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			ABSTRACT:   The rising clinical demand for tooth bleaching necessitates a comprehensive understanding of its impact on pre-existing restorations. This study aimed to evaluate the effect of two bleaching protocols on the microhardness and surface roughness of four composite resins with distinct filler architectures. Thirty-six discs were manufactured for each composite resin: microhybrid (Opallis), submicron (Brilliant EverGlow), nanofilled (Filtek™ Z350 XT), and nanohybrid (Tetric® N-Ceram). Specimens were randomly assigned (n=12) to two bleaching protocol-35% hydrogen peroxide (HP) and 10% carbamide peroxide (CP)-and a control group (distilled water). A total of 144 discs were evaluated for microhardness and 144 for surface roughness. Data were analyzed using Wilcoxon, Kruskal-Wallis, and Mann-Whitney U tests with Bonferroni correction, as well as the Scheirer-Ray-Hare test (α=0.05). Bleaching protocols significantly altered surface properties (p<0.001), indicating that the bleaching effect is highly dependent on the specific material structure. A significant interaction was observed between the bleaching agent and filler architecture (p<0.01). The microhybrid resin (Opallis) exhibited the highest reduction in microhardness (Δ VHN: 36.2) and the greatest increase in roughness (Δ Ra: 0.40 µm) under 35% HP, exceeding the clinically acceptable threshold of 0.2 µm for biofilm accumulation. Conversely, the nanofilled architecture (Filtek™ Z350 XT) maintained structural and topographical stability, showing no significant differences compared to the control group (p>0.05), regardless of the protocol. Nanohybrid and submicron resins demonstrated intermediate levels of degradation. The surface stability of resin composites is determined by a synergistic interaction between the bleaching protocol and filler architecture, with microhybrid structures being the most susceptible. Bleaching with 35% HP was more deleterious than 10% CP. The nanofilled architecture provides superior resilience to oxidative stress.
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			RESUMEN: La creciente demanda clínica del blanqueamiento dental exige una comprensión integral de su impacto en las restauraciones preexistentes. Este estudio evaluó el efecto de dos protocolos de blanqueamiento sobre la microdureza y rugosidad superficial de resinas compuestas con diferente arquitectura de relleno. Se fabricaron treinta y seis discos para cada resina compuesta: microhíbrida (Opallis), submicrónica (Brilliant EverGlow), nanorparticulas (Filtek™ Z350 XT) y nanohíbrida (Tetric® N-Ceram). Las muestras se asignaron aleatoriamente (n=12) a dos protocolos de blanqueamiento, peróxido de hidrógeno al 35 % (PH) y peróxido de carbamida al 10 % (PC) y grupo control (agua destilada). Se evaluó un total de 144 discos para microdureza y 144, para rugosidad superficial. Los datos fueron analizados mediante pruebas de Wilcoxon, Kruskal-Wallis, Mann-Whitney U con corrección de Bonferroni y Scheirer-Ray-Hare (α=0,05). Los protocolos de blanqueamiento alteraron significativamente las propiedades de la superficie (p<0,001), indicando que el efecto del blanqueamiento depende de la estructura del material. Se observó una interacción significativa entre el agente blanqueador y la arquitectura del relleno (p<0,01). La resina compuesta microhíbrida (Opallis) exhibió mayor reducción en su microdureza (Δ VHN: 36,2) y mayor aumento en su rugosidad (Δ Ra: 0,40 μm) bajo 35% PH, superando el umbral clínicamente aceptable de 0,2 μm para la acumulación de biopelícula. Por el contrario, la arquitectura nanoparticulas (FiltekTM Z350 XT) mantuvo la estabilidad estructural y topográfica, sin mostrar diferencias significativas con el grupo de control (p>0,05), independientemente del protocolo. Las resinas nanohíbridas y submicrométricas mostraron niveles intermedios de degradación. La estabilidad superficial de los composites de resina está determinada por una interacción sinérgica entre el protocolo de blanqueamiento y la arquitectura del relleno, siendo las estructuras microhíbridas las más susceptibles. El blanqueamiento con PH (35 %) fue más perjudicial que PC (10 %). La arquitectura con nanoparticulas proporciona una resistencia superior al estrés oxidativo.

			PALABRAS CLAVE: Blanqueamiento dental; Peróxido de hidrógeno; Peróxido de carbamida; Resina compuesta; Propiedades superficiales; Pruebas de dureza; Microdureza; Arquitectura de relleno.

			

			[image: ]

			INTRODUCTION

			Contemporary aesthetic dentistry is undergoing an unprecedented expansion, driven by increasing social demand for more harmonious and brighter smiles (1). In this context, tooth bleaching has established itself as the treatment of choice due to its conservative nature, clinical safety, and proven efficacy (2). Population-based studies estimate that 20-50% of patients report dissatisfaction with their tooth color, resulting in a procedure prevalence of approximately 15.6% and a desired uptake in 85.9% of the population (3). However, the frequent presence of composite resin restorations in the anterior region-preferred for their high aesthetics, tooth structure preservation, cost-effectiveness, and favorable mechanical properties-necessitates a rigorous evaluation of the impact of these oxidizing agents on pre-existing restorative materials (4-6).

			The bleaching agents commonly employed in dentistry are hydrogen peroxide (HP) and carbamide peroxide (CP) at various concentrations (7,8). In-office protocols typically utilize 25-40% HP gels, whereas at-home treatments utilize 10-16% CP (equivalent to ~3-6% HP) (9). The fundamental mechanism of tooth bleaching relies on the dissociation of peroxides into highly reactive free radicals, such as the hydroxyl radical (10-12). These reactive oxygen species (ROS) diffuse through the dental structures to cleave the double bonds of chromogenic molecules (13,14). Nevertheless, this oxidative process is non-selective and may attack the resin composite matrix, potentially inducing premature restoration failure (15,16).

			Among the most vulnerable surface properties are microhardness and surface roughness, which are essential indicators of wear resistance and topographical integrity (17). It has been well-documented that a surface roughness exceeding 0.2 µm promotes biofilm accumulation, increases the risk of secondary caries, and accelerates extrinsic staining (18). Simultaneously, the sorption of gel components and matrix oxidation may exert a plasticizing effect that reduces microhardness, thereby compromising the anatomical form of the restoration (19).

			Resin composites have evolved from traditional macrofilled variants to modern formulations, including microhybrid, submicron, nanofilled, and nanohybrid resins, designed to offer superior polishability and mechanical resistance (20). Some authors suggest that composites with higher inorganic loading or advanced filler technology better withstand oxidative stress (17). Adding to this structural variability is the dichotomy of clinical protocols: high-concentration in-office bleaching over brief periods versus prolonged exposure during at-home treatments. Debate persists regarding whether the chemical aggressiveness of high concentrations is more deleterious than the hydrolytic degradation induced by extended home-use contact (21).

			Despite research advancements, gaps in knowledge remain due to methodological variability and a scarcity of studies replicating realistic clinical schemes (8). It is not yet fully elucidated how standardized protocols simulating real-world treatments affect resins with such dissimilar filler architectures.

			Consequently, this in vitro study aimed to evaluate and compare the effect of bleaching protocols (35% in-office HP and 10% at-home CP) on the microhardness and surface roughness of composite resins with different filler architectures: microhybrid (Opallis), submicron (Brilliant EverGlow), nanofilled (Filtek™ Z350 XT), and nanohybrid (Tetric® N-Ceram). The null hypotheses tested were: (i) there are no statistically significant differences in microhardness loss or surface roughness increase between the bleaching protocols; (ii) the filler architecture (microhybrid, submicron, nanofilled, and nanohybrid) does not significantly influence the magnitude of surface changes following bleaching; and (iii) there is no significant interaction between the bleaching agent and the filler architecture regarding the surface stability of the resins.

			MATERIALS AND METHODS

			STUDY SETTING AND ETHICAL CONSIDERATIONS

			The present investigation was conducted at the School of Stomatology of Universidad Nacional de Trujillo (Trujillo, Peru). The study protocol underwent rigorous technical evaluation and received formal approval from the Standing Research Committee of the Stomatology Department. Ethical integrity and logistical frameworks were institutionally validated by the Research Ethics Committee of the aforementioned faculty (Reference Code: P.B.I. EST.- 021-2025).

			EXPERIMENTAL DESIGN AND SAMPLE SIZE

			A 4x3 factorial in vitro, cross-sectional, and comparative design was employed to analyze the interaction between bleaching protocols and resin composites. The variables included three treatment levels (35% hydrogen peroxide, 10% carbamide peroxide, and a distilled water control) and four distinct filler architectures (microhybrid, submicron hybrid, nanofilled, and nanohybrid). To ensure internal validity and minimize bias, a single-blind approach was implemented; an independent researcher coded the specimens by group, ensuring the primary operator performing the measurements was blinded to the assigned treatment. Sample size was determined via power analysis for mean comparisons, assuming a significance level of 5% (α=0.05) and a statistical power of 80% (β=0.20). Consequently, 36 discs were manufactured for each composite resin and randomly distributed among groups (n=12). A total of 144 discs were analyzed for microhardness and 144 for surface roughness, resulting in an aggregate sample of 288 specimens.

			SPECIMEN PREPARATION AND

			POLISHING PROTOCOL

			Disc-shaped specimens (10 mm in diameter and 2 mm in thickness) were fabricated using specialized acetate strips (Ehros®, Brazil) and glass slides to optimize surface flatness. Each composite was packed into the mold and light-cured through the glass slide for 20 seconds per side (40 seconds total) (17). To ensure an optimal degree of conversion across all groups, a high-intensity LED curing unit was used (iLED, Woodpecker Medical Instrument Co., Ltd., Guilin, China), featuring a wavelength range of 420-480 nm and an irradiance of 1200 mW/cm2. Light intensity was verified using a Bluephase Meter radiometer (Ivoclar Vivadent, Schaan, Liechtenstein). Following polymerization, all specimens underwent a standardized two-step polishing sequence (Diacomp Plus Twist, EVE Ernst Vetter GmbH, Jena, Germany) using a low-speed motor (RENHE SENSE A3a, China) at 10000 rpm with constant light pressure, per the manufacturer's instructions. Medium-grit (pink) and fine-grit (grey) instruments were applied for 20 seconds each. This mechanical polishing protocol was intentionally selected over the use of Mylar strips to enhance clinical relevance. While Mylar strips produce an ultra-smooth, resin-rich surface, this layer is transient and typically removed during clinical finishing. By utilizing the Diacomp Plus Twist system, we established a baseline that more accurately reflects the functional surface of a restoration, ensuring that the subsequent bleaching protocols acted upon the current composite matrix and filler architecture. Post-polishing, the specimens were stored in distilled water at 37°C for 24 hours to ensure complete post-cure monomer conversion.

			EXPERIMENTAL GROUPS AND

			BLEACHING PROCEDURES

			The restorative materials included: a microhybrid composite (Opallis, FGM), a submicron hybrid (Brilliant EverGlow, Coltene), a nanofilled composite (Filtek™ Z350 XT, 3M ESPE), and a nanohybrid composite (Tetric® N-Ceram, Ivoclar). Specimens from each material were randomly assigned to two experimental groups and one control:

			In-Office Bleaching (35% HP): A 35% hydrogen peroxide gel (Whiteness HP Maxx, FGM) was applied in a uniform layer (≈1 mm) for three consecutive 15-minute cycles (45 minutes total exposure) per session. The protocol was repeated after 7 days to simulate clinical conditions (14,21).

			At-Home Bleaching (10% CP): A 10% carbamide peroxide gel (Whiteness Perfect, FGM) was applied in a uniform layer (≈1 mm) for 4 hours daily over 14 consecutive days (12,16).

			The exposure times for both bleaching protocols were strictly determined according to the manufacturers' instructions to simulate their specific clinical application modes: an in-office high-concentration treatment (HP) and an at-home low-concentration treatment (CP).

			Control Group: Specimens were stored in distilled water at 37 °C throughout the experimental period without chemical treatment (14,21).

			During inter-session intervals, all specimens were stored in distilled water at 37°C, with the medium refreshed daily (14,16). Distilled water was selected as the storage medium to ensure a standardized, chemically stable environment, avoiding the confounding variables associated with the diverse formulations and potential instability of artificial saliva. This choice follows a 'worst-case scenario' model for hydrolytic degradation, allowing for a clearer isolation of the oxidative effects of bleaching agents on the resin matrix.

			The technical specifications and chemical compositions of the evaluated restorative materials are detailed in Table 1.

			SURFACE MICROHARDNESS ASSESSMENT (VHN)

			Surface microhardness was measured using a high-precision microhardness tester (Falcon 500, Innovatest Europe BV, Maastricht, Netherlands) on both the upper and lower surfaces of the specimens. A Vickers diamond indenter (square-based pyramid, 136°) was applied with a load of 100 g (0.1 kgf) for a dwell time of 10 seconds. Three indentations were performed per specimen, maintaining a minimum spacing of 1 mm between indentations and ≥1 mm from the edges to avoid stress field interference. The diagonal lengths were measured, and the Vickers Hardness Number (VHN) was automatically calculated. The mean of the three indentations per specimen was recorded at baseline and after the completion of each bleaching protocol (Figure 1.a).

			SURFACE ROUGHNESS ASSESSMENT (RA)

			Surface topography was analyzed using a contact profilometer (SRT-6200, Mitutoyo Corp., Kanagawa, Japan). The device utilizes a diamond stylus with a 90° conical tip and a radius of 10 µm. The stylus scanned the specimen surfaces at a constant speed of ≈0.5 mm/s, as specified by the manufacturer. The contact force was ≈1.6 gf (16 mN), ensuring adequate tracking of the surface profile without inducing substrate damage. The arithmetic mean roughness (Ra, µm) was determined using a cut-off length (𝜆c) of 0.5  mm. Five measurements were taken at baseline and post-bleaching at different locations per specimen; the final Ra value represented the average of these recordings. All measurements were performed by a single calibrated operator (ICC 0.92) to ensure intra-examiner reliability (Figure 1.b). 

			STATISTICAL ANALYSIS

			Statistical analysis was performed using SPSS v.22 (IBM SPSS, Armonk, NY, USA). Data normality and homogeneity of variance were assessed using the Shapiro-Wilk and Levene tests, respectively. As the data did not follow a normal distribution (p<0.05), non-parametric statistical methods were employed. Descriptive statistics were expressed as medians and interquartile ranges (IQR), and 95% Confidence Intervals (CI). Intra-group comparisons for microhardness and surface roughness values between baseline and post-treatment stages were analyzed using the Wilcoxon signed-rank test. For inter-group analysis, the Kruskal-Wallis test was used to evaluate the effect of bleaching agents and composite resin types. Post-hoc pairwise comparisons were conducted using the Mann-Whitney U test with Bonferroni correction to control for Type I error inflation during multiple comparisons. Furthermore, a non-parametric two-way analysis of variance (Scheirer-Ray-Hare test) was performed to evaluate the interaction effect between the two main factors: bleaching protocol and filler architecture. Since the Scheirer-Ray-Hare test is not available as a built-in procedure in SPSS, the analysis was executed through the SPSS-R integration framework, specifically employing the rcompanion package to handle the non-parametric factorial analysis. The statistical significance level was set at p<0.05, while p<0.01 was considered highly significant.

			RESULTS

			Statistical analysis revealed that the bleaching protocols significantly compromised the surface microhardness of the restorative materials investigated (H=57.52, p<0.001). The non-parametric two-way ANOVA (Scheirer–Ray–Hare test) confirmed a highly significant interaction between the bleaching agent and the filler architecture of the composite resins (p<0.01). 

			The microhybrid architecture (Opallis) exhibited the greatest vulnerability, demonstrating a microhardness loss (Median Δ VHN: 36.2) when exposed to 35% hydrogen peroxide (HP). This reduction was significantly greater than the effect observed with 10% carbamide peroxide (CP) (Median: 16.8) and the control group (Median: 3.6) (p<0.05). In contrast, for the nanofilled architecture (Filtek™ Z350) no significant differences were found between 35% HP (Median: 4.8), 10% CP (Median: 3.8), and the control group (Median: 3.6) (p>0.05) (Table 2, Figure 2).

			Regarding surface roughness, the Kruskal-Wallis test showed highly significant differences across protocols (H=65.92, p<0.001). The Scheirer–Ray–Hare test further indicated a highly significant interaction effect between the bleaching agent and resin architecture (p<0.01) (Table 2).

			The increase in roughness was most prominent in the microhybrid group (Opallis) treated with 35% HP (Median Δ Ra: 0.40 µm). Conversely, the nanofilled architecture (Filtek™ Z350 XT) demonstrated significantly higher topographical stability compared to the other groups (p > 0.05), even under high-concentration HP. Submicron (Brilliant EverGlow) and nanohybrid (Tetric® N-Ceram) resins showed intermediate stability, with significant but moderate increases in Δ Ra when exposed to 35% HP compared to their respective controls (Table 3, Figure 3).

			Table 1. Composition and manufacturing details of the materials investigated.

			
				
					
					
					
					
					
					
				
				
					
							
							Material

						
							
							Type

						
							
							Organic Matrix

						
							
							Inorganic Filler (type/size)

						
							
							% Filler

							(weight /volume)

						
							
							Manufacturer

						
					

					
							
							Opallis

						
							
							Microhybrid composite resin

						
							
							Bis-GMA, Bis-EMA, TEGDMA

						
							
							Barium glass and silica; micro particles (≈0.5–1 µm)

						
							
							≈72% / ≈58%

						
							
							FGM, Join-ville, Brazil

						
					

					
							
							Brilliant EverGlow

						
							
							Submicron Composite Resin

						
							
							Bis-GMA, UDMA

						
							
							Barium glass and submicron filler (≈0.4–1 µm)

						
							
							≈70% / ≈55% 

						
							
							Coltene, Alt-stätten, Swit-zerland

						
					

					
							
							FiltekTM Z350 XT

						
							
							Nanofilled Composite Resin

						
							
							Bis-GMA, UDMA, Bis-EMA, TEGDMA

						
							
							Silica nanoparti-cles (20 nm) and zirconia/silica nanoparticles (5–20 nm), na-noscale clusters

						
							
							≈78,5% / ≈63%

						
							
							3M ESPE, St. Paul, MN, USA

						
					

					
							
							Tetric® N-Ceram

						
							
							Nanohybrid Composite Resin

						
							
							Bis-GMA, UDMA

						
							
							Barium glass, mixed oxides; Nano- and sub-micron particles (40–300 nm)

						
							
							≈75 – 76% /            ≈57 – 58% 

						
							
							Ivoclar, Schaan, Liech-tenstein

						
					

					
							
							Whiteness HP Maxx

						
							
							In-Office Bleaching (35%)

						
							
							
							
							
							FGM, Join-ville, Brazil

						
					

					
							
							Whiteness Perfect

						
							
							At-Home Bleaching (10%)

						
							
							
							
							
							FGM, Join-ville, Brazil
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			Figure 1. Experimental procedure for the determination of surface properties. (a) Indentation of composite resin discs using a microhardness tester. (b) Measurement of surface roughness via stylus contact on the resin disc surface.

			

			Table 2. Median surface microhardness loss (Δ VHN) according to bleaching agent and resin type.

			
				
					
					
					
					
				
				
					
							
							Resin Type

						
							
							Hydrogen Peroxide 35% (Median [IQR])

						
							
							Carbamide Peroxide 10% (Median [IQR])

						
							
							Control Group 

							(Median [IQR])

						
					

					
							
							Opallis

						
							
							36.2 (5.4)a,A

						
							
							16.8 (9.5)b,A

						
							
							3.6 (3.6)c,A

						
					

					
							
							Brilliant EverGlow

						
							
							7.1 (1.4)a,B

						
							
							6.7 (7.5)a,B

						
							
							1.0 (2.1)b,B

						
					

					
							
							FlitekTM Z350

						
							
							4.8 (2.8)a,B

						
							
							3.8 (5.2)a,B

						
							
							3.6 (4.6)a,A

						
					

					
							
							Tetric® N-Ceram

						
							
							20.6 (3.2)a,C

						
							
							11.5 (3.5)b,C

						
							
							1.1 (2.8)c,B
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			Figure 2. Median ΔVHN of resin composites exposed to 35% hydrogen peroxide, 10% carbamide peroxide, and control conditions. Error bars represent IQR/2. Lowercase letters indicate differences between bleaching agents within the same resin; uppercase letters indicate differences between resins within the same treatment (p<0.05; Mann-Whitney U with Bonferroni correction).

			Table 3. Median surface roughness increase (Δ Ra) according to bleaching agent and resin type.

			
				
					
					
					
					
				
				
					
							
							Resin Type

						
							
							Hydrogen Peroxide 35% (Median [IQR])

						
							
							Carbamide Peroxide 10% (Median [IQR])

						
							
							Control Group 

							(Median [IQR])

						
					

					
							
							Opallis

						
							
							0.40 (0.03)a,A

						
							
							0.19 (0.05)b,A

						
							
							0.04 (0.03)c,A

						
					

					
							
							Brilliant EverGlow

						
							
							0.19 (0.05)a,B

						
							
							0.08 (0.05)b,B

						
							
							0.03 (0.01)c,A

						
					

					
							
							FlitekTM Z350

						
							
							0.04 (0.06)a,C

						
							
							0.03 (0.04)a,C

						
							
							0.03 (0.05)a,A

						
					

					
							
							Tetric® N-Ceram

						
							
							0.09 (0.06)a,D

						
							
							0.08 (0.02)a,B

						
							
							0.01 (0.01)b,B
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			Figure 3. Median ΔRa (µm) of resin composites exposed to 35% hydrogen peroxide, 10% carbamide peroxide, and control conditions. Error bars represent IQR/2. Lowercase letters indicate differences between bleaching agents within the same resin; uppercase letters indicate differences between resins within the same treatment (p<0.05).

			DISCUSSION

			The evolution of restorative dentistry has been defined by a persistent pursuit of optical biomimicry and mechanical durability. Since the introduction of the Bis-GMA monomer and silane coupling agents by Dr. Raphael Bowen, composite resins have undergone a structural metamorphosis driven by the integration of nanotechnology. This progress has enabled the classification of materials based on filler morphology and particle size, ranging from traditional macrofilled resins to contemporary nanocomposites and nanohybrid systems (20). However, the clinical coexistence of these materials with complementary aesthetic treatments-specifically peroxide-based tooth bleaching-presents a significant biophysical challenge.

			The present in vitro study demonstrates that bleaching protocols using 35% HP (in-office) and 10% CP (at-home) exert a significant impact on surface properties, decreasing microhardness and increasing surface roughness in the evaluated composite resins. These effects occurred with varying magnitudes depending on the specific composition of each material. The observed changes were most pronounced with 35% HP, moderate with 10% CP, and negligible in the control group, suggesting that the chemical action of the bleaching agents-rather than simple immersion-drives these degradative effects. This confirms that tooth bleaching is not a chemically neutral procedure for existing restorations (22). Based on these findings, the null hypotheses were rejected, as the results indicate that bleaching protocols, filler architecture, and their interaction significantly affect the microhardness and surface roughness of the materials.

			The reduction in microhardness followed a material-dependent susceptibility hierarchy across both bleaching protocols. The microhybrid resin (Opallis) exhibited the greatest loss, followed by the nanohybrid Tetric® N-Ceram, whereas Brilliant EverGlow and Filtek™ Z350 XT showed substantially lower reductions. This differential pattern validates the hypothesis that matrix composition and filler technology modulate the material's permeability to oxidative attack (23). Nanohybrid resins with high prepolymerized filler content-as seen in contemporary systems with inorganic loadings of 77-79% by weight-exhibit greater post-bleaching mechanical stability than those with a lower inorganic phase proportion (21). Our findings concur with those of Cruz et al., who reported a slight but significant decrease in the microhardness of Filtek™ Z350 XT using both 35% HP and 16% CP (24). Similarly, Kalaivani et al. reported partially coincident results, noting a decrease in microhardness for microhybrid (GC Solare) and nanohybrid (Tetric® N-Ceram) resins after 10% CP application for two weeks (p<0.05), although they did not evaluate 35% HP. The hardness reduction they identified was lower than in our study, likely due to differences in immersion time and the use of saliva as a buffering agent (12). In this regard, the measured loss of microhardness in our control group (e.g., Δ VHN: 3.6 for Opallis) confirms that water sorption and subsequent plasticization of the polymer matrix occur even in the absence of bleaching agents. While human saliva provides a buffering capacity and mineral content that could attenuate this degradation in vivo, the use of distilled water in this protocol highlights the baseline susceptibility of microhybrid architectures to hydrolytic cleavage (25).

			Likewise, Hatanaka et al. reported significant microhardness decreases in Opallis and Brilliant after 4 weeks of 16% CP application (p<0.01); the smaller magnitude of reduction compared to our 35% HP findings reinforces the dose-dependent relationship between bleaching agent concentration and surface degradation (26). In contrast, our results differ markedly from Fernandes et al., who found no significant alterations in Opallis or Filtek™ Supreme XT after bleaching with 35% HP (three sessions) or 16% CP (14 days), reporting nearly identical hardness values before and after treatment. This discrepancy may be attributed to methodological variations, such as their storage protocol in distilled water with intermittent applications, whereas the present study followed a more intensive regimen simulating continuous clinical exposure. Additionally, their use of surface sealants may have provided a protective barrier against peroxide penetration (9). Conversely, Chakraborty et al. reported a drastic reduction in Filtek™ Z350 XT microhardness (p<0.001) after 35% HP bleaching, while Ceram.x® SphereTEC™ one remained unaffected (p=0.954). This divergence may stem from variations in light-curing intensity and post-cure storage times, which could have optimized the degree of conversion in the Ceram.x® resin (21).

			Regarding surface roughness, our findings partially concur with the existing literature. The observed increase was proportional to the concentration of the bleaching agent, with 35% HP inducing more severe alterations than 10% CP, a result consistent with the study by Tavares et al. (27). In our study, Opallis and Brilliant EverGlow showed statistically significant increases in roughness, whereas Filtek™ Z350 XT exhibited minimal changes. It is imperative to highlight that the roughness increase in the Opallis group following 35% HP bleaching (Δ Ra=0.40 µm) significantly exceeded the critical clinical threshold of 0.2 µm. Such an increase could potentially enhance bacterial biofilm retention and susceptibility to extrinsic staining (18). These results align with Popescu et al., who observed increased roughness in both microhybrid and nanohybrid resins after the application of 40% HP and 16% CP (17). This pattern contrasts with the findings of Fernandes et al., who reported increased roughness only in Opallis without a sealant after 16% CP treatment (p=0.027), with no significant changes observed with 35% HP. This discrepancy suggests that cumulative exposure time and application frequency may be more decisive factors than concentration alone (9). Furthermore, Chakraborty et al. found no significant changes in the surface roughness of Filtek™ Z350 XT or Ceram.x®, attributing this stability to the initial finishing with Mylar strips, which produces ultra-smooth surfaces less susceptible to surface erosion (21). In the present study, the standardized polishing protocol used silicone-based discs of decreasing grit, which may have left microporosities that facilitated the penetration of the bleaching agent and subsequent matrix degradation.

			

			The observed degradation stems from a well-known multifactorial mechanism. Hydrogen peroxide dissociates into highly reactive perhydroxyl (HO2-) and hydroxyl (OH-) free radicals, which preferentially attack unreacted double bonds within the resin matrix-typically representing a 25-45% residual monomer fraction under clinical conditions (15). This oxidative process triggers polymer chain scission at the ester linkages of Bis-GMA, UDMA, and Bis-EMA, resulting in surface softening. Simultaneously, free radicals penetrate the filler-matrix interface, where the hydrolysis of the silane coupling agent (Si-O-Si bonds) leads to filler-matrix decohesion (14). This phenomenon explains the loss of filler particles observed in scanning electron microscopy (SEM) studies, leaving behind microscopic "craters" responsible for the increased surface roughness (15,21,28).

			The superior resilience of Filtek™ Z350 XT in this study is not merely due to its composition, but to its structural defense. This is explained by its exceptional filler packing density, which fundamentally alters the material's diffusion kinetics. Its nanoparticle clusters (0.6-1.4 µm), composed of silica and zirconia aggregates, offer a higher surface area for bonding with the resin matrix (29). Due to the high volume of nanoparticles (5-20 nm) and nanoclusters, this architecture acts as a "physical labyrinth". This configuration significantly reduces inter-particle spacing, forcing reactive oxygen species (ROS) to follow a much longer and more winding route to penetrate the material, effectively shielding the polymer matrix from deep oxidation (13,14). Additionally, the inclusion of TEGDMA as a reactive diluent (possessing a lower molecular weight than Bis-GMA) facilitates a higher degree of conversion and reduces the quantity of residual monomers susceptible to oxidation (21). In contrast, the microhybrid architecture (Opallis) presents a more vulnerable landscape. With larger particles (0.5-1 µm), this structure inherently possesses wider interstitial spaces or "organic channels" between its fillers (30). These spaces act as expressways for peroxide radicals, facilitating rapid and deep infiltration. This explains why the microhybrid group suffered a more pronounced sub-surface collapse, manifesting as the significant microhardness loss and degradation observed in our study (21). This vulnerability is further evidenced by the control group; distilled water acts as a standardized, chemically stable environment that follows a 'worst-case scenario' model for hydrolytic degradation. By avoiding the confounding variables and potential instability of artificial saliva, this medium allows for a clearer isolation of the oxidative effects of bleaching agents on the resin matrix. Distilled water promotes the hydrolysis of methacrylate monomer ester bonds and the plasticization of the organic matrix, separating polymer chains. This phenomenon facilitates the leaching of residual monomers and challenges the filler-matrix interface through silane coupling agent degradation (25). 

			The differing degrees of impact between 35% HP and 10% CP are rooted in chemical kinetics. 35% HP acts as a powerful oxidizing agent that generates high-concentration peaks of free radicals, causing a more aggressive but localized oxidative attack. These radicals possess a high redox potential and high diffusivity, allowing them to infiltrate the polymer network (11,12). Conversely, 10% CP exhibits more gradual but sustained release kinetics, facilitating deeper diffusion. CP decomposes in an estimated 3:1 ratio to release hydrogen peroxide and urea (28). The presence of urea in CP exerts a critical modulating effect on the environmental pH (31). While high-concentration HP gels typically exhibit an acidic pH (5.0-5.9)-which can induce concomitant chemical erosion-CP tends to maintain an alkaline or neutral pH (pH>8) due to the release of ammonia and carbon dioxide as urea byproducts (32). This pH differential is fundamental; acidity enhances resin matrix degradation through a synergistic oxidative-erosive effect, whereas an alkaline environment may partially mitigate initial structural damage. Nonetheless, urea and its byproduct, ammonia, can induce some softening of the organic matrix through the rupture of polymer bonds via solvation mechanisms, although this is less aggressive than the radical-mediated action of HP (33).

			CLINICAL IMPLICATIONS

			The findings of this study have significant practical implications for clinical decision-making. Patients with composite resin restorations, particularly in the aesthetic zone, who request tooth bleaching must be carefully evaluated regarding the type of resin present and the restoration's functional age. For restorations with a high organic matrix content and low filler volume, carbamide peroxide (CP) should be prioritized over hydrogen peroxide (HP). Additionally, clinicians should consider polishing both before and after bleaching to remove the degraded superficial layer and restore surface smoothness. Alternatively, the use of surface sealants represents a promising preventive strategy. When replacement of restorations is necessary, it should be delayed for at least 2 to 4 weeks post-bleaching to allow for surface stabilization and optimal bonding.

			LIMITATIONS

			The in vitro design of the present study possesses inherent limitations that restrict direct clinical extrapolation. Notably, the absence of human saliva is a critical factor; this biological fluid provides a remineralizing function and forms an acquired pellicle that acts as a buffering system against chemical aggression, which could mitigate surface alterations in vivo. Furthermore, the lack of masticatory stress simulation and thermocycling-factors that, under clinical conditions, induce microfractures-may facilitate fluid penetration and accelerate hydrolytic degradation. 

			A technical limitation involves the 10 µm stylus tip of the profilometer, which may lack the sensitivity to detect nanoscale alterations (5-20 nm). This could result in an underestimation of roughness for nanofilled and submicron composites, suggesting that Atomic Force Microscopy (AFM) should be used in future studies for a more granular characterization.

			Additionally, the inherent difference in total contact time between protocols (90 min for HP vs. 56 h for CP) represents a potential confounding variable. However, standardizing exposure times would lack clinical validity, as each protocol was designed to reflect its specific therapeutic application. Consequently, the results should be interpreted as the cumulative impact of the clinical regimen (concentration and time) rather than the effect of peroxide concentration alone.

			Finally, methodological differences across studies-including variations in bleaching protocols (exposure time, frequency, gel renewal), types of bleaching agents, restorative materials, and assessment instruments-complicate direct comparisons and may explain the discrepancies observed in the literature. The heterogeneity in experimental designs underscores the necessity for standardized protocols in future investigations.

			CONCLUSION

			In conclusion, bleaching protocols significantly impact the surface integrity of composite resins, with effects being highly dependent on filler architecture. Clinicians should carefully consider the filler type of existing restorations when planning bleaching treatments. Nanofilled composites (such as FiltekTM Z350 XT) should be preferred in aesthetic zones if bleaching is anticipated, as they offer superior resistance to oxidative surface degradation and maintain topographical stability compared to microhybrid resins, which are more susceptible to clinically significant increases in roughness
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ABSTRACT: The rising clinical demand for tooth bleaching necessitates a comprehensive understanding of
its impact on pre-existing restorations. This study aimed to evaluate the effect of two bleaching protocols
on the microhardness and surface roughness of four composite resins with distinct filler architectures.
Thirty-six discs were manufactured for each composite resin: microhybrid (Opallis), submicron (Brilliant
EverGlow), nanofilled (Filtek™ Z350 XT), and nanohybrid (Tetric® N-Ceram). Specimens were randomly
assigned (n=12) to two bleaching protocol-35% hydrogen peroxide (HP) and 10% carbamide peroxide
(CP)-and a control group (distilled water). A total of 144 discs were evaluated for microhardness and 144
for surface roughness. Data were analyzed using Wilcoxon, Kruskal-Wallis, and Mann-Whitney U tests with
Bonferroni correction, as well as the Scheirer-Ray-Hare test (a=0.05). Bleaching protocols significantly
altered surface properties (p<0.001), indicating that the bleaching effect is highly dependent on the
specific material structure. A significant interaction was observed between the bleaching agent and filler
architecture (p<0.01). The microhybrid resin (Opallis) exhibited the highest reduction in microhardness
(A VHN: 36.2) and the greatest increase in roughness (A Ra: 0.40 pm) under 35% HP, exceeding the
clinically acceptable threshold of 0.2 um for biofilm accumulation. Conversely, the nanofilled architecture
(Filtek™ Z350 XT) maintained structural and topographical stability, showing no significant differences
compared to the control group (p>0.05), regardless of the protocol. Nanohybrid and submicron resins
demonstrated intermediate levels of degradation. The surface stability of resin composites is determined
by a synergistic interaction between the bleaching protocol and filler architecture, with microhybrid
structures being the most susceptible. Bleaching with 35% HP was more deleterious than 10% CP. The
nanofilled architecture provides superior resilience to oxidative stress.
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