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Statement of Purpose: Modularity in hip stem designs 
provides surgeons with multiple options to address offset 
challenges.  Specifically, modular neck designs allow for 
direct adjustment of neck length and version (ante/retro) 
for more optimal joint balancing and leg length 
correction.  With the addition of modularity in the neck 
region, an emphasis must be placed on neck strength. 
 
There are primarily two metal alloys used in modular hip 
stem designs, CoCr and Ti-6Al-4V (Ti).  Both materials 
have been used clinically for hip stems but have different 
fatigue strengths.  There are several commercially 
available modular neck designs utilizing either of these 
two alloys.  Failures involving fractured Ti modular necks 
have been reported through the FDA MAUDE database 
[1].  It was the goal of this study to evaluate the fatigue 
strength behavior of CoCr and Ti modular necks when 
coupled with a Ti stem and tested in a fluid environment.   
 
Methods: A prototype stem was developed that 
incorporates a Morse-type taper to affix the modular neck 
(Fig 1).  The stems were manufactured from forged, non-
sintered Ti.  The modular necks were manufactured from 
either forged CoCr or forged Ti to the same geometry and 
surface finish.   

 
Figure 1. Prototype Ti modular stem 

 
The necks and heads were assembled together by hand 
using three impacts with a hammer.  The stems were 
potted into metal fixtures using PMMA cement and the 
potting level was defined by ISO 7206-6 [2].   The stems 
were secured to a plate tilted at 10° adduction/abduction 
and 10° flexion/extension in order to apply the load as 
defined by 7206-6 (Fig 2). The neck taper and head taper 
junctions were encapsulated in a silicone tube and filled 
with Ringer’s solution in order to simulate the 
physiological environment.  A sinusoidal load (R=0.1) 
was applied at a rate of 10 Hz for 10 million cycles or 
until failure of the construct.  Six constructs with CoCr 
necks and seven constructs with Ti necks were tested.  
The fatigue load was determined to be the load level at 
which 3 constructs completed 10 million cycles without 
failure. 

 
Figure 2. Test setup 

Results:  For both groups, all failures occurred in the 
neck taper region (Fig 3).  The resulting load carrying 
capability of the CoCr modular neck was 83% greater 
than that of the Ti modular neck. 

 
Figure 3. Ti neck construct 

Conclusions:  Based on this testing, the CoCr modular 
neck had superior fatigue strength when compared to a Ti 
modular neck (83% increase) and a non-modular Ti hip 
stem (18% increase), which was previously tested in a 
similar manner (Fig 4). This substantial difference in 
fatigue performance between Ti and CoCr modular necks 
should be considered when selecting a material for a 
modular neck implant.  
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Figure 4. Relative percentage difference 
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