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ABSTRACT – Wear are the major obstacle that limits 

the long-term using of ultra-high-molecular-weight-

polyethylene (UHMWPE) in artificial joints. In this study, 

the micro-scale texture has been introduced to improve 

the wear properties of UHMWPE. The main objective of 

this study is to investigate the effect of surface dimple 

parameters on wear behaviour and mechanism of 

UHMWPE. Circular shaped micro-dimple with 40 µm in 

depth and different diameters (0.3 and 1 mm) as well as 

different area densities (5%, 10% and 20%) were 

machined by computer numerical control lathe machine. 

Wear performance of surface textured UHMWPE at 

different diameter and dimple densities under boundary 

serum lubricated conditions were studied. Results shows 

that by introduced texture on the surface does improved 

the wear resistance of UHWMPE where dimple with 

small diameter and high dimple density have low wear 

rate. 

 

1. INTRODUCTION  

Surface texturing is one of the modifications that 

are commonly used to improve the tribological properties. 

Surface texturing have advantages such as ability to act 

as lubricant reservoirs, change the hydrodynamic 

pressure and trap wear debris [1-4]. Researchers are 

making extensive research on improving the wear 

resistance of UHMWPE by developing texture or pattern 

on the surface of UHMWPE. The textured surfaces had 

small holes called dimples on their surfaces. It has been 

reported that, the optimum friction can be achieved by 

selected the suitable dimple texturing parameter by 

parameter such as dimple diameter, dimple density and 

dimple depth [1, 4]. Dimple size and density can plays 

important role on improve the material surface wear 

during a sliding test which can improve anti-seizing 

ability by reserving lubricant, and also acted as reservoirs 

to trap wear debris generated in sliding friction.[5]. From 

the literature review, it is apparent that the main attention 

is paid to modify the surface of UHMWPE by adding 

circular dimple texture. The relation between different 

texture parameter toward the wear behaviour and 

mechanism is still unclear. This study will focus on the 

analysing the wear performance and mechanism of 

microscale textured UHMWPE. Wear performance will 

be tested against 316 stainless steel (SS 316) using pin-

on-disc tribotester under linear reciprocating motion. The 

unidirectional sliding motion used in this study would be 

more representative of a knee joint replacement. The 

effects of dimple diameters and densities on the specific 

wear rate of textured UHMWPE under boundary serum 

lubricated conditions will be examined experimentally.  

 

2. METHODOLOGY 

In this study, UHWMPE were machine into plate 

(15 mm × 15 mm) using lathe machine (CNC lathe 

machine CZG46Y3+2, China). The UHMWPE 

specimens were exposed directly to nominal doses of 

gamma radiation at 25 kGy at Radiochemistry and 

Environment Laboratory (RAS), Malaysian Nuclear 

Agency. This dose range was suitable for covering the 

entire range of doses used to sterilize medical devices. 

The irradiated UHMWPE are then being textured by 

lathe machine into circular dimple texture with different 

texture area densities (0%, 5%, 10%, 20%) and different 

diameters (0.3 mm, 1 mm) to achieve the main objective 

of this study. For wear test, a single drop of undilute 

bovine serum was added directly onto the surface of 

UHMWPE substrates as the lubricant before initiating 

the tests. SS 316 pin with 6 mm diameter and 6 mm 

length was pressed against the UHMWPE with a normal 

load of 30 N and frequency of 1 Hz, tribological test was 

being run for approximate 35 min which approximately 

equal to 2, 000 cycles. The calculation of the specific 

wear rate was performed using Eqn. (1). 

 

 pecific!wear!rate! "##$

%# &= Volume!loss
Normal!load!×!Sliding!distance!         (1) 

  

3. RESULTS AND DISCUSSION 

The surface of the textured UHMWPE at different 

dimple diameter and densities before the tribological test 

is as shown in Figure 1, while Figure 2 shows the wear 

rate for untextured and textured UHMWPE. The average 

dimple depth measured from the profilometer is 40 µm. 

The result shows that wear rate of the UHMWPE 

substrate decreases with the addition of dimple textured, 

where the textured UHMWPE substrate with highest 

dimple density has the lowest wear rate. On the other 

hand, textured UHMWPE substrate with small dimple 

diameter have the better wear resistance compared with 

textured UHMWPE substrate with large dimple diameter. 

The wear rate for untextured UHMWPE is high due 

to the polymer wear debris have remain on the substrate 

during the tribological test and caused third body 

abrasion toward the substrate [1]. Kustandi, T. S. et al. 

have found that there is reduction on wear track width 

and depth of textured UHMWPE as compared with 

untextured UHMWPE [6]. The wear rate of the 
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UHMWPE substrate decreases as the dimple density 

increases, due to the existence of dimple have improve 

the wear resistance by trapping wear debris, act as 

lubricant reservoir and distribute contact pressure [1]. 

The wear rate for 20% dimple texture UHMWPE 

substrate for both dimple diameter is the lowest due to 

the substrate have sufficient dimple to change pressure 

distribution and also to capture the wear debris during the 

tribological test. From the study of Zhang, B. et al., its 

stated that 22.9% dimple density with dimple diameter of 

50 mm dimple depth of 10 mm have the optimum 

tribological results [2]. The wear rate is lower for 

UHMWPE substrate with 0.3 mm dimple diameter, as the 

amount of dimple for each density have increased. The 

increase amount of dimple helps to distribute the pressure 

more compare to substrate with lesser dimple [1]. Zhang, 

Y. L. et al. have studied that wear resistance will 

improve as the dimple diameter size decrease. 

However, dimple diameter which is smaller than 65 

μm will have difficulties in generating hydrodynamic 

pressure and hence have no further reduction toward 

wear rate [4]. Wang, X. L. et al. have stated that small 

diameter will have better hydrostatic pressure which will 

reduce the force acting towards the substrate [7]. Figure 

3 shows the SEM images of untextured and textured 

worn surfaces. It can be clearly seen that there are plastic 

flow and grooves on the surface of the samples. There 

was severe plastic flow observed on the untextured 

UHWMPE. Some of the dimples were completely filled 

with debris. This shows that the dimples have a tendency 

to trap wear debris. 

 

 

Figure 1 UHMWPE sample of 1 mm dimple diameter 

texture with (a) 5%, (b) 10%, (c) 20% of dimple 

density; 0.3 mm dimple diameter texture with (d) 5%, 

(e) 10%, (f) 20% of dimple density. 

 

 
Figure 2 Wear rate for UHMWPE substrate under serum 

lubricated condition. 

 
Figure 3 SEM images of UHMWPE worn surface (a) 

untextured; (b) 20% textured dimple density with 0.3 

mm diameter; (c) 20% textured dimple density with 1 

mm diameter. 

 

4. CONCLUSION 

The results of this study show promise towards 

improvements in surface texturing methods to reduce 

wear of the UHWMPE. It is concluded that texture 

density and diameter has strong effect on the wear rate. It 

was found high dimple density (20%) and small dimple 

diameter (0.3) have better wear reduction than that of the 

untextured, 5% and 10% textured UHMWPE. 

Furthermore, dimples also resulting in less plastic 

deformation. 
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