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INTRODUCTION 
 Proper pre-clinical testing of cemented THA 
implants may help to prevent inferior implants from 
entering the market. Within a multinational EU-
program, we developed a finite element (FE) 
simulation for FE-based pre-clinical testing of 
cemented THA stems against the damage 
accumulation failure scenario. It predicted cement 
crack formation and implant migration in THA. The 
predictions were experimentally validated. The current 
study is concerned with the clinical validation of the 
simulation. The damage accumulation scenario was 
simulated for 4 stems. The question was whether a 
ranking from superior to inferior, based on the FE 
predictions, would concur with a ranking based on 
clinical survival rates as reported in the Swedish Hip 
Register (Herberts, 2000)? 
 

 
Figure 1: Lubinus, Exeter, Mueller, Charnley models 

METHODS 
 The 4 stems analyzed were: Lubinus SPII, 
Exeter, Charnley, Mueller Curved. Reported survival 
rates are 4, 5, 8 and 13%, respectively, at 10 years 
post-op [2]. FE models were created, representing 
cemented THA reconstructions with the four stems 
(Fig 1). The stem-cement interfaces were unbonded 
(µ=0.25). A loading history was applied representing 
20 million cycles of alternating walking and stair 
climbing. The FE simulation to model cement damage 
accumulation was based on 3-D continuum damage 
mechanics. Micro-damage accumulated in the cement 
as a function of the number of loading cycles and the 
local stress levels and orientations. As damage 
accumulated, macro-cracks were formed, causing a 
local loss of stiffness and load carrying capacity. The 
simulation also accounted for cement creep. It 
predicted the locations and orientations of macro-

cracks, and the amount of stem migration attributable 
to the mechanical failure processes. 
 

 
Figure 2: Number of cracks around the stems vs time 

RESULTS 
 The Mueller C. produced the highest number of 
cement cracks (Fig. 2). Cracks were formed along the 
entire stem, and often extended over the thickness of 
the mantle. The Charnley performed better, with a 
lower number of cracks. The rate at which the cracks 
propagated distally was lower than around the Mueller 
C. The Exeter performed better. Full thickness cracks 
were produced only in the proximo-medial region. The 
cracks propagated distally very slowly. The Lubinus 
performed best. No full thickness cracks were 
produced. Concerning migration, the Exeter migrated 
more than the other stems. From the remaining 
implants, the Lubinus SPII migrated least. 
 
DISCUSSION 
 Based on the clinical survival rates the ranking 
of the stems would be, from superior to inferior: 
Lubinus SPII, Exeter, Charnley, Mueller Curved. This 
ranking was reproduced by the FE simulations when 
considering the number of cement cracks, as well as 
the crack patterns. Concerning the migration patterns, 
the stems behaved according to their design concepts. 
The highest migration values were found for the 
Exeter, although that stem did not produce much 
damage. In conclusion, the FE simulations were able 
to differentiate between four cemented THA implants, 
in a clinically valid way. This corroborates the use of 
the FE simulation for pre-clinical testing purposes. 
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