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Introduction

Materials & Methods

•To date there is little data for the frictional response of metal

•Prodisc-L TDR (Synthes Spine) [Figure 1], n=3 for all experiments

on ultra high molecular weight polyethylene (UHMWPE) total

•Pendulum friction simulator (Simulation Solutions Ltd, Stockport, UK)

disc replacements (TDR)
•There is no simple relationship between friction and wear,
however fatigue due to high surface traction leading to
subsurface stresses has been noted as a possible initialiser

[Figure 2]
factor (f) from torque (Tt) as shown in Equation 1

•Fric%onal	
  torque	
  varied	
  from	
  0.6	
  Nm	
  (500	
  N	
  load)	
  to	
  

•Flexion-extension (FE) of ±4.5º used (equivalent to the total 9º used

2.4	
  Nm	
  (2750	
  N	
  load)	
  

in the ISO standard)

•Fric%on	
  factors	
  ranged	
  from	
  0.082	
  to	
  0.060	
  (500	
  –	
  2750	
  

Experiment 1:

•TDR designs are influenced by existing total joint

•Effect of axial force (AF) on friction factor was investigated from 500

replacement technology, particularly metal on polyethylene

to 2750 N with TDR lubricated in 25 % concentration bovine serum

(THR). It is well reported that wear induced debris from THR
can stimulate an adverse tissue reaction leading to loosening.

Results

•Load (W) and radius of bearing (Rf) were used to calculate friction

of wear and hence wear debris [1]

(MOP) bearings such as those used in total hip replacement

Equation 1

Experiment 2:

N	
  axial	
  load	
  applied)	
  [Figure	
  3]	
  
•The	
  fric%on	
  factors	
  were	
  propor%onal	
  to	
  the	
  load	
  

Figure 4 Effect on friction factor of serum lubricant concentration

raised	
  to	
  index	
  power	
  -‐0.28	
  [Figure	
  3]	
  

Discussion

•Effect of bovine serum lubricant concentration on frictional effect

•Fric%on	
  measurements	
  using	
  serum	
  concentra%ons	
  

over a range of dilutions from 0 % (full water) to 100 % (full bovine

from	
  0–100	
  %	
  were	
  not	
  signiﬁcantly	
  diﬀerent	
  (p=0.9,	
  

serum) with constant AF of 1500 N and FE of ±4.5º

ANOVA)	
  [Figure	
  4]	
  

THRs [3]

•Increasing	
  the	
  serum	
  concentra%on	
  increased	
  the	
  

• Typical torque developed was ~1.5 Nm (1500 N axial load). This is

fric%on	
  slightly,	
  but	
  this	
  trend	
  was	
  not	
  signiﬁcant	
  

below the torque developed in the natural IVD per 1º flexion (1.7 Nm/º [4]

(Pearson’s	
  linear	
  correla%on,	
  p=0.17).	
  

•The effect of serum concentration was minimal, suggesting that the

Similar osteolytic potential has been observed in vivo
•The aim of this experiment was to complement existing in
vitro lumbar TDR wear-rate data [2] with characterisation of
the frictional properties of TDR

•The friction factors were similar to those reported in the literature for MoP

presence of synovial fluid or other much weaker interstitial fluid will have a

•The effect of axial loading and lubricant serum concentration

minimal effect in terms of friction alone

was investigated

•Reduction in friction factor with increasing load has been reported for
MoP hip replacements [5] and is therefore typical of metal-polymer joint
replacement contact
•The decrease in friction with increasing load was proportional to Load-0.28
and is usually typical of dry friction in polymers which may indicate poor
lubrication regime
•Boundary lubrication seems probable, given the similar level of friction to

Figure 1 Prodisc-L total disc replacement used for friction measurements

Figure 2 Prodisc-L total disc replacement mounted in a pendulum friction
simulator (AF = axial load, FE = flexion-extension)
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