Comparison of Surface Roughness of Nanofiller and Nanohybrid Resin Materials Affected by Topical Application of Fluoride Containing Acidulated Phosphate Fluoride
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Abstract. Dental cavities in children are a major dental health concern, and topical fluoride treatments, particularly acidulated phosphate fluoride (APF), are a popular preventive method. However, the effect of APF on the surface roughness of nanofilled and nanohybrid composite resin restorative materials is still not entirely known. Methods: This study used a laboratory experimental design with a pre-test/post-test strategy and two treatment groups: brushing and immersion in an APF solution. A Surface Roughness Tester was used to measure the roughness of 36 nanofilled and nanohybrid composite resin samples (5 mm × 5 mm × 2 mm) before and after treatment. Results: The results indicate that whereas the immersion approach tends to decrease the surface roughness of nanohybrid composite resin, the coating method tends to increase the surface roughness of nanofilled composite resin. The two application procedures differed significantly, according to statistical analysis. Conclusion: The surface roughness of composite resin is greatly influenced by the application technique and concentration of APF. To preserve the quality of dental restorations, it is crucial to think about a safe application technique.
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introduction
A prevalent oral health concern among kids, especially those from low-income households, is dental caries.1 This issue is caused by a number of circumstances, including as the interaction between saliva and teeth, the existence of pathogenic germs, consuming excessive amounts of sugar, and extended exposure to hazardous environmental conditions. 81.5% of Indonesian children under five have caries, indicating that baby teeth deteriorate more quickly than permanent teeth2. In dentistry, restorative materials like composite resin are growing in popularity as a solution to this problem. 
One of the most often utilized restorative materials in dentistry is composite resin. It is renowned for both its simplicity of installation and its visual appeal, which closely resembles that of genuine teeth3. Micro gaps between the resin and the preparation wall may emerge as a result of its shrinkage during the polymerization process. Secondary caries may result from the fluids and bacteria that can enter through these microgaps4. Therefore, the key to solving this issue is choosing the right restorative materials.
A polymer matrix, silane bonding agents, and inorganic fillers make up composite resin. If broken, this material can be fixed since it forms a micromechanical link with the tooth structure. In order to create a hybrid layer made of resin monomers that pierce collagen fibrils and hydroxyapatite, the bonding approach uses acid etching and adhesive materials5. If you wish to maintain high-quality restorations, you must comprehend how composite resin interacts with caries prevention agents like APF. Low viscosity and a moderate drying process are characteristics of nanofilled composite resin, which includes flowable composite resin. When the filler concentration is between 37-53%, this resin may be applied uniformly and conforms nicely to the surface of the tooth. Although the inorganic fillers' particle sizes are similar to those of traditional composite resins, a higher proportion of diluent monomers and less filler are utilized6. Nanohybrid composite resin, on the other hand, is a packable resin that has matrix and filler components, giving it a thicker consistency and less stickiness. In addition to fillers like silica, zirconium oxide, and aluminum oxide, it contains monomers like BisGMA, TEGDMA, UDMA, and Bis-EMA. Consistency and handling qualities comparable to amalgam are provided by these modifications7.
An efficient topical fluoride agent that promotes the release of fluoride from restorative materials and aids in enamel remineralization is acidulated phosphate fluoride (APF). However, the use of APF can hasten the development of caries, which is more likely to occur in porous primary enamel2. The interaction between acid and resin-based restorative surfaces can affect the mechanical quality of the material, even though APF is thought to be the most effective agent. There is ongoing discussion over how applying APF affects surface hardness8. This emphasizes the need for more investigation into how APF affects children's restorative materials.
Using Acidulated Phosphate Fluoride (APF) can alter the surface roughness of composite resin fillings. Because APF contains phosphoric acid, which causes a hydrolysis reaction in the resin polymer chain, it has an impact on the surface of composite resin restorations. This procedure weakens the restoration's surface hardness and degrades its structure. Water seeps into the resin matrix more readily in an acidic environment, speeding up mechanical and physical deterioration and perhaps leading to failure from abrasion and secondary caries8.
Because surface alterations to restorative materials can impact comfort and appearance as well as shorten treatment durability by causing plaque to build and subsequent cavities, this issue is becoming more and more important. According to recent studies, the concentration and application technique of fluoride have an impact on the surface quality of composite resin9. APF's acidic qualities are crucial for the hydrolysis of resin polymer chains, which can decrease hardness and enhance surface irregularity, according to a new theory. Nevertheless, some research have shown contradictory findings, with data suggesting that changing the concentration or application technique may reduce surface roughness10. This implies that additional study is required to comprehend how various application techniques and APF concentrations affect the surface of composite resins, especially those that are nanofilled. To support suggestions for acceptable clinical practice, more study is required.
This study highlights the uniqueness of the application methodology by comparing the effects of pure and diluted APF solution immersion methods on the surface roughness of nanofilled composite resin. Determining the effect of the two APF application methods on the surface roughness of nanofilled composite resin materials is the main goal of the study. The study also intends to create safer and more efficient APF usage guidelines for patients who have composite resin restorations in dental offices. 
MATERIAL AND METHODS
This study employed a pre-test/post-test laboratory experimental design with two treatment groups: immersion and brushing. The sample consisted of 36 nanofilled and 36 nanohybrid composite resin blocks, each manufactured with acrylic molds and sized 5 mm × 5 mm × 2 mm. Following a random selection process, the blocks were split into two treatment groups based on how the Acidulated Phosphate Fluoride (APF) solution was applied: either pure 1.23% APF gel or APF gel combined with distilled water to reduce the solution concentration to 0.41%.
A Surface Roughness Tester (YRT200) was used to measure the surface roughness both before and after treatment. In the application group, a sterile micro brush was used to evenly apply APF gel to the resin blocks' surfaces for four minutes. In contrast, the samples in the immersion group were submerged for four minutes in a 0.41% APF solution, which was created by combining 1.23% APF gel with sterile distilled water at a 1:2 ratio. Following treatment, distilled water was used to clean each sample, and lint-free tissue was used to dry them.
SPSS software, version 29.0, was used to analyze the data at a significance level of 0.05. Before analysis, the data's distribution was checked for normality using the Shapiro-Wilk test, and data homogeneity was checked using the Levene test. The non-parametric Wilcoxon test for pre-test–post-test comparisons within each group and the Mann–Whitney test for comparisons between application methods were used in the analysis because the data were not normally distributed. The analysis's findings were then applied to assess if surface roughness scores varied significantly.
This study sought to determine how two different APF application techniques affected the surface roughness of nanofilled composite resin. It is anticipated that the findings may minimize the detrimental effects on the quality of dental restorations by offering practical guidance for clinical practice in choosing the best fluoride treatment technique. Consequently, this research aids in the creation of evidence-based recommendations for the use of APF with patients who have composite resin restorations.
RESULTS
TABLE 1. Descriptive Statistics
	
	N
	Range
	Minimum
	Maximum
	Mean

	Pretest Nanofilled
	18
	0,693
	0,011
	0,704
	0,153

	Posttest Nanofilled
	18
	0,987
	0,002
	0,989
	0,169

	Pretest Nanohybrid
	18
	0,758
	0,002
	0,760
	0,140

	Posttest Nanohybrid
	18
	0,840
	0,003
	0,843
	0,188



The surface roughness measurements of nanofilled and nanohybrid composite resins, both before and after treatment, are shown in Table 1. For every group, eighteen samples were collected. The nanofilled group's roughness range grew from 0.693 in the pretest to 0.987 in the posttest. In the pretest, the roughness range for the nanohybrid group was 0.758, and in the posttest, it rose to 0.840. On average, surface roughness rose as nanofilled and nanohybrid increased from 0.153 to 0.169 and 0.140 to 0.188, respectively.

TABLE 2. Normality Test of Surface Roughness of Nanofilled and Nanohybrid Composite Resins
	
	
	Kolmogorov-Smirnov
	Shapiro-Wilk

	
	Name
	Statictic
	df
	Sig.
	Statistic
	df
	Sig.

	Measurement Result
	Pretest Nanofilled
	0,246
	18
	
	0,711
	18
	<0,001

	
	Posttest Nanofilled
	0,327
	18
	
	0,634
	18
	<0,001

	
	Pretest Nanohybrid
	0,287
	18
	
	0,696
	18
	<0,001

	
	Posttest Nanohybrid
	0,259
	18
	
	0,769
	18
	<0,001



The findings of the Shapiro-Wilk method's normality test for surface roughness in nanofilled and nanohybrid composite resins are displayed in Table 2. The results are not normally distributed, as indicated by the significant value for the pre- and post-tests on both types of resin being less than 0.05.
TABLE 3. Examining The Uniformity of Surface Roughness Changes in Composite Resins That Are Nanofilled and Nanohybrid
	
	Levene Statistic
	df1
	df2
	Sig.

	Measurement Result
	Based on Mean
	0,521
	3
	68
	0,669

	
	Based on Median
	0,182
	3
	68
	0,908

	
	Based on Median and with adjusted df
	0,182
	3
	62,14
	0,908

	
	Based on the trimmed mean
	0,399
	3
	68
	0,754



To ascertain if the variances of the two data groups are the same or different, a homogeneity of variance test was conducted; the findings are displayed in Table 3. For this analysis, the Levene test was employed at a significance level of 5% (α = 0.05). According to the study results displayed in the table, the significant value for the two materials (nanofilled composite resin and nanohybrid composite resin) was 0.669. Since all of the significant values are higher than 0.05, it can be said that the variance between the two materials is homogeneous.
TABLE 4. The Surface Roughness of Nanofilled and Nanohybrid Composite Resins as Determined by The Wilcoxon Signed-Rank Test
	
	Posttest Nanofilled
Pretest Nanofilled
	Posttest Nanohybrid
Pretest Nanohybrid

	Z
	-0,370
	-0,457

	Asymp. Sig. (2-tailed)
	0,711
	0,647



Table 4 shows that because of its asymptote, the null hypothesis is rejected. For nanofilled composite resin, the two-tailed significance level (sig.) is 0.711 (p > 0.05). The asymptote also leads to the rejection of the null hypothesis. The nanohybrid composite resin's sig. (two-tailed) value is 0.647 (p > 0.05). According to these data, assessing the surface roughness of nanofilled and nanohybrid composite resins before to and following testing yields identical outcomes. Thus, it can be said that the topical administration of acid fluoride has no discernible effect on these two materials.

TABLE 5. Results of The Mann-Whitney Test on The Nanofilled Composite Resin's Surface Roughness
	
	Measurement Result

	Mann-Whitney U
	161.000

	Wilcoxon W
	332.000

	Z
	-0,032

	Asymp. Sig. (2-tailed)
	0,975

	Exact Sig. [2*(1-tailed Sig.)]
	0,988



According to Table 5, which displays the asymptote, Sig. (two-tailed) for nanofilled composite resin, which was found to be 0.975 (p > 0.05). This suggests that the evaluation of surface roughness before and after treatment is identical. Thus, it can be said that measures of the surface roughness of nanofilled composite resin are unaffected by the topical application of fluoride-containing acidulated phosphate fluoride.
TABLE 6. Results of The Mann-Whitney Test on The Nanohybrid Composite Resin's Surface Roughness
	
	Measurement Result

	Mann-Whitney U
	157.500

	Wilcoxon W
	328.500

	Z
	-0,142

	Asymp. Sig. (2-tailed)
	0,887

	Exact Sig. [2*(1-tailed Sig.)]
	0,888



According to Table 6, the asymptote and two-tailed significance level (Sig.) for nanohybrid composite resin were 0.887 (p > 0.05). This suggests that the evaluation of surface roughness before and after treatment is the same. Thus, topical administration of fluoride-containing phosphoric acid had no effect on the surface roughness of nanohybrid composite resin.  
DISCUSSION
Talking about how acidulated phosphate fluoride (APF) affects composite resin's surface is crucial, particularly when it comes to dental care for kids who are more likely to have cavities. Many children in Indonesia suffer from dental caries, which is still a serious oral health concern1. According to the study's findings, coatings created with nanofilled composite resin and nanohybrid composite resin containing 1.23% APF have a rougher surface. Direct contact between the APF gel and the phosphoric acid-containing resin surface is assumed to be the cause of this rise8. This produces a hydrolysis process in the resin polymer chain, resulting in structural deterioration of the surface. Surface imperfections are enlarged by this reaction, which may raise the likelihood of clinical complications and plaque buildup. Therefore, these results can be used to maximize restorative life and comfort as well as to establish clinical fluoride treatment programs11.
The analysis of non-normal data using the Wilcoxon and Mann-Whitney tests revealed no significant differences between the types of restorative material or between the pre-test and post-test circumstances. However, the small sample size and data volatility might have contributed to the comparatively high p-values. Even if the statistical results are not statistically significant, the trend of changes in roughness should nevertheless be taken into account in dental practice, especially for restorations that come into contact with acidic topical chemicals that could harm the surface of the restoration.
In addition to facilitating the buildup of plaque biofilm and decreasing comfort and aesthetics, increased surface roughness can hasten secondary caries and restorative failure10. The results of this study thus highlight how crucial it is to employ caution when choosing infill repair materials to use with TAF materials. These results correspond with those of Astari et al. and Ibrahim et al., who revealed that phosphoric acid in APF increases the surface roughness of resin restorations3,8. However, this negative effect can be minimized by using lower concentrations or alternative application methods, such as immersion. According to other research, the characteristics and particle size of nanofilled resin fillers make them more vulnerable to acid exposure5. Furthermore, this study's results are consistent with earlier research showing that nanofilled composite resins are vulnerable to external acids and chemical exposure, especially from APF11. According to Mallombasang et al., compositions with nanofilled are more susceptible to surface structural alterations brought on by acidic environments than conventional resins12. These results were corroborated by Faizah et al., who emphasized the need of modifying fluoride concentration and application time to enhance fluoride safety for kids13.
Alternative explanations for surface roughness variations have been proposed by a number of research, including changes in composite resin brands, the use of artificial saliva solutions, and finishing and polishing procedures. Additionally, this study shows that surface resistance to chemical intervention can be influenced by resin composition and finishing techniques. At lower APF concentrations, residual finishing procedures or weak filler ingredients may dissolve and produce a smoothing effect14. According to a different study by Viodetta et al., temperature variations, filler size, and matrix bonding strength all have a significant impact on how reactive materials, including APF, are to fluoride15. The practice of clinical dentistry will benefit from this study. However, while using APF to nanofilled composite resin restorations, dentists must use caution16. Additionally, care should be used when using the high-concentration brushing method17. These results provide as a foundation for developing evidence-based restorative treatment recommendations for individuals with high caries risk, both adults and children13.
This study demonstrates that nanohybrid composite resin yields rougher values than nanofilled composite resin treated with TAF including APF. These findings imply that surface roughness after fluoride treatment can be influenced by the structure and composition of materials, which is an important consideration when selecting materials for dental restorations. Nanohybrid composite resin is more affected by the administration of topical acidulated fluoride (TAF) including acidulated phosphate fluoride (APF) than is nanofilled resin. As a result, the nanohybrid resin's surface roughness values increase. This is due to the fact that the filler particles in nanofilled resin (≤ 100 nm) are smaller than those in nanohybrid resin (≤ 5 µm). Because the filler particles are discharged more readily when exposed to APF, the surface of nanohybrid resin deteriorates more severely. APF treatment dramatically raises the surface roughness of nanohybrid composites in comparison to nanofilled composites, which are more resistant to deterioration because of their smaller filler particle size and concentration. Surface resistance and water absorption are impacted by this18. This happens because of a chemical reaction that can produce hydrofluoric acid (HF) when fluoride and hydrogen ions in APF are present. The silica filler in the resin is subsequently harmed by this acid, especially in nanohybrids where the filler particles are bigger and more prone to surface deterioration. However, by preventing the development of HF and minimizing its detrimental effects, substances like magnesium aluminum silicate (MAS) can be added to the APF gel to lessen this harm. This work demonstrates that the release of residual monomers from the resin following APF treatment stays within safe bounds and does not reach dangerous levels, even in the face of surface degradation. However, because of variations in filler structure and APF sensitivity, nanohybrids have a rougher surface than nanofilled composites19.
Environmental elements that can greatly impact the interaction between APF and composite resin, such as saliva, pH variations, and biofilm activity in the oral cavity, were not taken into account in this study because it was laboratory-based (in vitro). Furthermore, other mechanical characteristics including hardness, toughness, and color change were not assessed; instead, the assessment was limited to surface roughness. It is anticipated that future studies will use microscopic analyses, such as scanning electron microscopy (SEM), to elucidate microstructural alterations, assess surface mechanics in detail, and carry out in vivo investigations to investigate the impact of APF application frequency and exposure duration on clinical restorations.
CONCLUSION
This work shows that surface roughness variation in nanofilled and nanohybrid composite resins is strongly influenced by the topical preparation of fluoride phosphate acid is utilized technique and concentration. According to the findings, excessive concentrations might make the surface rougher, which could lower the repair's quality. When it comes to choosing APF materials and concentrations, these results offer a solid foundation for clinical judgment. It is anticipated that this will stop premature deterioration and increase the longevity and patient comfort of composite resin restorations. Thus, by highlighting the significance of choosing the right fluoride treatment method, this study supports evidence-based dental practice.
This study's primary drawback is its dependence on in vitro methods, which do not adequately capture the complexity of the actual oral environment. This covers the impact of saliva, temperature changes, and biofilm formation. Furthermore, the characteristics that have been described are restricted to surface roughness and do not include an evaluation of bond strength, color changes, or a microstructural analysis utilizing imaging methods like SEM. Additionally, the study limited the data's generalizability by failing to thoroughly examine various composite resin compositions and brands. In order to evaluate the effects of APF application in a more realistic setting while taking into account variables like color changes and bond strength, future study should incorporate in vivo testing.
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