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Abstract
Purpose: This in vitro study aimed to compare the color stability of one-shade (Omnichroma and Vittra APS Unique) andmulti-shade (Filtek Z250) composite resin materials after light-curing using standard (ST) and soft-start (SS) curing modes.Materials and Methods: Seventy-eight disc-shaped specimens (n=13 per subgroup) were prepared using Omnichroma, Vittra APSUnique, and Filtek Z250 composite resins. Specimens were light-cured in either Soft Start or Standard mode and immersed incoffee solution at 37°C for 30 days. Color changes (∆E00) were measured with a spectrophotometer on days 1, 7, and 30, using theCIEDE2000 formula.Results: All materials showed significant and clinically unacceptable color changes (∆E00 > 1.8). The highest staining occurredduring the first 7 days. Filtek Z250 exhibited the least staining, while SS curing mode led to greater discoloration compared to STfor Vittra APS Unique and Filtek Z250. Omnichroma’s color change was not significantly affected by curing mode over 30 days.Conclusions: Both curing modes failed to maintain clinically acceptable color stability in all tested materials. The type ofcomposite resin and polymerization mode influenced staining, with soft-start curing increasing susceptibility to discoloration incertain materials.
Keywords: Color stability; Composite resin; Polymerization mode; One-shade composite; Soft-start polymerization

Introduction
Composite resin-based materials are frequently preferred by dentalpractitioners today for the construction of esthetic restorations.Nowadays, dentists are interested in using one-shade restorativematerials as they reduce the need for a wide range of compositeshades, minimize the wastage of unnecessary shades, and savechairside time for shade selection or combination. 1

Color stability is a crucial physical property of esthetic restora-tions. The color stability of resin composites significantly impactstheir clinical longevity and performance in the oral cavity 2 and incase of severe staining replacing the restoration could be inevitable.Polymerization reaction starts when the cross-linking reac-tion begins, and the carbon-carbon double bonds are convertedinto carbon-carbon single bonds. The percentage of double bonds

converted to single bonds is indicated by the degree of conversion(DC). 3 DC is an important factor for the clinical performance ofresin-based composite restorations, as it affects various compositeproperties including mechanical properties, polymerization shrink-age and stress, biocompatibility, solubility, color stability, degrada-tion, and water sorption. 4,5 DC of light-cured resin-based compos-ites depends on extrinsic and intrinsic factors. Intrinsic factors areassociated with the composition of restorative materials (photoini-tiator system, monomer type and amount, and filler composition)while the extrinsic factors include variables related to the poly-merization process such as the curing mode, the light curing tippositioning, irradiance, light spectrum, and post-cure reactions. 3
Composite resin restorations may show extrinsic staining due toinsufficient polymerization, water or food’s and beverages’ col-
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orants absorption. 6,7 Residual monomers remaining as a resultof an insufficient degree of conversion can cause color deteriora-tion therefore polymerization adequacy is critical to achieve colorstability. 8 Different curing modes, have appeared to improve poly-merization by affecting polymer composition, degree of conversion,and number of cross-links. 9 Previous studies reported that cur-ing mode has an impact on the color stability of the compositeresins. 10,11 Thus, choosing of suitable curing mode is important toobtain long-lasting color stability of restorations. Besides the exis-tence of residual unconverted monomers which can increase watersorption of resin matrix might result in absorption and adsorptionof colorants of beverages such as coffee into the resin surface 12 andfurther staining, as well.
In recent years, growing interest in one-shade composites hasled to increased research on their color stability. However, thereis limited knowledge regarding the long-term impact of polymer-ization modes on the color stability of these composites in clinicalsettings. Thus, the aim of this study is to instrumentally comparethe color stability of two different one-shade universal compositeresin materials (Omnichroma and Vittra APS Unique) with the con-trol group (Filtek Z250), a multi-shade composite resin material,after light-curing in soft start (SS) and standard (ST) curing modes,by using spectrophotometry.
Two null hypotheses were established in the study. The firstnull hypothesis states that there is no difference between compos-ite resin restorative materials in terms of color stability againststaining, regardless of curing modes. The second null hypothesissuggests that the curing mode used for the polymerization, regard-less of the composite resin material, does not affect staining.

Material and Methods
Calculation of Sample Size
The calculation of the sample size required to test the research hy-pothesis was made with the G*Power 3.1.9 program. The minimumsample size for each tested subgroup was calculated as 11, whichwill provide 95% test power at a 95% confidence level, with theeffect width for "Two-Way Variance Analysis in Repeated Measure-ments with Repetitions on a Single Factor" being small effect width,f=0.25, and each composite. An equal number of 26 samples wereprepared for each material under two different curing modes, ac-counting for potential dropouts due to sample defects (n=13 for eachgroup).

Specimen preparation
Two different one-shade composite materials, Omnichroma(Tokuyama Dental, Tokyo, Japan), Vittra APS Unique (FGM,Joinville, SC, Brazil), and A2 shade of Filtek Z250 (Filtek, 3M ESPE,St Paul, MN, USA), a multi-shade universal resin-based composite,were used for this study (Table 1). Seventy-eight discs (thickness=2mm, and diameter=6 mm) were prepared by placing the materialin a Teflon mold with a single increment (Figure 1). Then, the moldwas covered with a mylar strip, and the excess material removedby gentle pressure was applied by placing microscopic slides onthe top and bottom surfaces of the mold. In the group where STcuring mode was applied, discs were light-cured for 20 seconds ata constant light power of 1000-1200 mW/cm2 using an LED device(B-Cure, Guilin Woodpecker Medical Instrument Co., Ltd., Guilin,China). In the group where SS curing mode was applied, discs werelight-cured for 20 seconds at continuously increasing light powerof 0-1200 mW/cm2. The light device was rested for 30 seconds afterevery 10 exposures following the user instructions. The power ofthe unit was verified using a radiometer (Bluephase Meter II; IvoclarVivadent, Amherst, New York) after every third measurement. For

Figure 1. Flowchart of the study process

polishing the samples, polishing discs with hard, medium, fineand super fine grains ranging from hard to super fine were used(Sof-Lex, 3M/ESPE, St Paul, MN, USA). Polishing operations werelimited to 10 seconds for each disc to prevent microcracks forma-tion. Each polishing disc changed in every 3 samples to avoid lossof abrasiveness.
After each polishing step, the sample was checked by washingand drying it with an air syringe to obtain a smoother and uniformsurface. Then, the samples were kept in distilled water in a light-proof container at 100% humidity and 37°C for 24 hours beforeinitial color measurement.

Staining procedure
The initial colors (L*, a* and b* values) of the samples were mea-sured with a spectrophotometer device (Vita Easyshade V; VITAZahnfabrik, Germany) under D65 lighting conditions.

The samples were placed in multiple well plates, each containing5 ml of coffee. A coffee solution (Nescafe Classic; Nestle, Bursa,Turkey) was prepared according to the manufacturer’s instructions(2 g of coffee per 200 ml of water) and added to the samples at 37 °C.The samples were then incubated at 37 °C for 30 days (FN 500, Nüve,Türkiye) to simulate color changes over time. The coffee solutionwas replaced with a fresh one every 24 hours. On the 1st, 7th, and30th days measurements of L*, a* and b* values of each samplewere performed with the same spectrophotometer device in theabovementioned conditions. A schematic view of the study designis shown in Figure 2.

Statistical Analysis
The CIEDE2000 formula (∆E00) was used to calculate color changesin composite resins based on L*, a* and b* values of the samples
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Table 1. Composite materials evaluated in this study
Material Manufacturer Filler type Filler contentwt% vol% Particle size Monomer Shades

Omnichroma Tokuyama Dental,Tokyo, Japan
SphericalSilica-Zirconia andComposite fillers 79 68 260nm UDMA,TEGDMA UniversalShade

Vittra APSUnique FGM, Joinville,SC, Brazil
Charge particlesof zirconiaand silica 75 55 Mixture ofmethacrylatemonomers

UniversalShade
Filtek Z250 3M ESPE, St. Paul,MN

Ceramic treated silane(65–90) Silica treatedsilane (1–10) Zirconium 84.5 60 0.01–3.5 µm Bis-GMA, UDMA,BisEMA A2
Abbreviations: Bis-EMA, bisphenol A polyethylene glycol diether dimethacrylate; Bis-GMA, bisphenol A diglycidylmethacrylate; TEGDMA, triethylene glycol dimethacrylate;
UDMA, urethane dimethacrylate

Figure 2. Schematic view of the study design

measured in different time intervals by using an Excel spreadsheetimplementation of the CIEDE2000 formula. A measured color dif-ference (∆E00) greater than 1.8 was considered a clinically unac-ceptable color change. By averaging the three ∆E00 values obtainedfor each sample, an average ∆E00 value was obtained for each ofthe samples of the three materials.
Statistical analyses were conducted using SPSS version 25.0 soft-ware for Windows (IBM SPSS, Chicago, IL, USA) and Jamovi version2.4 software. The normality of the distribution of variables wasexamined with the Shapiro-Wilk test. Descriptive analyses werepresented using mean, standard deviation, median, minimum,and maximum values. To investigate significant differences in re-peated measures obtained at different times across material groups,a Mixed-Effect Model was used. Differences between groups weredetermined by Dunn’s Bonferroni Test. A p< 0.05 was consideredstatistically significant.

Results
The independent variables tested in the study were as follows:
• Type of composite resin material (Omnichroma, Vittra APSUnique, and Filtek Z250)• Type of Polymerization Mode (Soft Start: SS and Standard: ST).• Different time intervals (Baseline-24 hours, Baseline-7 days,Baseline-30 days, 24 hours-7 days, 24 hours-30 days, 7days-30days)

Table 2. Mixed Effect ANOVA Model Results
F Num df pMaterial 104.75 2 <.001Mode 117.20 1 <.001Time 1039.95 5 <.001Material ⋆ Mode 5.12 2 0.008Material ⋆ Time 31.34 10 <.001Mode ⋆ Time 89.32 5 <.001Material ⋆ Mode⋆ Time 44.94 10 <.001

A mixed-effects ANOVA was conducted to evaluate the impactof composite resin material and polymerization mode on the meancolor differences (∆E00) of specimens over time. The results aresummarized in Table 2.
The ∆E00 values ranged from 0.93 to 11.74 after 30 days of ex-posure to coffee solutions, as shown in Figure 3. Mean color differ-ences (∆E00), standard deviations, and median values for speci-mens polymerized using different curing modes and stained withcoffee at various time intervals are presented in Table 3 and Figure3.
The simple main effects analysis of the mixed-effects ANOVArevealed that the composite resin material had a statistically signif-icant effect (F(2) = 104.75, p < 0.001). All materials were statisticallysignificantly different from each other (p < 0.001 for all compar-isons). Polymerization mode also showed a statistically significanteffect (F(1) = 117.20, p < 0.001). Additionally, time demonstrated astatistically significant effect (F(5) = 1039.95, p < 0.001). Across all
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Table 3. Comparisons of mean color differences (∆E00), standard deviations for specimens polymerized at different composite resin material andcuring modes and stained with coffee at different times
Curing ModesComposite resinmaterial Time SS ST pmat x mod x time pmaterial pmat x mode pmat x timex̄ ± s x̄ ± s

Omnichroma
Baseline-24 hours 3,26± 0,40a,A 6,5± 1,09a,B <0.001

<0.001 0.008 <0.001

Baseline-7 days coffee 6,91± 0,32c,A 7,02± 1,06c,A 0.99Baseline-30 days coffee 9,28± 0,96d,A 8,48± 1,47d,A 0.9924 hours-7 days coffee 3,98± 0,84b,A 0,95± 0,59b,B <0.00124 hours-30 days coffee 6,24± 1,33a,A 2,24± 0,85a,B <0.0017days-30 days coffee 2,68± 0,78b,A 1,94± 1,04b,A 0.99p Omnichroma x mode <0.001 p

Vittra APS Unique
Baseline-24 hours 6,43± 0,57a,A 4,63± 0,45a,B <0.001Baseline-7 days coffee 10,26± 0,75c,A 5,9± 0,59c,B <0.001Baseline-30 days coffee 11,74± 0,85d,A 9,1± 0,84d,B <0.00124 hours-7 days coffee 4,28± 0,91b,A 1,6± 0,12b,B <0.00124 hours-30 days coffee 5,65± 1,07a,A 4,69± 0,74a,A 0.997days-30 days coffee 1,57± 0,10b,A 3,27± 0,84b,B <0.001p Vittra APS Unique x mode <0.001 p

Filtek Z250
Baseline-24 hours 3,07± 0,68a,A 2,84± 0,17a,A 0.99Baseline-7 days coffee 5,87± 0,47c,A 3,47± 0,50c,B <0.001Baseline-30 days coffee 7,35± 0,60d,A 5,78± 0,84d,B <0.00124 hours-7 days coffee 3,17± 0,89b,A 0,93± 0,42b,B <0.00124 hours-30 days coffee 4,62± 0,84a,A 3,02± 0,81a,B <0.0017days-30 days coffee 1,55± 0,29b,A 2,51± 1,00b,A 0.99p Filtek Z250 x mode <0.001p time<0.001 p mode<0.001p mod x zaman <0.001p mat x mod x time <0.001

Abbreviations: x̄: mean; s: Standard deviation. SS: Soft start, ST: Standard. *Different superscript lowercase letters in the same column indicate a statistically significant
difference between time intervals within each material and curing mode (p< 0,05). *Different superscript uppercase letters in the same row indicate a statistically significant
difference between curing modes within each composite resin material (p< 0,05).

Figure 3. Time-dependent color changes of various materials with different poly-
merization modes

materials and polymerization modes, the most significant stainingoccurred within the first 24 hours and during the first 7 days.
There was a statistically significant interaction between the ef-

fects of composite resin material and polymerization mode (F(2) =5.12, p = 0.008). The variability in values across materials differedbetween polymerization modes. Additionally, there was a statisti-cally significant interaction between the effects of composite resinmaterial and time (F(10) = 31.34, p < 0.001). All materials exhib-ited statistically significant increases in color change over time,regardless of the polymerization mode (Table 3 and Figure 3).There was a statistically significant interaction between the ef-fects of polymerization mode and time (F(5) = 89.32, p < 0.001).The changes over time differed between polymerization modes,regardless of the material. Additionally, a statistically significantthree-way interaction was observed between composite resin mate-rial, polymerization mode, and time (F(10) = 44.94, p < 0.001). Forall three materials, polymerization modes demonstrated significantinteractions with time (p < 0.001 for all comparisons).For the Omnichroma material, polymerization modes showedsignificant differences at all time points except for Baseline–7 days,Baseline–30 days, and 7 days–30 days. For the Vittra APS Uniquematerial, significant differences were observed at all time pointsexcept for 24 hours–30 days. In the Filtek Z250 material, poly-merization modes showed significant differences at all time pointsexcept for Baseline–24 hours and 7 days–30 days (Table 3).Based on the comparisons between Baseline–30 days, VittraAPS Unique samples cured with the SS mode exhibited the high-est staining, while Filtek Z250 samples cured with the ST modeexhibited the least staining (Table 4).After the first 24 hours, the curing mode had no statisticallysignificant effect on staining for Filtek Z250 samples (Table 3).When comparing measurements between Baseline–30 days, nostatistical difference was observed between the curing modes interms of staining for Omnichroma samples. However, Filtek Z250and Vittra APS Unique samples exhibited greater staining whencured with the SS mode (Table 4).For measurements taken between 24 hours–7 days, no statisti-cally significant differences in staining were observed among any
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Table 4. Mean color differences (∆E00), standard deviations, and significant differences for each time interval among composite resin materialspecimens cured using two different modes
Light Curing Mode Soft Start StandardComposite Resin Material Omnichroma Vittra APS Unique Filtek Z250 Omnichroma Vittra APS Unique Filtek Z250

x̄ ± s x̄ ± s x̄ ± s x̄ ± s x̄ ± s x̄ ± sBaseline-24 hours 3,26± 0,40A 6,43± 0,57B 3,07± 0,68A 6,5± 1,09A 4,63± 0,45B 2,84± 0,17CBaseline-7 days coffee 6,91± 0,32A 10,26± 0,75B 5,87± 0,47A 7,02± 1,06A 5,9± 0,59A 3,47± 0,50BBaseline-30 days coffee 9,28± 0,96A 11,74± 0,85B 7,35± 0,60C 8,48± 1,47A 9,1± 0,84A 5,78± 0,84B24 hours-7 days coffee 3,98± 0,84A 4,28± 0,91A 3,17± 0,89A 0,95± 0,59A 1,6± 0,12A 0,93± 0,42A24 hours-30 days coffee 6,24± 1,33A 5,65± 1,07AB 4,62± 0,84B 2,24± 0,85A 4,69± 0,74B 3,02± 0,81A7days-30 days coffee 2,68± 0,78A 1,57± 0,10A 1,55± 0,29A 1,94± 1,04A 3,27± 0,84B 2,51± 1,00ABp mat x mod x time <0.001
Abbreviations: x̄: mean; s: Standard deviation. SS: Soft start, ST: Standard. *Different superscript letters in the same row indicate a statistically significant difference among
composite resin materials within the same curing mode (p< 0,05).

composite resin materials for either curing mode. Similarly, nosignificant differences were observed for measurements taken be-tween 7–30 days among materials cured with the SS mode (Table4).

Discussion
Color stability is a key factor affecting the esthetic outcome of com-posite restorations providing dentists’ and patients’ satisfaction.Changes in color over time can be attributed to the material itself aswell as the factors associated with dental practitioners such as cur-ing light intensity, ignoring the manufacturer recommendations,or poor isolation revealed during the application procedure. Also,the dietary habits of patients with partially frequent/long-lastingconsumption of discoloring beverages might result in surface stain-ing. In this context, the time during which the restorations areexposed to staining beverages should also be considered.

Two null hypotheses were tested in the present study. The firstnull hypothesis stated that there was no difference between restora-tive materials in terms of color stability against staining, regardlessof curing modes while the second null hypothesis stated that re-gardless of the restorative material, the curing mode used, does notaffect staining. According to the findings of the study, the stainingamount resulting from exposure to the colorant varied according tothe material and the curing mode affected the staining in all timeintervals except the first 24 hours. Therefore, both null hypotheseswere rejected.
In the field of dentistry, precise measurement of color differ-ences is critical for assessing dental restorative materials. TheCIELAB (∆Eab) formula is a commonly employed method that quan-tifies color using three spatial coordinates: L* (lightness), a* (red-green axis), and b* (yellow-blue axis). This model has been foun-dational in color difference evaluation. However, the CIEDE2000(∆E00) model offers an enhanced approach by incorporating factorssuch as lightness, chroma, and hue, alongside weighting functionsthat adjust for perceptual non-uniformities. Crucially, ∆E00 in-cludes an interaction term that accounts for the interplay betweenchroma and hue differences, which better reflects the shade dif-ferences as recognized by the human eye compared to the CIELABformula. Consequently, the CIEDE2000 formula provides a superiorcorrelation between visually perceived color differences and math-ematically calculated values. 13 In light of these advantages, theCIEDE2000 color difference formula was selected for data evalua-tion in our study. 14,15 Establishing perceptual and receptive thresh-olds for color differences is crucial for effectively interpreting andassessing clinical outcomes. Specifically, perceptibility thresholds(PT) and acceptability thresholds (AT) for clinical judgment havebeen defined based on color difference values. For the CIEDE2000model, PT and AT values are set at 0.8 and 1.8, respectively. Inthe present study, the color changes observed in materials follow-ing staining challenges were not found to be within the acceptable

range according to these thresholds.During an ST light-cure application with an immediate appli-cation of full light power intensity, the gel point typically occursin 1.5-2 seconds. The most crucial period for stress decrease is inthe initial seconds after polymerization begins, as this is when theculminant adhesive bond strength is still forming. Consequently,delaying the attainment of the gel point can slow down the develop-ment of stress by extending the viscous phase, allowing for greaterflow capability and resulting in a decreased definite polymeriza-tion stress. 16,17 The SS curing mode is an alternative techniquethat gradually increases light intensity over the first few secondsbefore maintaining maximum intensity for the rest of the curingprocess. Previous studies demonstrated SS light curing techniqueresults in relatively lower polymerization shrinkage stress, butthis effect depends on the restorative material type. 16,18–20 How-ever, modifying the light intensity may decrease the degree of curein relatively deeper cavities 21 leading to the remaining of unre-acted monomers. In the present study, the greater color changeobserved in the SS groups following staining challenges can be at-tributed to the under-polymerization of the restorative materials.This under-polymerization likely leads to increased water absorp-tion and the solubility of the unreacted monomer, rendering thematerials more susceptible to staining. These findings are consis-tent with previous research indicating that the curing mode cansignificantly impact the staining susceptibility of restorative ma-terials. 10,11 Furthermore, our study corroborates the findings ofOzan et al. demonstrating that the curing mode did not influencethe degree of staining within the first 24 hours. 10 This similar-ity underscores that despite the different polymerization methods,neither approach could maintain clinically acceptable color stabilityover time. However, another study demonstrated that polymeriza-tion time has no effect on the amount of color change of one-shadeor multi-shade composites. 22 The absence of difference in terms ofdiscoloration could be attributed to variations in curing time ratherthan the curing mode. Interestingly, samples subjected to the en-ergy drink maintain clinically acceptable color stability for 7 daysunder certain protocols applied in the aforementioned study.The results of the present study revealed that the color changewas material dependent. Therefore, it should be considered thatsingle-shade restorative materials tested in the present study weredeclared to have innovative and unique content by manufacturers.Omnichroma (Tokuyama Dental, Tokyo, Japan) was introduced asthe first one-shade composite resin material claimed to adapt to alltooth shades within the 16 VITA classic colors, from A1 to D4, due toits uniformly sized supra-nano spherical filler (260 nm sphericalSiO2-ZrO2) combined with Smart Chromatic Technology. 23 VittraAPS Unique (FGM, Joinville, SC, Brazil), is a one-shade universalcomposite that mimics the shade of the dental substrate duringthe polymerization process and provides color imitation thanksto the chromatic reflection properties of the composite. The man-ufacturer declares that the exclusive APS Technology (AdvancedPolymerization System) provides shadow transmission and mirror-
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ing esthetics by more transparent photoinitiators. Specifically, theoverall color change for Filtek Z250 (3M ESPE, St Paul, MN, USA),was lower compared to Omnichroma (Tokuyama Dental, Tokyo,Japan) and Vittra (FGM, Joinville, SC, Brazil). This superior stain-ing resistance of Filtek Z250 (3M ESPE, St Paul, MN, USA), can beattributed to its formulation, which does not include Triethyleneglycol dimethacrylate (TEGDMA). In contrast, both Omnichroma(Tokuyama Dental, Tokyo, Japan) and Vittra (FGM, Joinville, SC,Brazil), contain TEGDMA, a component known to increase waterabsorption and thus susceptibility to staining. These findings areconsistent with other studies that have reported Filtek Z250 (3MESPE, St Paul, MN, USA), to be more color-stable due to its use of ahydrophobic resin system, which results in lower water sorptionrates and consequently better resistance to staining. 24 In contrast,another study evaluated the color stability of different restorativematerials and demonstrated a relatively higher tendency for stain-ing of Filtek Z250 (3M ESPE, St Paul, MN, USA). 25 This controver-sial finding could be attributed to the difference between coloringbeverages used in the study and restorative control materials.The difference in filler size among Filtek Z250 (3M ESPE, StPaul, MN, USA), Omnichroma (Tokuyama Dental, Tokyo, Japan),and Vittra (FGM, Joinville, SC, Brazil) may have influenced theirsurface smoothness. Materials with nano-sized fillers, such asOmnichroma (Tokuyama Dental, Tokyo, Japan) and Vittra (FGM,Joinville, SC, Brazil), are generally thought to achieve a smoothersurface compared to microhybrid restoratives like Filtek Z250 (3MESPE, St Paul, MN, USA). However, according to the present study,this advantage in surface smoothness did not translate to a de-creased tendency for staining of materials with nano-sized fillers.This suggests that despite the enhanced surface smoothness asso-ciated with nano-sized fillers, it does not necessarily improve thestain resistance of dental restorative materials.Previous studies have reported that one-shade resin compositesexposed to wine, coffee, and black tea exhibit greater color changescompared to multi-shade resin composites. 22,26–28 Only one ac-cessed study found no difference in terms of color change amongone-shade composite resin and multi-shade composite resin mate-rials. 29 Moreover, studies compared evaluated discoloration afterthermocycling protocol revealed a higher tendency to color changeof one-shade composites. 27,30,31 These findings are concerningbecause one-shade composites are often used to quickly and effec-tively achieve esthetic results by matching the tooth shade. How-ever, their tendency to become significantly discolored over timeimplies that additional interventions may be necessary to main-tain the esthetic functions of the material. On the other hand, itis important to note that due to the limited number of brands ofone-shade and multi-shade materials used in this study, makinga general judgment regarding the performance of one-shade ver-sus multi-shade composites would be premature. The staining ofcomposite resins is influenced by a variety of factors beyond theresin matrix and filler type, including the composition of activators,inhibitors, and initiators. Therefore, further research involvinga broader range of materials is required to draw more definitiveconclusions about the impact of shade variability on staining. 32
In studies evaluating the color stability of restorations, the oralenvironment is typically simulated using various colorants suchas coffee, wine, and energy drinks. However, these study designshave limitations and are insufficient to fully replicate real oral con-ditions. Factors such as brushing frequency, abrasion due to thekinds of toothpaste used, and nutrition involving hard foods can-not be adequately simulated in experimental conditions, yet theycan significantly impact the staining of restorations. Ozan et al. 10

reported that while brushing can reduce superficial staining causedby substances like tea and cola, it is not effective in completely re-moving these stains. Conversely, brushing with abrasive dentifricescan deteriorate the surface smoothness of restorations, potentiallyleading to increased staining. On the other hand, one-shade com-posites showed comparable performance to multi-shade compos-

ites in terms of color stability after aging in samples that underwentbrushing simulation. 31 Therefore, it is important to acknowledgethat accurately replicating the dynamic conditions of the oral cavityin study designs is virtually impossible.

Conclusion
In alignment with earlier studies, our results reinforce the notionthat both curing modes failed to achieve the desired color stabilityin all tested restorative materials, suggesting a need for improvedtechniques or materials that can better withstand staining chal-lenges.
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