
7th World Tribology Congress, WTC 2021 

   September 5-10, 2021, Lyon, France 

 

Wear and Repassivation Rates of Orthopedic Metal Implants in Simulated 
Healthy and Inflammatory Synovial Fluids 

Simona Radice1)*, Alfons Fischer1) and Markus A. Wimmer1)
 

 
1)Laboratory of Tribology, Department of Orthopedic Surgery, Rush University Medical Hospital, Chicago, USA 

*Corresponding author: simona_radice@rush.edu 

 

This study addresses the problem of wear and corrosion of orthopedic implants. The tribocorrosion behavior 
of medical alloys is investigated by volumetric wear and repassivation rates in clinically relevant test-fluids, 
with added hydrogen perodixe (H2O2) for simulated inflammation. Two metals are compared, LC-CoCrMo 
and a Ni-free Austenitic High Nitrogen Steel AHNS. LC-CoCrMo performance decreases with increasing 
H2O2 concentrations, while AHNS performance depends on the H2O2 molarity added. 
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1. Introduction 

Metallic orthopedic implant components rely on their 
outstanding mechanical properties and corrosion 
resistance. However, clinical cases of unexpected severe 
implant wear and corrosion occur [1]. Inflammatory 
states may affect metals’ repassivation kinetics, thus 
their resistance to tribocorrosion. We aimed to identify 
the chemically and mechanically dominated wear 
components of two implant materials in simulated 
healthy and inflammatory synovial fluids, by 
quantifying their volumetric wear and repassivation 
rates. 

2. Methods 

LC-CoCrMo (ISO 5832-12), and a Ni-free Austenitic 
High Nitrogen Steel AHNS (X13CrMnMoN18-14-3)  
disks were tested against a 32 mm diam. ceramic head 
(Biolox® Forte) in a custom-made biotribometer, at 
open circuit potential (OCP), under reciprocating sliding 
wear (37 N, 40 amplitude, 2 Hz, 86400 cycles). 
Simulated synovial fluids were prepared with: 
Dulbecco’s phosphate buffered saline solution (DPBS, 
51.6 vol%); newborn calf serum (NCS, 48.4 vol%); and 
35 wt% hydrogen peroxide ultrapure analytical reagent 
(H2O2, 0 – 30 mM). 

Wear scar volumes were measured by a white light 
confocal sensor (OrthoLux, Redlux machine and 
software). Repassivation rates were assessed by 
logarithmic fitting of the OCP evolution measured after 
the interruption of wear [2]. 

Tests were run in triplicate. Data was statistically 
analyzed using Factorial ANOVA tests (IBM SPSS). 

3. Results 

CoCrMo underwent less wear than ANHS with added 0 
and 30 mM H2O2, while the opposite was observed with 
10 mM H2O2 (Figure, top). Repassivation rates did not 
change significantly with added H2O2 for CoCrMo, 
while they decreased for AHNS at 30 mM H2O2 (Figure, 
bottom). 

 

 
Figure: Volumetric Wear (top) and Repassivation Rate 

(bottom) for CoCrMo and AHNS, in bovine serum 

phosphate buffered saline solutions, with different 

amounts of hydrogen peroxide simulating inflammation. 

Statistical differences are flagged with stars for p < 

.05(*), p < .01(**), and p < .001(***).  

4. Discussion 

The wear increase of CoCrMo due to H2O2 was 
dominated by tribological processes, with removal of 
organic lubricating tribolayer. On the other hand, H2O2 
interacted with the AHNS oxide film in a concentration 
dependent manner; there was no rise in wear up to 10 
mM H2O2, attributed to the presence of N, while wear 
significantly increased at 30 mM H2O2, likely due to 
intensified Fenton reactions. 
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