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Introduction:  

Wear at the taper junction has been identified as a potential cause for early failure of total hip arthroplasties. A factor that might influence the taper wear is 

the mismatch between the stem taper and the femoral head. Possible mismatches are base and tip fit, in which the head is seated on the base or top of the 

stem. Mixed results have been found when looking at the effect of taper mismatch. Kocagöz et al. found that taper angle mismatch is not associated with 

fretting and corrosion damage, while Ashkanfar et al. found that it could have a significant effect on the generation of wear. Taper mismatches are caused by 

the manufacturing processes, and the specified manufacturing tolerances. Therefore in the current study a previously developed FE model was used to 

simulate the effect of manufacturing tolerances and different assembly loads on the amount of wear at the taper junction. 

Methods:  

An FE model was used in which wear can be accounted for by means of mesh adaptations. The mesh was updated based on Archard’s law, using contact 

pressures, micromotions and a wear factor, which was determined based on accelerated fretting experiments. The wear depth was calculated by multiplying 

the contact pressure, the micromotion (sliding distance) and the wear factor. Using 50 virtual steps 10 million cycles were simulated. The wear factor derived 

from accelerated fretting experiments was 2.7*10-5 MPa-1. Based on general manufacturing tolerances of ±0.1mm on the taper diameters a mismatch of the 

taper angle of ± 1.26° was applied for a full mismatch and half this angle for a mismatch half the maximum possible within manufacturing tolerances. Base, 

tip and perfect fits were modeled. In addition oval shaped mismatches were modeled as an alternative variation.  

Results:  

Due to lack of stability, the tip fit model with a 2 kN assembly force did not converge, and was omitted from the results. The wear rates for the different 

situations were split into initial wear rates for the first 1 million cycles, and the wear rates after 1 million cycles (Figure 1). The initial volumetric wear rates 

were higher, and stabilized to a lower rate after 1 million cycles. A higher assembly force resulted in less volumetric wear after 10 million cycles (Figure 2).  

With the 4 kN assembly force a perfect fit resulted in the least volumetric wear, and the lowest initial and long-term wear rate. However, when using a 15 kN 

assembly force, the base fit and base fit with half the maximum tolerance resulted in less wear than the perfect fit. 

Discussion:  

This study showed that for 2 and 4 kN assembly forces a perfect fit, with no mismatch, resulted in the least amount of wear, while a higher assembly force of 

15 kN and a base fit with half the manufacturing tolerance had the lowest wear volume. Fallahnezhad et al. found that base fit mismatches are more resisting 

to fretting wear, while Ashkanfar et al. found the opposite, with base locked tapers having significantly larger wear rates. Both these studies used an 

assembly force of 4 kN. Compared to these studies the taper angle mismatch in the current study is relatively large. In the current study the mismatch was 

calculated based on general manufacturing tolerances, where these other studies used measurements from new and retrieved implants either from a single 

implant system, or from a single manufacturer.  

Significance:  

This study provides insight into the mechanical consequences of taper mismatch on wear, which may help to prevent early failure of total hip arthroplasties. 
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Figure 1 Volumetric wear rates Figure 2 Volumetric wear after 10 million cycles 
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