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ABSTRACT – The influence of the surface profile of 

Co-Cr-Mo alloy on the wear behaviour of ultra-high 

molecular weight polyethylene was investigated. The 

surface profile of alloy was designed to control not only 

the volume of wear of polyethylene but also the size of 

the wear debris. The processed surface recorded the 

lower wear rate of polyethylene in comparison with a 

conventional surface. The diameter of the polyethylene 

wear particles from the processed surface was larger 

than that using a conventional surface. The results 

illustrate the possibility of controlling the major factors 

in the long-term osteolysis and loosening of artificial 

joints. 

 

1. INTRODUCTION 

In a polymer-on-hard artificial joint, the bearing 

parts are typically composed of ultra-high molecular 

weight polyethylene and alloy with good corrosion 

resistance, or polyethylene and a ceramic material. The 

wear debris generated from the polyethylene part is 

considered a major factor in the long-term osteolysis 

and loosening of an artificial joint because the presence 

of this debris stimulates macrophage activity, thereby 

promoting the production of cytokines. Many 

researchers have reported that the volume and 

morphological features of this debris constitute critical 

factors in macrophage activation [1]. Some studies have 

indicated that small sized debris (<1.0 μm) is the most 

biologically active [2]. 

To control not only the volume of wear but also the 

size of the wear debris of the polyethylene, a well-

argued surface profile of alloy or ceramic is required; 

the surface roughness and waviness curve of the surface 

must be strictly controlled [3]. 

In this study, the influence of the surface profile of 

Co-28Cr-6Mo alloy on the wear behaviour of ultra-high 

molecular weight polyethylene was investigated using 

pin-on-disc wear testing. 

 

2. MATERIALS AND METHODS 

Figure 1 shows a pin-on-disc wear tester capable 

of multidirectional motion, which is suitable for the 

tribological testing of artificial joint biomaterials. A pin 

was fabricated from polyethylene (GUR1050), and the 

hard counterface material used is a Co-28Cr-6Mo alloy 

disc (ASTM F75). The 9.0 mm diameter pin was 

pressed against the disc with a contact pressure of 7.0 

MPa. The centre of the wear track on the disc had a 

diameter of 10.0 mm, and a sliding speed of 16.9 mm/s 

was used. Fetal calf serum was used as the lubricating 

liquid. The total protein concentration (30.0 g/L) in the 

lubricating liquid was adjusted by adding distilled water, 

which also contained 0.3 wt.% sodium azide. The 

lubrication liquid was replaced every 5.0 103 m of 

sliding distance. 

Figure 2 shows a schematic of the micro slurry-jet 

erosion used for processing the surface profile of a Co-

Cr-Mo alloy (Palmeso Co., Ltd., Japan). Micro slurry-

jet erosion is a wet-blasting technique that uses alumina 

particles as the abrasive media, along with compressed 

air and water. A surface profile is obtained by adjusting 

the feed speed and feed pitch of the nozzle. A polished 

surface, obtained using a conventional lapping method, 

is used as a conventional surface. 

 

 
Figure 1 Schematic of pin-on-disc method used for wear 

testing. 

 

 
Figure 2 Schematic of micro slurry-jet erosion as a 

precision surface-machining technique for a Co-Cr-Mo 

alloy disc. 

 

The processed surface of alloy was visualized 

using a three-dimensional optical surface profiler 

(NewView 7000, Zygo Co., USA). Three parameters for 

the surface profile were determined (Figure 3). 
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Figure 3 Parameter definitions for surface profile of Co-

Cr-Mo alloy disc. 

 

3. RESULTS AND DISCUSSION 

Figure 4 shows the surface profiles of the Co-Cr-

Mo alloy discs used for the wear tests. The surface 

roughness (Ra) with micro slurry-jet processing 

(surfaces A–C) was lower than that of conventional 

lapping processing (conventional surface), which 

reached a nanometre-scale roughness. Surfaces A and B 

had the same surface profile pattern, but the depth of 

surface A was deeper than that of surface B. Surfaces B 

and C had the same depth, but the pitch of surface C 

was three-times wider than that of surface B.   

 

 
Figure 4 Surface profiles of Co-Cr-Mo alloy discs used 

for wear tests. 

 

Figure 5 shows the specific wear rate of the 

polyethylene. Surface C recoded the highest wear rate, 

whereas the lowest wear rate was recoded using surface 

B. A gradual decrease in wear rates was observed for all 

the surfaces. 

Although various types of wear debris formed 

under each surface profile, there were only modest 

differences between the different debris formed under 

different conditions. The percentage of particles of less 

than 1.0 μm for surfaces A-C was lower than that for a 

conventional surface. In particular, surface B decreased 

the percentage of particles of less than 1.0 μm in size 

and increased the percentage of particles of larger than 

10 μm. 

The surface roughness (Ra, fig.3) should be lower 

because this will lead to a shift in wear mode, from 

abrasive to adhesive wear, and hence to a reduction in 

the wear of the polyethyelene. However, under this 

condition, the size of polyethylene wear is thought to be 

smaller. To enlarge the debris size of the polyethylene, 

the promotion of a polyethylene film transferred onto 

the alloy surface is proposed, which does not occur in 

vivo. By adopting a concave part, any lubricating liquid 

or adsorbed layer on the Co-Cr- Mo alloy is wiped off 

or moved to the concave part through the rubbing 

motion of the Co-Cr-Mo alloy and polyethylene. The 

direct contact at the convex part results in a semi-dry 

condition, and hence transfer of the polyethylene film 

onto the Co-Cr-Mo alloy is promoted [4]. The 

accumulated film is occasionally peeled away into the 

lubricating liquid, owing to the liquid present in the 

concave part and the shear force between the two 

surfaces. The peeled film constitutes a type of 

polyethylene debris, which is larger than that generated 

through adhesive wear. 

 

 
Figure 5 Specific wear rate of the as-pinned specimens 

with ultra-high molecular weight. 
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