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INTRODUCTION: Articular wear in reverse total shoulder arthroplasty (RTSA) has been associated with negative outcomes on the lifespan of implants, and 

it is desirable to understand its relationship with implant geometry in order to minimize it. It is impractical to run physical wear simulations comparing wear 
rates in a wide range of implant geometry combinations due to the high time and cost requirements. The purpose of this study is to compare articular wear 

rates under various combinations of humeral cup physical characteristics including diameter, scapular notching, and material using an in-silico model. 

 
METHODS: Contact pressure across the surface of the humeral cup under simulated loading ranging from 0-2000N was determined using finite element 

analysis. The contact pressure and the sliding velocity at discretized points across the cup surface were used with cross-shear dependent polyethylene wear 

equations to determine the wear depth at each point on the cup after one million cycles of simulated arm circumduction. Both pressure dependent (Archard-
based) and pressure independent wear equations were used, as there currently no consensus on which is more representative of the behavior of polyethylene. 

The wear depths on the cup were then integrated to determine the total wear volume. Simulations were repeated for four different cup diameters (38mm, 

40mm, 42mm, and 44mm) for cups with and without simulated scapular notching (semicircular notch in inferior edge measuring 3mm X 14mm). 
 

RESULTS SECTION: Over the whole range of geometries, articular wear rates increased with increasing diameter, and decreased with the presence of 

simulated scapular notching. At greater diameters, the decrease in articular wear rate associated with the presence of a simulated scapular notch was lower. 
Representative wear distribution for the 42mm unnotched and notched cups is shown in the figure below. Volumetric wear rates ranged from 44.2 

mm3/million cycles (38mm notched) to 84.3 mm3/million cycles (44mm unnotched). 
 

DISCUSSION: The increase in articular wear rate with increasing cup diameter conforms with the theory that articular wear rates are proportional to sliding 

distance (greater distance of a given point on the surface of the cup from the center of rotation results in greater sliding distance) and surface area (greater 
cup diameter results in greater surface area). Similarly, the presence of a simulated scapular notch resulting in a lower total cup surface area decreases the 

articular wear rate as expected, however the impact of reduced surface area through notching is smaller than the impact of lower cup diameter. 

 
In all simulations, a ridge can be seen in the articular surface of the cup separating an inferiorly-located region of lower wear and a superiorly-located region 

of higher wear. These regions are only present when simulating a hemispherical glenosphere (as opposed to a spherical one) and are therefore caused by the 

lack of contact between the glenosphere and the humeral cup when the edge of the glenosphere underlaps into the articular surface of the cup, thereby 
reducing the sliding distance on the inferior edge. Similar wear morphology can be seen in in-vitro wear simulations, suggesting that hemispherical 

glenospheres should be used for accurate wear morphology in future in-silico studies. 

 
SIGNIFICANCE/CLINICAL RELEVANCE: This study provides insight into the impact of implant design considerations on articular wear rates. The model 

can further be used to investigate additional design parameters (e.g. neck-shaft angle, cup material) on articular wear rates at a scale impractical in physical 

testing. 
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