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ABSTRACT – Friction and wear of a medical mouth-

guard material were studied using a reciprocating-motion 

sliding tester under dry, water-lubricated, and olive-oil-

lubricated conditions. Ethylene Vinyl Acetate (EVA) was 

the material tested. Three types of lubricating methods in 

water-lubrication conditions were tested: (1) submerged 

water-lubrication, (2) water-lubrication of the frictional 

surface only, and (3) water-lubrication of the opposite 

surface only. At high load, the EVA plate was perforated 

and worn out under a dry condition. The water-

lubrication of the frictional surface only significantly 

reduced friction and wear as well as the submerged 

water-lubrication. Olive oil exhibited the least friction 

coefficient and wear damage. 

 

1. INTRODUCTION 

Bruxism is a disorder that causes tooth wear and 

fracture, gum damage, and fractures of dental repair 

materials during sleep [1]. Thus far, the mechanisms of 

bruxism such as occlusal forces and its duration during 

sleep bruxism have been studied and reported [2]. 

A mouth-guard is commonly applied in clinical 

practices to prevent tooth wear and fracture due to 

bruxism [3]. However, it is easily worn out and 

perforated. To find a way for extending the life and 

developing a new wear-resistant mouth-guard material, it 

is essential to study the friction and wear of mouth-guard 

materials. However, insufficient work has been done 

regarding this issue. In this study, the friction and wear of 

a mouth-guard material were studied using a 

reciprocating-motion sliding tester under dry and 

lubricated conditions. 

 

2. EXPERIMENTAL PROCEDURE 

Experiments were conducted using a reciprocating-

motion sliding tester depicted in Figure 1. The tester 

comprised a fixed ball and a moving plate. The plate 

(thickness: 2 mm) was made of Ethylene Vinyl Acetate 

(EVA), which is commonly used in the medical field. The 

ball was made of stainless steel (SUS304) (diameter: 10 

mm). The experimental conditions are listed in Table 1. 

It has been reported that the load applied to one tooth 

during sleep bruxism ranges from 10 to 150 N [2]. 

Therefore, the load was varied in the range of 24.07 to 

118.1 N. The frictional force was measured using a load-

cell. The wear of the plate was monitored using a 

displacement meter placed on the ball holder. The tests 

were conducted under dry, water-lubricated, and olive-

oil-lubricated conditions, as depicted in Figs. 1(a), (b)–

(d) and (e), respectively. Three types of water-lubrication 

methods were tested: (1) submerged water-lubrication, 

(2) water-lubrication of the frictional surface only, and 

(3) water-lubrication of the opposite surface only, as 

depicted in Figure 1(b), (c) and (d), respectively. Wear 

scars were observed using an optical microscope and 

scanning electron microscope. 

 

Figure 1 Experimental apparatus and lubricating 

methods. 

 

Table 1 Experimental conditions. 
Stroke 5 mm 

Frequency 0.65 s−1 

Maximum sliding speed 10.23 × 10−3 m/s 

Load 24.07, 75.14, 118.1 N 

Test duration 7200 s 

 

3. RESULTS AND DISCUSSION 

3.1 Friction and wear properties 

Figure 2 depicts the friction curves obtained at a 

load of 74.14 N. Fig. 3 illustrates the displacement of the 

ball corresponding to Figure 1. In the dry friction, the 

friction coefficient increased with the runtime and finally 

reached ~1.5. The displacement also increased and 

reached −1.8 mm. The minus sign implies that the ball 

moved downwards due to the wear and deformation of 

EVA. The plate was perforated in this case. In the water-

lubrication of the frictional surface only, the friction 

coefficient was small and constant at 0.2 as well as the 

submerged water-lubrication. The displacements of the 

ball were also the same and small (−0.7 mm). The EVA 

plate did not suffer evident damages. Conversely, the 

friction and wear behavior in the water-lubrication of the 
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opposite surface only were similar to the dry friction. The 

EVA plate was just before perforation at the end of testing. 

 

 
Figure 2 Friction curves at 75.14 N. 

 

 
Figure 3 Displacement curves at 75.14 N. 

 

Figure 4 depicts the comparison of the results 

obtained under various conditions. The black solid lines 

in the figure of the wear depth indicate the statistical 

displacement without sliding obtained at each load. The 

difference between the measured and statistical depth 

indicated a real wear depth. The water-lubrication of the 

frictional surface only reduced the friction and wear as 

well as the submerged one for all the loads. The dry 

friction and the water-lubrication of the opposite surface 

only exhibited high friction coefficients, although the 

values in the lubrication of the opposite surface decreased. 

Thus, the lubrication of the opposite surface was not so 

effective to reduce the friction and wear. 

 

 
Figure 4 Comparison of results. 

 

3.2 Olive-oil-lubrication 

Figure 5 depicts the result obtained in the olive-oil-

lubrication. Only the frictional surface of the plate was 

coated with the olive-oil of 20 µl. The olive-oil-

lubrication exhibited the least friction coefficient of 0.13 

among the tests. The wear depth was also the smallest. 

Thus, natural olive-oil is very effective to reduce the 

friction and wear only with a small quantity of oil. 

3.3 Observations of wear scars of EVA

Figure 6 depicts the micrographs of the wear scar of 

EVA. In the dry friction, the EVA plate was perforated 

and long cylinder-like fragments were commonly 

observed in Figure 6(a). In the water-lubrication of the 

opposite surface only, the EVA plate suffered severe 

damages similar to the dry friction just before perforation 

(Figure 6(b)). In the water-lubrication of the frictional 

surface only, a slight wear scar was observed and there 

was no wear fragment (Figure 6(c)). These features were 

similar to the submerged water-lubrication. In the olive-

oil-lubrication, the wear scar was observed by tilting and 

was invisible otherwise. It only suffered plastic 

deformation (Figure 6(d)). Thin oil film was formed and 

kept on the EVA surface because the EVA is soft and 

elastic. 

 

Figure 5 Comparison of results obtained in dry friction, 

water-, and olive-oil-lubrication. 

 

 
Figure 6 Micrographs of wear scars of the EVA at 75.14 

N: (a) Dry friction; (b) Water-lubrication of opposite 

surface only; (c) Water-lubrication of the frictional 

surface only; and (d) Olive-oil-lubrication (observed by 

tilting). 

 

4. CONCLUSION 

In the dry friction, the EVA plate was perforated at 

high load due to high friction and wear. The water-

lubrication of the frictional surface only demonstrated 

low friction and wear as well as the submerged water-

lubrication. The olive-oil-lubrication demonstrated the 

least friction coefficient only with a small quantity of oil. 
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