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A COMPARATIVE EVALUATION OF WATERSORPTION BETWEEN MICROWAVE AND CONVENTIONAL POLYMERIZATION METHOD IN HIGH STRENGTH DENTURE BASE RESIN REINFORCED WITH 5% SILANIZED TITANIUM DI OXIDE NANOPARTICLES – AN INVITRO STUDY 

ABSTRACT

Background:
Water sorption is a critical factor for the dimensional stability and long-term performance of polymethyl methacrylate (PMMA) denture base resins. Titanium dioxide (TiO₂) nanoparticle reinforcement has been shown to improve physical properties of PMMA in recent studies, however the influence of polymerization technique on water sorption in TiO₂-reinforced high-strength PMMA remains unclear.

Aim:
To evaluate and compare the water sorption behavior of high-strength PMMA denture base resin reinforced with 5% silanized TiO₂ nanoparticles when polymerized using conventional water bath and microwave polymerization techniques.

Materials and Methods:
Thirty standardized disc-shaped specimens of high-strength PMMA reinforced with 5% silanized TiO₂ nanoparticles were fabricated and divided into two groups (n = 15 each): Group A—conventional water bath polymerization and Group B—microwave polymerization. A standardized water immersion and desiccation protocol was carried out on all labelled specimens. Water sorption was calculated based on the difference between wet and dry weights relative to the volume of specimen. Data were analyzed using the Shapiro–Wilk test, Levene’s test, and independent samples t-test, with significance set at p < 0.05.

Results:
Specimens polymerized using the conventional water bath method demonstrated significantly lower mean water sorption values (3.74 ± 2.33 µg/mm³) compared to microwave-polymerized specimens (9.00 ± 5.52 µg/mm³). There was a statistically significant difference (p = 0.002) with a large effect size (Cohen’s d = 1.243).

Conclusion:
Within the limitations of this in-vitro study, conventional water bath polymerization resulted in superior resistance to water sorption compared to microwave polymerization in TiO₂-reinforced high-strength PMMA denture base resin.

Keywords: Polymethyl methacrylate; Titanium dioxide nanoparticles; Denture base resin; Water sorption; Polymerization technique; Microwave polymerization; Conventional polymerization

INTRODUCTION

Polymethyl methacrylate (PMMA) is the most commonly used denture base material in the fabrication of complete dentures. However, PMMA is susceptible to water sorption, which can adversely affect its dimensional stability, mechanical properties, and long-term clinical performance (1–3). Absorbed water acts as a plasticizer within the polymer matrix, thereby altering the dimensional fit of the dentures over time (1).

Several researchers have investigated the addition of nanoparticles to reinforce the PMMA structure. Various nanofillers, including titanium dioxide (TiO₂), zirconium dioxide (ZrO₂), silicon dioxide (SiO₂), aluminum oxide (Al₂O₃), and carbon nanotubes, have been explored to improve the physical and mechanical properties of denture base resins (4–6). Among these, TiO₂ nanoparticles surface-treated with silane coupling agents have shown better chemical stability, biocompatibility, and favorable interaction with PMMA. Silanized TiO₂ has been shown to enhance filler–matrix bonding, resulting in improved mechanical properties and reduced water sorption and solubility(1–4).

In addition to material modification, the polymerization technique plays a critical role in determining the final properties of PMMA denture base resins. Conventional water bath polymerization is considered the standard processing method. The emergence of microwave polymerization has offered reduced processing time and efficient internal heating. Although microwave curing has been reported to improve polymerization efficiency under optimized conditions(5), an increase in porosity and altered physical properties have also been observed, particularly when curing parameters were not carefully controlled(6,7).

Although the independent effects of TiO₂ nanoparticle reinforcement and polymerization technique on PMMA properties have been extensively studied, limited evidence exists comparing the influence of conventional water bath and microwave polymerization on water sorption in high-strength PMMA reinforced with a fixed concentration of silanized TiO₂ nanoparticles. Therefore, the present in-vitro study aimed to evaluate and compare the water sorption of high-strength PMMA denture base resin reinforced with 5% silanized titanium dioxide nanoparticles when polymerized using conventional water bath and microwave polymerization techniques.
MATERIALS & METHODS

This in-vitro experimental study was conducted to investigate the effect of polymerisation technique on the water sorption of high-strength polymethyl methacrylate (PMMA) denture base resin reinforced with 5% silanized titanium dioxide (TiO₂) nanoparticles. The sample size was determined a priori (N = 30) based on the expected difference in mean water sorption values between the two groups derived from pilot data, assuming a significance level of 5% and a statistical power of 80%.

High-impact heat-cured PMMA denture base resin (Lucitone 199), titanium dioxide nanoparticles, and a silane coupling agent (trimethoxysilylpropylmethacrylate) were used in the study. All materials were obtained from certified dental and scientific suppliers. Standardised wax patterns were prepared using a custom-fabricated metal mold measuring 50 ± 1 mm in diameter and 1 ± 0.1 mm in thickness, in accordance with ADA Specification No. 12 (1). These wax patterns were invested using dental stone and subsequently dewaxed to obtain uniform mold spaces. 
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Figure 1. A) Acrylic Weighing, B) TiO2 Weighing
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Figure 2. A) Preparation of Wax disc, B) Preparation of custom-made fibre flask, C) Microwave Curing, D) Conventional Curing, E) Investing in custom made flask, F) Post curing fibre flask with samples, G) Investing in conventional flask, H) post curing conventional flask with sample, I) Finishing and polishing, J) Distilled water immersion and incubation at 37 ± 2 °C, K) Dessication, Group A and Group B Samples post finishing.
For specimen preparation, 250 mg of silanized TiO₂ nanoparticles were initially mixed with 2 mL of monomer, after which 4150 mg of PMMA polymer powder was added. The mixture was manually blended until a homogeneous consistency was achieved and packed into the prepared molds. For Group A specimens, molds were prepared using conventional dental flasks, whereas for Group B specimens, molds were prepared using custom-made fibre composite flasks designed for microwave curing. The packed specimens were then polymerised using either the conventional water bath method for Group A (74 °C for 2 hours followed by 100 °C for 1 hour) or microwave polymerisation for Group B (500 W for 3 minutes). Following polymerisation, all specimens were allowed to bench-cool, deflasked, finished, and polished prior to testing. A total of 15 standardised disc-shaped specimens were fabricated using each polymerisation technique, resulting in 30 specimens overall.
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Figure 3. A) Wet Weight measurement, B) Dry Weight measurement

All specimens were individually immersed in distilled water and incubated at 37 ± 2 °C for 7 days. After immersion, specimens were removed, blotted dry, and weighed to obtain the wet mass (m₁). They were then desiccated at 37 ± 2 °C for 4 days and reweighed to obtain the dry mass (m₂). Water sorption was calculated using the formula:
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where V represents the specimen volume (1963.5 mm³).
Statistical Analysis 
Statistical analysis was performed using Python (version 3.11). Data normality was assessed using the Shapiro–Wilk test, and variance homogeneity was evaluated using Levene’s test. Mean water sorption values between groups were compared using an independent samples t-test. Statistical significance was set at p < 0.05. Effect size was calculated using Cohen’s d, and post-hoc power analysis was performed.
RESULT

All specimens were successfully fabricated and tested, and no specimen was excluded from the analysis. Water sorption values were obtained for all specimens polymerized using the conventional water bath and microwave polymerization techniques.

The distribution of water sorption data in both groups was assessed and found to be normally distributed. Homogeneity of variances between the groups was confirmed prior to intergroup comparison. The mean water sorption value for specimens polymerized using the conventional water bath method (Group A) was 3.74 ± 2.33 µg/mm³, whereas specimens polymerized using the microwave polymerization method (Group B) demonstrated a higher mean water sorption value of 9.00 ± 5.52 µg/mm³. The difference in water sorption values between the two groups was statistically significant (p = 0.002).
Table 1. Comparison of water sorption values between the two polymerization techniques

	Group
	Polymerization technique
	Number of specimens (n)
	Mean water sorption (µg/mm³)
	Standard deviation

	A
	Conventional water bath
	15
	3.74
	2.33

	B
	Microwave polymerization
	15
	9.00
	5.52


Graph 1. Comparison of water sorption values between conventional water bath and microwave polymerization techniques
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Bar graph illustrating the mean water sorption values of high-strength PMMA denture base resin reinforced with 5% silanized TiO₂ nanoparticles polymerized using conventional water bath (Group A) and microwave polymerization (Group B). Error bars represent standard deviation.

Graph 2. Distribution of water sorption values in the two study groups
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Box-and-whisker plot showing the distribution of water sorption values for specimens polymerized using conventional water bath and microwave polymerization techniques.
DISCUSSION

The present in-vitro study evaluated the water sorption characteristics of a high-strength polymethyl methacrylate (PMMA) denture base resin reinforced with 5% silanized titanium dioxide (TiO₂) nanoparticles and processed using two different polymerisation techniques: conventional water bath curing (Group A) and microwave polymerisation (Group B). The results demonstrated that specimens polymerised using the conventional water bath technique had significantly lower water sorption values than those polymerised using the microwave technique.

The difference in water sorption between the two groups was statistically significant (p < 0.05), and the effect size was large as indicated by Cohen’s d value. The consistency of this finding was further supported by notched box-plot visualisation and confidence interval analysis, which collectively confirmed that conventional polymerisation resulted in lower water sorption under the experimental conditions.

The mean water sorption values obtained in the present study fall within the range reported in the literature for PMMA modified with TiO₂ nanoparticles, although considerable variation has been documented depending on polymerisation method, filler concentration, and experimental protocol(3,8–11). In the present study, the combination of silanized TiO₂ nanoparticles with conventional polymerisation exhibited water sorption values 1.35 μg/mm³ in accordance with the lowest reported range, highlighting the importance of effective surface treatment of nanoparticles and controlled curing conditions. Nazari and Riahi (2010) reported sorption values ranging from 1.3 to 1.7 μg/mm³, with dispersion quality of nanoparticles identified as a key influencing factor, while Dehis et al. (2018) observed water sorption values approaching 1.8 μg/mm³ in PMMA reinforced with untreated TiO₂, underscoring the role of silanization in limiting water uptake(11).

The observed lower water sorption in conventionally polymerised specimens compared with microwave-polymerised specimens is in agreement with previous investigations. Alwan and Alameer (2015) demonstrated that the incorporation of 3% silanized TiO₂ significantly reduced water sorption in conventionally cured PMMA resins (3). Similarly, Figuerôa et al. (2018) reported increased porosity and higher water sorption in microwave-polymerised denture base resins when compared with conventionally cured materials, which parallels the increased water uptake observed in Group B of the present study(12).

The present findings further indicate that even when nanoparticle type and concentration are held constant, polymerisation technique remains a critical determinant of water sorption behaviour. This observation is supported by a study by Alhotan et al. (2021) which demonstrated that prolonged water immersion significantly increased sorption in TiO₂-containing PMMA, suggesting that differences established during polymerisation may become more pronounced over time (10).

Despite the advantages of reduced processing time, microwave polymerisation in the present study resulted in higher water sorption values. This may be attributed to uneven polymerisation and increased residual monomer content, as discussed by Gad and Abualsaud (2019), who highlighted compromised material properties associated with certain microwave curing protocols (4). Giti et al. (2022) also reported inconsistent effects of varying TiO₂ concentrations on water sorption and solubility, indicating that polymerisation technique may exert a stronger influence when filler parameters are kept constant (13).

The findings of the present study are further supported by Karci et al. (2019), who associated reduced flexural strength in microwave-polymerised PMMA with possible structural alterations, which may also contribute to increased water sorption behaviour (14). Collectively, these studies reinforce the conclusion that water sorption in PMMA-based nanocomposites is strongly influenced by the polymerisation technique. By maintaining a constant nanoparticle type and concentration, the present study effectively isolates polymerisation method as the primary factor influencing water sorption.
CONCLUSION

Within the limitations of this in-vitro study, the polymerisation technique was found to have a significant influence on the water sorption behavior of high-strength polymethyl methacrylate denture base resin reinforced with 5% silanized titanium dioxide nanoparticles. Specimens polymerised using the conventional water bath method demonstrated lower water sorption when compared with those polymerised using microwave energy.

These findings suggest that, despite the incorporation of surface-treated nanoparticles, the processing method continues to play a crucial role in determining the final physical properties of PMMA denture base resins. Although microwave polymerisation offers the advantage of reduced processing time, optimisation of curing parameters appears essential to limit water uptake and maintain material stability.

Conventional water bath polymerisation, under controlled conditions, continues to provide consistent and predictable performance with respect to water sorption in nanoparticle-reinforced PMMA. Further investigations involving long-term aging, different nanoparticle concentrations, and simulated oral environments are recommended to better understand the clinical relevance of these findings.
As an in-vitro investigation, the present study did not replicate the full complexity of the intraoral environment, such as salivary enzyme activity, thermal fluctuations, pH variability, and mechanical fatigue from mastication. While the statistical power of the sample size was adequate, larger and more diverse cohorts in future research could enhance generalizability. 

When resistance to water sorption is a clinical priority particularly in cases requiring long-term dimensional stability and reduced material degradation conventional water bath polymerization may be the preferred technique for processing TiO₂-reinforced PMMA. This method offers more controlled polymer conversion, resulting in enhanced material performance under moist conditions commonly encountered in the oral environment.
The findings of this study offer a strong foundation for further research, including:

· In-vivo investigations that replicate intraoral conditions, such as thermal cycling, salivary exposure, and mechanical loading.

· Comparative studies evaluating the effect of alternative nanofillers (e.g., ZrO₂, SiO₂) on water sorption and other critical properties.

· Multi-parameter assessments focusing on attributes such as color stability, flexural strength, residual monomer release, and long-term aging effects.
Such future studies would enhance the scientific understanding and practical applicability of nanoparticle-reinforced PMMA denture base materials in contemporary prosthodontics.
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