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Introduction: In cemented total hip arthroplasty, the implant needs a 
mechanically stable cement-bone interface for its survival. This can be 

achieved by adequate cement penetration into the bone lacunar and 

trabecular spaces.  
Many studies have been conducted to investigate the strength of the 

cement-bone interface in relation to the amount of cement penetration, 

but mainly on a macro-scale [1]. However, to gain a more detailed 
insight into the mechanical aspects of this geometrically complex 

interface, the cement-bone interface should be studied on a micro-scale.  

We developed micro Finite Element (FE) models of the cement-bone 
interface and varied the cement penetration depth. Subsequently, we 

loaded the FE models until failure and asked the following questions: (1) 

Is there a relationship between penetration depth, contact area and 
strength?; (2) Is the interface stronger in shear than in tension?; (3) How 

valid are the FE models compared to experimental findings? 

 
Methods: Twelve FE models of the cement-bone interface were 

generated, based on two μCT-scans of laboratory-prepared cement-bone 

specimens. The two specimens had a maximum penetration depth of 2.2 
and 1.7mm, respectively. Next, for each FE model five different 

penetration levels were created by removing cement elements above a 

particular penetration depth (Fig1). Frictional contact was assumed 
between cement and bone with a friction coefficient of 0.3.  

Next, the twelve FE models were loaded until failure in tension or shear, 

while monitoring the apparent stress and displacement. Cracks in the 
bone and cement could arise when the principal stress in an element 

exceeded the local strength and were simulated by setting the Young’s 

modulus to 0.1MPa perpendicular to the corresponding principal stress 
direction.  

As a validation, we compared the strength and stiffness predicted by the 

FE simulations with experimental data obtained from post mortem 
retrievals and lab prepared specimens.  

For each penetration depth simulated in the two FE models we 

determined the contact area, interface strength and stiffness. We used 
linear regression to determine relationships between variables, and 

analysis of covariance (ANCOVA) to determine whether the penetration 

depth and contact area had the same effect on interface strength for the 
two specimens.  

 

Results: Overall, there was a strong correlation between penetration 
depth and contact area (r2=0.81). Viewed as individual specimens, the 

tensile and shear strength did not show a monotonic increase with 

respect to the penetration depth (Fig 2a-b). When tested using 
ANCOVA, the linear relationship (slope) between penetration depth and 

interface strength was different for the two specimens with tension 
(p=0.006) and shear (p=0.0175) loading. When grouped together, 

however, tensile and shear strength were correlated with penetration 

depth (r2=0.76 and r2=0.78, respectively; Fig 2a-b). In contrast, there was 
no difference in the relationship (slope) between contact area and 

interface strength for the two specimens with tension (p=0.71) and shear 

(p=0.70) loading. Grouped together, there was a strong correlation 

between contact area and tensile and shear strength (r2=0.98 and r2=0.95, 

respectively, Fig 2c-d). 

The cement-bone interface was 2.5 times stronger in shear than in 
tension (r2=0.98), independent of the penetration depth. 

The FE-results compared favorable to the stiffness-strength relationships 

determined experimentally for the lab and post mortem specimens; all 
FE results fell within the experimental determined data (Fig 3). 

Discussion: In this study, we investigated the difference in mechanical 
behavior of the cement-bone interface in response to tension and shear 

loading as a result of different cement penetration depths. The results 

showed that (1) the strength does proportionally increase with contact 
area, but not with penetration depth. (2) The cement-bone interface was 

stronger in shear than in tension. (3) The FE results compared favorably 

with experimental data on lab-prepared and post-mortem retrievals. 
Only the direct post-operative situation was considered in our FE 

models. On the long term bone resorption may occur at the interface, 

which considerably weakens the interface. Additionally, it is possible the 
FE models used in this study did not represent the actual physical 

morphology that would occur at the manually adjusted smaller 

penetration depths. 
The results also showed that the strength of the interface does not 

increase beyond approximately 1.5mm. Further pressurization seems to 

be of limited value, while it may cause embolic problems.  

We conclude that the strength of the cement-bone interface relies more 

on contact area than penetration depth. 
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Figure 1 FE-model used in this study with different penetration depths. 

Figure 3: Validation of FE-results with experimental results. 
 

Figure 2: Relationships between penetration depth, contact area, 
tensile strength and shear strength for both models. 
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