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Ultra-high molecular weight polyethylene (UHMWPE) has been used in orthopedics as one of the 

materials for artificial joints in knee, hip and vertebral prostheses. The implanted joints are designed so 

that the metal articulates against the polymeric material. However, the main problem of knee prostheses 

is the lifetime of their components made of UHMWPE due to premature wear caused by friction, this 

being the most common inducer of osteolysis in joint prostheses [1]. The coefficient of friction, wear 

characteristics were studied using a reciprocating sliding tribometer and the modulus of elasticity was 

obtained by nanoidentation tests. 

A UHMWPE cylinder type GUR® 1020 with a diameter of 30 mm was used, and 8 mm thick specimens 

were machined. The material was provided by the prosthesis manufacturer Trauma Mexico. The wear 

tests were performed with a CETR reciprocating motion equipment as shown in Figure 1a, under the 

ASTM G133-10 Standard [2]. Figure 1b shows a flat specimen and a 10 mm diameter spherical pin of 

316 L stainless steel, which slides over the specimen at a speed of 30 rev/min. A normal load of 10, 20 

and 30 Newton, sliding time of 1800 seconds, stroke length of 30 mm, frequency of 1 Hz oscillation, test 

temperature of 26 ± 2 ◦C, no lubricant and atmospheric environment (relative humidity RH) between 25 

and 30% were applied (see Figure 1a). The friction coefficient tests were performed with 316 L steel 

material ball [3]. Afterwards, the wear surface was analyzed by means of an Optical Microscopy (OM) 

using ZEISS Axio Vert.A1. The modulus of elasticity was also evaluated before the wear test with an ultra 

micro Hardness Tester DUH211s, with a load of 2.0 mN; performing 30 tests, 15 horizontal and 15 vertical 

at a distance of 15 µm between them as shown in Figure 1d. 

The graphs of the coefficient of dynamic friction (COF) are shown in Figure 1c showing a uniform 

behavior for all test conditions. The COF values are quite homogeneous with a value of 0.099 ± 0.001. In 

all cases of the different loads, the COF reached steady state values a few seconds after the beginning of 

the test. From the presented diagram it can be observed that the load increase did not show significant 

influence on the COF. The value of the dry friction coefficient obtained is similar to that reported by other 

authors for the material used [4,5].  

The surface micrographs show wear grooves generated by the film of the softer material being transferred 

to the harder material, in this case transfer from the polymer to the metal occurs. If the polymer film is 

removed from the metal surface and new transfer films are formed and removed, the rate of wear increases. 

If, on the other hand, the film remains permanently attached to the metal surface, the polymer wear rate 

decreases and the contact changes from metal-polymer to polymer-polymer, which can lead to increased 

https://doi.org/10.1017/S1431927621005729 Published online by Cambridge University Press

https://doi.org/10.1017/S1431927621005729


Microsc. Microanal. 27 (Suppl 1), 2021 1551 

 

 

friction [6]. The results show in the cases of 20 N and 30 N load, a groove is clearly observed on the soft 

surface of the UHMWPE by plastic deformation due to the hardness of the 316L steel ball surface, 

exceeding the shear strength of the material, as seen in Figure 2a and 2b, also tearing or fragmentation of 

the polyethylene (pitting) is observed in the areas in red circle. The transverse length of the wear track 

was determined by planimetry to observe the change in track width depending on the loads used, as shown 

in Figure 2a. It can also be observed in the optical micro-graphs the existence of elastic hysteresis 

formation produced in viscoelastic materials as shown in his study by Tabor [7], which consists of loss of 

material and energy in the grooves or grooves (see Figure 2 a, b and c).  The specimens subjected to wear 

show the wear mechanics during the back-and-forth sliding performed by the ball. This wear mechanism 

consists of the formation of an adhesive bond, its growth and subsequent fracture.  

Nanoindentation analysis of UHMWPE shows the modulus of elasticity value for horizontal test with 

value of 950±61.4 MPa and vertical of 936.4±53.3 MPa. 

The specimen does not observe fatigue wear mechanism with the occurrence of micro-cracks even at the 

load greater than 30 N [8]. This is due to the mechanism by which a transfer layer is formed from the 

polymer to the metal that can have a self-lubricating effect. The results obtained from the UHMWPE 

subjected to wear test, surface characterization on wear tracks and nanoindentation tests provide 

information on the dry wear mechanism for possible biomedical and industrial applications. 
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Figure 1. Reciprocating slip tests, a) CETR testing machine used with UHMWPE flat specimens, b) 316 

steel ball, c) COF plot and c) nanoidentification tests to obtain the modulus of elasticity of the material. 

 

Figure 2. Optical micrographs of the wear track in planes at a) 10 N, b) 20 N and c) 30 N, conditions. 
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