
1

Tribology and 

Biotribology

Dr Tom Joyce

Reader in Biotribology

Newcastle University

25th October 2010

Overview of lecture

Tribology and biotribology

Fundamentals of friction, 

wear and lubrication

Focus on total hip 

replacement (THR)

Metal-on-Polyethylene THR

Metal-on-Metal THR

Ceramic-on-Ceramic THR

Compliant layer THR

Research at Newcastle

Tribology fundamentals

Jin et al, Biotribology, Current Orthopaedics, 2006, 
20, 1, 32-40

Joyce, Biopolymer Tribology, in Polymer Tribology, 
Imperial College Press, 2009, 227-266

Definition of tribology

Tribology, from the Greek tribosóto rubô

The science of interacting surfaces in 

relative motion, including friction,  

lubrication and wear

Biotribology is this science related to the 

body

Primarily synovial joints and replacement 

joints 

Friction

Friction (1)

Friction force is a resistance to motion

With no lubricant:

üFriction force is proportional to normal 

force F = ɛN

üFriction is independent of velocity

üFriction is independent of apparent contact 

area

üFriction is dependent on real contact area 

(1 to 0.0001% of apparent contact area)
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Friction (2)

Friction force (F) = F adhesion + F ploughing

Due to chemical 

bonding at the 

asperity contacts

Due to breaking 

and deforming of 

one asperity by 

another

Wear

Wear (1)
Wear is the progressive loss of material 

from a surface.  Various wear regimes:

üAdhesive ïdue to bonding

üAbrasive ïdue to hard asperities

üFatigue ïdue to cyclic stresses

üErosive ïdue to relative motion with a 

fluid containing hard particles

üCorrosive ïdue to chemical reactions

May occur singly or in combination

Wear (2)

Wear can be measured as a depth, but 

volume is much better

Generally wear volumes:

üIncrease with load

üIncrease with sliding distance

üIncrease with surface roughness

üDecrease with surface hardness

However, many other factors can be 

involved in the wear process

(Archard) Wear Equation

Volume loss (mm3) = Wear factor k 

(mm3/Nm) x Load (N) x Sliding distance (m)

Volume loss is proportional to load and 

sliding distance

Arc length = Radius x ɗ

So if we compare an implanted 22mm 

diameter Charnley THR with a 54mm 

diameter Birmingham Hip Resurfacing, what 

might we expect?

Lubrication

Adds a fluid film to separate surfaces
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Lubrication regimes

Indicated by lambda 
ratio, ɚ

Hydrodynamic 
lubrication (ɚ> 3)

Mixed lubrication     
(1 < ɚ< 3)

Boundary lubrication 
(ɚ< 1)

Hydrodynamic 
lubrication (ɚ> 3) is 
to be preferred

Calculation of lubrication regimes

If roughness (Ra) increases, lambda 

decreases ïlubrication gets worse

Ra1 and Ra2 are the surface roughness values of 

each component, hmin is the minimum effective film 

thickness, Rxis the equivalent radius (m), ɖ is the 

viscosity of the lubricant (Pa s), u is the entraining 

velocity (m/s), E* is the equivalent elastic modulus 

(Pa), and w is the load (N)
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Surface roughness and lubrication

Typical metal-on-

polymer joint, polymer 

relatively rough

Metal-on-metal joint 

under typical mixed 

lubrication

Resurfacing metal-on-

metal joint.  Fluid film 

lubrication possible

Different types of hip 

prostheses

Charnley 

THR

22mm diameter stainless steel head: polished to 

better than 0.050ɛm Ra

Initially a low friction PTFE cup which wore quickly

UHMWPE acetabular cup: roughness of 1.29ɛm 

Ra, radial clearance 0.2mm

Lancet 2007

Total hip replacement óGreatest success in 

orthopaedics of the 20thCenturyô

Cost-effective procedure, returning patients 

to pain-free independence


