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Success Story Kurzversion 

Tribo-modelling of bio-medical friction systems 

Improvements in materials science and surface engineering ensured arthroplasty applications to be a convenient 
solution for people who have various problems related to knee and hip joints. However recent reports reveal 
complications long before the expected life-span. Major issues are pointed out to the compatibility problems of the 
biomaterial with the actual body parts or to the contact problems in the artificial joints. The solution of the 
aforementioned problems require deeper knowledge about high loaded biomechanical systems in the human body, 
natural functions of the tissues and advanced bio-medical investigations in the field of tribology. In order to avoid 
necessity of implants and enhance the performance of long-term biomedical implants, this project aims to develop 
mechanical models (devices) for simulation of the in situ occurring forces and friction behaviour in joints and 
modulations/modifications thereof. 

 

Success Story Langversion 
Investigation on tribological interactions in biological systems (such as a knee joint, shown in Fig. 1) requires having a 
deeper knowledge of wear mechanisms on molecular level. Health of the articular joint tissues and performance of the 
long-term biomedical implants depend on incidence of minor mechanochemical changes in the system. 
 

 

Analyses techniques, such as mass spectroscopy, cell counting with hemocytometer or microarray methods, which 
are used to detect such changes, are highly sensitive to environmental conditions. The designed tribo-model (Fig. 2), 
assembled in the biosafety level two cabinets, allows us to conduct tests on ex-vivo animal tissues and implant 
materials in biological media with defined temperature and sterile conditions. The functionality of the model 
tribosystem (Fig. 3) for cartilage against cartilage experiments was proven by a series of tests with different media; 
synovial fluid, fetal calf serum, phosphate-buffered saline and distilled water. Different concentrations of hyaluronic 
acid were introduced as an additive to the synovial fluid in order to observe the affect of changes in the pH value to 
the friction behaviour. Tests were conducted at 25°C and 39°C (internal body temperature for bovine) consecutively 
to have a better understanding of the rheological behaviour of the selected sample media. Initial tests exhibited good 
reproducibility with clear discrepancy between different biological media and related additives. 

 

Fig. 1: Anatomy of a knee joint Fig. 2: Details of the specimen holder 
designed specifically for the cartilage 

samples derived from femoral condyle of a 
bovine knee joint 

Fig. 3: Assembly of the tribosystem 
with sterile chamber and supply hoses 
for synovial fluid/lubricative additives 



 

Another relevant parameter for the performance of long term biomedical implants is the corrosive behaviour of the 
body fluids. In order to analyse this behaviour, an electrochemical cell has been coupled with a tribometer in our 
facilities. Results exhibit that the coatings would represent significantly different wear properties under the effect of 
corrosion compared to the tests done under dry conditions. This observation is beneficial for the understanding of 
possible mechanisms leading to the unexpected failure of the biomedical coatings occurring significantly earlier than 
the calculated life span. 
 

Wirkungen und Effekte 

Improvements regarding the tribological behaviour of the articular joints will increase patient mobility, avoid 
asthroplasty or the revision of asthroplastic surgery, and hence decrease hospitalization and related health care costs. 
Tribologically optimised solutions represent an opportunity for European companies to increase their competitiveness 
in the growing health care sector. 
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