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The present paper deals with the rheological and frictional analysis of commercial viscosupplements. Viscosity 
and viscoelastic properties of five viscosupplements and their mixtures with model synovial fluid (SF) were 
analyzed with rotational rheometer. Frictional properties were analyzed during sliding tests between polyvinyl 
alcohol (PVA) hydrogel artificial cartilage and glass while the contact was lubricated with pure viscosupplement 
or mixture with SF. Results showed substantial differences in rheological properties between viscosupplements. 
Frictional results showed significant decrease of coefficient of friction after addition of viscosupplement info 
SF. Nevertheless, differences in frictional behavior between viscosupplements were observed. 
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1. Introduction 

A cartilage-on-cartilage motion exhibits very low friction 
under physiological conditions. However, the 
progression of some musculoskeletal diseases is 
characterized by excessive wear of cartilage structure 
which leads to the distraction of cartilage lubrication 
mechanism [1]. Progression of these diseases is also 
connected with the changes in the composition of SF. 
Among other things, the concentration and molecular 
weight of hyaluronic acid (HA) is lowered. 
In recent times, injections with exogenous HA represent 
one of the methods for non-invasive treatment of 
osteoarthritis. Injected HA should improve rheological 
properties of osteoarthritic synovial fluid and has also 
many physiological effects inside the affected joint [2]. 
Unfortunately, medical studies report big differences in 
results between viscosupplements. Therefore, we 
focused on rheological properties of commercial 
viscosupplements and their effect on friction in the model 
of synovial joint. 

2. Methods 

Viscosity and viscoelastic properties of 
viscosupplements were analyzed with rotational 
rheometer in cone-plate and plate-plate configuration. In 
total, five different viscosupplements were selected for 
testing – Hyalgan®, ERECTUS®, MONOVISC®, 
OPTIVISC SINGLE® and SYNVISC ONE®. 
Viscosupplements were tested as a clear solutions and 
also as a mixture with osteoarthritic synovial fluid in 1:1 
ratio. The frictional measurements were realized on a 
commercial tribometer Bruker UMT TriboLab, while the 
coefficient of friction (CoF) dependency on sliding 
distance was measured. The contact couple consisted of 
the PVA artificial cartilage pin and the plate made from 
optical glass. Previously tested viscosupplements and 
mixed solutions were used as lubricants. 

3. Results and discussion 

Results showed substantial differences in rheological 
properties between viscosupplements, which is probably 
due to the variety of concentration and molecular weight 

of HA in viscosupplements. Cross-linking of HA may 
also play an important role.  All viscosupplements 
exhibited non-Newtonian behavior while the highest 
values of viscosity were measured for OPTIVISC 
SINGLE® and SYNVISC ONE®. Mixing of 
viscosupplement with model SF led to the increased 
values of viscosity compared to the pure model SF. 
However, the increase was strongly dependent on the 
viscosupplement. 
 

 
Figure 1: CoF at the end of frictional measurements  
 

Addition of viscosupplement into the model SF also led 
to significant decrease of friction for all 
viscosupplements (Figure 1). For example, addition of 
SYNVISC ONE® into model SF decreased the value of 
CoF from 0,108 ± 0,0053 to 0,009 ± 0,0008. Differences 
in COF between viscosupplements were not significant 
but differences in frictional behavior during sliding tests 
were observed.  
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