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Abstract. This study investigates the bacterial adhesion of Streptococcus mutans on three clasp materials used in removable partial dentures (RPDs): polyetheretherketone (PEEK), nylon thermoplastic, and cobalt-chromium (CoCr) alloy. The aesthetic limitations of metal clasps have led to the adoption of alternative materials, though their impact on bacterial colonization remains unclear. A total of 27 disk specimens (n=9 per group) were exposed to S. mutans in vitro, and bacterial colony formation was quantified via spectrophotometric analysis and colony-forming units (CFU) conversion. Statistical analysis using the Kruskal-Wallis H and Mann-Whitney U tests revealed significant differences (p<0.05) among groups. CoCr demonstrated the lowest bacterial adhesion, followed by nylon thermoplastic, while PEEK exhibited the highest colony count. These results correlate with surface energy and hydrophobicity: CoCr’s hydrophilic surface inhibits bacterial adherence, whereas PEEK's hydrophobic surface promotes it. Findings underscore the clinical relevance of material selection not only for aesthetics but also for minimizing plaque retention and caries risk. The study concludes that CoCr remains superior in reducing S. mutans adhesion, while caution should be exercised when selecting PEEK for RPD clasps in patients with high caries susceptibility.  
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introduction
Metal materials, particularly cobalt-chromium (Co-Cr) alloys, are widely recognized as the gold standard for constructing RPD clasps due to their excellent retentive characteristics and durability [1,2]. However, the visibility of metal clasps can negatively impact patient confidence and satisfaction, especially in esthetically sensitive areas [3,4]. These esthetic limitations have led to the development of alternative materials like nylon thermoplastic and PEEK. These alternatives offer improved esthetics and patient satisfaction, though they may compromise on retention and durability to some extent [5–7]. 
PEEK and nylon thermoplastics both exhibit outstanding biomechanics and biocompatibility, making them suitable for various dental and medical applications. PEEK's mechanical properties closely match those of human bone, and its low surface roughness helps in reducing bacterial plaque formation [8,9]. Nylon thermoplastic, with its gingiva-like color and safe allergy profile, is also a viable option for dental applications [10,11].
Clasps can establish retentive zones that facilitate the accumulation of plaque. The design of removable partial dentures (RPDs), particularly the clasps, poses challenges for patients in maintaining adequate oral hygiene. The challenge of cleaning around the clasps results in heightened plaque retention [12]. The persistent presence of plaque and the consequent acidic environment may result in the demineralization of enamel beneath the clasps. The demineralization process compromises tooth structure, increasing susceptibility to caries [13].
Dental caries is a prevalent oral infectious disease characterized by the demineralization of tooth enamel and dentin, primarily caused by the metabolic activities of oral bacteria, particularly Streptococcus mutans (S. mutans) [14]. Streptococcus mutans has the ability to adhere to various surfaces, including denture materials. This ability is influenced by several factors, including surface roughness, material composition, and surface treatments [15]. Therefore, this study aimed to compare bacterial biofilm adhesion between two different clasp materials, PEEK and nylon thermoplastic.  
MATERIALS AND METHODS
This study involved 3 groups of research samples: PEEK group, the thermoplastic nylon group, and the cobalt chromium group, which functioned as a control. Each group contained 9 disks, 10 mm in diameter and 2 mm thick (Fig. 1). All research samples were sterilized using an autoclave at 121°C for 18 minutes, then soaked in artificial saliva for up to 1 hour in a petri dish at room temperature to form a pellicle. Subcultured Streptococcus mutans bacteria were obtained from the MMT Laboratory and inserted into Brain Heart Infusion (BHI) and incubated at 37℃ for 24 hours.
[image: A round white object with a white circle in the middle

AI-generated content may be incorrect.][image: A round object in a white container

AI-generated content may be incorrect.][image: A round object with a silver center

Description automatically generated]a
b
c

FIGURE 1. Research samples. (a) PEEK, (b) thermoplastic nylon, (c) cobalt chromium
Then each group was inserted into a 48-round well containing a dilution of bacterial suspension with BHI broth and incubated in an incubator for 24 hours at 37°C. Then each group was fixed in a 48-round well with a PBS solution of 0.1 M concentration twice in 15 seconds, then transferred into a disposable tube containing 2 ml of BHI broth and homogenized using a vortex (shaking orbital liquid) at a speed of 120 rpm for 30 seconds.
The result of 1 ml of homogenized solution was taken and put into a cuvette. Then, the concentration of bacteria was measured with a spectrophotometer at a wavelength of 600 nm. Finally, the number of Streptococcus mutans colonies was quantified by taking the absorbance value of each comparison sample equal to the absorbance value of the McFarland solution on a scale of 0.5 and the inverse comparison of the value of 1.5x10^8 CFU/ml.
Statistical analysis (SPSS 22 version, IBM Corp., New York) was used to obtain the data at a 95% significance level. Shapiro-Wilk was employed for the normality test, and Kruskal-Wallis H to identify significant differences between the groups, followed by the Mann-Whitney U test for pairwise comparison. 
RESULTS
Table 1 shows the average value after the absorbance value was converted into CFU. The number of Streptococcus mutans bacterial colonies on CoCr was the lowest, while the number of Streptococcus mutans bacterial colonies on PEEK was higher compared to the CoCr and nylon thermoplastic groups.



TABLE 1. The number of streptococcus mutans on the sample surface (x108 CFU)
	Sample number
	PEEK
	Thermoplastic nylon
	CoCr

	1
	1,325
	0,908
	0,499

	2
	1,127
	0,974
	0,164

	3
	1,310
	0,949
	0,189

	4
	2,117
	0,916
	0,321

	5
	1,734
	0,448
	0,458

	6
	1,301
	0,966
	0,124

	7
	1,204
	0,921
	0,665

	8
	1,700
	0,969
	0,268

	9
	1,156
	0,949
	0,656

	Mean±SD
	1,441±0,334
	0,889±0,167
	0,372±0,206



Table 2 shows the results of the normality test, which shows that the distribution of sample data in the CoCr and PEEK groups is normal, while nylon thermoplastic is not normal (p<0.05).
TABLE 2. The results of the normality test
	
	Samples group
	Shapiro-Wilk

	
	
	Statistic
	df
	Sig.

	The number of streptococcus mutans
	CoCr
	0.909
	9
	0.312

	
	Thermoplastic nylon
	0.524
	9
	0.000

	
	PEEK
	0.846
	9
	0.068



Table 3 shows the results of the Kruskal-Wallis H test, which shows a significance value of 0.000 (p<0.05), so there is a difference between the groups. Furthermore, the data were analyzed using the Mann-Whitney U post hoc statistical test to determine which groups were significantly different.
TABLE 3. The results of Kruskal-Wallis H
	
	Kruskal-Wallis H
	df2
	Sig.

	The number of streptococcus mutans
	22.063
	2
	0.000



Table 4 shows that each group has a significance value of 0.000 (p<0.05). This means that there are differences between the CoCr group and nylon thermoplastic, between nylon thermoplastic and PEEK, and between CoCr and PEEK, which are statistically significant.
TABLE 4. The results of Mann-Whitney
	
	Mann-Whitney
	Asymp. Sig.

	CoCr - Thermoplastic nylon
	4.000
	0.001

	Tehrmoplastic nylon - PEEK
	0.000
	0.000

	CoCr - PEEK
	0.000
	0.000


DISCUSSION
The formation of cariogenic bacterial colonies such as Streptococcus mutans on the surface of RPD grip material can increase the risk of caries in abutment teeth [16]. In general, the mechanism of bacterial attachment to the surface of the material has five phases, namely adsorption, adhesion, microcolony formation, maturation, and dispersion [17]. In the adhesion phase, bacteria attach or adhere to the surface of the material caused by the external environment and physical interactions so that they can contribute to biofilm formation. Furthermore, proliferation and formation of bacterial microcolonies occur [18]. These bacterial microcolonies activate quorum sensing (QS) to facilitate biofilm formation and excrete extracellular polymeric substances (EPS) that contribute to the development of a three-dimensional biofilm structure [19]. Three-dimensional biofilms require more nutrients, which causes bacteria to enter the dispersion phase and migrate to other areas [20].
This bacterial adhesion event can occur due to several factors, such as surface roughness (Ra), surface free energy (SFE) and the hydrophobic nature of the material [21,22]. Based on the principles of thermodynamics, hydrophobic bacteria tend to adhere to hydrophobic materials, and vice versa, and this is related to the rough surface affecting the hydrophobicity properties [23]. The hydrophobicity of a material can be seen from the contact angle that occurs on its surface; the higher the contact angle value, the more hydrophobic the material is [24]. In materials that have hydrophobic surface properties, the roughness value is higher [25]. High roughness values ​​correlate with high numbers of bacterial attachments [26]. Based on this, the recommended surface roughness is at least around 0.2 μm or 200 nm to prevent biofilm formation or plaque retention [8]. Meanwhile, the rough surface of the material makes it difficult to clean bacteria [24].
Cobalt chromium (CoCr) showed the least bacterial adhesion results when compared to PEEK and nylon thermoplastic. This is because CoCr has a low contact angle (θ_R<90°), which indicates a high material surface energy, making it more hydrophilic [27,28]. The hydrophilic nature of the material surface can reduce the amount of bacterial adhesion [29]. CoCr can also survive in stable conditions in three different environments: deionized water, artificial saliva, and acidic artificial saliva. In the long term, CoCr can experience mechanical abrasion of the acidic layer of Streptococcus mutans bacteria [30].
In nylon thermoplastic, the results show that the number of Streptococcus mutans bacterial colonies on the surface is less than the PEEK surface. This is because nylon thermoplastic materials are characterized by absorbing water up to 1.5% of their weight [31]. The high water absorption indicates a smaller contact angle on the nylon thermoplastic surface (θ_R < 90°) and indicates a greater level of roughness, making it hydrophilic [32]. The attachment level of Streptococcus mutans bacteria to hydrophilic surfaces is lower compared to that on hydrophobic surfaces. This mechanism is in line with what happens in CoCr materials [29].
PEEK shows the highest number of Streptococcus mutans bacterial colonies. The surface of this material has a high contact angle (θ_R>90°) so that the roughness value is greater and indicates a low level of water absorption, so it is hydrophobic [27,33]. This hydrophobic property can increase the amount of bacterial adhesion formed on the surface of the material [34]. This point is in line with the statement that the characteristics of the cell surface in this case, Streptococcus mutans, are hydrophobic with an index of around 80% [35]. Khalifa et al. (2022) also stated that PEEK material has greater bacterial adhesion [36].
A previous study mentioned that PEEK material is more prone to bacterial adhesion [37]. Inversely, the previous study documented that PEEK had a more antibacterial surface than titanium [38]. In contrast, nylon thermoplastic, based on the results, had fewer absorbance values than PEEK. Another study mentioned that microbial adhesion from the surface of nylon thermoplastic is low [39]. In another experiment, nylon thermoplastic had more microbial adhesion [40]. 
CONCLUSION
Streptococcus mutans bacterial colonies were more abundant on PEEK surfaces compared to those on thermoplastic nylon and cobalt chromium surfaces. 
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