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Introduction 
In orthopedics surgery and dental cares, primary 
mechanical stability of an implant is crucial to 
ensure bone healing, osseointegration, and thus 
long-term stability. In cementless implants, primary 
stability relies partly on the friction between bone 
and implant. The lack of knowledge in this field 
limits the prediction of the postoperative stability of 
new implant designs. 
The aim of this master thesis is to investigate the 
effects of speed, load, implant material, and fiber 
direction on the friction coefficient between bone 
and implant, using tribology experiments. 

Materials and Methods 
Cortical bone samples were extracted from bovine 
tibiae, machined into hexaedra (~35x20x5mm) and 
polished. In parallel, pins with a polished spherical 
end (ø20mm) were manufactured with stainless 
steel 316L, Ti-6Al-7Nb, and commercially pure (CP) 
Titanium grade 4. For the latter, two additional 
surface treatments were applied: sandblasting and 
one typically applied to dental implants. 
Tribology tests were realised with a standard 
tribometer (TRB, Anton Paar TriTec SA, ball-on-flat 
and linearly reciprocating mode) with the bone 
samples immersed in saline. Five load levels (1-
50N), 5 materials/surface treatments and 2 
directions (parallel/perpendicular to bone fibers) 
were tested. For each, the maximum linear speed 
was varied by 3 orders of magnitude (102-105μm/s).  
Each test lasted 14 minutes with a sampling 
frequency of 30Hz and was repeated on 5 samples. 

 
Fig.1 Standard tribometer (TRB), Anton Paar TriTec SA 

Mixed statistical models were created for the fixed 
effects of the logarithm of load, the logarithm of 
speed, material and fiber direction, taking into 
account the pairwise interactions. Samples were set 
as random effects.  
 

Results 
The friction coefficient decreases significantly* when 
the load or the speed increases. The interaction 
between both load and speed shows that for higher 
loads, the friction coefficient varies significantly* less 
with the speed and vice versa.  

 
Fig.2 Friction coefficient for stainless steel 316L with 
respect to speed for each tested load. 

At low speed, the coefficients are all significantly* 
different, except for the two groups stainless steel 
316L/Surface treatment and CP Titanium grade 
4/Sandblasting/Ti-6Al-7Nb. The variation with the 
speed is significantly* different for each material. 
Concerning fiber direction, the mixed model does 
not show any significant* difference at low speed. 
The variation with speed however is significantly* 
different, being more important for the direction 
parallel to fibers (*p < 0.05).  

Discussion 
Effect of speed and load may be explained by 
mixed lubrication with elastohydrodynamic effects 
and surface effects. As the speed increases, the 
shear force and fluid pressurization increase, which 
decreases the force supported by asperities and 
thus the friction. As the load increases, asperities 
are flattened and pressurization of the fluid also 
increases. This again reduces friction. Speculations 
can be made, but what exactly happens at the 
micro-scale remains to be clarified. 
In conclusion, effects of different parameters 
corresponding to physiological conditions on the 
friction coefficient between implant and cortical 
bone have been assessed. These results will be 
relevant for the evaluation of primary stability of new 
implant designs. 
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