Effects Of Acrylic Base Immersion With Betle Leaf Extract Solution 15% And Denture Cleanser On The Fracture Toughness Of Heat Polimerized Acrylic Resin 
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Abstract. Heat-cured acrylic resin (RAPP) is widely used as a denture material in the treatment of edentulous cases because of its advantages as a denture base material. However, RAPP can fracture due to the force in the mastication process. Fractures in the RAPP base are related to the fracture toughness of the denture base material. Dentures need to be cleaned regularly to prevent fungal colonization. Denture cleaning may be done chemically by soaking in a disinfectant solution. A 15% betel leaf extract solution (piper betle linn.) is one of the alternative denture cleanser that reduce Candida colonies beside Polident, effervescent solution. Immersing dentures in denture cleanser may reduce the mechanical and physical properties of denture materials which lead to fracture. This study aims to determine the difference in fracture toughness between RAPP that had been soaked in a 15% betle leaf extract solution (piper betle linn.) and Polident. 27 RAPP plates (65x10x2.5mm, with conditioned a fracture in the middle) soaked in artificial saliva for 24 hours, then divided into 3 treatment groups and soaked for 2,190 hours; Group A (15% betle leaf extract), group B (Polident), and group C (aquadest). Each sample were tested for their fracture toughness using three point bending system test. The results then analyzed using One way ANOVA. Descriptive analysis data shows different average fracture toughness. However, the analysis showed an insignificanct result of 0.282 or P> 0.05. The fracture toughness values after soaking in 15% betle leaf extract solution, Polident, and distilled water showed insignificant differences.
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introduction
Partial or complete tooth loss (edentulous) occurs globally and is projected to remain consistently high in many countries1. Data from the 2023 Indonesian Health Survey (SKI) stated that 1.3% of the Indonesian population aged ≥15 years experienced edentulous conditions. According to SKI 2023 data, it was recorded that in the Indonesian population aged ≥15 years, 5.2% had used partial dentures and 1.6% used full dentures2. Denture installation is one of the treatments for tooth loss cases3. 
PMMA dentures can fracture due to mechanical pressure in the mouth. Factors that can cause fractures are low impact resistance, transverse strength, poor denture base manufacturing techniques, and high fracture resistance 4,5,6.
Heat polymerized acrylic resin (RAPP) has been widely used as a denture base material because it has advantages, such as biocompatible, aesthetic, easy to process, easy to repair, and relatively inexpensive. However, RAPP has disadvantages, namely it is easily broken7. One of the mechanical properties of denture materials is transverse strength which plays a role in receiving the load that occurs continuously in the oral cavity during chewing until a fracture occurs on the denture base8. The mechanical properties of PMMA itself include transverse strength, impact strength, fracture resistance, and surface hardness. Good mechanical properties are needed to support the function of the denture base material (biofunctionality)9.
In addition, PMMA also has water absorption properties when immersed. This physical property allows water to enter the polymer chain9. The solution will be absorbed into the micro porosity of the acrylic resin affecting the bonds between its molecules. The longer the soaking time, the more solution particles are absorbed into the micro porosity of the acrylic resin which reduces the mechanical strength of the acrylic resin10.
The use of uncleaned dentures can cause plaque buildup which results in denture stomatitis11. There are three methods used to clean dentures, namely; mechanical method, chemical method, and combination. Mechanical cleaning includes brushing using powder or paste, and ultrasonic cleaning. The chemical method is done by soaking in a disinfectant solution12.
The use of active compounds from natural materials has seen increasing interest in its application. Although natural materials often show lower activity, natural materials have non-toxic properties and do not leave residual substances13. Various plants that have been used for their extracts, such as extracts from betel, taro, hibiscus, brown seaweed, cashew, mangrove, soursop, neem, pineapple, lemongrass, black cumin, and red betel14 .
 Green betle leaves are one of the traditional medicines that contain essential oils with the main components consisting of phenol and its derivatives15. The content of phenol and essential oils has antibacterial, antifungal, and antioxidant properties that can be used as a removable denture cleaning agent. At certain concentrations, phenol can interact with Candida albicans cells through the absorption process. Phenolic compounds can form phenol protein complexes into C. albicans cells, causing coagulation of C. albicans membrane proteins, causing cell membranes to lyse, resulting in cell death. The concentration of the extract solution can affect the decrease in the number of C. albicans colonies. The higher the concentration, the greater the antimicrobial power16.
In the study by Gunabudi et al. (2019), soaking in 15% betle leaf extract (Piper betle linn) for 6 hours as a cleaning agent for RAPP removable dentures had significant antifungal power. On the other hand, soaking RAPP removable dentures using Polident for 1 hour and 6 hours also had significant antifungal power17.
Soaking RAPP plates for 1 hour in 15% betle leaf extract solution can cause a significant decrease in transverse strength when compared to the group soaked in distilled water, so the use of 15% betel leaf extract is not recommended18. On the other hand, soaking RAPP compression molding in Polident solution for 3 minutes every day for 6 months showed a significant difference (76.69±0.11) in transverse strength when compared to soaking in distilled water (95.80±0.03)19.
Cleaning of dentures can be done by chemical methods, such as by soaking using 15% betle leaf extract and Polident. However, the results of the study stated that soaking with these materials can reduce the transverse strength of the acrylic base of the denture which causes a decrease in the mechanical strength of the acrylic resin, so that it can affect the fracture resistance of the denture base. Therefore, the researcher wanted to examine the differences in fracture resistance between the heat polymerized acrylic resin denture base that had been soaked with 15% betle leaf extract solution and Polident.  
MATERIALS AND METHODS
This research is an experimental laboratory research that has been approved by the Health Research Ethics Committee. The RAPP plate measures 65x10x2.5 mm and is printed with a longitudinal groove in the middle of the plate length. Plates were made at the Skills Lab of Dentistry, Muhammadiyah University of Yogyakarta (UMY) as many as 27 units. The plates were randomly divided into 3 groups and labeled; A (15% betle leaf extract), B (Polident), and C (aquades). Before being treated, the three groups were soaked in artificial saliva solution for 24 hours and stored in an incubator at 37°C in the Biochemistry Laboratory of the Faculty of Medicine and Health Sciences, UMY. 
Betle leaf extract solution (piper betle linn.) 15 % was obtained by diluting 7.5 ml of pure betle leaf extract with distilled water until the total volume was 50 ml and the extract concentration was 15%. The Polident solution was made by dissolving 1 tablet of Polident effervescent denture cleanser in 200 ml of distilled water and left to mix homogeneously. The three treatment groups were soaked for 6 hours per day assuming a soaking period of 1 year (365 days), so that each group was soaked for 6 hours x 365 days = 2,190 hours. After the soaking treatment, all plates were rinsed with water and dried.
Fracture resistance testing was conducted on the three groups using a Universal Testing Machine (TENSILO RTI-1225, Integrated Research Laboratory, Faculty of Dentistry, Gadjah Mada University) with a three-point bending system. Both ends of the plate were positioned on the holder with the fracture groove position in the middle dividing both ends of the plate with an equal length of 25 mm and facing the UTM holder. The UTM crosshead was placed right on the opposite side of the plate fracture groove and given a load at a speed of 1 mm/minute. The load on the crosshead was given gradually until the RAPP plate broke. In the test, the largest load (kN) was recorded to calculate the fracture resistance using the KIC formula:
KIC(4)

Description:
KIc	: pressure intensity factor (MN/m3/2)
P	: maximum load before cracking (kN)
L	: distance between supports (cm)
b 	: average specimen thickness (cm)
w	: specimen width (cm)
	: cracking length (cm)
α	: 2(1+2 )(13/2

With, (23)









FIGURE 1. Fracture Resistance Test Sample Illustration

The data from the KIC calculation results will then be analyzed using IBM Statistic 22 software to determine the results of descriptive data analysis, data normality using the Shapiro-Wilk test, data homogeneity using the Levene Statistic test, and data significance using One Way ANOVA analysis.is how to display a pop-up window from which to select and apply the AIP Conference Proceedings template paragraph styles: 
RESULTS
The results of the descriptive analysis of the large fracture resistance (KIC) of the three treatments can be seen in table 1.  
TABLE 1. Descriptive Analysis of Fracture Resistance (KIC)
	Group
	N
	Mean KIC (MN/m3/2) (SDa)

	A
	9
	1,915  (±0,262)

	B
	9
	2,087  (±0,247)

	C
	9
	1,976  (±0,157)

	Total
	27
	1,993  (±0,230)



Table 1 shows the average of fracture toughness (KIC) in the three treatments has a difference. The data shows that immersion in group A (15% betle leaf extract) has the smallest average KIC followed by immersion in aquadest and Polident solution. The three groups were then tested for data normality using the Shapiro-Wilk normality test (table 2). 
TABLE 2. Shapiro-Wilk normality test
	Group
	Statistic
	Df
	Sig.

	A
	0,969
	9
	0,884

	B
	0,956
	9
	0,759

	C
	0,929
	9
	0,475



Table 2 shows that all three groups have a significance of p>0.05, indicating that all three groups have a normal data distribution. Table 4 shows the significance value of the data group of 0.190 (P>0.05), so the data comes from a population that has the same variance. In the Levene Statistic variance homogeneity test (table 3), the significance value of the data group is 0.190 (P>0.05) meaning that the average data comes from a population that has the same variance.
Table 3 One Way ANOVA analysis shows a significance result of 0.282, indicating a large difference in the average fracture toughness (KIC) which is not significant (P > 0.05).  


[bookmark: _Toc183907875]TABLE 3. Levene Statistic Homogeneity of Variance Test

	
	Levene Statistic
	df1
	df2
	Sig.

	Kic
	Based on Mean
	1,779
	2
	24
	0,190

	
	Based on Median
	1,555
	2
	24
	0,232

	
	Based on Median and with adjusted df
	1,555
	2
	22,444
	0,233

	
	Based on trimmed mean
	1,795
	2
	24
	0,188



Table 4 One Way ANOVA analysis shows a significance result of 0.282, indicating a large difference in the average fracture toughness (KIC) which is not significant (P > 0.05).  

TABLE 4. One Way ANOVA analysis
	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Between Groups
	0,137
	2
	0,069
	1,336
	0,282

	Within Groups
	1,234
	24
	0,051
	
	

	Total
	1,371
	26
	
	
	


DISCUSSION
Based on the research results, the average KIC value from soaking in 15% betle leaf extract, Polident, and aquadest differed from each other, but the difference was not significant. Soaking using 15% betle leaf extract had the smallest average KIC value compared to soaking using aquadest and Polident solution. While the largest average KIC value was recorded in soaking with Polident solution.
The large difference in fracture toughness (KIC) values in heat polymerized acrylic resin may occur because fracture toughness is related to clinical fractures5,6. According to Dahar and Handayani (2020), heat polymerized acrylic resin plates are easily fractured because they have low transverse strength and impact strength7.
The difference in the magnitude of the fracture toughness value can occur due to the difference in the magnitude of the transverse strength of the heat polymerized acrylic resin plate that has been soaked in 15% betle leaf extract solution and Polident. This is in line with research conducted by Nugrahini et al. (2022), soaking the RAPP plate for 1 hour in 15% betle leaf extract solution experienced a significant decrease in transverse strength when compared to the group soaked in aquadest18. Research by Shah et al. (2015) stated that there was a significant difference in soaking the RAPP plate for 6 months using Polident solution for 3 minutes per day when compared to using aquadest 19.
The decrease in the transverse strength of RAPP when immersed in a 15% betle leaf extract solution occurs due to the presence of phenol content that can enter the PMMA chain structure and damage its chain bonds. In addition, phenol has higher acidic and polar properties than PMMA. In acidic conditions, acrylic resin polymers will hydrolyze into carboxylic acids and alcohols. The breakdown of the polymer causes degradation of the chemical bonds of acrylic resin18. The hydrolytic degradation process in PMMA can cause PMMA to be susceptible to fracture20.
In this study, the average value of KIC RAPP after immersion in Polident solution was higher than the average KIC RAPP20. This indicates an increase in the KIC RAPP value after immersion in Polident solution. This can occur due to the influence of the soaking time of the RAPP plate which can increase the KIC value. This increase can occur due to the release of residual RAPP monomers during immersion21. According to Nugrahini et al. (2022), the dissolution of Polident causes the formation of oxygen bubbles for the mechanical cleaning process of RAPP. This oxygen release causes the tertiary amine accelerator to not react in the resin matrix18. The average value of KIC RAPP soaked in distilled water is higher than the fracture toughness of RAPP soaked in 15% betle leaf extract solution, but lower than KIC RAPP soaked in Polident solution. Aquades is pure H2O from water distillation, so it has less effect in dissolving polymer bond particles because it does not contain minerals. This is different from mineral water which is a universal solvent that can dissolve particles easily18. In addition, RAPP has water absorption properties when submerged. This physical property allows water to enter the polymer chain9. The solution will be absorbed into the micro porosity of acrylic resin and will affect the bonds between molecules. The longer the soaking time, the more solution particles will be absorbed into the micro porosity of acrylic resin, which will reduce the mechanical strength10.
Soaking of heat polymerized acrylic resin in 15% betle leaf extract solution, Polident, and aquades showed no significant difference due to the duration of soaking of the three same treatments. This can occur due to the occurrence of water absorption and release of residual monomers during RAPP plate immersion. Water absorption occurs when water can penetrate into the polymer structure and replace the polymer chain causing the intermolecular forces between the chains to decrease and weaken the material. On the other hand, the fracture resistance of the denture base material will increase after long-term immersion due to the release of residual acrylic resin monomers which are factors that can reduce the mechanical properties of acrylic resin 20,21,22.
CONCLUSION
The fracture toughness values after immersion in 15% betle leaf extract solution, Polident, and distilled water showed no significant differences. Knowledge of the magnitude of RAPP fracture resistance after being soaked in denture cleaner can be useful for determining denture cleaners that have an effect on fracture events in RAPP denture bases. This study still has shortcomings in the limited mechanical and physical properties studied, as well as the turian denture cleaners used. Further research on alternative denture cleaners, such as betel leaf on the effect of extract concentration, soaking time, and extract processing methods on RAPP properties, antifungal, and antibacterial power needs to be further studied.
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