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ABSTRACT

Aims: The influence of additional light curing protocols on the color stability (AEq,) of single-shade resin composites following
coffee exposure was evaluated in comparison with a conventional universal composite at baseline, 7, and 30 days.

Methods: Five resin-based composites were tested: four single-shade composites (Omnichroma, Vittra APS Unique, Zenchroma,
and Charisma Diamond ONE) and one conventional universal composite (Filtek Universal Restorative). A total of 150 disc-
shaped specimens (8 mm diameterx2 mm thickness) were prepared (n=10 per group). Three light-curing protocols were
applied: 20 s (control), 20 s+10 s additional curing, and 20 s+20 s additional curing. After finishing and polishing, specimens
were maintained in distilled water for 24 hours before baseline color evaluation. The specimens were then subjected to coffee
immersion, and color measurements were recorded at baseline, 7, and 30 days using a spectrophotometer (VITA Easyshade
V). Color differences were determined using the CIEDE2000 (AEo,) formula. Data were analyzed using generalized estimating
equations (GEE) with Bonferroni-adjusted post-hoc testing (4=0.05).

Results: Material type, curing protocol, and immersion time significantly affected AE,, values (p<0.001). The lowest overall
mean AEq, value was observed for Omnichroma (2.01), whereas the highest value was recorded for Filtek Universal Restorative
(2.95). Additional light curing significantly reduced discoloration, with the lowest AE,, values observed in the 20 s+20 s group
(1.89) and the highest in the 20 s group (2.99). Immersion time significantly increased color change, with the highest AEq, values
observed after 30 days (3.01). No significant interaction was found between material and curing protocol (p=0.150), whereas
significant interactions were observed between material and immersion time and between curing protocol and immersion time
(p<0.001).

Conclusion: Additional light curing significantly improved the color stability of resin composites after coffee staining. Extended
curing protocols reduced discoloration, although the magnitude of this effect may vary depending on the composite material.
Among the tested materials, single-shade composites generally exhibited lower color change values than the conventional
universal composite.
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INTRODUCTION

Increasing aesthetic awareness among patients and dental
professionals has intensified the need for restorative treatments
that provide both functional durability and superior esthetic
integration. Resin-based composite materials are extensively
used in contemporary dentistry, as they are specifically
developed to fulfill these clinical and aesthetic expectations.’

With advancements in nanotechnology, manufacturers
have developed simplified single-shade composite systems
to replace more complex multi-shade color systems. These
materials, which contain nano-sized fillers (nanomers)
and nanoclusters, are reported to provide improved color
integration with surrounding dental tissues due to their so-
called “chameleon effect”.”*

Recently, universal single-shade composite resins that can be
applied across different tooth shades have been introduced

into clinical practice.*” The main advantage of these one-shade
systems is that they enable clinicians to achieve esthetically
acceptable restorations in a shorter time, without the need for
detailed shade selection procedures.

Compositeresinrestorativematerialsundergo physicochemical
changes following polymerization and subsequent exposure
to the moist oral environment; after curing, water diffusion
into the resin matrix promotes ionic mobility and facilitates
the release of residual monomers and ions derived from fillers
and initiator systems.®*

The elution of these leachable components may lead to
dimensional alterations and mass loss, whereas hygroscopic
water sorption causes material expansion and weight gain,
potentially resulting in matrix softening and reduced
resistance to staining over time.”"’
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Adequate polymerization of resin-based composites is
critical for achieving optimal mechanical strength and stable
optical properties. Incomplete or insufficient curing has
been associated with deterioration in physical performance
and increased susceptibility to water sorption and leaching
of residual monomers, which may ultimately enhance
discoloration potential.'""?

For effective polymerization, the light-curing unit must
provide three fundamental conditions: an appropriate
wavelength spectrum compatible with the photoinitiator
system, sufficient light output, and adequate exposure time."
Proper activation of the photoinitiator requires adequate
irradiance and wavelength to promote the formation of a
highly cross-linked polymer network within the resin matrix.

Although the color stability of resin composites has been
widely investigated, most studies have focused on conventional
materials and standard curing protocols. Limited information
is available regarding how extended curing protocols
influence the long-term color stability of contemporary
single-shade composites, particularly when evaluated over
different immersion periods. Moreover, the combined effect
of composite type, extended irradiation time, and staining
duration has not been clearly established. Therefore, further
investigation is needed to determine whether modifying
curing protocols can improve the color stability of these
materials. Given the increasing clinical use of single-
shade resin composites for simplified esthetic restorations,
understanding how polymerization protocols influence their
long-term color stability is essential. Since additional light
exposure may enhance degree of conversion and reduce
residual monomer content, it is plausible that extended curing
could improve resistance to discoloration. However, the
clinical relevance of this approach in single-shade systems
compared with conventional universal composites has not
been clearly established.

In the present study, several contemporary single-shade
resin composites, together with a conventional universal
composite, were evaluated within a standardized study design.
Additionally, the effect of extended light-curing protocols was
assessed over different immersion periods to provide further
insight into the relationship between curing strategy and
color stability.

Accordingly, evaluating how prolonged light-curing affects
the color stability of different composite materials may provide

clinically meaningful information for optimizing restorative
procedures. In this in vitro study, the effect of additional light-
curing protocols on the color stability (AEeo) of single-shade
resin composites was assessed and compared with that of a
conventional universal composite after coffee staining. Color
measurements were obtained at baseline, on day 7, and on day
30.

The null hypothesis of this study:

o HO;: The application of extended light curing protocols
does not result in a statistically significant change in the
color stability (AEq) of resin composites.

e HO0,: The tested composite materials do not differ
significantly in terms of color stability (AEgo).

o HO0;: Immersion time (baseline, 7 days, 30 days) does
not significantly influence the color change of the tested
materials.

o HO4: There is no interaction between composite type,
curing protocol, and immersion time on AE0O values.

METHODS

This study was performed as an in vitro experimental
investigation. Since no human participants, human-derived
materials, patient data, or animals were involved, ethics
committee approval was not required. All procedures were
carried out in accordance with the ethical rules and the
principles.

This in vitro study evaluated the influence of prolonged
light-curing protocols on the color stability of single-shade
and conventional resin composites after coffee immersion.
The independent variables were resin composite type (five
levels), light-curing protocol (three levels), and immersion
time (baseline, 7 days, and 30 days). The dependent variable
was color change calculated using the CIEDE2000 (AE00)
formula. Five resin-based composites were included in the
study: Omnichroma (Tokuyama Dental, Tokyo, Japan), Vittra
APS Unique (FGM, Joinville, Brazil), Zenchroma (President
Dental, Munich, Germany), Charisma Diamond ONE
(Kulzer, Hanau, Germany), and Filtek Universal Restorative
(Solventum, St. Paul, MN, USA). The first four materials
are marketed as single-shade resin composites, whereas
Filtek Universal Restorative was included as a conventional
universal control. The resin-based composites included in this
study are summarized in Table 1.

Table 1. Materials used in the study; commercial name, manufacturer, and composition

Composite Filler composition/size

Omnichroma Tokuyama, Japan (Si0,-Zr0,)/260 nm
27 2

Zenchroma President Dental,

Germany (0.005-3.0 pm)

Charisma Diamond One Kulzer,
Germany

Vittra APS Unique FGM, Brazil

(5 nm-20 pm)

Filtek Universal Restorative 3M
ESPE, Saint Paul, MN, USA

Uniform sized supra-nano spherical filler
Glass powder, silicon dioxide inorganic filler/
Barium aluminium boro fluor silicate glass/
Zirconia charge, silica/(200 nm)
C322omposed of 20-nm silica, 4- to 11-nm

zirconia, and 100-nm ytterbium trifluoride silica
filler, zirconia filler, ytterbium trifluoride Shade A2

Monomer Filler w/V% Composite type
UDMA TEGDMA Filler w/V%79/68 Nanofilled
UDMA Bis-GMA TEMDMA  Filler w/V%75/53 Microhybrid
UDM%;F(?IIDDMIXI HEA Filler w/V%81/64 Nanohybrid
UDMA TEGDMA Filler w/V%82/72 Nanohybrid
AUDMA, AFM, diurethane- gy o, 76 5584 Nanofilled

DMA, 1,12 dodecane DMA

SiO,: Silicon dioxide, ZrO,: Zirconium dioxide, UDMA: Urethane dimethacrylate, TEGDMA: Triethylene glycol dimethacrylate, w/V%: Weight/volume percentage, Bis-GMA: Bisphenol A-glycidyl

methacrylate, TCD-DI: Tricyclodecane dimethanol diacrylate, HEA: Hydroxyethyl acrylate, APS: Advanced Polymerization System, nm: Nanometer, pm: Micrometer, AUDMA: Aromatic urethane

dimethacrylate, AFM: Addition-fragmentation monomer, DMA: Dimethacrylate
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A total of 150 disc-shaped specimens were produced (5
materialsx3 curing protocolsx10 specimens per group).
Specimens were prepared using a stainless-steel mold with
standardized dimensions of 8 mm in diameter and 2 mm in
thickness.

The mold was positioned on a glass slab covered with
a transparent polyester strip. The mold was filled with
composite resin in a single increment. A second polyester
strip and a glass slide were then positioned over the material,
and slight pressure was applied to remove the excess and
create smooth, even surfaces. All specimens were prepared
by the same operator under controlled ambient conditions.
Specimens were light-cured using a Woodpecker LED
curing unit (Woodpecker Medical Instrument Co., Guilin,
China) operating at an approximate output of 1200 mW/cm?.
The light intensity was confirmed with a radiometer before
specimen preparation. The light guide tip was positioned in
direct contact with the polyester strip and centered over the
specimen surface.

Three curing protocols were applied:

o Control group: 20 seconds of
(manufacturer-recommended time)

light exposure

« Additional 10 s group: 20 seconds followed by 10 seconds
of additional light exposure

« Additional 20 s group: 20 seconds followed by 20 seconds
of additional light exposure

Additional curing was applied immediately after the initial
polymerization on the same surface. After polymerization,
all specimens were finished and polished using aluminum
oxide polishing discs (Sof-Lex™, 3M, USA) in a sequential
manner from coarse to superfine grit. Each polishing step was
performed for 10 seconds under standardized pressure and
speed.

Following polishing, specimens were rinsed with distilled
water and air-dried. All specimens were stored in distilled
water at 37°C for 24 hours to allow post-polymerization before
baseline color measurement.

The staining solution was prepared daily by dissolving 3.6 g of
instant coftee in 300 ml of boiling distilled water. The solution
was stirred for 10 minutes and allowed to cool to 37°C before
use.

Each specimen was individually immersed in 10 ml of coffee
solution and stored in an incubator at 37°C. The solution was
renewed every 24 hours throughout the immersion period.

Color measurements were performed at three time points:
o Baseline (after 24-hour water storage)

o After 7 days of immersion

o After 30 days of immersion

Before each measurement, specimens were rinsed under
distilled water for 10 seconds and gently blot-dried with
absorbent paper.

A VITA Easyshade V spectrophotometer (VITA Zahnfabrik,
Bad Sickingen, Germany) was used for color assessment, and
calibration was performed prior to each measurement session
following the manufacturer’s instructions.

Color coordinates were recorded using the CIE L*, a*, and b*
system. For each specimen, three consecutive measurements
were obtained at the center of the surface and averaged.

Thresholds of perceptibility (0.8) and acceptability (1.8)
were applied for clinical interpretation.” Color differences
among measurements obtained at separate time points were
determined using the CIEDE2000 formula.

The following equation was used:"”

2 1/2

AL’ 2+ AC s AH' 2+R AC' \ [ AH'
K;S; KcSc KuSy T\KcSc )\ KuSu

Statistical Analysis

All data were analyzed using IBM SPSS Statistics v23.0
(IBM Corp., Armonk, NY, USA), and distribution normality
was tested with the Shapiro-Wilk test. Since repeated color
measurements were obtained from the same specimens at
different time points, GEE were used to account for within-
specimen correlation. An exchangeable working correlation
structure was applied. GEE was preferred because it allows
the analysis of correlated repeated-measures data while
providing robust population-averaged estimates. For the
comparison of quantitative variables according to material
type, curing protocol, and immersion time, GEE analysis
was performed, and multiple comparisons were conducted
using the Bonferroni correction test. Quantitative data were
summarized using mean values and standard deviations.
Statistical significance was defined at a threshold of p<0.05.

AEy =

RESULTS

The effects of material, curing protocol, immersion time,
and their interactions on AE,, values are presented in
Table 2, 3. According to the GEE analysis, there was a
statistically significant difference in AE,, values among
materials (p<0.001). The lowest overall mean AEy, value
was obtained for Omnichroma (2.01), and the highest was
obtained for Filtek Universal Restorative (2.95). All materials
differed significantly from each other. Curing protocol had a
statistically significant effect on AEq, values (p<0.001). The
lowest overall mean AE,, value was observed in the 20420 s
group (1.89), and the highest was observed in the 20 s group
(2.99). All curing protocols differed significantly from each
other. Immersion time significantly affected AEq, values
(p<0.001). The lowest overall mean AE, value was recorded at
7 days (1.84), and the highest at 30 days (3.01). No statistically
significant interaction was found between material and curing
protocol (p=0.150). The three-way interaction among material,
curing protocol, and time was also not statistically significant
(p=0.726). A statistically significant interaction was found
between material and time (p<0.001). The lowest mean AEq,
value was observed in the Omnichroma x7-day subgroup
(1.50), and the highest in the Filtek Universal Restorativex30-
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day subgroup (3.64). A statistically significant interaction
was found between curing protocol and time (p<0.001). The
lowest mean AEy, value was observed in the 20+20 sx7-day
subgroup (1.43), and the highest in the 20 sx30-day subgroup
(3.71). The distribution of AE,, values according to material,
curing protocol, and immersion time is presented in Figure.

Table 2. Comparison of AE values according to material, curing time, and

immersion time using xgeneralized estimating equations

Test statistic P*
Material 704.695 <0.001
Curing time 1491.087 <0.001
Immersion time (days) 5360.591 <0.001
Materialxcuring time 12.029 0.150
Materialximmersion time (days) 50.429 <0.001
Curing timeximmersion time (days) 191.378 <0.001
Materialxcuring timeximmersion time (days) 5.29 0.726

m Omnichroma

e

7 day 30 day Total | 7 day 30day Total 7 day 30day Total 7 day 30 day Total

-

20s 20+10s 20420s Total

Figure. Mean AE, values (+SD) of all groups according to material, curing
protocol, and immersion time
SD: Standard deviation

DISCUSSION

The influence of additional light-curing protocols on the
color stability (AE,) of single-shade resin composites
after coffee immersion was evaluated in comparison with a
conventional universal composite. According to the results,
both the curing protocol and immersion time significantly

influenced color change, and significant differences were
also observed among the tested materials. Extended curing
protocols reduced discoloration, with the lowest AEq, values
recorded in the extended curing groups, particularly in the
20 s+20 s protocol. Furthermore, color change increased
significantly as immersion time increased, with the highest
values observed after 30 days. Based on these findings,
the first null hypothesis, suggesting no effect of prolonged
irradiation time on color stability, was rejected. The second
null hypothesis proposing that no differences would exist
among the tested composite materials was also rejected.
Similarly, the third null hypothesis suggesting that immersion
time would not influence color change was rejected. However,
although no significant three-way interaction was observed
among composite type, curing protocol, and immersion
time, significant two-way interactions were identified for
materialximmersion time and curing protocolximmersion
time. Therefore, the null hypothesis related to interaction
effects was rejected for the significant two-way interactions,
whereas the three-way interaction was not supported. These
findings suggest that extending the light-curing time may
improve the color stability of the tested resin composites,
although the magnitude of this effect may vary according to
material characteristics and immersion duration.

The improved color stability observed in the prolonged
irradiation time groups may be attributed to enhanced
polymerization of the resin matrix. The efficiency of photo-
polymerization is a key factor influencing both the physical
performance and optical behavior of resin-based composites.
During light activation, photoinitiators absorb energy
from the curing unit and generate free radicals that convert
monomer double bonds into polymer chains, forming a cross-
linked polymer network.” The extent of this reaction is
defined as the degree of conversion (DC), which significantly
influences the mechanical performance and stability of the
material."

Insufficient polymerization may result in a higher amount
of residual monomers, which can increase water sorption

Table 3. Descriptive statistics and multiple comparisons of AE values according to material, curing time, and immersion time

Material
Curing time Immersion time Omnichroma Vittra APS unique Zenchroma Charisma diamond ONE Filtek universal restorative Total
7 day 1.87+0.12 2.26+0,15 2.09+0.13 2.39+0.17 2.74+0.19 2.27+0.33"
20s 30 day 3.240.24 3.65+0,22 3.45+0.22 3.940.22 4.36+0.27 3.71+0.46"
Total 2.54+0.71 2.96+0,74 2.77+0.73 3.15+0.8 3.55+0.87 2.99+0.83"
7 day 1.49+0.09 1.87+0,12 1.67+0.11 1.92+0.15 2.21+0.17 1.83+0.27¢
20+10s 30 day 2.4+0.16 2.9+0,17 2.78+0.15 3.09+0.16 3.61+0.19 2.95+0.43"
Total 1.95+0.48 2.38+0,55 2.22+0.58 2.5+0.62 2.91+0.74 2.39+0.67"
7 day 1.13+0.09 1.44+0,12 1.29+0.1 1.48+0.12 1.81+0.17 1.43+0.26"
20+20s 30 day 1.95+0.11 2.29+0,15 2.2240.1 2.39+0.15 2.94+0.16 2.36+0.36"
Total 1.54+0.43 1.87+0,46 1.75+0.49 1.94+0.49 2.38+0.61 1.89+0.56°
7 day 1.5+0.32" 1.86+0,36“ 1.68+0.35" 1.93+0.41° 2.25+0.43' 1.84+0.45
Total 30 day 2.51£0.56" 2.95+0,59" 2.82+0.54" 3.13+0.65" 3.64+0.63' 3.01+0.69
Total 2.01+0.68" 2.4+0,73" 2.25+0.73¢ 2.53+0.81¢ 2.95+0.88°

Meanzstandard deviation; lowercase letters indicate main effects, whereas uppercase letters indicate interaction effects. Groups with the same letter are not significantly different. APS: Advanced

polymerization system
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and facilitate the penetration of staining agents. Therefore,
extending the irradiation time may improve the degree of
conversion, reduce residual monomer content, and enhance
resistance to discoloration.”

In dental color research, a AEq value of approximately
0.8 represents the minimum color difference detectable
by the human eye, whereas values around 1.8 are generally
considered the upper limit of clinical acceptability.”

These thresholds provide a clinically meaningful framework
for interpreting instrumental color differences. In the present
study, only the Omnichroma specimens cured with the
20 s+20 s protocol and evaluated after 7 days showed AEg,
values below the perceptibility threshold, indicating that
the color change was not visually detectable. Several groups,
particularly those subjected to extended curing protocols at
7 days, showed AE,, values between the perceptibility and
acceptability thresholds, suggesting visually detectable but
clinically acceptable discoloration. However, most groups,
especially after 30 days of coffee immersion, exceeded the
acceptability threshold. These findings indicate that although
additional light curing may improve short-term color stability,
prolonged exposure to chromogenic agents such as coffee can
still result in clinically unacceptable discoloration.

Jakupovi¢ et al.”’ reported that both composite material
and light-curing protocol significantly influenced the
microhardness of bulk-fill resin composites, emphasizing the
role of polymerization conditions in determining the final
properties of resin-based materials. Since microhardness
is often considered an indirect indicator of polymerization
efficiency, these findings support the concept that curing
protocols may also affect other physicochemical properties,
including staining resistance. In this context, the present
study extends this concept by focusing specifically on the
effect of additional curing on the color stability of single-
shade resin composites after coffee immersion.

Ersoz et al.”’ reported that single-shade resin composites
exhibited greater discoloration than multi-shade systems after
exposure to staining solutions. This finding differs from the
results of the present study, in which the tested single-shade
composites showed lower AEq, values than the conventional
universal composite included in the study. These differences
may be related to variations in comparator materials, staining
media, and study design.

Kerimova Kose et al.”” reported that both the composite
formulation and the applied curing mode significantly
influenced discoloration following coffee immersion. In their
study, certain curing modes were associated with greater
color change, suggesting that variations in polymerization
conditions can affect staining susceptibility. Consistent with
these findings, the current study demonstrated that curing
protocols play a role in color stability; however, variations
among materials also indicate that intrinsic material
composition contributes to discoloration behavior.

Yasin and Bakir” evaluated the color stability of composite
resins subjected to standard and extended polymerization
protocols under different staining conditions. Their
results showed a tendency toward reduced discoloration

with additional curing, although the differences were not
statistically significant. In line with this tendency, the present
study also demonstrated that extended light curing was
associated with lower AE, values after coffee immersion.

Unsal and Karaman” investigated the effect of prolonged
irradiation time on the color stability of different composite
types and reported that extended curing significantly reduced
discoloration after coffee immersion. The results of the present
study are in agreement with these findings, as the extended
curing protocols resulted in lower AE,, values compared with
the standard curing protocol. This effect may be explained
by improved polymerization efficiency, which may reduce
residual monomer content and limit water sorption and
pigment penetration.

In contrast, Bedir et al.”” reported that prolonged irradiation
time did not produce a significant effect on either color
stability or degree of conversion in single-shade composites. In
the present study, however, extended light curing significantly
improved color stability. This discrepancy may be related to
differences in material composition, curing parameters, and
experimental conditions, including immersion duration and
irradiation settings.

In the present study, Omnichroma exhibited the lowest color
change values, whereas Filtek Universal Restorative showed
the highest discoloration after immersion in the staining
solution. These differences in color stability among the tested
composites may be related to variations in their resin matrix
composition and filler characteristics.

The color stability of resin composites is strongly influenced
by the composition of the resin matrix. Resin composites
containing more hydrophilic matrix components tend to
exhibit higher water sorption, which can negatively affect
their color stability.” In particular, the type and proportion of
monomers present in the resin matrix play an important role
in determining water sorption behavior and discoloration
susceptibility.”” Hydrophilic monomers such as TEG-DMA
have relatively small molecular structures and higher mobility
in aqueous environments, which may facilitate water uptake
and the penetration of staining agents.”*

Inadditiontotheresinmatrixcomposition, filler characteristics
may also influence discoloration behavior. Increasing the
amount of inorganic filler generally reduces the proportion of
the resin matrix and may therefore decrease water sorption.”
Consequently, composites with higher inorganic filler content
may exhibit improved color stability.”” However, discoloration
may still occur due to hydrolytic degradation at the interface
between the resin matrix and filler particles, which may
facilitate pigment penetration into the material.”"* Due to the
limited disclosure of compositional details by manufacturers,
accurately identifying the specific component responsible for
variations among resin composites is difficult.”

In the present study, immersion time significantly influenced
the color stability of the tested resin composites, with higher
AE o values observed after 30 days compared with 7 days. This
finding may be attributed to the cumulative effect of staining
agents and water sorption over time. Resin composites are
susceptible to discoloration when exposed to beverages

827



Kurucu Karadeniz and Karadeniz. Additional light curing and color stability

J Health Sci Med. 2026;9(3):823-829

containing chromogenic agents such as coffee. These pigments
can penetrate the resin matrix and adhere to the surface of
restorative materials, leading to progressive color changes as
the exposure period increases. Among commonly consumed
beverages, coffee is recognized for its strong staining potential
due to its high content of chromogenic compounds.”*

In addition, water sorption within the resin matrix may
contribute to discoloration by facilitating the diffusion of
staining molecules into the material. Water uptake can lead
to expansion and plasticization of the resin matrix, which
may create microstructural changes that allow pigments to
penetrate more easily. As a result, longer immersion periods
may increase the interaction between staining agents and
the composite surface, thereby enhancing color change over
time.”

Limitations

From a clinical perspective, the findings of the present study
suggest that both material selection and curing strategy may
influence the long-term esthetic performance of composite
restorations. Extending the light-curing time may be a
practical approach to improving the short-term color
stability of resin composites, particularly in highly esthetic
areas and in patients who frequently consume staining
beverages such as coffee. However, additional curing cannot
completely prevent discoloration after prolonged exposure to
chromogenic agents. Therefore, clinicians should consider not
only the curing protocol but also the intrinsic discoloration
behavior of the selected composite material and the patient’s
dietary habits when planning esthetic restorations. Adequate
polymerization remains essential for reducing residual
monomer content, limiting water sorption, and maintaining
the optical stability of resin composite restorations.

The present study has some limitations. First, this investigation
was conducted under in vitro conditions, which may not fully
reproduce the complex oral environment. In clinical situations,
factors such as saliva, temperature changes, mechanical wear
from mastication and toothbrushing, oral hygiene habits,
and exposure to various dietary chromogens may affect
discoloration behavior. Second, the specimens were prepared
with standardized thicknesses and smooth surfaces, whereas
clinical restorations may have different geometries, surface
textures, and depths that could influence light transmission
and polymerization efficiency. Third, only coffee was used as
a staining solution, although patients are exposed to many
other staining agents in daily life, including tea, wine, and
colored beverages. Finally, the degree of conversion and water
sorption were not directly evaluated. Future studies assessing
the relationship between extended light curing, degree of
conversion, water sorption, surface roughness, and long-term
color stability under simulated oral conditions would provide
more comprehensive information.

CONCLUSION

Considering the limitations inherent to this in vitro design,
the following conclusions can be drawn:

828

o Additional light-curing enhanced the color stability of
the evaluated resin composites, as reflected by lower AEq,
values compared with the conventional curing protocol.

o The type of composite material also played a significant
role in discoloration behavior. Overall, single-shade
composites tended to exhibit lower color change values,
whereas the conventional composite (Filtek Universal
Restorative) showed the greatest degree of discoloration.

o Immersion time was another significant factor affecting
color stability, with AEq, values increasing as the duration
of exposure to the coffee solution was prolonged.

o Although extended curing protocols were effective
in reducing discoloration, most groups exceeded the
clinically acceptable threshold after 30 days, suggesting
that staining beverages may still compromise the
long-term esthetic performance of resin composite
restorations.
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