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INTRODUCTION 
Non-trauma avascular necrosis of the femoral head (AVN) 

is the main indication for total hip replacement in young 
Chinese patients. People with a history of alcohol abuse or 
taking very large amount of cortisone by mouth or injection 
was predisposed to non-trauma AVN. Although the age of 
patients with non-trauma AVN are most less than 50 years, 
they have a high revision rate after total hip replacement (THR) 
as compared with trauma AVN patients. Clinical studies found 
the relationship that poor metaphysis quality of non-trauma 
AVN patients caused a high revision rate after THR. To our 
knowledge, no prior study has evaluated the mechanical effect 
of femoral stem geometry on non-trauma AVN patients. The 
main rationales for the design of femoral stem geometry can 
be classified into two types: straight and anatomic. The 
rationale for the design of straight stem is that the femur is 
machined to accommodate the stem that fills the isthmus of 
the femur, and the anatomic design is that the prosthesis 
should conform to the anatomical curve of the proximal part 
of the femur. The proximal fixed anatomic stem may unstable 
when the metaphysis quality of femur was worse. We 
hypothesized that a cementless, anatomic stem has higher risk 
for aseptic loosening than straight stem in patients with non-
trauma avascular necrosis of the femoral head. The purpose of 
this study was to find out the effects of metaphysis density and 
stem geometry on the micromotion of femoral stem relative to 
the femur using finite element analysis (FEA). 
METHODS 

The similar femoral bone model was used earlier by our 
previous study. Two 3D models of cementless femoral stem: a 
size No. 15 VerSys (Zimmer Inc., Warsaw, IN) and a size NO. 
7 ABG (Howmedica, Allendale, NJ) were constructed from 
reversed engineering in this study. In order to exclude the 
effect of moment arm which caused by different neck length 
and neck angle in these two stems, we shorted the neck length 
of ABG stem and made the moment arm of ABG stem 
identical to VerSys stem. The elastic modulus for the stem, 
cortical bone and cancellous was 110, 17 and 1.5 GPa, 
respectively; Poisson’s ratio was 0.3. The density reduction of 
cancellous in different AVN stage was simulated by decrease 
the elastic modulus of cancellous from 100% (1,500 MPa) to 
50% (750 MPa) in 10% decrement. The loading condition was 
considered to be presented by the stance phases of the gait 
cycle. In order to simulate the initial condition of the 
stem/bone interface after stem insertion, the stem/bone 
interface in the models were prescribed as a Coulomb 
frictional interface, where a coefficient of friction of 0.3 was 
used. For this purpose, the surface-to-surface contact elements 

were used, allowing contact, sliding and tensile separation to 
occur. The micromotion between stem/bone interfaces was 
calculated to evaluate the stability of stem. The value of 
micromotion in each contact element was determined from the 
formulation as below:  

Micromotion=[(Sliding distance)^2+(Gap distance) 2]^0.5. 
All solutions were processed on a Pentium IV Processor 
computer using ANSYS 7.0. 
The stem initial stability was evaluated by the value of 
micromotion between stem/bone interfaces in each contact 
element. The micromotion less than 50 μm can be considered 
as a bone ingrowth area, between 50-150 μm as a probable 
bone ingrowth area and greater than 150 μm as a lack of bone 
ingrowth area. The stem was divided into three regions: 
proximal 1/3, middle 1/3 and distal 1/3. Each region was 
calculated the percentage of contact elements which was 
classified as a bone ingrowth, probable bone ingrowth or a 
lack of bone ingrowth area. 
 
RESULTS AND DISCUSSION 

The results showed that the peak micromotion of VerSys 
and ABG femoral stem was 124 μm and 204 μm in normal 
modulus of metaphysis, respectively (Figure 1). The 
relationship between the micromotion and the variation of the 
stiffness of cancellous bone are shown in Table 1. From our 
results, we found that when the modulus of metaphysis 
decreased from 100% to 50%, the micromotion of ABG (229 
μm) femoral stem is still higher than VerSys (175 μm). We 
considered the femoral stem type is the main reason to affect 
the results in non-trauma AVN patients.  Only metaphysis 
fixation (anatomic stem) is insufficient, because the   
metaphysis density and the stiffness of cancellous bone too 
low to support the femoral stem. 
 

 

Figure 1 Figure 2 
Figure 1: The micromotion of VerSys femoral stem (The left 
is anterior contact area, and the right is posterior). Figure 2: 



The micromotion of ABG femoral stem (The left is anterior 
contact area, and the right is posterior). 
 
CONCLUSIONS 

We concluded the metaphysis quality of patients with non-
trauma avascular necrosis of the femoral head should be 
considered before select a femoral stem in hip replacement 
surgery. A cementless, straight stem which fill the isthmus is 
better than anatomic stem. 
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Table 1: The relationship between the micromotion and the variation of the stiffness of cancellous bone. 
 

NS (VerSys femoral stem) Stiffness of cancellous bone 

 100% 90% 80% 70% 60% 50%

% Contact Surface > 50 μm 39.3 42.5 45.1 47.3 49.6 52

% Contact Surface > 150 μm 0 0 0 0 0.09 0.69

Max. micromotion (μm) 124.35 128.23 134.37  144.58 157.44 175

       

NA (ABG femoral stem) Stiffness of cancellous bone 

 100% 90% 80% 70% 60% 50%

% Contact Surface > 50 μm 38.97 41.2 42.2 45.6 48 50.9

% Contact Surface > 150 μm 2.2 2.3 2.9 3 3.4 4.3

Max. micromotion (μm) 203.62 206.74 207.36 216.24 221.85 229.26

 
 
 


