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ABSTRACT: Composite resin restorations are routinely exposed to acidic and chromogenic beverages that may
alter their surface integrity over time. This in-vitro study evaluated the surface roughness behavior of two universal
single-shade (Unishade) composites and two conventional multi-shade composites following immersion in commonly
consumed staining solutions and assessed whether repolishing could restore smoothness after degradation. A total of
120 standardized disc specimens were fabricated and allocated to four material groups, with each group subdivided into
distilled water, cola, and coffee immersion subgroups. Surface roughness was recorded at baseline, after one week, after
one month, and following a final repolishing step using a standardized multi-step system. The findings demonstrated
that Unishade composites exhibited more stable surface characteristics across all immersion periods, with changes
consistently remaining below the threshold associated with biofilm accumulation. Conventional composites showed
greater variability, particularly in cola, where roughness values increased significantly compared with distilled water
and coffee. Repolishing substantially reduced immersion-induced roughness in all materials, although its effectiveness
varied depending on composite formulation and beverage acidity. Cola produced the greatest surface alterations across
all groups, highlighting the erosive potential of low-pH beverages. These results indicate that Unishade composites
possess superior resistance to surface degradation, likely due to their nano-structured filler configuration and less
hydrophilic resin matrices, while conventional materials appear more susceptible to acidic challenge. Within the
limitations of this study, selecting surface-stable material types and applying appropriate finishing and repolishing
protocols may enhance the long-term performance and esthetics of composite restorations.
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1 Introduction

Composite resin materials are integral to contemporary restorative dentistry due to their aesthetic
properties, adhesion to tooth structure, and ability to support minimally invasive cavity preparation [1,2].
Progressive improvements in filler technology and resin chemistry have enhanced optical performance,
strength, and clinical longevity of resin-based restorations [3,4]. Despite these advancements, surface
roughness remains a key determinant of clinical success because irregular surfaces promote plaque retention,
staining, wear, and marginal breakdown [5,6]. Even modest roughness increases may compromise gloss and
increase the risk of discoloration and secondary caries [7,8].
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Surface integrity is governed by intrinsic factors such as filler morphology, filler loading, resin matrix
composition, and polymerization behavior [9]. It is also influenced by extrinsic variables, including finishing
protocols, polishing systems, and exposure to dietary staining agents [10]. Cola and coffee are widely con-
sumed beverages that contain acids, chromogens, and thermal conditions capable of degrading composite
surfaces over time [11,12]. These challenges may induce resin matrix softening, filler-matrix interfacial
disruption, and progressive surface irregularity, which can negatively affect both aesthetics and biofilm
accumulation [6,11]. Distilled water is commonly used as a control medium for assessing hydrolytic degra-
dation and baseline water sorption effects [13]. Importantly, although polishing reduces surface irregularities
initially, repolishing after chemical challenge may not restore smoothness equally across different composite
formulations [10,14].

Recently, universal single-shade (“Unishade”) composites have been introduced to simplify clinical
shade selection and reduce inventory requirements [15]. These materials rely on uniform nano-spherical
or supra-nano filler designs to achieve optical blending and shade adaptation [I15]. However, evidence
remains limited regarding their resistance to surface roughness changes under prolonged immersion in
acidic and chromogenic beverages, particularly when compared with conventional multi-shade composites
under standardized experimental conditions over time [12,14]. Furthermore, the extent to which repolishing
can reverse beverage-induced surface degradation remains clinically relevant, as chairside repolishing is a
common maintenance strategy for stained restorations [10,14].

Given these considerations, the present study aimed to compare the surface-roughness behaviour of two
Unishade composite resins and two conventional composites following immersion in distilled water, cola,
and coffee, and to evaluate the effectiveness of repolishing after immersion.

Based on the existing evidence, the following null hypotheses were formulated:

o  Unishade and conventional resin composites show no significant difference in surface-roughness
changes after immersion in different staining solutions.

«  Polishing procedures do not significantly alter the surface roughness of any composite material after
immersion in staining solutions.

2 Materials and Methods

A total of 120-disc specimens were prepared. Four distinct composite resin materials were used in
this study.

o  Unishade composites (2 materials):
o 3M™ Filtek™ Universal Restorative
o Omnichroma resin-based restorative (Tokuyama)
o  Conventional multi-shade composites (2 materials):
o 3M™ Filtek™ Z350 XT
o ELITE SIGMA QUICK” (Tokuyama)
o  Each material was treated as an independent experimental group:
o  Group A-Omnichroma (Unishade)
o Group B-ELITE SIGMA QUICK® (Conventional)
Group C-Filtek Universal Restorative (Unishade)
o  Group D-Filtek Z350 XT (Conventional)
o  All assessments and surface roughness analyses were performed separately for these four groups
(Table 1).

[¢]
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Table 1: Description of materials that will be used in this study.

Composite Shade Composition Filler Size Manufacturer
Name
The fillers are a combination of a
Non-agglomerated/non-aggregated 20 nm silica filler, a
non-agglomerated/non-aggregated 4 to 11 nm zirconia
3M™ Filtek™ filler, an aggregated zirconia/silica cluster filler 3M Oral Care 2510
Universal A2 (comprised of 20 nm silica and 4 to 11 nm zirconia Nanoparticles ~ Conway Avenue St.
Restorative particles), and a ytterbium trifluoride filler consisting (100 nm) Paul, MN
material of agglomerated 100 nm particles. The inorganic filler 55144-1000 USA
loading is about 76.5% by weight (58.4% by volume).
Filtek Universal Restorative contains AUDMA, AFM,
diurethane-DMA, and 1,12-dodecane-DMA.
Filler:
Omnichroma Uniform sized supra-nano-spherical filler (260 nm Tokuyama Dental
resin-based Si02-Zr02) . America Inc..
X . . . Nano-spherical ~ 740 Garden View
restorative Shade-less Round-shaped composite filler (including 260 nm fll .

. . . er (260 nm) Ct., Suite 200 |
material by spherical SiO2-ZrO2) Monomers: Encinitas. CA
Tokuyama UDMA/TEGDMA 9202 4’

Filler loading 79 wt% (68 vol.%) ’
Silica
nanoparticles

A2 Resin matrix: & zirconia

3M™ Filtek™ (Enamel Bis-GMA, UDMA, TEDMA, Bis-EMA. nanoparticles 3M ESPE, St. Paul,
7350 XT shade: Inorganic filler: (20 nm silica & MN, USA.
opacity) (wt.%): Silica Zirconia (72.5 wt.%) 4 to 11 nm
zirconia

particles)
Tokuyama Dental
ELITE SIGMA Supra-nano filled dental composite that utilises 100% 200 nm Corporation 38-9,

QUICK® by A2 spherical fillers (82% by weight of silica-zirconia Taitou 1-chome,

Tokuyama filler/71% by volume). (supra-nano) Taitou-ku, Tokyo,

Japan.

2.1 Specimen Preparation

All specimens were stored in distilled water at 37°C for 24 h prior to baseline measurements to ensure
complete polymerisation. During the immersion period, the pH of each staining solution (cola, coffee, and
distilled water) was measured at baseline and at each weekly renewal using a calibrated digital pH meter
to confirm consistency and detect any deviations. Solutions were replaced every seven days to maintain
stable pH conditions. Specimens were randomly assigned to their respective groups and staining-solution
subgroups using a computer-generated randomization sequence to minimise allocation bias [16].

To evaluate surface roughness and effect of polishing after immersion in common daily consumed
beverages overtime. Each of the 4 composite materials was subdivided into 3 groups of solution to end up
with 120 specimens. Therefore, there were (n = 10) per group (Table 2).

The sample size (n = 10 per subgroup) was determined based on feasibility considerations and consis-
tency with comparable in-vitro composite surface roughness studies reported in the literature, rather than
on a priori power calculation.
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Table 2: Description of sample size and grouping.

. . . . Distilled water: n =10
Omnichroma resin-based restorative material by IHec watet:

Cola:n =10 N =30
Tok A
okuyama (Group A) Coffee: 1 = 10
Distilled water: n = 10
ELITE SIGMA QUICK® by Tokuyama (Group B) Cola: n =10 N =30
TOTAL 120
Coffee: n =10 .
specimens
Distilled water: n = 10
3M™ Filtek™ Universal Restorative material (Group C) Cola:n=10 N =30
Coftee: n =10
Distilled water: n = 10
3M™ Filtek™ Z350 XT (Group D) Cola: n=10 N =30

Coftee: n =10

Specimen preparation started with using cylindrical standard Teflon mold (12.0 mm diameter and
2.0 mm in thickness) the material was packed and compressed within the mold, covered by mylar strip
(Dental Mylar Strips, Dent America Inc., City of Industry, CA, USA), and a microscopic glass slide
(Shandon™ Polysine Slides, Thermo Scientific, Kalamazoo, MI, USA) was positioned on the top to equalize
the material within the mold. And then, each specimen was light cured for 20 s using an LED curing light,
position of light tip 8 mm away from specimen (Elipar S10, 3M ESPE, Seefeld, with a center wavelength of 455
+ 10 nm, Germany). Each specimen was light-cured for 20 s using an LED curing unit (Elipar S10, 3M ESPE,
Seefeld, Germany; center wavelength 455 + 10 nm). The curing tip was positioned at a standardized distance
of 8 mm from the specimen surface, and the light intensity was maintained at 1200 mW/cm?® according to
the manufacturer’s specifications. Moreover, every specimen went through finishing using #600, #800, #1200
grit silicon carbide papers (standard finished surface) with tap water. Also, Polishing was conducted with
Soflex system (Sof-Lex™ Extra-Thin Polishing Discs 12.7 mm: 30 each of 2382 C (Coarse); 2382 M (Medium);
2382 F (Fine); 2382 SF (Superfine), 3M ESPE, St. Paul, USA) using a low-speed hand piece according to the
manufacturer’s instructions instantly after finishing, to mimic the clinical situation [16] (Table 3).

Table 3: Finishing and polishing materials.

Material Trade Abbreviation

Manufacturer Description
Name Used P

3M ESPE
4-step finishing and polishin
® . Sof-Lex™ Extra-Thin Polishing P 8 P 8
Sof-LexTM  spiral , system composed of
o Discs 12.7 mm: 30 each of .
Finishing and SL thermoplastic elastomer

2382 C (Coarse); 2382 M . ) .
ishi i ted with al
Polishing disc (Medium); 2382 F (Fine): 2382 1mpregna. ed wi ' aluminum
oxide particles.

SF (Superfine)

After that, all specimens were then kept in distilled water (pH 6.8) at room temperature under (37°C)
and without direct contact to sunlight. At that point, specimens from each material were subdivided into 4
groups with 30 each to be immersed into coloring solutions. The specimen was immersed into 3 staining
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solutions containing (100-mL) in three different containers represented in: distilled water as a control
(pH 6.8), coffee (Nestlé, Riyadh, Saudi Arabia) and soda (The Coca-Cola Co., Riyadh, Saudi Arabia) along
with all staining solutions was renewed weekly [16] (Fig. 1 and Table 4).

3M™ Filtek™ Universal Restorative material
(n=30)

-
T

a (n=30) \
0N
G Q
.g I ﬁf:‘-:.—‘-".?—"«
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(V)] (n=30)

ESTELLITE SIGMA QUICK® by Tokuyama
(n=30)

>
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g Soda
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Figure 1: Detailed description about the distribution of sample size.

Table 4: Composition of solutions.

Solutions Composition Manufacturer
Carbonated water, hlg'h-frl'lctose corn syrup, cz'iramel The Coca-Cola Co,, Riyadh,
Coca-Cola color, sugar, phosphoric acid, caffeine, citric acid, and , .
o Saudi Arabia
natural flavors (pH 2.6 Temperature: 4°C)
Coffee Nescafe Classic Instant Coffee (pH: 5 Tempeture: 80°C)  Nestle, Riyadh, Saudi Arabia
Distilled water H,0O (Temperature: 25°C)

2.2 Immersion Media and Rationale for Temperature Conditions

Three immersion solutions were used: distilled water (control), cola, and coffee. The temperature of
each solution was intentionally selected to simulate typical real-world consumption patterns and to reflect
the different physicochemical mechanisms through which beverages may affect composite degradation.
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«  Cola was maintained at 4°C, representing common refrigerated serving conditions.

«  Coffee was tested at 80°C, reflecting standard consumption temperature and to evaluate the synergistic
effect of heat and acidity on composite surface integrity.

« Distilled water remained at 25°C (room temperature), representing a baseline medium for assessing
hydrolytic changes.

Because temperature is known to influence polymer matrix softening, water sorption, and filler—
matrix interface stability, these differences were preserved intentionally to model clinically relevant thermal
exposures [16].

2.3 Temperature Maintenance Protocol

« Coffee solutions (80°C) were maintained continuously using a thermostatically controlled water bath
throughout the immersion period.

» Cola (4°C) was stored in a dedicated temperature-controlled refrigeration unit and transferred to the
immersion containers immediately before use.

» Distilled water (25°C) was kept at constant room temperature in a climate-controlled laboratory
environment (22°C-25°C).

All immersion solutions were renewed weekly to maintain consistent temperature, pH, and chemical
composition [16].

Distilled water was used to record the baseline measurements of surface roughness after performing
the finishing and polishing procedure as the first measurement (T0). Baseline surface roughness (T0)
was recorded immediately after the initial finishing and polishing procedures. The specimens were then
immersed in their assigned staining solutions. At one week (T1) and one month (T2), specimens were briefly
removed from the solutions, rinsed with distilled water, blotted dry, and measured for surface roughness.
After each measurement, the same specimens were returned to their assigned solutions to continue the
immersion protocol. This sequential measurement ensured that the same specimen contributed to all
time-point data within its group (Fig. 2).

TO »| Baseline Measurement

T1 — After 1 Week

T2 — After 1 Month

T3 —> After Polishing

Figure 2: Surface Roughness measurements at 1 week (T1), 1 month (T2), and after polishing (T3).
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The T3 (after polishing) measurement represented a re-polishing procedure performed after completion
of the one-month immersion period. After T2 measurements, all specimens underwent a second polishing
using the same Sof-Lex system and standardised protocol used at baseline. This T3 step was designed to
evaluate whether repolishing could reverse immersion-induced surface changes. The final surface roughness
values were recorded immediately after this post-immersion polishing.

Eventually, the Surface roughness measurement of each surface from the specimen was evaluated using
a 3D optical noncontact surface profiler (Contour Gt-K1 optical profiler, Bruker Nano, Inc., Tucson, AZ,
USA) in reference to non-contact scanning interferometry. The fair standard camera has a magnification of
5x. The profile meter scanned area was situated at the center of each surface (3 measurements in different
directions), about 1.3 x 1.0 mm? for image transfer. A Multi-Core Processor with Vision 64TM Software for
Accelerated 3D Surface measurement and analyses used (Bruker Nano Surface Division, Inc., Tucson, AZ,
USA) (Fig. 3).

(N=120)
UNIVERSAL UNISHADE CONVENTIONAL
COMPOSITE RESIN COMPOSITE RESIN
d N ‘\/‘ N ad
3M™ Filtek™ Universal Restorative material  Omnichroma resin-based restorative material by Tokuyama &:/
(n=30) (n=30)

3M™ Fittek™ Z350XT ESTELLITE SIGMA QUICK® by Tokuyama

3 Groups

Preparation \L
| t2mm
Matuie pocingand compresion 2mm  Covered by N \ o 8 mm away
within + ¢ [ 9 20 seconds

Tefion mold ———

s Specimen e Specimen é)
polishing + 2800 finishing
f using Water using

Specimen ‘
room x Specimen q § '
temp R
Immersnon %S

kept in
sunhgm

Distilled water

Control coffee soda
SURFACE 100 mi oo Joom
ROUGHNESS Specimen ‘") .
<__ Weekly renewal for all drinks
MEASUREMENT Washing
3D optical noncontact surface profiler &nyness

p——

Oneweek Onemonth  Polishing

Figure 3: Schematic illustration of composite groups distributed over different staining solutions.

2.4 Statistical Analysis

Data were coded and entered into the Statistical Package for the Social Sciences (SPSS) version 25.
Quantitative variables were summarised using medians as indices of central tendency. Range as a measure
of dispersion. The Kolmogorov-Smirnov test was used to determine the distribution of the variables. The
Kruskal-Wallis test was used to compare more than two groups in erratically distributed variables. The
Mann-Whitney test was employed for pairwise comparisons following significant Kruskal-Wallis results;
however, a formal correction for multiple comparisons was not applied.
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3 Results

Table 5 Showed comparison between subgroups (Distilled water vs. Cola vs. Coffee) in main groups as
regards surface roughness; Firstly group A; there is no statistically sig as regards surface roughness in all-time
episodes {baseline, after one week, after one month and after polishing} as {(H = 0.45, p = 0.79), (H = 0.133,
p=0.94),(H=0.2,p=0.9) and (H = 2.3, p = 0.32), respectively}.

Table 5: Comparison between subgroups [Distilled water vs. Cola vs. Coffee] in 4 groups.

Groups Surfa;::;(i):gmess Dls(tll\;:)eg I'(\)’;lter Cola (No.=10) Coffee (No. =10) Test of Sig (p)
Baseline 0.55 (0.143-0.98) 0.48 (0.24-0.9) 0.56 (0.36-1.05) (H=0.45,p=0.79)
Group A After one week 0.46 (0.12-0.72) 0.38 (0.19-0.87)  0.53 (0.23-1.06) (H=0.133,p = 0.94)
After one month 0.59 (0.17-0.84) 0.48 (0.23-.095)  0.57 (0.25-1.22) (H=0.2,p=0.9)
After polishing 0.34 (0.09-0.83) 0.33 (0.15-0.49)  0.47 (0.25-0.59) (H=23,p=0.32)
Baseline 0.50 (0.24-0.87) 0.69 (0.48-1.24)  0.50 (0.35-0.76) (H =6.2, p =0.046%)
Sig bet. Subgroups Sig between (Cola Distilled water vs. Coffee)
Group B After one week 0.27 (0.16-0.47) 0.27 (0.23-0.55)  0.23 (0.16-0.36) (H=5.7,p=0.056)
After one month 0.43 (0.28-0.73) 0.55 (0.37-0.98)  0.43 (0.28-0.65) (H=34,p=0.18)
After polishing 0.29 (0.19-0.50) 0.56 (0.26-1.50)  0.46 (0.27-0.80)  (H =117 p = 0.003*)
Sig bet. Subgroups Sig between (Distilled water vs. Cola)
Baseline 0.21 (0.13-0.55) 0.22 (0.15-0.47) 0.21 (0.14-0.70) (H=0.32,p=0.8)
After one week 0.15 (0.13-0.40) 0.18 (0.10-0.21) 0.15 (0.10-0.32) (H=0.8,p=0.65)
Group C After one month 0.21 (0.14-0.46) 0.21 (0.12-0.27) 0.19 (0.13-0.32) (H=0.24,p=0.88)
After polishing 0.34 (0.18-0.51)  0.64 (0.29-1.10)  0.35(0.25-0.50)  (H = 8.1, p = 0.017%)
Sig bet. Subgroups Sig between (Distilled water vs. Cola)
Baseline 0.25 (0.11-0.42) 0.28 (0.18-0.44)  0.25(0.16-0.45) (H=12,p=0.55)
Group D After one week 0.18 (0.11-0.28) 0.19 (0.12-0.78) 0.20 (0.13-0.29) (H=0.7,p=0.69)

After one month
After polishing

0.22 (0.11-0.35)
0.45 (0.31-0.77)

0.25 (0.14-0.96
0.57 (0.26-1.22)

0.26 (0.13-0.40)
0.3 (0.24-0.61)

(H=12,p=0.54)
(H=52,p=0.07)

Note: Data was described by median (Min-Max) H; Kruskal-Wallis test; *statistically significant.

Secondly group B; there is only statistically sig as regards surface roughness in {Baseline and after
polishing} as {(H=6.2, p =0.046) and (H = 11.7, p = 0.003), respectively} by using pair wise comparison using
Mann-Whitney test confirmed that sig detected between (Cola vs. (Distilled water vs. Coffee)) in baseline
while significance detected between (Distilled water vs. Cola) after polishing.

Thirdly in group C; there is only statistically significant as regards Surface roughness after polishing as
(H = 8.1, p = 0.017), by using pair wise comparison significance detected between (Distilled water vs. Cola).

Finally in group D there is no statistically significant as regards surface roughness in all-time episodes

{baseline, after one week, after one month and after polishing} as p value > 0.05.

Table 6 Showed a comparison between main groups (A, B, C and D) as regards surface roughness

readings in each subgroup separately. As in distilled water by comparing surface roughness readings between
groups in {baseline, after one week, after one month and after polishing} the significance detected only in
{baseline, after one week and after one month} as (H =16.7 p = 0.001), (H =16.7, p = 0.001) and (H = 216, p
= 0.0001) while after polishing there is no significance detected as (H = 7.74, p = 0.052). In cola significance
detected in all time episodes {baseline, after one week, after one month and after polishing} as {(H = 25.6,
p =0.0001), (H = 22.1, p = 0.0001), (H = 21.9, p = 0.0001) and (H = 10.6, p = 0.014), respectively. In coftee
significance was detected only in the following episodes {baseline, after one week and after one month}
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as {(H = 20.6, p = 0.0001), (H = 178, p = 0.0001) and (H = 22.6, p = 0.0001)}, respectively, while after
polishing, there is no significance detected as (H = 3.8, p = 0.27). Pair-wise comparison was done to detect
significance between groups as mentioned in Table 6. Across all materials, cola consistently produced the
highest roughness changes, many of which exceeded the 0.3 pm clinical threshold.

Table 6: Comparison between main groups (A, B, C and D) as regards surface roughness readings in each subgroup

separately.

Surface Roughness Group A Group B Group C Group D .
Subgroups Readinggs (No. =P10) (No. =pl()) (No. =P10) (No. =P10) Test of Sig (p)
Baseline 0.55(0.143-0.98) 50 (0.24-0.87)  0.21(0.13-0.55)  0.25(0.11-0.42) (H =16.7, p = 0.001*)
Sig bet. Groups Sig bet{group C vs. (A & B), group D vs. (A & B)}
After one week 0.46 (0.12-0.72)  0.27 (0.16-0.47)  0.15(0.13-0.40)  0.18 (0.11-0.28)  (H =16.7, p = 0.001*)
Distilled water  Sig bet. Groups Sig bet group A vs. (C & D)
After one month 0.59 (0.17-0.84)  0.43(0.28-0.73)  0.21(0.14-0.46)  0.22 (0.11-0.35) (H =216, p = 0.0001*)
Sig bet. Groups Sig bet{group C vs. (A & B), group D vs. (A & B)}
After polishing 0.34 (0.09-0.83)  0.29 (0.19-0.50) 0.34 (0.18-0.51)  0.45(0.31-0.77)  (H =774, p = 0.052)
Baseline 0.48 (0.24-0.9)  0.69 (0.48-1.24) 0.22(0.15-0.47) 0.28 (0.18-0.44) (H =25.6, p = 0.0001*)
Sig bet. Groups Sig bet{group C vs. (A & B), (group D vs. B)}
After oneweek  0.38(0.19-0.87) 0.27 (0.23-0.55)  0.18 (0.10-0.21)  0.19 (0.12-0.78) (H = 22.1, p = 0.0001*)
Cola Sig bet. Groups Sig bet{group C vs. (A & B), (group D vs. A)}
After one month  0.48 (0.23-0.95) 0.55(0.37-0.98)  0.21(0.12-0.27)  0.25(0.14-0.96) (H =219, p = 0.0001*)
Sig bet. Groups Sig bet{group C vs. (A & B), (group D vs. B)}
After polishing 033 (0.15-0.49)  0.56 (0.26-1.50)  0.64 (0.29-110) ~ 0.57 (0.26-122)  (H =10.6, p = 0.014*)
Baseline 0.56 (0.36-1.05)  0.50 (0.35-0.76)  0.21(0.14-0.70)  0.25(0.16-0.45) (H = 20.6, p = 0.0001*)
Sig bet. Groups Sig bet{group C vs. (A & B), group D vs. (A & B)}
Afteroneweek  0.53(0.23-1.06)  0.23 (0.16-0.36)  0.15(0.10-0.32)  0.20 (0.13-0.29) (H =175, p = 0.0001*)
Coffee Sig bet. Groups Sig bet group A vs. (C & D)

0.57 (0.25-1.22)  0.43 (0.28-0.65)  0.19 (0.13-0.32)  0.26 (0.13-0.40)
Sig bet{group C vs. (A & B), group D vs. (A & B)}

0.46 (0.27-0.80)  0.35 (0.25-0.50) 0.3 (0.24-0.61)

After one month (H=22.6,p=0.0001%)

Sig bet. Groups
After polishing

0.47 (0.25-0.59) (H=38,p=027)

Note: *Statistically significant.

4 Discussion

4.1 Overview of Key Findings

This in-vitro study compared surface roughness changes of two Unishade composites and two conven-
tional multi-shade composites following immersion in distilled water, cola, and coftee, and evaluated whether
repolishing could restore surface smoothness. The results demonstrated that Unishade composites generally
maintained more stable roughness profiles across immersion periods, whereas conventional composites
showed greater variability, particularly under cola exposure. This pattern is consistent with previous evidence
showing that beverage acidity and composite formulation strongly influence surface degradation [6,11].
Repolishing reduced roughness values across all groups, supporting the concept that finishing maintenance
can partially reverse immersion-induced surface deterioration [10,14].

4.2 Agreement with Previous Literature

The relatively favorable performance of Unishade materials aligns with recent studies reporting
improved polish retention and smoother surface properties in universal single-shade composites compared
with conventional materials [17]. In vitro investigations evaluating newly introduced monoshade composites
have similarly shown that coffee and acidic beverages can increase surface roughness, though the magnitude
varies by product chemistry and filler design [18].
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Furthermore, the broader composite literature supports that nanofilled and nano-clustered materials
often demonstrate better surface stability after polishing than composites with more heterogeneous filler
distributions. These findings reinforce that filler architecture and filler-matrix coupling play a central role in
resisting chemical and thermal challenges over time [19].

4.3 Mechanistic Interpretation: Filler Architecture and Resin Matrix Chemistry

Differences in roughness profiles among composite groups can be explained by variations in filler
morphology and resin matrix composition. Unishade composites often incorporate uniform spherical or
supra-nano fillers, which can generate smoother surfaces after polishing and may reduce susceptibility to
filler plucking during chemical degradation. This structural uniformity is also fundamental to the optical
blending mechanism used in many single-shade systems [15,17].

In contrast, conventional multi-shade composites frequently contain mixed filler sizes and less uniform
filler distributions, which may increase inter-filler spacing and predispose the surface to micro-fracture or
particle loss following acidic exposure. Resin matrix chemistry also contributes substantially to degradation.
Hydrophilic monomers and less cross-linked matrices may exhibit higher water sorption, leading to resin
plasticization and weakening of the filler-matrix interface. These mechanisms are well established and
remain relevant for contemporary resin composites exposed to prolonged chemical challenge [20].

4.4 Influence of Immersion Media: Cola, Coffee, and Distilled Water

The immersion solutions produced distinct effects on composite roughness. Distilled water resulted in
minimal roughness changes, supporting the concept that hydrolytic degradation in neutral environments is
comparatively slow and governed mainly by resin hydrophilicity and coupling stability [21].

Cola produced the greatest roughness changes across all materials. This finding is consistent with
evidence that low-pH beverages accelerate resin matrix softening, increase filler-matrix debonding, and
promote surface irregularity. The erosive potential of cola is clinically relevant, as roughened surfaces are
more prone to plaque retention and extrinsic staining [22].

Coffee immersion produced intermediate effects. Although coffee is less acidic than cola, its chro-
mogenic nature and exposure at elevated temperature may contribute to resin softening and pigment
diffusion, thereby increasing surface irregularity over time. This interpretation is supported by evidence
showing that beverage temperature significantly influences surface roughness and microhardness, particu-
larly in mono shade composites [22,23].

4.5 Repolishing: Clinical Implications and Restoration Maintenance

A clinically important finding of this study is that repolishing substantially reduced surface roughness
across all groups, although the degree of improvement varied between materials. This observation supports
systematic evidence indicating that polishing systems significantly influence final surface smoothness, gloss,
and long-term surface integrity of resin composites [24].

Chairside repolishing is a conservative strategy commonly used to manage surface staining, dullness,
and early surface deterioration, especially in patients with frequent intake of acidic beverages. However,
the observation that some materials did not fully return to baseline suggests that degradation may extend
beyond the superficial layer, particularly when filler-matrix debonding has occurred. Therefore, repolishing
should be considered beneficial, but not universally restorative, and composite selection remains important
for long-term aesthetic performance [25].
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4.6 Role of Aging and Surface Degradation over Time

Surface roughness changes are influenced not only by staining solutions but also by aging-related
processes such as water sorption, resin plasticization, and progressive filler-matrix fatigue. Aging and
bleaching procedures have also been shown to alter surface roughness in modern single-shade composites,
highlighting that surface stability is multifactorial and material dependent [26].

Additionally, comparative studies between single-shade and multi-shade composites have reported
variability in surface roughness and color stability under staining challenges, reinforcing the need for
product-specific evaluation [27]. The present study adds to this evidence by including both Unishade and
conventional composites under standardized immersion conditions and incorporating repolishing as a
clinically relevant post-exposure step.

Recent investigations further support the relationship between dietary exposure and surface degrada-
tion of resin-based restorative materials [28]. A recent in-vitro study evaluating resin composites immersed
in commonly consumed beverages demonstrated measurable increases in surface roughness and changes
in optical properties after prolonged exposure to acidic drinks and fruit-based beverages, suggesting that
beverage composition and acidity play a crucial role in composite surface stability [29]. Similarly, other
contemporary investigations examining food-simulating liquids and acidic environments have reported
that chemical exposure may alter the resin matrix, disrupt filler-matrix interactions, and increase surface
irregularity, thereby enhancing biofilm adhesion and staining susceptibility [30]. Recent experimental studies
also indicate that modern restorative materials with nanostructured filler systems may exhibit improved
resistance to surface degradation compared with earlier composite formulations, although variability
between products remains considerable. These recent findings reinforce the clinical relevance of evaluating
the behavior of different composite materials under simulated dietary challenges and support the need for
ongoing investigations into the long-term durability of contemporary restorative systems [31].

4.7 Limitations and Future Directions

This study was conducted under controlled in-vitro conditions and cannot fully replicate the complexity
of the oral environment, including salivary buffering, fluctuating pH, enzymatic activity, pellicle formation,
tooth brushing abrasion, and occlusal loading. Continuous immersion may not perfectly represent real
clinical exposure patterns, which are intermittent and influenced by oral clearance.

The sample size (n = 10 per subgroup) was based on feasibility and consistency with comparable in-vitro
studies rather than on an a priori power calculation. Non-parametric tests were used appropriately; however,
pairwise comparisons were performed without formal correction for multiple testing, which may increase
type I error risk. Future investigations should incorporate thermocycling, simulated brushing, longer aging
periods, and additional polishing systems to strengthen clinical extrapolation and improve evidence-based
recommendations. Well-designed clinical studies are also required to confirm whether the superior surface
stability observed for Unishade composites translates into improved long-term clinical performance.

5 Conclusion
Within the limitations of this study, the following was concluded:

Unishade composites demonstrated greater surface stability under the tested conditions; however,
material-specific variability was still observed, particularly under acidic challenge and following repolishing.

The surface roughness of composite restorations was affected by the polishing procedure used. The
findings emphasise the importance of material selection and polishing processes in producing optimal
results, which will eventually lead to increased patient satisfaction and successful treatment.
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Nomenclature

AFM Atomic Force Microscopy

SEM Scanning Electron Microscopy

Ra Arithmetic mean surface roughness

TO Baseline (after finishing and polishing)
T1 1-week immersion time point

T2 1-month immersion time point

T3 After repolishing (post-immersion)

LED Light Emitting Diode

CAD/CAM Computer-Aided Design/Computer-Aided Manufacturing
Bis-GMA Bisphenol A-glycidyl methacrylate
UDMA Urethane dimethacrylate

TEGDMA Triethylene glycol dimethacrylate

SPSS Statistical Package for the Social Sciences
IRB Institutional Review Board
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