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Abstract

:

Various disinfecting agents showing variable success in disinfecting polymethyl methacrylate (PMMA) are available. The aim of our study was to evaluate the antifungal efficacy of sodium perborate (denture cleaning tablet-DC), microwave irradiation, and their combination for eradicating candida albicans (C. albicans) from polymethyl methacrylate (PMMA) denture base polymer. One hundred and sixty-eight PMMA resin specimens (30 × 30 × 15 mm) were divided into four groups, including control (no disinfection), microwave disinfection in distilled water (MW-DW), sodium perborate with distilled water (DC-DW), and a combination of MW-DC-DW (n = 10). Biofilms of C. albicans were cultured on the PMMA resin denture base specimens for 96 h. The samples were exposed to three different antifungal regimes, i.e., MW, denture cleaning agent-sodium perborate (DC) and DW, and a combination of MW-DC-DW for 1 to 5 min. Scanning electron microscopy (SEM) was performed to evaluate colony formation. The colony-forming units (CFU) among the experimental groups were assessed using ANOVA, a Kruskal–Wallis test, and a Mann–Whitney test. The mean CFU values were compared with the control for each disinfecting regime at 96 h growth time. For MW-DC-DW, the CFU were significantly low at 2 and 3 min of exposure when compared with the control (DW) (p < 0.05). For the MW-DW treated group, the CFU were significantly low at 3 min of exposure when compared with the control (DW) (p < 0.05). It was also found that for DC-DW, the CFU were significantly low at 5 minutes when compared with the control specimens (DW) (p < 0.05). Microwave disinfection in combination with sodium perborate is a more effective disinfecting regime against C. albicans than that of microwave disinfection and sodium perborate alone.
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1. Introduction


Denture-related stomatitis (DRS) is an inflammatory reaction of the oral mucosa under different dental appliances [1]. Previous studies have revealed a 50% prevalence of DRS under removable dental prosthesis [2]. Among various etiological factors related to DRS, fungi are most often implicated in the pathogenesis of the disease [3]. Among fungi, Candida albicans (C. albicans) is considered the most common oral microbiota found in humans [4]. It presents all the properties of opportunistic pathogen, however, indicating that it can cause any pathologic infection when it finds the favorable environment. An infection caused by a Candida species can arise due to any local factors, such as poor hygiene, rough denture surface, and systemic conditions including diabetes mellitus, acquired immunodeficiency syndrome, and an immunocompromised state [5].



Moreover, the microorganisms present on a polymethyl methacrylate (PMMA) denture surface may transmit an infection from patients to the dental and laboratory staff [6]. A study by Powell et al. revealed that around 67% of the dentures sent to the dental laboratories from dental clinics have different types of opportunistic organisms on the surface [7]. Therefore, in order to reduce the incidence of DRS infections, denture disinfection is necessary. Various chemical agents are used for disinfection of PMMA dentures, including sodium perborate, sodium hypochlorite, glutaraldehyde and chlorine dioxide, 0.12% Chlorhexidine Gluconate, polymeric nanomaterials, and alkaline peroxide [8,9]. However, soaking dentures in chemical disinfectants may cause damage on the acrylic resin denture surface, alteration of material properties, and cytotoxicity [10,11]. Among several disinfectants used, chemical disinfecting agents in the form of denture cleaning tablets (containing sodium perborate) have gained widespread acceptance and are commonly used by denture patients [8]. Sodium-perborate decomposes into an alkaline peroxide solution, forming hydrogen peroxide, sodium metaborate, and oxygen in the presence of water [12]. The resulting peroxide releases oxygen bubbles, which help in mechanical and chemical cleaning [12,13]. In addition, the oxygen free radicals produced can cause effective antimicrobial activity through cell wall destruction [14]. However, sodium perborate was reported to show cytotoxic effects on human cells, including fibroblasts [15].



In order to overcome such disadvantages, alternatives for disinfecting PMMA denture bases have been researched. Among recent techniques, microwave oven sterilization has shown potential due to its antimicrobial efficacy and low cost [16]. It was also suggested that fungi and bacteria do not develop resistance against it. The literature has revealed that microwave sterilization for PMMA dentures is as potent as sodium hypochlorite alone [17,18]. While the mechanism of action for microwave irradiation is not yet clear, Companha et al. revealed in their study that microwave irradiation causes thermal alterations on bacterial and fungal cells’ membrane permeability, thus causing cell death [19]. However, data related to its effectiveness as an antifungal denture disinfectant have not yet been determined and require further research.



According to the available indexed literature, microwave irradiation was used to disinfect PMMA dentures at higher watts, along with increased exposure times [20]. However, high temperature and exposure time negatively impacted the properties of the resin denture bases. Hence, the aim of our study was to evaluate the antifungal efficacy of sodium perborate (denture cleaning tablet-DC), microwave irradiation, and their combination for eradicating candida albicans (C. albicans) from a polymethyl methacrylate (PMMA) denture base polymer.




2. Materials and Methods


In our study, the sample preparation was performed at the Dr. Ishrat-ul-Ebad Khan Institute of Oral Health Sciences. (Department of Prosthodontics). The microbiological testing, along with disinfection interventions, were undertaken at the Pakistan Council of Scientific & Industrial Research Laboratories (PCSIR). The study protocol was reviewed by the ethics and review committee of the Dr. Ishrat-ul-Ebad Khan Institute of Oral Health Sciences and the Dow University of Health Sciences, with No. IRB-1101/DUHS/Approval/2020. The study was performed within the ethical guidelines of the declaration of Helsinki (2013). The study assessed the antifungal disinfection of PMMA denture resin using distilled water (DW), microwave irradiation (MW), and a denture cleaning agent (DC-sodium perborate), both individually and combined, at variable disinfecting durations (1 min, 2 min, and 3 min) on a candida culture incubated for 96 h.



2.1. Specimen Preparation


The sample size was obtained using Pass version 11 (NCSS Statistical software, Kaysville, UT, USA), employing one-way ANOVA with 99% confidence interval at 90% power, and with the means and standard deviation of viable cells in groups (DW = 7.47 ± 0.68, DC = 4.82 ± 0.73, DW + MW 1 min = 4.49 ± 0.45, DC + MW 1 min = 2.64 ± 0.59) from a previous study [21]. A sample size of ten per group was obtained using calculations (total 12 subgroups). A total of 128 specimens were fabricated (Table 1).



In order to prepare the test specimens from PMMA acrylic resin, modelling wax (Yeti Dental, Berlin, Germany) was melted with help of a wax pot (Manfredi, Salerno, Italy) and poured into a three-part preformed metal mold with dimensions of 30 × 30 × 15 mm. Wax patterns were invested in a metallic denture flask filled with type III dental stone (Garrico Lab Stone, Rochester, NY, USA) to produce PMMA samples. De-waxing was performed using boiling water for 6 min. Heat-polymerized PMMA acrylic resin was mixed and packed at dough stage according to the manufacturer’s recommendations at a powder-to-liquid ratio of 2.3 (grams of polymer powder) to 1 mL of liquid (monomer) (heat-cured acrylic provided by MR Dental, Plymouth, UK). A hydraulic press was used for packing the denture base resin, with a sheet of plastic separating the two halves. Heat-cured PMMA was polymerized in a thermostatically controlled water bath (Manfredi—Acrydig 12, Salerno, Italy) and processed at 74 °C for two hours, followed by 100 °C for one hour (Figure 1). The amount of residual monomer for heat-cured PMMA (2 h cycle) ranged from 16 to 40 × 10−3 v/v% [22]. However, the curing cycle protocol and storage conditions were standardized among all study specimens in order to standardize the residual monomer among samples.



All samples were cooled at room temperature before being deflasked and immersed in distilled water at room temperature for 48 h in order to eliminate residual monomer. A metal bur (Denfac acrylic trimming burs) was then used to trim excess resin, and the finishing was performed using abrasive paper in a hand-held micromotor. All the specimens were autoclaved at 121 °C for 15 min. For reliability, a single operator prepared all the samples. All specimens’ dimensions were checked repeatedly. Intra-operator reliability was assessed at a kappa score of 0.85.




2.2. Study Groups


Based on the disinfection protocol, all the samples were randomly divided into the following groups.



Group MW-DW: The specimens were placed in a glass container filled with distilled water and disinfected with microwave (MW) radiation at 450 W. Depending on the MW radiation duration, the specimens were divided into MW-DW1 (1 min), MW-DW2 (2 min), and MW-DW3 (3 min). The protocol for MW disinfection was adopted from a previous study [23]. Different specimens in each subgroup were assessed at 96 h in a C. Albicans culture.



Group DC-DW: The specimens were dipped in a mixture of distilled water and denture cleaning tablet (DC) (Fittydent, Wien, Austria). Depending on the duration of immersion in the DC, the specimens were divided into DC-DW1 (1 min), DC-DW2 (2 min), and DC-DW3 (3 min). Different specimens in each subgroup were assessed at 96 h in a C. Albicans culture.



Group MW-DC-DW: In this group, the specimens were immersed in a glass beaker containing a mixture of distilled water and denture-cleaning tablet for five minutes. The glass beaker was placed in a microwave oven and irradiated at 650 W. Depending on the MW radiation’s duration, the specimens were divided into MW-DC-DW1 (1 min), MW-DC-DW2 (2 min), and MW-DC-DW3 (3 min). The temperature of the solution was kept between 65 °C to 71 °C, with ±2 °C. The different specimens in each subgroup were assessed at 96 h in the culture.



Positive Control Group: In this group, specimens were dipped in a glass container filled with 200 mL of distilled water kept at room temperature. The container was placed in the microwave oven (Samsung 2450 MHz, 800 W) without irradiation.



Negative Control Group: The purpose of this group was to establish the sterilization of the specimens and the accuracy of the test. For C. Albicans, the sterilized specimens were placed in a container with sterilized water.




2.3. Biofilm Formation Assay


Tryptone Soya Broth (TSB) was used to enrich C. albicans (ATCC #90028) for 4 days. We then transferred 0.1 mL of this to 100 mL TSB that contained acrylic specimens (n = 163) and incubated it at 25 °C for 4 days. After 4 days’ incubation, the growth was monitored, and acrylic specimens were collected from the flask, washed with sterile distilled water, placed in 100 mL PBS (pH-7.0), and vortexed [24] (Figure 2). This flask was exposed to three treatment regimes (DW+MW, DW+DC, & DC) at different exposure times, after which 1 mL of PBS was transferred to a sterile Petri plate, poured with Dichloran Rose-Bengal Chloramphenicol Agar (Merck, Germany) (Figure 3), and incubated at 25 °C for 48 h. The growth was monitored, and the CFU were counted.




2.4. Quantification of Biofilm


All samples were incubated for 96 h for the biofilm assessment. The acrylic slides were collected between 24 h to 96 h, and the adhesion was monitored using a crystal violet binding assay as described earlier [25]. Briefly, the growth was fixed with acetic acid for 15 min, stained with 3% crystal violet (Ezzy Stain), washed with PBS at 7.0 pH, fixed gently by heating for 30 s, and finally washed with acetone. Each experiment was repeated four times to check the accuracy and precision of results. The colony-forming units (CFU) were evaluated by a single experienced microbiologist, and intra-operator reliability was observed (k = 0.84).




2.5. Scanning Electron Microscopy (SEM) Analysis


SEM was performed to analyze the production of the extracellular matrix material (ECM), as described earlier. All slides with biofilm were divided into 4 mm sections and then rinsed with distilled water, followed by staining with 0.02% Uranyl acetate for about 30 s. These 4 mm slide were coated with platinum in a coating machine (JEOL 3000 FC, Tokyo, Japan). All sections then displayed the existence of biofilm material under the examination of a scanning electron microscope (JEOL, Japan).




2.6. Statistical Analysis


The data were analyzed using IBM SPSS Statistics software version 21 (IBM Inc., Armonk, NY, USA). For disinfectant exposure time comparison, the Kruskal–Wallis test was applied for the C. albicans by treatment and growth time, as the CFU count was not normally distributed (Shapiro–Wilk test). For pairwise comparison of each exposure time with the control, the Mann–Whitney test was applied by treatment and growth time. A p-value of 0.05 or less was considered as statistically significant.





3. Results


The mean CFU comparison for C. albicans, with the controls for each disinfection technique at 96 h of growth, is presented in Table 1. We observed that specimens in DC-DW, MW-DW, and MW-DC-DW showed significant differences in the mean CFU of C. Albicans in comparison with the control without disinfection (p < 0.05). The MW-DC-DW disinfection regime showed near-complete disinfection (99.14%) of C. Albicans, compared with the controls (p < 0.05). The specimens treated with MW-DW showed 96% disinfection at 3 min, which was significantly lower than the controls (p < 0.05). The treatment with denture cleaning tablets with sodium perborate (DC-DW) showed only 53.57% of disinfection, compared with the control CFU after 5 min of treatment.



In the treatment with MW without using a denture cleaning tablet (MW-DW), the CFU count was reduced to 14% at 1 min of exposure and 21% at 2 min, whereas 3 min of microwave irradiation reduced 96% of the CFU count. In the disinfection treatment with DC (sodium perborate-cleaning tablet), the CFU count for C. Albicans was reduced to 6% at 1 min of exposure and to 7% at 2 and 3 min of exposure (Figure 4). However, DC use showed a maximum of 96% CFU reduction at 5 min of treatment. The combination of MW with DC showed the maximum disinfection, with the lowest CFU levels at 3 min among all three groups. MW alone showed significantly lower CFU levels (better disinfection) compared with MW-DC-DW combined; however, it exhibited higher disinfection than sodium perborate (disinfection tablet) alone (DC-DW) at 3 min of treatment. For all three disinfection regimes, the duration of disinfection showed significant influence on CFU levels (p < 0.05), with 3 min showing higher disinfection than the disinfection at 1 and 2 min (p < 0.05) (Figure 5).



A SEM analysis of the samples showed oval yeast-budding forms of C. Albicans cells, along with single-celled C. Albicans. Using SEM, the live cells of C. Albicans adhered to the PMMA polymer specimens were observed (Figure 6). After the disinfection procedure, the dead cells attached to PMMA surface were observed in the form of a cluster of irregular organelles.




4. Discussion


This study was performed to analyze the cumulative disinfection efficacy of a denture cleaning tablet (sodium perborate) and microwave irradiation on the eradication of C. albicans cultured on a PMMA denture base polymer. Our study was based on the hypothesis that there would be no significant difference in the disinfection efficacy of denture cleaning tablet, microwave irradiation, and their combination on the disinfection of C. albicans cultured on denture base. However, the postulated hypothesis was rejected as microwave irradiation combined with cleaning tablets (sodium perborate) (MW-DC-DW) showed better disinfection efficacy than that of microwave (MW) and cleaning tablets (DC) alone.



The outcomes of our study show that the CFU count of C. albicans was significantly reduced after 2 min of exposure to the MW-DW-DC group. However, 3 min of exposure to MW-DW-DC displayed a nearly zero CFU count of C. albicans. These results are in line with the findings of the study conducted by Sesma et al. [26]. Their study revealed that a combination of microwave and denture cleaning tablets demonstrated bactericidal as well as fungicidal effects against C. albicans. Moreover, they also identified that this combination possesses the ability to remove dead organisms from the PMMA denture bases. Denture cleaning tablets containing sodium perborate dissolve into peroxides, which results in the physical cleaning of the PMMA due to the bubbling and chemical destruction of the microbial cell walls [12,13,14]. Similar findings were also observed by Senna et al. [21]. They concluded that a denture cleaning tablet along with microwave irradiation caused the elimination of yeast cells from the PMMA resin base. Our study demonstrated almost 99% reduction in the CFU count of C. albicans. The slight difference observed in the previous studies may be due to the difference in the chemical composition of sodium perborate in the cleaning tablets and the different parameters of MW radiation [27,28].



Microwave disinfection is considered to be an effective and time-saving denture disinfection approach in clinical dentistry [29]. Microwaves disinfect by using thermal and non-thermal methods [30,31]. A thermal effect requires the presence of water or ionic molecules to produce a bactericidal influence at low energy levels [30], whereas high-energy, high-frequency microwaves cause cell wall and organelle destruction of microorganisms [31]. Our study found that microwave-disinfected samples displayed a significantly decreased CFU count of C. albicans at 3 min of exposure. Previous studies revealed that microwave disinfection initiates a change in the structure and permeability of the fungal cells, resulting in alterations in cell metabolism, causing cell death [32,33,34]. These results agree with the outcomes of the study conducted by Al-Saadi et al. [28]. In contrast, a study by Webb et al. showed a 1.3% survival rate of C. albicans when exposed to microwave irradiation at 350 W for 4 min [35]. In our study, MW irradiation disinfection was applied at higher power (450 Watts) for less time (3 min); therefore, a change in power and exposure time parameters may have ensured better disinfection. Moreover, in our study, the denture bases were immersed in distilled water prior to the exposure to MW irradiation. This technique may have provided the samples with a sterilized environment to prevent re-infection and a cleaner sample surface, compared with the dry sample’s MW exposure. It was proposed that PMMA denture disinfection achieved by microwave irradiation is due to the presence of distilled water, which forms bubbles upon boiling, thus removing microorganisms from the sample surface [36,37]. A study by Najdovski et al. revealed that microwave irradiation at reduced power can be used for a high level of disinfection, but not for sterilization [22], which is in line with our findings.



In our study, fungal cell adhesion was analyzed by a crystal violet binding assay, and cell count was analyzed by an aerobic plate count assay. The plate count showed that the control acrylic slide carried 1400 cfu/mL of C. albicans. The results show that the subject isolate of C. albicans showed a high level of antimicrobial resistance against denture cleaning tablets (sodium perborate). This was attributed to biofilm formation, as C. albicans nullified the toxic effect of sodium perborate and survived even after 5 min of exposure. This agreed with the findings of the previous studies by Dills et al. and Drake et al. [32,38]. They both identified that alkaline peroxide denture cleansers are effective against the streptococcus species and do not show much activity against C. albicans. This also agrees with the study by Ferreira et al., who studied the effect of a denture cleaning tablet (Bonyplus) against Candida species and S. mutans and found that the denture cleansing solution did not show significant re-educating of Candida species [39]. In addition, the alkaline peroxide tablets were not effective against S. mutans.



Interestingly, samples were fabricated in our study by mixing powder and liquid. However, CAD-CAM dentures are also available, fabricated from prepolymerized PMMA resin blocks [40]. The prepolymerized resin dentures allow for fewer surface defects and irregularities, and the incidence of fungal infection among these dentures and their disinfection protocol may differ from conventional PMMA dentures. Therefore, studies assessing the disinfection of CAD-CAM PMMA dentures are warranted. Our study showed higher disinfection efficacy of MW with sodium perborate-disinfection tablets for the use of Candida in comparison with microwave (MW) and cleaning tablets (DC) alone. It is pertinent to mention that MW disinfection of PMMA denture bases can also result in distortion and discrepancy in their fit and adaptation on stone casts [17]. However, Pavan et al. showed that at high MW energy, distortion was observed for the PMMA denture, while at 500 W or below, the dimensional accuracy was comparable to the control [17]. As MW disinfection in our study was performed at 450 W power, the PMMA resin specimens when exposed to our study’s protocol for disinfection were dimensionally accurate and therefore could be clinically utilized. In addition, our study displayed some inherent limitations. Primarily, the study was based on in vitro design, assessing a single species of Candida, which may have limited the clinical implications. Moreover, only one type of denture disinfecting tablet was used; however, cleansing agents with hydrogen peroxide, sodium hypochlorite, and Chlorhexidine are also available. Therefore, further studies assessing the different candida species with contemporary denture cleansing agents are warranted to investigate the antimicrobial efficacy of microwave irradiation.




5. Conclusions


The microwave disinfection of PMMA for 3 min at 450 W in combination with a denture cleaning tablet (sodium perborate) is a more effective disinfecting regime against C. albicans than that of microwave and sodium perborate alone. Further studies assessing the efficacy of low-level MW irradiation on the disinfection of various bacterial species is recommended.
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Figure 1. Fabrication of PMMA samples. (A) Dental stone mold. (B) Finished PMMA samples. 
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Figure 2. Procedure for biofilm formation assay. (A) TSB containing PMMA specimens. (B) Acquisition of PMMA specimens. (C) Candida incubation. 
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Figure 3. Pure culture of C. albicans on Dichloran Rose-Bengal Chloramphenicol Agar. 
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Figure 4. The effect of a denture cleaning tablet and MW 450 watt on the growth of C. albicans. Plate 0 was the untreated control, plate 1 was exposed for 1 min, plate 2 was exposed for 2 min, and plate 3 was exposed for 3 min. 
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Figure 5. Colony-forming units of C. Albicans for different antifungal protocols at 96 h of growth. 
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Figure 6. SEM micrographs presenting the attachment of C. albicans to PMMA samples. (A) Control sample with C. albicans growth. (B) MC-DC-DW sample at 1 min treatment. (C) MW-DW sample at 1 min treatment. (D) DC-DW sample at 5 min. (E) MW-DC-DW disinfection sample at 3 min. (F) MW-DW sample at 3 min. 
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Table 1. Pairwise mean CFU comparison for C. Albicans.
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	Growth Time & Exposure Time vs. Control
	Control CFU
	MW-DC-DW
	MW + DW
	DC + DW





	96 h
	1400
	MD (p-value)
	MD (p-value)
	MD (p-value)



	1 min
	
	−429 (0.008 **)
	−197 (0.008 **)
	−94 (0.008 **)



	2 min
	
	−447 (0.008 **)
	−300 (0.008 **)
	−98 (0.008 **)



	3 min
	
	−1388 (0.007 **)
	−1344 (0.008 **)
	−98 (0.007 **)



	4 min
	
	−1388 (0.008 **)
	−1344 (0.008 **)
	−200 (0.008 **)



	5 min
	
	−1388 (0.008 **)
	−1344 (0.008 **)
	−750 (0.008 **)







** Significant at 1% using the Mann–Whitney test; MW: microwave; DW: distilled water; DC: sodium perborate tablet. Values are represented as the mean difference (p-value).
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