color stability compared to conventional resin composites.?’ The full evaluation of these materials,
particularly in terms of pigmentation dynamics and the incorporation of bioactive particles, remains incomplete. It is
important to note that although the significance of color in posterior restorations has been debated, discoloration at the
margins and within the body of restorations remains a relevant reason for their replacement.?*

Among the materials mentioned, resin composites containing S-PRG (Surface Pre-Reacted Glass lonomer) fillers have been
developed, primarily characterized by its bioactivity.>> The S-PRG particles included in its composition, when in contact with
biological fluids, facilitate the release of ions such as phosphate, fluoride, and calcium, which influence the material’s ability to
form new apatites.”> Additionally, it possesses antibacterial and anti-inflammatory properties.”* These materials have a wide
range of clinical indications, including cervical and occlusal restorations, direct veneers, treatment of hypersensitivity in areas of
exposed dentin, cementation and bonding of orthodontic brackets,® and in areas more prone to secondary caries lesions.*

Bioactive resin composites containing S-PRG fillers have been introduced to the market for use in a wide range of
clinical applications, including conventional and bulk-fill resin composites versions. However, the limited research on
these materials highlights the need for a deeper understanding of their properties, particularly their color stability,
susceptibility to staining, pigmentation dynamics, and changes in surface roughness. Therefore, this study aimed to
evaluate in vitro the effect of coffee exposure on the color and roughness properties of conventional and bulk-fill resin
composites, with and without S-PRG fillers. The null hypotheses stated that the S-PRG resin composites tested do not
differ from conventional resin composites exposed to coffee, nor do they differ between each other,in terms of 1) color
properties and 2) surface roughness.

Materials and Methods
Study Design
Forty-eight cylindrical resin composite samples were obtained, with n = 12 for each group. Four types of resin
composites were evaluated: conventional nano-hybrid resin composite (Tetric N-Ceram, Ivoclar Vivadent), nano-
hybrid resin composite with S-PRG fillers (Beautifil II, Shofu), bulk-fill resin composite (Tetric N-Ceram Bulk Fill,
Ivoclar Vivadent), and bulk-fill resin composite with S-PRG fillers (Beautifil Bulk Restorative, Shofu). The samples were
assessed for color (CIE Lab, AE,,, AE, Vita Scale) and roughness (Ra) at baseline and after immersion in coffee.
Sample size calculation: The analysis was performed using G*Power software. A sample size of 12 specimens per
resin composite, totaling 48 specimens, ensures a test power of at least 80% (p = 0.20) for the main effects of resin
composite and time, as well as for the interaction between them (resin composite X time), in a repeated measures design
over time. The significance level was set at 5% (o = 0.05), and the calculation was based on large effect sizes (f = 0.43).
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Preparation of the Samples

Resin composites discs were prepared by placing the materials into a Teflon matrix with a diameter of 6 mm and a thickness of
2 mm. Each resin composite was inserted in a single 2 mm increment using an insertion spatula (Goldstein XTS Flex, HuFriedy,
USA). The material was then covered with a polyester strip and a glass plate, and a 500 g weight was applied for 10 seconds to
ensure proper compaction and the elimination of air bubbles in the uncured resin composite. Light curing was carried out using
a corded LED device (Valo, Ultradent Products Inc., South Jordan, UT, USA) in standard mode with an irradiance of 1000 mW/
cm?, for 20 seconds.? The irradiance was ensured by the manufacturer through regular maintenance. The samples were marked
on the base to distinguish the analyzed top surface and were randomly distributed to the groups using a simple randomization.
The technical specifications and details of the resin composites used in this study are presented in Table 1.

Color Analysis

The color of each sample was recorded using a digital spectrophotometer (VITA Easyshade, VITA Zahnfabrik), with
measurements taken against a white background for standardization.”® Color readings were recorded initially (baseline)
and after 7 days of immersion in coffee (final)."

The device was calibrated according to the manufacturer’s instructions prior to use. The color data were quantified
using the CIE Lab system, where the L* coordinate represents luminosity (black to white axis; 0 to 100), the a*
coordinate indicates saturation on the red (+) and green (-) axis, and the b* coordinate denotes saturation on the yellow
(+) and blue (-) axis. The overall color difference was calculated using the AE,, and CIEDE2000 (AEg) formulas, which

express the color variation between measurement times using the following formulas:***’

AEg= V(AL*)* + (Aa*)* + (Ab*)?
AEqo = V(AL'/KLSL)? + (AC'/kCSC)* + (AH'/KkHSH)? + RT(AC’/kCSC) (AH'/(kHSH)

In the AE,, formula, L*, a*and b* represent the coordinates of the CIE Lab* color system.26 In the AE, formula, AL*
denotes the variation in the L* coordinate, which indicates luminosity (black-white axis); AC represents differences in
chroma (saturation); AH reflects differences in hue; and RT is a function that accounts for the interaction between
differences in chroma and hue in the blue region of the spectrum.”’” The AEg, values were calculated sequentially as
described by Sharma et al (2005).>® The Shade Guide Unit (SGU), based on the Vita scale, was determined using the
same spectrophotometer. Scores ranging from 1 to 16 were assigned according to decreasing luminosity, from B1 to C4.
The Vita Classical scale was determined by converting the color of the tooth into numbers, according to previously

Table | Name, Classification, Composition, Manufacturer and Batch of Resin Composites

Resin Composite Type/ Composition Size Manufacturer Batch
Classification (um)

Tetric N-Ceram Nano-hybrid Dimethacrylates, barium glass, ytterbium 0.04-3 Ivoclar Vivadent AG Z036RL
Color: A2 conventional trifluoride, mixed oxides and copolymers (Schaan, Liechtenstein)

Beautifil Il Color: A2 Nano-hybrid Bis-GMA, TEGDMA, S-PRG based on 3 Shofu Inc. (Kyoto, Japao) | 012270

with S-PRG aluminum borosilicate fluoride glass
particles

Tetric N-Ceram Bulk Fill Bulk-fill Dimethacrylates, barium glass, prepolymer, 0.4-0.7 Ivoclar Vivadent AG Z03L4K
Color: IVA ytterbium trifluoride and mixed oxides (Schaan, Liechtenstein)

Beautifil Bulk Restorative Bulk-fill with Bis-GMA, UDMA, Bis-MPEPP, TEGDMA, 3 Shofu Inc. (Kyoto, Japao) 122049
Color: A S-PRG particles S-PRG based on aluminum borosilicate

fluoride glass

Note: Composition information presented in the MSDS (Material Safety Data Sheet) provided by the manufacturers.
Abbreviations: Bis-GMA, Bisphenol A-glycidyl methacrylate; TEDGMA, triethylene glycol dimethacrylate; UDMA, urethane dimethacrylate; BisEMA, bisphenol A diglycidyl
ethoxylated methacrylate.
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established numerical values, organized from number 1 (B1) to 16 (C4) in order of luminosity: B1, Al, B2, D2, A2, C1,
C2, D4, A3, D3, B3, A3.5, B4, C3, A4 and C4.%°°

Surface Roughness Analysis

Surface roughness was assessed using a roughness meter (Surftest SJ-210, Mitutoyo Corporation, Kanagawa, Japan).
Measurements were taken at two time points: initially (baseline) and after 7 days of immersion in coffee (final). The
average roughness (Ra, pm) was recorded, representing the arithmetic mean of the peak-to-valley measurements across
the surface, with measurement length = 1.25 mm and cut-off = 0.25.%° Three readings were taken for each surface, with
the stylus passing through the center of the sample and taking measurements in three different positions after a 120°
rotation of the sample base. The average roughness for each sample was calculated from these three readings.”

Coffee Exposure Protocol

Following the initial analyses, the samples were immersed in a coffee solution and incubated under standardized
conditions at 37 °C for seven days.'” The container was sealed with a lid to prevent liquid evaporation. The coffee
solution (pH = 4.95) was prepared by dissolving 2.4 grams of coffee powder (Nescafé Classic, Sdo Paulo, Brazil) in
200 mL of heated distilled water. After 10 minutes, the solution was filtered through filter paper. The solution was
replaced daily at a consistent time to ensure uniform exposure.

Statistical Analysis

Data were analyzed using the R software, with a significance level set at 5%. Initially, descriptive and exploratory analyses were
performed on all data. Previous analyses indicated that the data did not meet the assumptions for analysis of variance (ANOVA).
Thus, the L* and b* coordinates, as well as the roughness data, were evaluated using generalized linear mixed models for
repeated measures. Generalized linear models were employed to evaluate AE,;, and AE, incorporating the group effect into the
model. The a* coordinate and SGU scores were analyzed using non-parametric tests, including the Kruskal-Wallis test and
Dunn’s test for comparisons between resin composites, and the paired Wilcoxon test for comparisons between time points.

Results
Color Analysis

The L* and b* results are detailed in Table 2. All resin composites exhibited a significant reduction in L* values following
immersion in coffee (p < 0.0001). At the final measurement, Beautifil Bulk Restorative displayed a significantly lower L*

Table 2 Mean (Standard Deviation) of L* and b* Coordinates as a Function of Resin Composite and

Time
Coordinate | Resin Composite Time
Initial Final

L* Beautifil Il 85.93 (2.15) Aa 75.31 (2.71) Ba
Beautifil Bulk Restorative 86.52 (3.60) Aa 71.39 (5.95) Bb
Tetric N-Ceram 87.33 (3.15) Aa 73.63 (3.83) Bab
Tetric N-Ceram Bulk Fill 87.02 (1.61) Aa 75.70 (3.04) Ba
p-values p(resin composite)=0.1175; p(time)<0.0001; p(interaction)=0.1107

b* Beautifil Il 25.51 (4.97) Ba 29.50 (3.93) Aa
Beautifil Bulk Restorative 18.78 (7.75) Bb 27.78 (3.55) Aab
Tetric N-Ceram 21.81 (7.90) Bab 30.14 (5.94) Aa
Tetric N-Ceram Bulk Fill 20.24 (6.74) Bb 25.54 (4.85) Ab

p-values p(resin composite)=0.0985; p(time)<0.0001; p(interaction)=0.0589

Note: Different letters (uppercase horizontally and lowercase vertically) indicate statistically significant differences (p<0.05)
according to the generalized linear mixed models for repeated measures.
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Table 3 Median (Minimum and Maximum Value) of the a* Coordinate and Vita Scale Score

(SGU), as a Function of Resin Composite and Time

Variable Resin Composite Time p-value
Initial Final

Coordinate a* | Beautifil Il 3.40 (—0.90; 6.00) Ba | 5.70 (2.70; 7.50) Aa | 0.0022
Beautifil Bulk Restorative | —0.50 (—0.70; 5.10) Ba | 3.90 (3.10; 7.30) Aa | 0.0022
Tetric N-Ceram 3.25 (—0.70; 5.70) Ba | 4.95 (2.90; 9.70) Aa | 0.0022
Tetric N-Ceram Bulk Fill | —0.25 (—1.00; 5.60) Ba | 3.55 (2.00; 7.20) Aa | 0.0022
p-value 0.4203 0.3460 -

Score (SGU) Beautifil Il 2.0 (2.0; 11.0) Ba 15.0 (11.0; 15.0) Aa | 0.0022
Beautifil Bulk Restorative 2.0 (1.0; 11.0) Ba 15.0 (11.0; 16.0) Aa | 0.0022
Tetric N-Ceram 2.0 (1.0; 11.0) Ba 15.0 (12.0; 16.0) Aa | 0.0022
Tetric N-Ceram Bulk Fill 2.0 (1.0; 2.0) Ba 13.0 (9.0; 15.0) Aa | 0.0022
p-value 0.1954 0.0682 -

Note: Different letters (uppercase for resin composite and lowercase for time) indicate statistically significant differences

(p<0.05) according to the Kruskal-Wallis, Dunn, and Wilcoxon tests.

values compared to both Beautifil II and Tetric N-Ceram Bulk Fill materials (p < 0.05). Additionally, there was a significant

increase in b* values for all resin composites after coffee immersion (p < 0.0001). At the initial measurement, Beautifil II resin
had a significantly higher b* values than Beautifil Bulk Restorative and Tetric N-Ceram Bulk Fill (p < 0.05). At the final time
point, Beautifil II and Tetric N-Ceram showed significantly higher b* values compared to Tetric N-Ceram Bulk Fill (p < 0.05).

The a* coordinate values and Vita scale color scores (SGU, shade guide unit) are presented in Table 3. Significant

increases were observed for the a* values and SGU results for all materials following immersion in coffee (p = 0.0022).

However, no significant differences were found among the resin composites for these variables (p > 0.05).

Figure 1 presents a significant difference in color variation among the resin composites as measured by AE,, (p =
0.0219). The AE,, values were higher for Beautifil Bulk Restorative and Tetric N-Ceram compared to Beautifil II (p <
0.05). For AE¢, Beautifil Bulk Restorative exhibited significantly higher values than Beautifil II (p = 0.0315).
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Figure | Box plot of the AE,;, values as a function of the resin composite. Different letters denote statistically significant differences (p < 0.05) according to the generalized

linear models.
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Table 4 Mean (Standard Deviation) of Roughness (Ra, pm) as a Function of

Resin Composite and Time

Resin Composite

Time

Initial

Final

Total

Beautifil Il

Beautifil Bulk Restorative
Tetric N-Ceram

Tetric N-Ceram Bulk Fill

0.142 (0.109) Aa
0.133 (0.074) Aa
0.104 (0.044) Aab
0.086 (0.038) Bb

0.184 (0.090) Aa
0.179 (0.107) Aa
0.085 (0.032) Ab
0.138 (0.069) Aa

0.163 (0.100) a
0.156 (0.093) a
0.095 (0.039) b
0.112 (0.061) b

Notes: p(resin composite)=0.0321; p(time)=0.0544; p(interaction)=0.1533. Different letters (upper-
case horizontally and lowercase vertically) indicate statistically significant differences (p<0.05) accord-
ing to the generalized linear mixed models for repeated measures. The total column indicates
statistical difference considering the main effect.

Surface Roughness Analysis

The Ra results are presented in Table 4. Tetric N-Ceram Bulk Fill resin composite exhibited a significant increase in
roughness following immersion in coffee (p < 0.05). Initially, Tetric N-Ceram Bulk Fill had lower roughness compared to
Beautifil II and Beautifil Bulk Restorative (p = 0.0321). At the final measurement, Tetric N-Ceram demonstrated lower
roughness compared to the other resin composites (p = 0.0321). Considering the main effect, S-PRG resin composites
presented higher Ra values than conventional resin composites.

Discussion
Resin composites are widely recognized among direct restorative materials for their favorable aesthetic and functional

131 which contribute to their reliable clinical performance.” Recent advancements have incorporated bioactive

properties,
fillers into these materials to enhance their protective properties against carious lesions, improve mechanical strength, and
maintain aesthetic appeal.>> Resin composites with S-PRG fillers represent a notable development in bioactive materials.
The resin matrix of these materials is composed of fluoroaluminosilicate glass particles that react with polyacrylic acid,*
enabling the release of beneficial ions.*>** Clinically, S-PRG resin composites demonstrated performance comparable to
that of resin-modified glass ionomers.>* However, they tend to exhibit greater susceptibility to staining and increased
surface roughness compared to conventional resin composites.** In accordance with the present results, both null
hypotheses were rejected, whereas differences were observed in the color properties and surface roughness of S-PRG
resin composites, particularly in the bulk-fill version.

Although the color stability of conventional resin composites is well documented, studies on the pigmentation
dynamics of resin composites with S-PRG fillers are limited. In the present study, no significant differences were
observed in AE, values between the conventional resin composite (Tetric N-Ceram) and the S-PRG-containing resin
composite (Beautifil II) after coffee staining. Some studies’ >’ have observed increased pigmentation in resin compo-
sites containing S-PRG fillers, with Pimentel et al’’ (2023) specifically reporting greater color changes after acid
exposure. However, the findings of this study are consistent with those of Tan et al'> (2015), who observed no significant
differences in coffee staining between resin composites with S-PRG fillers and conventional composites. Therefore, it is
possible that coffee, with a pH of 4.95, does not induce sufficient acid degradation or particle detachment to significantly
affect color change in these materials.’” Thus, in the context of coffee-induced pigmentation, both conventional and
S-PRG resin composites exhibited similar dynamics.

Regarding the color coordinates, all resin composites demonstrated a significant decrease in L* values after
immersion in coffee, indicating a color alteration towards darker shades. Additionally, there was a notable increase in
b* values, reflecting a change towards yellow, and an increase in a* values, indicating a change towards red. Coffee was
chosen as the pigmenting agent due to its widespread consumption and well-documented staining potential>*** The
staining effect of coffee is attributed to the polarity of its active compounds, which have an affinity for the polymeric

network of resin composites.*® Furthermore, the sorption of coffee by resin composites may enhance the staining effect.®
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Figure 2 Box plot of the AEq values as a function of the resin composite. Different letters denote statistically significant differences (p < 0.05) according to the generalized
linear models.

For the AE,, and AE, values (Figures 1 and 2), all resin composites exceeded both the acceptable color change
thresholds (AE,, > 1.2, AEq > 0.8) and the perceptible color change thresholds (AE,, > 2.8, AEy, > 1.8) as suggested by
Paravina et al (2015).*' Although both formulas are interchangeable and naturally correlated,** the AEq, formula is more
suitable for investigating differences that are perceptible to the human eye.?” In general, all resin composites experienced
noticeable color changes after exposure to coffee. Nonetheless, no statistically significant differences were observed
among the resin composites based on the Vita scale scores (SGU), which only indicated that all resin composites became
darker after exposure to coffee. Although clinically accepted, SGU scores lack the specificity and accuracy needed in
laboratory models. Therefore, a comprehensive analysis of all color variables is necessary. Corroboratingly, all resin
composites exhibited a decrease in luminosity (L* values) and an increase in SGU scores, reflecting a color alteration
towards darker shades. Notably, significant differences were observed between the Beautifil Bulk Restorative resin
composite and its conventional counterpart (Beautifil II). The increased pigmentation observed in bulk-fill resin
composites may be attributed to changes in monomer composition, increased translucency, and the incorporation of
prepolymerized particles into the resin matrix.'*°

Surface roughness is a critical clinical property that affects a material capacity to retain biofilm and pigments.**
Considering Table 4, resin composites containing S-PRG fillers exhibited higher roughness values compared to the
conventional resin composites. As suggested by Kooi et al (2012)* and Pimentel et al (2023),?” this difference may be
attributed to the larger particle size in S-PRG materials (Table 1). Another possible explanation, as highlighted by Abdel-
Karim et al (2014),% is the particle content in S-PRG materials, which may have an inadequate bonding between the
fillers and the resin matrix due to the resin’s property of releasing and recharging ions. Similarly, the higher roughness
values observed in bulk-fill resin composites could be linked to monomeric changes.”® Considering the Ra values
obtained, no group exceeded clinically relevant limits, such as the 0.2 pm for biofilm retention or the 0.3 um for tongue
perception.*>4¢

It is important to note that this study was conducted under conditions of intense pigment exposure, although the
protocol used is a commonly used method.'® Future research should aim to address the limitations of the present study,
including the absence of polishing procedures, the exploration of the effects of different pigmenting agents or staining
protocols, and the use of alternative methodologies that could provide a deeper understanding of pigmentation dynamics
in resin composites containing S-PRG fillers.
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Conclusion
Based on the characteristics of this in-vitro study, the following conclusions can be suggested:

1. Resin composites with S-PRG fillers exhibit similar pigmentation dynamics to conventional resin composites
when exposed to coffee.

2. Among resin composites containing S-PRG fillers, the bulk-fill version is more susceptible to staining.

3. Resin composites with S-PRG fillers demonstrate greater surface roughness compared to conventional resin
composite.

Disclosure
The author reports no conflicts of interest with respect to the authorship and/or publication of this article.
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