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			ABSTRACT:  This study aimed to assess the influence of preheating, glycerin barrier application, and polishing protocols on the surface roughness of microhybrid and submicron-filled composite resins. Eighty extracted human third molars were prepared with standardized Class I cavities and restored using Enamel Plus HRi (microhybrid) or Estelite Sigma Quick (submicron-filled). Specimens were divided into preheated (55 °C) and non-preheated groups, and further allocated to four subgroups: (1) polishing only, (2) polishing + glycerin, (3) glycerin only, and (4) control. All restorations were light-cured with an LED unit. Surface morphology was analyzed by scanning electron microscopy (SEM), and Ra values were determined. Data were analyzed using one-way ANOVA and Tukey’s post hoc test (p<0.05). SEM showed that glycerin-shielded specimens were cleaner, with reduced OIL-related debris. Preheating consistently yielded smoother, less porous surfaces across protocols. Polishing significantly reduced Ra in all groups, with the lowest values for “polishing + glycerin” (0.83±0.01 µm in preheated Enamel Plus HRi; 1.09±0.02 µm in non-preheated Estelite Sigma Quick). Glycerin without polishing improved polymerization but did not significantly reduce Ra. Controls exhibited the highest roughness (up to 5.20±0.61 µm). Overall, the combination of preheating, glycerin barrier application, and polishing produced the smoothest composite surfaces. Glycerin improved surface chemistry by reducing OIL, while polishing was essential for levelling filler protrusions and irregularities.
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			RESUMEN: El objetivo de este estudio fue evaluar la influencia del precalentamiento, la aplicación de una barrera de glicerina y los protocolos de pulido sobre la rugosidad superficial de resinas compuestas microhíbridas y con relleno submicrométrico. Ochenta terceros molares humanos extraídos fueron preparados con cavidades Clase I estandarizadas y restaurados con Enamel Plus HRi (microhíbrida) o Estelite Sigma Quick (relleno submicrométrico). Los especímenes se dividieron en grupos precalentados (55 °C) y no precalentados; posteriormente se asignaron a cuatro subgrupos: (1) solo pulido, (2) pulido + glicerina, (3) solo glicerina y (4) control. Todas las restauraciones fueron fotopolimerizadas con una unidad LED. La morfología superficial se analizó mediante microscopía electrónica de barrido (MEB) y se determinaron los valores de Ra. Los datos se analizaron mediante ANOVA de una vía y prueba post hoc de Tukey (p<0,05). La MEB mostró que los especímenes protegidos con glicerina presentaron superficies más limpias, con reducción de detritos asociados a la capa inhibida por oxígeno (OIL, oxygen-inhibited layer). El precalentamiento produjo de manera consistente superficies más lisas y menos porosas en todos los protocolos. El pulido redujo significativamente los valores de Ra en todos los grupos, observándose los valores más bajos en el grupo "pulido + glicerina" (0,83±0,01 µm en Enamel Plus HRi precalentado; 1,09±0,02 µm en Estelite Sigma Quick no precalentado). La aplicación de glicerina sin pulido mejoró la polimerización, pero no redujo significativamente los valores de Ra. Los controles presentaron la mayor rugosidad superficial (hasta 5,20±0,61 µm). En conjunto, la combinación de precalentamiento, aplicación de barrera de glicerina y pulido produjo las superficies de resina compuesta más lisas. La glicerina mejoró la química superficial al reducir la capa inhibida por oxígeno, mientras que el pulido fue esencial para nivelar las protrusiones del relleno y las irregularidades superficiales.

			PALABRAS CLAVE: Resina compuesta; Precalentamiento; Barrera de glicerina; Capa inhibida por oxígeno; Rugosidad superficial; Pulido.

			INTRODUCTION

			Resin-based composite materials are widely used in direct restorative dentistry due to their esthetics, adhesive bonding potential, and clinical versatility (1). However, achieving a durable, smooth, well-polished surface remains a crucial challenge, because surface roughness influences not only aesthetic outcome (gloss and stain resistance) but also plaque retention, wear, and long-term clinical performance (2). Composite resins exposed to lower light-curing intensities exhibit greater susceptibility to extrinsic staining and surface degradation, underscoring the importance of optimized polymerization protocols (3).

			One strategy to improve handling, polymerization kinetics, and ultimately physical properties of composite restorations is preheating the composite material prior to placement. Preheating can lower the viscosity of the composite resin, thereby improving flow and adaptation to cavity walls, enhancing monomer mobility, and increasing the degree of conversion (DC) (4). Preheating of composite resins has been shown to improve microhardness, fracture toughness, and overall mechanical properties, although evidence regarding its effect on surface roughness remains mixed (5). In contrast, preheating did not significantly influence surface roughness in certain resin composites, implying that the effect may depend on filler characteristics, resin matrix composition, and finishing/polishing protocols (6).

			Another key factor influencing composite surface characteristics is the presence of an oxygen-inhibited layer (OIL). During light polymerization, atmospheric oxygen diffuses into the resin surface and quenches free radicals, preventing complete polymerization of the superficial layer. This oxygen-inhibited layer creates a sticky, resin-rich surface that compromises hardness, wear resistance, and susceptibility to staining and microbial colonization (7). To overcome this, strategies such as applying a physical barrier (e.g., glycerin or Mylar strips) before final curing, or immediate finishing and polishing, are commonly employed. Oxygen shielding with glycerin or low-pressure vacuum effectively reduces the thickness of the OIL, enhances the degree of conversion, and contributes to harder, smoother, and more durable composite surfaces (8,9).

			Furthermore, the finishing and polishing protocol plays a major role in the final surface roughness of composite restorations (10). Recent evaluations of multi-step polishing systems revealed significant reductions in surface roughness and enhanced microhardness of composite restorations after 24 h compared to immediate polishing, highlighting time-dependent polymerization effects (11). Multi-step polishing systems, such as Sof-Lex discs and brushes, are reported to reduce surface irregularities and effectively remove resin-rich layers and superficial filler protrusions (12,13). However, the starting state of the surface, particularly the degree of conversion, presence of an oxygen-inhibited layer, and heat treatment, may influence how effectively polishing can smooth the surface and whether subsurface irregularities are exposed (14,15).

			Despite these advances, there is a paucity of data systematically comparing how preheating, glycerin barrier curing, and polishing (or lack thereof) interact to influence surface roughness in different composite types, especially comparing microhybrid vs submicron or nanofilled composites. Differences in filler size, loading, and resin matrix composition may lead to different responses to preheating or oxygen-barrier strategies.

			Thus, the aim of the present in vitro investigation was to evaluate and compare the surface roughness (Ra) of microhybrid and submicron composite resins under different pre-curing (preheating), final-curing (glycerin barrier vs none), and post-curing (polishing vs no polishing) protocols. The null hypothesis is that preheating and glycerin barrier application will not significantly affect the surface roughness of the tested composite resins under these conditions.

			METHODS AND MATERIALS

			Specimen Selection and Preparation

			This in vitro study was conducted in accordance with the institutional research policy of RUDN University and international ethical guidelines, including the Declaration of Helsinki and the ICH–GCP recommendations. Written informed consent for the use of extracted teeth was obtained from all donors prior to sample collection.

			Eighty freshly extracted human third molars, removed for orthodontic indications, were included. Teeth were examined to ensure structural integrity, and specimens with caries, restorations, cracks, or incomplete root formation were excluded. Following extraction, samples were disinfected in 0.1% chlorhexidine solution for 15 minutes and stored in distilled water at 4 °C for a maximum of one month until use.

			

			Specimens were randomly allocated into two main groups (n=40 each) based on composite resin preheating status:

			
					Group A: preheated composite resin

					Group B: non-preheated composite resin

			

			Randomization was performed using a computer-generated random number table. Standardized Class I cavities (3×3×2 mm) were prepared on the occlusal surfaces using a high-speed handpiece with water cooling and a diamond bur (ISO 806 314 001 524 012), which was replaced after every five preparations to ensure consistency.

			Restorations were performed using two commercially available resin composites:

			
					Enamel Plus HRi (Micerium, Italy): microhybrid composite, 80 wt% filler, average particle size 0.2-3.0 µm.

					Estelite Sigma Quick (Tokuyama Dental Co., Japan): submicron-filled composite, 63 wt% filler, mean particle size 0.2 µm.

			

			Bonding, Restoration, and Experimental Protocols

			Bonding was performed using a two-step self-etch adhesive system (Clearfil SE Bond 2; Kuraray, Japan) according to the manufacturer’s instructions. Cavities were restored in a single increment. For Group A, the composite resin was preheated to 55 °C in a specialized oven (Micerium; Avegno, Italy) prior to placement, while Group B specimens received the composite at room temperature.

			The in vitro study was conducted under a controlled experimental design with two composite types (microhybrid and submicron-filled) and four surface treatment protocols under the preheated and non-preheated conditions, which resulted in eight subgroups (n=10 specimens per subgroup; total=80).

			A power analysis was carried out using G*Power 3.1 software (Heinrich Heine University, Düsseldorf, Germany). Assuming an effect size (f) of 0.35, α=0.05, and desired power=0.80, the required minimum was 8 specimens per subgroup. Considering that some may be excluded, 10 specimens were assigned to each subgroup.

			Polymerization of all specimens was performed with an LED curing unit (VALO; Ultradent Products, South Jordan, UT, USA; 430-480 nm; 900 mW/cm²) for 20 s. The light tip was positioned at a standardized distance of 1 mm from the specimen surface.

			Specimens were further allocated into four subgroups (n=10 each) according to surface treatment protocol:

			1. Polishing only (no glycerin): Final curing for 20 s, followed by finishing and polishing with Sof-Lex discs (3M ESPE, Seefeld, Germany) and OccluBrush (KaVo Kerr, Brea, CA, USA) at 10,000-20,000 rpm. Polishing time was standardized, with specimens rinsed and air-dried between steps.

			2. Polishing + glycerin barrier: Application of glycerin (viscosity 8-11 Pa·s; conductivity 0.7-1.0 S/m) before final curing for 20 s, followed by removal of glycerin and finishing/polishing as described above.

			3. Glycerin barrier only (no polishing): Application of glycerin before final curing for 20 s, followed by removal without subsequent polishing.

			4. Control (no glycerin, no polishing): Final curing for 20 s without additional surface treatment.

			

			Scanning Electron Microscopy and Surface Roughness Analysis

			Surface morphology of the composites was examined using a scanning electron microscope (Tescan Vega 3 SBH; Tescan Analytics, Brno, Czech Republic) at magnifications of 200× and 3500×, with a field of view ranging from 1.04 mm to 10.4 µm. To prevent charging of the dielectric material under the electron beam, a 30 nm platinum coating was applied to each specimen prior to imaging.

			Surface roughness (Ra) was measured with a profilometer (Surftest SJ-301; Mitutoyo America Corp., Aurora, USA). For each specimen, five random measurements were obtained at different locations, and the mean Ra value was calculated for statistical analysis

			Two complementary parameters were employed to measure the effect that preheating, glycerin barrier, and polishing protocols had on the tested composites:

			1. Surface Roughness (Ra): Measured using a contact profilometer (Mitutoyo, Japan) according to ISO 4287, with three readings averaged per specimen to determine mean Ra (µm). This parameter reflects topographic irregularities influencing plaque retention and esthetics.

			2. Vickers Microhardness (VHN): Determined using a microhardness tester (Shimadzu, Japan) under a 200 g load for 15 s to evaluate near-surface polymerization quality and mechanical integrity. Three indentations were averaged per specimen to obtain the mean VHN value.

			These parameters were selected to provide complementary insights—surface roughness indicating topographical quality and microhardness reflecting polymer cross-linking and surface strength—thereby allowing a more complete interpretation of the effects of preheating, glycerin barrier application, and polishing protocols.

			Statistical Analysis

			All statistical analyses were performed using StatPlus 6 Professional (AnalystSoft Inc., Walnut, CA, USA). Data distribution was evaluated with the Shapiro–Wilk test, and homogeneity of variances was verified using Levene’s test. Since both assumptions for parametric testing were satisfied, one-way ANOVA was applied to assess differences in surface roughness (Ra) among experimental subgroups within each composite resin type.

			Although a three-way ANOVA could theoretically account for the combined effects of preheating, polishing, and glycerin application, one-way ANOVA was chosen to maintain statistical power given the limited subgroup size (n=10). Post hoc comparisons were conducted using Tukey’s test. Effect sizes were calculated with partial eta squared (η²) to quantify the strength of observed differences.

			To evaluate the relationship between profilometric roughness values and SEM findings, Pearson’s correlation coefficient was applied. Statistical significance was set at p<0.05.

			RESULTS

			SEM Analysis of Non-Preheated Specimens (Group B)

			Scanning electron microscopy of specimens without preheating (Group B) demonstrated distinct surface features across subgroups (Figure 1.a-Figure 1.c). Both tested composite resins exhibited visible filler particles. Specimens in Group 2 (polishing with glycerin barrier) presented a smooth, homogeneous surface. Group 1 (polishing without glycerin barrier) showed a relatively smooth surface but with signs of the oxygen-inhibited layer, characterized by an island-like pattern, and the presence of scattered debris. Group 3 (glycerin barrier without polishing) displayed a comparatively rough surface, though without surface debris. These surface patterns were consistent for both composite types tested in the non-preheated condition.

			SEM Analysis of Preheated vs Non-Preheated Specimens

			Comparison of preheated specimens (Group A) with non-preheated specimens (Group B) revealed similar overall surface patterns (Figure 1.d-Figure 1.f). However, preheating resulted in surfaces that appeared smoother and less porous across all treatment protocols (Groups 1-4). In contrast, specimens cured without a glycerin barrier demonstrated more surface debris, regardless of preheating status.

			Surface Roughness Analysis

			The mean surface roughness (Ra) values obtained at 200× magnifications are summarized in Table 1. Within the non-preheated group, no statistically significant difference was observed between specimens treated with glycerin only (2.07±0.01 µm) and those polished without glycerin (1.96±0.016 µm; p=0.8). In contrast, a highly significant difference was found between the control group (5.20±0.61 µm) and the polishing with glycerin group (1.09±0.02 µm; p<0.01).

			A similar pattern was observed within the preheated group. Compared with their non-preheated counterparts, preheated specimens exhibited generally lower Ra values. Specifically, the polishing with glycerin subgroup demonstrated the lowest mean roughness (0.83±0.011 µm; p<0.05). Preheated specimens polished without glycerin also showed significantly reduced Ra values (1.63±0.10 µm; p<0.01). However, no significant difference was found in the glycerin-only subgroup between preheated (1.98±0.10 µm) and non-preheated specimens (p=0.3). The preheated control subgroup demonstrated significantly lower Ra values (4.00±0.10 µm) compared with the non-preheated control (p<0.05).
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			Figure 1. (a) SEM micrographs of Estelite Sigma Quick composite resin without preheating (200× magnification); (b) SEM micrographs of Estelite Sigma Quick composite resin without preheating (3500× magnification); (c) SEM micrographs of Enamel Plus HRi composite resin without preheating (200× magnification); (d) SEM micrographs of Enamel Plus HRi composite resin without preheating (3500× magnification); (e) SEM micrographs of Enamel Plus HRi composite resin with preheating (200× magnification); (f) SEM micrographs of Enamel Plus HRi composite resin with preheating (3500× magnification).

			Table 1. Mean surface roughness (Ra, µm) values for each subgroup by composite type. Different superscript letters (a, b, c) indicate statistically significant differences among subgroups within the same composite (p<0.05). Subgroups sharing the same letter are not significantly different.

			
				
					
					
					
					
					
					
				
				
					
							
							Composite

						
							
							Preheating

						
							
							Group

						
							
							Ra (µm) ± SD

						
							
							p-value vs control

						
							
							Significance

						
					

					
							
							Enamel Plus HRi

						
							
							Yes

						
							
							Polishing + Glycerin

						
							
							0.83 ± 0.01

						
							
							<0.05

						
							
							a

						
					

					
							
							Enamel Plus HRi

						
							
							Yes

						
							
							Only Polishing

						
							
							1.63 ± 0.10

						
							
							<0.01

						
							
							b

						
					

					
							
							Enamel Plus HRi

						
							
							Yes

						
							
							Only Glycerin

						
							
							1.98 ± 0.10

						
							
							0.3

						
							
							b

						
					

					
							
							Enamel Plus HRi

						
							
							Yes

						
							
							Control

						
							
							4.00 ± 0.10

						
							
							<0.05

						
							
							c

						
					

					
							
							Estelite Sigma Quick

						
							
							No

						
							
							Polishing + Glycerin

						
							
							1.09 ± 0.02

						
							
							<0.01

						
							
							a

						
					

					
							
							Estelite Sigma Quick

						
							
							No

						
							
							Only Polishing

						
							
							1.96 ± 0.02

						
							
							0.8

						
							
							b

						
					

					
							
							Estelite Sigma Quick

						
							
							No

						
							
							Only Glycerin

						
							
							2.07 ± 0.01

						
							
							0.8

						
							
							b

						
					

					
							
							Estelite Sigma Quick

						
							
							No

						
							
							Control

						
							
							5.20 ± 0.61

						
							
							-

						
							
							c

						
					

				
			

			

			DISCUSSION

			This in-vitro study explored how three modifiable clinical variables (preheating, oxygen shielding with glycerin, and finishing/polishing) interact to determine the surface roughness (Ra) of two composite classes (microhybrid vs. submicron/supra-nano). Across both materials, the smoothest surfaces were consistently produced when a glycerin barrier was applied during the final cure and followed by multi-step polishing; preheating further reduced Ra in most subgroups. Conversely, omitting polishing yielded the roughest surfaces, even when an oxygen barrier was used. These findings dovetail with and extend prior evidence on (i) the rheologic and polymerization benefits of preheating, (ii) the oxygen-inhibited layer (OIL) as a determinant of superficial properties, and (iii) the primacy of finishing/polishing for long-term surface quality.

			Preheating: viscosity, degree of conversion, and downstream effects

			Warming resin composites lowers viscosity, enhances flow and adaptation, and is frequently associated with increased hardness and a higher degree of conversion, particularly in high-viscosity formulations (4). Meta-analytic data show preheating raises microhardness at the top and bottom surfaces (e.g., Z250) relative to room-temperature controls, consistent with enhanced monomer mobility and polymerization kinetics (6). Preheating significantly reduces resin viscosity, improving flow and wetting of cavity walls, which facilitates more uniform polymerization and enhances the homogeneity of the cured surface (16). Early mechanistic work demonstrated that preheating accelerates monomer conversion and deepens cure (17), while clinical-adjacent bench studies reported reduced pre-cure viscosity and improved post-cure hardness with warming (18,19). Our subgroup comparisons align: preheated specimens generally showed lower Ra within each surface-treatment protocol, with the largest absolute benefit when preheating was combined with glycerin-shielded final curing and polishing (e.g., Enamel Plus HRi: 0.83±0.01 µm vs. 1.09±0.02 µm in non-preheated Estelite under the same polishing+glycerin protocol). Mechanistically, the smoother topography likely reflects (i) better adaptation and reduced entrapped surface porosity during placement, and (ii) higher near-surface DC that yields a more cohesive, abrasion-resistant superficial layer after OIL removal (20). Interfacial adaptation studies using different adhesive systems reveal that the adhesive strategy can influence the marginal continuity and micromechanical stability of resin–tooth interfaces, potentially affecting surface integrity after finishing (21).

			It is notable that preheating did not lower roughness in the “glycerin-only/no polishing” subgroup relative to the non-preheated equivalent (no significant difference). This is congruent with reports that, while preheating can increase DC, surface topography is ultimately governed by how the superficial layer is finished; oxygen shielding alone does not eliminate mechanical or machining-related irregularities, and polishing remains necessary to level filler protrusions and remove resin-rich smear or debris (22-24).

			Oxygen shielding (glycerin) and the

			oxygen-inhibited layer

			The OIL is a thin, resin-rich, under-polymerized film produced when atmospheric oxygen quenches free radicals at the surface during light curing. It compromises hardness, wear, and stain resistance and can harbor pigments and biofilm (25,26). Applying an air barrier (e.g., glycerin gel) during the terminal cure reduces OIL thickness and increases surface hardness/DC, as shown by microhardness and FT-IR studies (25,27). Park and Lee reported that Mylar or glycerin increased unpolished surface hardness vs. air cure, and that polishing away the top 0.2 mm made groups statistically indistinguishable—strong evidence that eliminating OIL (and exposing the well-cured subsurface) is decisive for final surface properties (25). Ciocan et al. further quantified that glycerin-shielded photoactivation can raise DC and nano-hardness, especially at short light-tip distances, underscoring the benefit of oxygen exclusion at the final cure .

			SEM analysis confirmed that specimens cured under an oxygen barrier exhibited cleaner surfaces, with fewer island-like resin deposits and reduced debris, compared with air-cured samples that displayed more occlusal residues typical of the oxygen-inhibited layer (OIL) and unreacted matrix. Importantly, the lowest surface roughness (Ra) values were achieved when oxygen shielding was combined with multi-step polishing. This highlights the complementary roles of these interventions: glycerin enhances polymerization of the superficial layer by minimizing oxygen inhibition, while polishing effectively eliminates residual OIL and surface irregularities, producing a smoother, more uniform finish. Microscopic analyses of light-curing composites subjected to pre-polymerization heating confirm smoother, more homogeneous surfaces with reduced microvoids and filler dislodgement (28) .

			Finishing/polishing remains the strongest determinant of smoothness

			A large body of work shows multi-step aluminum-oxide disc systems (e.g., Sof-Lex) and contemporary disc/point sequences can reliably deliver low Ra across composite chemistries and shades (23,24,29). In our data, any polished subgroup outperformed its unpolished counterpart, and “polishing + glycerin” was uniformly superior. This accords with controlled trials where polished groups achieve Ra values near or below widely cited biological and sensory thresholds (≈0.2 µm for plaque retention; ≈0.3 µm for tongue detectability), whereas unpolished or Mylar-only surfaces may not meet those targets in anatomically contoured restorations (22,29). Supporting this, Tepe et al. showed that, for a supra-nano spherical composite, increasing disc RPM to 20,000 reduced Ra to as low as 0.07-0.10 µm with certain systems, and that system choice and speed both matters (30). Our protocol (Sof-Lex discs + brush, 10,000-20,000 rpm) mirrors these conditions and likely contributed to the very low Ra observed in the “polishing + glycerin” groups.

			Across the literature, some one-step systems perform comparably to multi-step in specific contexts, but consensus remains that careful, sequential polishing with abrasives matched to filler hardness best minimizes filler pluck-out and matrix smearing, producing durable smoothness and gloss (31). Our SEM findings (homogeneous surfaces with fewer protrusions after polishing) corroborate this mechanism.

			Clinical comparisons between total-etch and self-etch adhesive systems have shown subtle differences in restoration smoothness and marginal adaptation, suggesting that adhesive choice may modulate the influence of finishing and preheating on surface characteristics (32).

			Why composite class and filler technology matter

			Filler load, size distribution, morphology, and resin matrix composition govern both how a surface forms under abrasion and how it responds to oxygen shielding and polishing (33). Field emission SEM–EDX studies have shown that exposure to varying concentrations of community water fluoride can alter surface morphology and elemental distribution in composite resins, indicating environmental effects on resin stability (34). Estelite Sigma Quick employs uniform submicron/supra-nano spherical silica-zirconia fillers; spherical morphology facilitates more uniform light reflection and, under polishing, tends to yield higher gloss at equivalent Ra vs. irregularly shaped glass fillers (29). Kameyama et al.  found a spherical-filled submicron composite (Estelite Σ) produced glossier surfaces than a microhybrid (AP-X) at similar roughness after identical finishing/polishing (29). Likewise, characterization studies show that filler size/morphology influences roughening under toothbrush abrasion and storage, even when initial polished Ra is similar across brands (31). Broader comparative work indicates that smaller and more narrowly distributed fillers reduce protrusion and pull-out during finishing, allowing lower Ra for the same protocol (35).

			Our subgroup patterns align with these principles. The submicron/supra-nano composite (Estelite Sigma Quick) achieved very low Ra with polishing + glycerin even without preheating, whereas the microhybrid (Enamel Plus HRi) showed the largest absolute Ra reduction when preheating and glycerin shielding were combined with polishing—consistent with the notion that higher-viscosity, larger-particle systems benefit more from rheologic improvement at placement and higher DC near the surface (36). At the same time, the lack of significant preheating effect in the “glycerin-only/no polishing” subgroup suggests that without mechanical leveling, subtle improvements in DC do not automatically translate into topographic smoothness (9).

			Analytical Perspectives from Subgroup Findings

			Control vs. polished groups: Controls (no oxygen barrier, no polishing) exhibited the highest Ra (e.g., 5.20±0.61 µm non-preheated), reflecting OIL presence, machining irregularities, and superficial filler protrusions. Polishing alone (air-cured) cut Ra dramatically (e.g., to ~1.6-2.0 µm in our setup) by removing OIL and leveling peaks; this echoes Park & Lee’s finding that polishing dominates immediate surface hardness and, by inference, surface integrity (25).

			Glycerin-only (no polishing): Oxygen shielding alone reduced debris and slightly lowered Ra relative to raw controls, but surfaces remained rough compared with polished groups. FT-IR/nanoindentation data suggest glycerin elevates DC and hardness, but topographic asperities from occlusal contouring remain unless abrasively levelled (27). Our non-significant difference between preheated vs. non-preheated within this subgroup underscores that chemistry gains cannot replace mechanical finishing.

			Polishing + glycerin: This combined protocol consistently produced the lowest Ra in both composites, with additional reductions when preheating was used (e.g., 0.83±0.01 µm in preheated Enamel Plus HRi). Mechanistically, preheating improves adaptation and initial packing; glycerin boosts near-surface DC by minimizing oxygen quenching during the terminal cure; and polishing eliminates the residual OIL and refines texture to a filler-supported, gloss-retentive surface (26).

			Preheating differentials by composite: The larger absolute effect of preheating observed in the microhybrid likely reflects its higher baseline viscosity and broader filler distribution. When viscosity drops on warming, cavity adaptation improves and voids/porosity diminish; the post-cure surface thus requires less aggressive finishing to achieve a low Ra (37). By contrast, the already-flowable, spherical-filled Estelite Sigma Quick may derive smaller incremental benefit from preheating for surface smoothness specifically, even though its handling and early DC still improve (1).

			Clinical Implications

			From a clinical perspective, surface roughness (Ra) below approximately 0.2 µm is considered biologically favourable, as further reductions do not substantially influence plaque retention, whereas values above this threshold are associated with increased biofilm accumulation, staining, and tongue detectability beyond 0.3 µm (21,29). Although the Ra values in this study were obtained from standardized Class I surfaces and are therefore higher than those typically reported on flat disc specimens, the relative differences between groups are highly informative. The findings reaffirm that finishing and polishing remain the most decisive factors for achieving a smooth surface, since unpolished restorations retain topographic peaks that can act as niches for biofilm and extrinsic stains (25,30). Application of a glycerin barrier before the final cure further enhances near-surface polymerization by minimizing oxygen inhibition, which improves polishability and hardness (25,27). Preheating is particularly valuable in highly filled or more viscous composites, as it lowers viscosity, improves cavity adaptation, reduces surface porosity, and synergistically enhances the effect of polishing and oxygen shielding (6). Selection of an appropriate polishing system is equally important; multi-step aluminum-oxide disc systems such as Sof-Lex remain reliable, while polishing speed and technique influence final outcomes, with higher speeds under controlled pressure producing lower Ra values (22). Finally, composite filler technology should guide clinical protocols, since spherical, submicron-filled systems tend to maintain smoothness and gloss more predictably than irregular, microhybrid fillers, which often benefit more from preheating and meticulous polishing (29). Together, these observations support a pragmatic clinical sequence—preheating, careful placement, glycerin application, terminal light curing, and multi-step polishing—which maximizes the likelihood of achieving biologically acceptable smoothness and enhances both esthetic and functional longevity of composite restorations (22).

			Extracted human molars, rather than composite blocks, were used to simulate the anatomical, optical, and thermal conditions that restorations encounter clinically. This more realistically simulates the intraoral environment, since the influence of cavity geometry, dentin reflectance, and light attenuation through enamel may have had an impact on the polymerization gradients and oxygen-inhibited layer thickness. These factors consequently affect the surface roughness, microhardness, and overall surface topography of the cured composite. It has also been shown that the substrate and configuration of the cavity alter the degree of conversion and surface characteristics of resin composites from those of flat composite discs (4,9). Thus, standardized Class I cavities in human molars were used to provide a clinically relevant simulation of restoration placement and curing and finishing conditions.

			Study Limitations and Future Directions

			The current study gives useful information on how preheating, application of a glycerin barrier, and different polishing protocols affect surface properties in resin composites. The results, however, are confined to topographical and near-surface properties alone: surface roughness and microhardness measured along with SEM-observed morphology. The deeper mechanical and chemical parameters, including flexural strength, wear resistance, and DC, despite their critical role in ensuring the long-term performance and durability of composite restorations, were not considered. Thus, the interpretations and conclusions drawn from this study should be regarded within the narrow context of surface-level analysis.

			Future studies should incorporate spectroscopic methods, like ATR-FTIR or micro-Raman spectroscopy, to quantify the degree of conversion directly and relate this property to surface results. DC mapping on standardized flat specimens or tooth-mounted restorations would allow for the precise characterization of polymerization gradients within the upper 10-50 µm of the material. Moreover, nanoindentation testing combined with gloss and contact-angle tests could give a broader overview of the surface integrity, wear resistance, and tendency for biofilm accumulation. These kinds of multifactorial analyses will advance knowledge on how preheating and shielding strategies against oxygen influence not only the resulting surface quality but also the overall clinical lifetime of resin composite restorations.

			Novelty and Contribution

			This study advances existing knowledge in three ways. First, it examines the combined effects of preheating, oxygen shielding, and polishing, demonstrating that preheating is most effective when finishing is optimized, whereas glycerin alone is insufficient. Second, it compares microhybrid and submicron composites under identical protocols, showing that filler type influences how these interventions affect surface roughness. Third, it correlates SEM with profilometry, confirming that oxygen shielding reduces surface residues while polishing is required to achieve smooth, uniform surfaces.

			CONCLUSION

			Within the limitations of this in vitro study, the combination of preheating, glycerin barrier, and polishing produced the smoothest and hardest composite surfaces. The present results pertain only to surface characteristics and do not imply differences in overall mechanical or clinical performance. Additional work combining mechanical, optical, and chemical analyses is required to establish the broader validity of these findings under simulated intraoral conditions.
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ABSTRACT: This study aimed to assess the influence of preheating, glycerin barrier application, and
polishing protocols on the surface roughness of microhybrid and submicron-filled composite resins.
Eighty extracted human third molars were prepared with standardized Class | cavities and restored using
Enamel Plus HRi (microhybrid) or Estelite Sigma Quick (submicron-filled). Specimens were divided into
preheated (55 °C) and non-preheated groups, and further allocated to four subgroups: (1) polishing only,
(2) polishing + glycerin, (3) glycerin only, and (4) control. All restorations were light-cured with an LED
unit. Surface morphology was analyzed by scanning electron microscopy (SEM), and Ra values were
determined. Data were analyzed using one-way ANOVA and Tukey's post hoc test (p<0.05). SEM showed
that glycerin-shielded specimens were cleaner, with reduced OlL-related debris. Preheating consistently
yielded smoother, less porous surfaces across protocols. Polishing significantly reduced Ra in all groups,
with the lowest values for “polishing + glycerin” (0.83+0.01 pm in preheated Enamel Plus HRi; 1.09+0.02
pm in non-preheated Estelite Sigma Quick). Glycerin without polishing improved polymerization but did
not significantly reduce Ra. Controls exhibited the highest roughness (up to 5.20+0.61 pm). Overall, the
combination of preheating, glycerin barrier application, and polishing produced the smoothest composite
surfaces. Glycerin improved surface chemistry by reducing OIL, while polishing was essential for levelling
filler protrusions and irregularities.

KEYWORDS: Resin composite; Preheating; Glycerin barrier; Oxygen-inhibited layer; Surface roughness;
Polishing.
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