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			ABSTRACT:  This study evaluated the marginal gap extension of materials used for dentin-pulp complex protection and the influence of hydrolytic degradation on marginal gap formation in Class V cavities restored with composite resin. Forty extracted human molars received standardized Class V cavities on buccal and lingual surfaces and were restored using different pulp-protective materials: calcium silicate-based cement (Theracal LC), calcium hydroxide with resin components (Ultrablend Plus and Calcimol LC), resin-modified glass ionomer cement (Ionoseal), and conventional calcium hydroxide (Hydro C), applied with a thickness of 0.5 mm. A universal adhesive system and composite resin were subsequently applied. Specimens were stored in artificial saliva for 24 hours or 30 days and subjected to thermocycling. Marginal gap formation was evaluated by scanning electron microscopy using epoxy resin replicas, and gap extension was measured with ImageJ software. Elemental composition of the pulp-protective materials was assessed by EDS. Data were analyzed using the Shapiro-Wilk test, two-way ANOVA (Material x Time), and Tukey’s post hoc test (P=0.05). Marginal gap extension varied according to the type of pulp-protective material. Materials with lower resin content tended to exhibit smaller marginal gaps, whereas those with higher resin concentration were associated with greater gap formation. Hydrolytic degradation influenced marginal gap extension for specific materials over time. The type and number of resinous components may influence polymerization-related stress and interfacial behavior, while the use of an adhesive system appeared to contribute to maintaining marginal sealing.

			KEYWORDS: Dentin-pulp complex; Pulp protection; Marginal gap extension; Hydrolytic aging; Microscopy electron scanning; Spectrum analysis; Energy-dispersive.

			RESUMEN: Este estudio evaluó la extensión de brecha marginal de materiales utilizados para la protección del complejo dentino-pulpar y la influencia de la degradación hidrolítica en la formación de brechas marginales en cavidades Clase V restauradas con resina compuesta. Se utilizaron cuarenta molares humanos extraídos, en los que se confeccionaron cavidades Clase V estandarizadas en las superficies vestibular y lingual. Las cavidades fueron restauradas con diferentes materiales de protección pulpar: cemento a base de silicato de calcio (Theracal LC), hidróxido de calcio con componentes resinosos (Ultrablend Plus y Calcimol LC), cemento ionómero de vidrio modificado con resina (Ionoseal) e hidróxido de calcio convencional (Hydro C), aplicados con un espesor de 0,5 mm, seguidos de un sistema adhesivo universal y resina compuesta. Los especímenes se almacenaron en saliva artificial durante 24 horas o 30 días y se sometieron a termociclado. La formación de brechas marginales se analizó mediante microscopía electrónica de barrido utilizando réplicas de resina epóxica, y la extensión de las brechas se midió con el software ImageJ. Los datos se analizaron mediante el test de Shapiro-Wilk, ANOVA de dos vías (Material x Tiempo) y la prueba post hoc de Tukey (P=0,05). La extensión de brecha marginal varió según el tipo de material utilizado. Los materiales con menor contenido resinoso tendieron a presentar menores brechas marginales, mientras que aquellos con mayor concentración de resina se asociaron con mayor formación de brechas. La degradación hidrolítica influyó en materiales específicos a lo largo del tiempo, y el sistema adhesivo pareció contribuir a mantener el sellado marginal.

			PALABRAS CLAVE: Complejo dentino-pulpar; Protección pulpar; Extensión de brecha marginal; Envejecimiento hidrolítico; Microscopía electrónica de barrido; Espectroscopía de energía dispersiva.

			INTRODUCCION

			Currently, resin-containing materials have been widely used for the protection of the dentin–pulp complex. In addition to resin-modified glass ionomer cements (RMGICs), calcium-hydroxide and calcium-silicate-based cements are also employed. Recent in vitro and clinical studies have demonstrated favorable performance of these materials regarding their physicochemical and biological properties, including biocompatibility, ion release, and bioactivity (1-4). Furthermore, a recent randomized clinical trial comparing a light-cured calcium-silicate cement with a resin-modified glass ionomer used as indirect pulp-capping agents in primary molars reported similar clinical and radiographic success for both materials at six months (5). Light-cured resin-modified calcium-hydroxide liners have also shown adequate calcium release, alkaline pH, and favorable cellular response, supporting their indication for pulp protection (1).

			Despite their resinous composition, several studies have demonstrated good biocompatibility of these materials (6). More recent investigations evaluating calcium-silicate and resin-modified calcium-silicate cements have shown favorable biological behavior. In vitro studies using human dental pulp cells reported high cell viability, enhanced mineralized nodule formation, and odontoblastic differentiation when exposed to calcium-silicate cements such as Biodentine and MTA (6,7). Dual-cure resin-modified calcium-silicate cements have also demonstrated acceptable cytocompatibility and antibacterial potential, though transient reductions in cell viability may occur due to resin monomers (8). Additionally, the high alkalinity and sustained calcium ion release characteristic of these materials contribute to their antimicrobial activity and bioactive response, reinforcing their suitability for pulp protection (2,9).

			However, the presence of resin components may lead to polymerization contraction of these materials, which can induce interfacial stress and contribute to marginal gap formation and increased gap extension (10). Thus, the incorporation of resins -intended to reduce possible solubilization of the protective material- and the consequent risk of marginal gaps remain controversial (11). In fact, several in vitro studies have demonstrated that resin-modified glass-ionomer cements (RMGICs) may undergo shrinkage and produce marginal gap formation under certain conditions (12). Moreover, the use of RMGIC as a liner can reduce shrinkage stress compared with conventional resin adhesives, but does not always prevent gap formation, depending on factors such as cavity configuration, cement composition, and polymerization protocol (13).

			On the other hand, studies have demonstrated a higher dentin sealing capacity of adhesive systems compared with resin modified or conventional pulp-protective materials (14). Peliz et al. (15). evaluated the adaptation of a conventional calcium hydroxide cement and a resin-modified glass-ionomer cement (RMGIC) using scanning electron microscopy (SEM), comparing them to direct application of an adhesive on dentin in deep cavities. They observed fewer marginal gaps in the group treated solely with dentin hybridization (15). These findings are supported by Soubhagya et al., who also reported superior sealing performance of dentin bonding compared with RMGIC and flowable resin, assessed by SEM after thermocycling (16). However, it is well known that the application of adhesives and/or total-etch acid conditioning in deep cavities is not recommended due to the intense pulpal response induced by such procedures (17-19).

			The presence of gaps between the protective material and the remaining dentin facilitates cavity recontamination, creating an environment conducive to bacterial growth. The presence of pulpal fluid within the formed space may lead to degradation of the restorative material and protein denaturation, forming a communication pathway with the oral cavity when associated with possible marginal defects of the restoration (20,21). Furthermore, the accumulation of pulpal fluid within the gap may result in postoperative sensitivity, as fluid movement occurs within the dentinal tubules under masticatory forces while attempting to return toward the pulp (22). Therefore, the interface between restorative materials and dentin is a determining factor for the success and longevity of restorations (23).

			The aim of the present study was to evaluate marginal gap extension and the elemental composition of dentin-pulp complex protective materials after hydrolytic aging in Class V cavities restored with composite resin. The null hypothesis was that the type of material used and hydrolytic degradation do not influence marginal gap extension.

			MATERIALS AND METHODS

			This study was approved by the Research Ethics Committee of the School of Dentistry of Araraquara, São Paulo State University (CEP-FOAr/UNESP; approval No. 2.345.670; CAAE 78121317.8.0000.5416), and the extracted teeth were obtained from the institutional tooth bank. For this study, forty freshly extracted molars were used. The teeth were stored in a 0.1% thymol solution at 4 °C until use. The crowns were then separated from the roots at the cementoenamel junction using a flexible diamond disc (Edenta AG Dental Product, Switzerland) mounted on a low-speed straight handpiece (Dabi Atlante, Ribeirão Preto, SP, Brazil). Class V cavities were prepared on the buccal and lingual surfaces of each crown using a #245 carbide bur (KG Sorensen, Cotia, SP, Brazil) in a high-speed handpiece (Dabi Atlante, Ribeirão Preto, SP, Brazil) under water cooling, resulting in a total of 80 cavities (two per tooth).

			SAMPLE PREPARATION

			The cavities were prepared in a circular shape with a diameter of 6 mm and a total depth of 2.5 mm. The preparation was performed in two stages using acrylic resin stops (Classic Jet, São Paulo, SP, Brazil) fabricated on the bur to determine the different depths. Initially, a cavity measuring 6 mm in diameter and 2.0 mm in depth was prepared, followed by an additional 0.5 mm increase in depth in the central area with a diameter of 3 mm. This preparation aimed to simulate the different cavity depths that may be encountered clinically. The cavity diameter was measured using a digital caliper (Worker, Curitiba, PR, Brazil), and the depth was measured using a periodontal probe (Golgran, São Caetano do Sul, SP, Brazil). The cervical margin of the cavity was positioned 1 mm from the cementoenamel junction, and no bevel was prepared. The bur was replaced after every five cavity preparations.

			Each cavity/restoration was considered the experimental unit. The 80 prepared cavities were randomly allocated to five pulp-protective material groups (n=16 cavities per material). Each material group was further subdivided according to storage time (24 h or 30 days), resulting in n=8 cavities per material per timepoint. The 24-hour and 30-day evaluations were performed on independent specimens. Allocation was performed using a computer-generated randomization sequence. No specimens were lost or excluded after allocation. The experimental design and sample allocation are illustrated in Figure 1.
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			Figure 1. Flow diagram of sample allocation and experimental design. Forty extracted human molars yielded 80 Class V cavities (two per tooth), which were randomly allocated to five pulp-protective material groups (n=16 per material) and further subdivided into two independent storage-time groups (24 h and 30 days; n=8 per subgroup). All specimens underwent thermocycling (12,500 cycles; 5°C-55°C; dwell time: 600 s; transfer time: 60 s) prior to SEM evaluation of marginal gap extension (µm).

			RESTORATIVE PROCEDURE

			The cavities were restored using different pulp-protective materials (Table 1). The protective materials were applied to the deepest portion of the preparation with a thickness of 0.5 mm, according to the manufacturers’ instructions, and light-cured for 20 seconds using an LED curing unit (Bluephase LED; Ivoclar Vivadent, Schaan, Liechtenstein) with an irradiance of 1,200 mW/cm².

			

			Subsequently, the adhesive system (Single Bond Universal; 3M ESPE, Sumaré, SP, Brazil) was applied only to the exposed dentin surfaces using a microbrush (KG Sorensen, São Paulo, SP, Brazil), following the manufacturer’s recommendations, and light-cured for 20 seconds. No phosphoric acid etching was performed. The cavities were restored with 2-mm increments of composite resin (Filtek Z-250 XT; 3M ESPE, Sumaré, SP, Brazil), each increment being light-cured for 40 seconds.

			The teeth were stored in artificial saliva (Farmácia Santa Paula, Araraquara, SP, Brazil) for 24 hours or 30 days according to the experimental group (Table 1 and Table 2) and subsequently subjected to thermocycling (5,000 cycles between 5°C and 55°C, with a dwell time of 30 seconds and a transfer time of 30 seconds). This protocol was adopted as an accelerated aging strategy to approximate long-term thermal and hydrolytic challenges (approximately 6-12 months) under controlled laboratory conditions.

			Table 1. Mean±standard deviation (µm) of marginal gap extension between dentin and pulp-protective materials after 24 hours (n=8 per group).
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			abDifferent lowercase letters within the same row indicate statistically significant differences among materials (P<0.05; Tukey’s test). TH, Theracal; HY, Hydro C; CA, Calcimol; UL, Ultrablend; IO, Ionoseal; SD, standard deviation.

			Table 2. Mean±standard deviation (µm) of marginal gap extension between dentin and pulp-protective materials after 30 days (n=8 per group).
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			abDifferent lowercase letters within the same row indicate statistically significant differences among materials (P < 0.05; Tukey’s test). TH, Theracal; HY, Hydro C; CA, Calcimol; UL, Ultrablend; IO, Ionoseal; SD, standard deviation.

			ANALYSIS OF MARGINAL GAP EXTENSION  

			After storage in artificial saliva for 24 hours or 30 days, according to the experimental groups, the teeth were longitudinally sectioned in the mesiodistal direction to separate the buccal and lingual halves using a hard-tissue cutting machine (Isomet 100; Buehler, Lake Bluff, IL, USA). Subsequently, a second longitudinal cut was performed through the center of the restoration in the buccolingual direction, dividing it into mesial and distal specimens.

			Each specimen was examined under a stereomicroscope (Leica Microsystems, Wetzlar, Germany) at 20× magnification to eliminate defects that could interfere with the analysis. Only one specimen from each restoration (mesial or distal) was selected. The internal surface of the restoration was standardized using water-abrasive papers with grit sizes #600, #1200, and #1500 (3M, Sumaré, SP, Brazil). After each change of abrasive paper, the specimens were immersed in distilled water and subjected to ultrasonic agitation (Cristófoli, Campo Mourão, PR, Brazil) for 1 minute. Final polishing was performed using a resin polishing paste (Diamond R; FGM, Joinville, SC, Brazil) and felt discs (DiamondFlex; FGM, Joinville, SC, Brazil).

			Subsequently, each specimen was molded using addition silicone (Express XT Flowable Paste; 3M ESPE, Sumaré, SP, Brazil) with the aid of a plastic matrix. The silicone was dispensed into the matrix, and the specimens were positioned with the internal surface of the restoration facing the silicone. After setting, the specimens were removed, and the molds were filled with epoxy resin (EpoThin™2; Buehler, Lake Bluff, IL, USA), prepared according to the manufacturer’s instructions, and kept at rest for 24 hours until complete polymerization. The samples were then removed from the silicone, mounted on metal stubs, sputter-coated in a specific metallization unit (MED 010, Balzers Union, Balzers, Liechtenstein), and analyzed under a scanning electron microscope (JEOL JSM-IT300LV; JEOL Ltd., Akishima, Japan). Images obtained at 2000× magnification were saved in TIFF format. Subsequently, marginal gap extension (µm) was measured on the SEM images using ImageJ software, calibrated in micrometers. The examiner responsible for SEM image acquisition and marginal gap measurement was blinded to group allocation. Marginal gap extension was defined as the linear distance between the restorative material and the cavity wall measured along the tooth-material interface on SEM images.

			STATISTICAL ANALYSIS

			The data obtained from marginal gap extension (µm) measurements were initially subjected to the Shapiro-Wilk test and subsequently analyzed using two-way ANOVA (Material × Time) followed by Tukey’s post hoc test. Statistical significance was set at P<0.05. Because two cavities were prepared per tooth, cavities were randomly allocated across experimental groups to reduce potential clustering effects, and each cavity was considered an independent experimental unit.

			RESULTS

			24-hour Analysis

			At 24 hours, significant differences in marginal gap extension were observed among materials (Table 1). Calcimol (CA) presented the lowest values, followed by Hydro C (HY) and Ionoseal (IO), which showed similar results. Theracal (TH) and Ultrablend (UL) exhibited the highest marginal gap extension, with no significant difference between them.

			30-day Analysis

			After 30 days, significant differences among materials were also observed (Table 2). Ionoseal (IO) demonstrated the lowest marginal gap extension. Hydro C (HY) and Calcimol (CA) showed intermediate values and did not differ significantly from each other. Theracal (TH) and Ultrablend (UL) again presented the highest marginal gap extension, with no significant difference between them.

			Figure 2 presents representative SEM images of the marginal interface at 24 h and 30 days. The images illustrate the distinct patterns of marginal gap extension observed among materials and are consistent with the quantitative findings.

			EDS Analysis

			All materials exhibited the presence of the chemical elements aluminum, silicon, sulfur, and calcium. Barium was not detected in HY, whereas phosphorus was not detected only in TH. Bromine and tungsten were detected exclusively in TH. Titanium, strontium, and zinc were detected exclusively in HY. Table 3 presents the main chemical elements (wt%) detected by EDS microscopy in the materials used for dentin-pulp complex protection.
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			Figure 2. Representative scanning electron microscopy (SEM) images of the dentin-pulp protective material interface (epoxy resin replicas) in Class V cavities restored with a universal adhesive (self-etch mode) and composite resin, after storage in artificial saliva for 24 h (left) and 30 days (right), followed by thermocycling. Rows show the evaluated pulp-protective materials: Theracal LC (TH), Hydro C (HY), Calcimol LC (CA), Ultrablend Plus (UL) and Ionoseal (IO). The images illustrate the distinct patterns of marginal gap extension observed among materials at each time point, consistent with the quantitative results presented in Table 1 and Table 2. Arrows indicate the marginal gap region used for ImageJ measurements of marginal gap extension (µm). Images were obtained at 2000× magnification. Scale bar=50 µm.

			

			Table 3. Chemical elements (wt%) present in the materials used for protection of the dentin-pulp complex, detected by EDS analysis.

			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							
							Al

						
							
							Si

						
							
							S

						
							
							Ca

						
							
							Zr

						
							
							Ba

						
							
							W

						
							
							P

						
							
							Na

						
							
							Ti

						
							
							Sr

						
							
							Zn

						
					

					
							
							TH

						
							
							1.90

						
							
							10.22

						
							
							0.46

						
							
							3.59

						
							
							1.28

						
							
							2.03

						
							
							4.22

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
					

					
							
							HY

						
							
							0.45

						
							
							1.67

						
							
							2.84

						
							
							12.74

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							3.08

						
							
							0.75

						
							
							1.50

						
							
							0.89

						
							
							6.58

						
					

					
							
							CA

						
							
							1.97

						
							
							8.98

						
							
							1.88

						
							
							5.82

						
							
							0.00

						
							
							9.22

						
							
							0.00

						
							
							0.52

						
							
							0.35

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
					

					
							
							UL

						
							
							0.40

						
							
							1.88

						
							
							0.50

						
							
							4.89

						
							
							0.00

						
							
							3.03

						
							
							0.00

						
							
							1.07

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
					

					
							
							IO

						
							
							6.59

						
							
							8.61

						
							
							2.26

						
							
							7.10

						
							
							0.00

						
							
							9.35

						
							
							0.00

						
							
							0.95

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
					

				
			

			Values represent mean wt% from three representative EDS readings per material. TH, Theracal; HY, Hydro C; CA, Calcimol; UL, Ultrablend; IO, Ionoseal. Al, aluminum; Si, silicon; S, sulfur; Ca, calcium; Zr, zirconium; Ba, barium; W, tungsten; P, phosphorus; Na, sodium; Ti, titanium; Sr, strontium; Zn, zinc.

			DISCUSSION

			Marginal gap extension differed according to the type of material used for dentin-pulp complex protection. In addition, differences in marginal gap extension were observed depending on the evaluation time point for specific materials. Therefore, the null hypothesis was rejected, as both the type of material and hydrolytic aging influenced marginal gap extension.

			Most of the pulp-protective materials evaluated in this study contain resinous components in their composition and, consequently, are subject to polymerization shrinkage when light-cured (24). This phenomenon may result in stress development at the material-dentin interface, leading to debonding and marginal gap formation (25). Thus, both the amount and the type of resinous components present in the material composition appear to play an important role in determining marginal adaptation.

			Regarding resin composition, Ultrablend (UL), which contains UDMA and TEGDMA, exhibited a greater marginal gap extension compared with Ionoseal (IO), which contains Bis-GMA and TEGDMA. Previous studies have demonstrated that the presence of Bis-GMA in the resin matrix increases stress relaxation capacity, thereby reducing interfacial discrepancies caused by polymerization shrinkage (26).  Conversely, high concentrations of TEGDMA may increase contraction stress due to its low viscosity and high polymerization rate (25). 

			However, the findings of the present study suggest that polymerization stress cannot be explained solely by the type of resin monomer present in the material. Although UL contains a lower concentration of TEGDMA relative to UDMA-an association that would theoretically result in reduced contraction stress-it still demonstrated a high marginal gap extension. This indicates that polymerization stress and interfacial adaptation are governed by a complex interaction between resin composition, monomer concentration, viscosity, degree of conversion, elastic modulus, material flowability, and handling characteristics, rather than by monomer chemistry alone (23). Therefore, the higher marginal gap extension observed for UL may be associated with its higher overall resin content and mechanical behavior during polymerization.

			The CA and IO groups exhibited the lowest marginal gap extension at different evaluation times and were among the materials with the lowest resin content. In contrast, TH and UL showed the highest marginal gap extension. UL presented the highest resin concentration among the evaluated materials, which may be associated with its unfavorable marginal behavior. Although TH exhibits a resin concentration similar to IO, it has a less flowable consistency, which may negatively influence its adaptation to the cavity walls and contribute to gap formation (24).

			Polymerization stress is also influenced by cavity configuration, commonly expressed as the configuration factor (C-factor), with higher values being associated with increased stress development (25,27). Class V cavities, as used in this study, present a high C-factor and may contribute to the marginal gap formation observed. Nevertheless, recent studies have shown that the C-factor alone does not account for the volume of material applied or the compliance of the surrounding tooth structure (28,29). In this context, the 0.5-mm thickness of the protective material used in the present study is unlikely to justify excessive polymerization stress, since thicknesses of approximately 2 mm have been suggested as necessary to significantly reduce shrinkage stress (23).

			Calcium hydroxide-based materials without resinous components are widely accepted for dentin-pulp complex protection; however, they are known to exhibit high solubility and gradual resorption over time (20). Despite these limitations and handling difficulties, the HY group showed lower marginal gap extension. This outcome may be attributed to the absence of resinous components, which eliminates polymerization shrinkage, as well as to the lack of chemical interaction with the adhesive system, thereby reducing the risk of interfacial misadaptation during polymerization (30).

			When comparing the results obtained at 24 hours and 30 days, no significant differences were observed for the HY, IO, and UL groups. These findings contrast with earlier reports describing high water sorption and solubility for calcium hydroxide-based materials (31). The stability observed in the present study may be related to the use of an adhesive system, which likely provided effective sealing of the cavity walls and prevented hydrolytic degradation of the material-dentin interface during thermocycling. Similar findings have been reported in recent studies demonstrating improved dentin sealing when adhesive systems are used in conjunction with pulp-protective materials (32,33).

			In contrast, TH and CA exhibited time-dependent changes in marginal gap extension. Some resin-based materials may require up to 48 hours to achieve complete maturation, during which post-polymerization changes in stress distribution and material adaptation may occur. Therefore, it can be hypothesized that TH and CA were evaluated at 24 hours before complete material stabilization, which may explain the differences observed after 30 days. Additionally, for CA, factors such as limited mechanical strength, potential material dissolution, and susceptibility to hydrolytic degradation may have contributed to the changes in marginal adaptation over time (34).

			The elemental analysis by EDS revealed distinct chemical compositions among the evaluated materials, reflecting differences in formulation. However, EDS provides qualitative and semi-quantitative information on elemental distribution and does not directly assess mechanical properties, flowability, or clinical performance. Therefore, any potential association between elemental composition and interfacial behavior should be interpreted cautiously. The presence of specific elements such as bromine and tungsten in TH, and titanium, strontium, and zinc in HY, reflects differences in formulation and radiopacifying or bioactive components. These compositional variations may be related to differences in material formulation; however, further mechanical and long-term studies are required to establish direct correlations between elemental composition and marginal adaptation (35).

			

			This study presents some limitations that must be considered. First, the in vitro design does not fully reproduce intraoral mechanical loading, pH fluctuations, or biological aging processes. Although thermocycling was used as an accelerated aging method, it cannot completely simulate long-term clinical conditions. Second, marginal gap extension was measured on epoxy resin replicas of sectioned specimens, which provides two-dimensional linear measurements on interfacial separation and may not capture three-dimensional interfacial complexity. Finally, while elemental composition was assessed by EDS, no direct mechanical testing of the pulp-protective materials was performed; therefore, mechanistic interpretations should be considered exploratory.

			Adequate adaptation between the pulp-protective material and dentin is fundamental for the long-term success of restorative treatments, as marginal gaps may lead to bacterial penetration, postoperative sensitivity, and restoration failure (35-37). Although favorable results were observed for some materials under ideal in vitro conditions, clinical factors such as handling technique, moisture control, and material setting dynamics may influence performance in vivo, particularly for materials such as HY. Therefore, further studies are necessary to develop materials and techniques that enhance the longevity and predictability of dentin-pulp complex protection.

			CONCLUSION

			Within the limitations of this study, marginal gap extension in pulp-protective materials was influenced by material type and aging condition. Materials with higher resin content tended to present greater marginal gap extension under the experimental conditions of this in vitro study. Differences in elemental composition were identified among the evaluated materials; however, further studies are required to determine how these compositional variations may relate to mechanical behavior and long-term clinical performance.

			From a clinical perspective, materials demonstrating lower marginal gap extension after hydrolytic aging may contribute to improved interfacial sealing and potentially enhance the longevity of restorations; however, clinical studies are necessary to confirm these findings.
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ABSTRACT: This study evaluated the marginal gap extension of materials used for dentin-pulp complex
protection and the influence of hydrolytic degradation on marginal gap formation in Class V cavities
restored with composite resin. Forty extracted human molars received standardized Class V cavities
on buccal and lingual surfaces and were restored using different pulp-protective materials: calcium
silicate-based cement (Theracal LC), calcium hydroxide with resin components (Ultrablend Plus and
Calcimol LC), resin-modified glass ionomer cement (lonoseal), and conventional calcium hydroxide
(Hydro C), applied with a thickness of 0.5 mm. A universal adhesive system and composite resin were
subsequently applied. Specimens were stored in artificial saliva for 24 hours or 30 days and subjected
to thermocycling. Marginal gap formation was evaluated by scanning electron microscopy using epoxy
resin replicas, and gap extension was measured with ImageJ software. Elemental composition of the
pulp-protective materials was assessed by EDS. Data were analyzed using the Shapiro-Wilk test,
two-way ANOVA (Material x Time), and Tukey’s post hoc test (P=0.05). Marginal gap extension varied
according to the type of pulp-protective material. Materials with lower resin content tended to exhibit
smaller marginal gaps, whereas those with higher resin concentration were associated with greater gap
formation. Hydrolytic degradation influenced marginal gap extension for specific materials over time. The
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