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Introduction: Fatigue failure of the cement mantle in terms of cement 
cracking is one of the failure mechanisms that leads to aseptic loosening 

in cemented hip reconstructions. Recently, experiments have 

demonstrated that there is substantial motion at the cement-bone 
interface, which may compromise cemented reconstructions [1]. 

In Finite Element (FE) models of cemented hip reconstructions, the 

cement-bone interface has been implemented as (I) an infinitely stiff 
interface, (II) a soft tissue layer with constant stiffness, or (III) a layer of 

cohesive elements with a mixed-mode behavior based on experimental 

data on failure in tension and shear. Recently μFE-models have been 
utilized to study the mixed-mode behavior of the cement-bone interface 

in more detail [2]. It is, however, unknown whether it is necessary to 

include the complex mixed-mode response of the cement-bone interface 
in FE models of cemented hip reconstructions.  

The following research questions were stated: (1) What is the evaluation 

of cement crack formation as a result of different cement-bone interface 
characteristics? (2) Is cement-bone interface failure likely? (3) Does 

fatigue failure of the cement mantle increase or decrease the probability 

of failure of the cement-bone interface? 
 

Methods: A complete 3D FE-model of a cemented hip reconstruction 

with a Lubinus SPII stem was used (Fig. 1). The stem-cement interface 
was considered to be debonded with frictional contact (µ=0.25). The 

cement-bone interface was modeled by cohesive elements. Utilizing the 

hip contact force and muscle forces, the models were subjected to a 
loading history of 20 million cycles of walking. Fatigue failure of the 

bulk cement was calculated by means of a custom-written FE-algorithm 

that separately simulated creep and crack formation [3].  
The mechanical behavior of the cement-bone interface was numerically 

implemented in four different cases (Fig. 2): (I) an infinitely stiff 

interface, (II) a constant stiffness in tension and shear, (III) a mixed-
mode failure response according to experimental findings (IV) a mixed-

mode failure response according to μFEA mixed-mode findings [2]. 

Each case was analyzed with a high and low stiffness (referred to as 
“stiff” and “compliant”). The magnitudes of the stiffness and strength 

were based on the μFE-study [2]. All cases were numerically 

implemented using a cohesive model that defined the normal and 
tangential traction (TN and TT) as a function of the normal and tangential 

displacements (ΔN ΔT) [4]. 

The crack volume of the cement mantle was determined and it was 
tracked when an element entered the softening phase. No fatigue failure 

of the cement-bone interface was simulated, as no reliable data is 

currently available..  
 

Results: After 20 million cycles, for each case, the compliant cement-
bone interface resulted in more cracks than the stiff interface. The 

compliant Case II resulted in double the spatial distribution of cracks 

found in Case I (Fig 3a). Qualitatively, the differences between the crack 
patterns of all simulations were negligible. In none of the simulations 

with provision for interface failure, interfacial failure actually occurred. 

The distribution of normal and tangential tractions (TN and TT) at the 

cement-bone interface qualitatively was the same for all simulations (Fig 
3b). After 20 million load cycles, there was more compression at the 

interface and the tangential tractions were decreased. 

 
Discussion: In the current study we investigated the effect of different 

behaviors of the cement-bone interface on the fatigue failure of the 

cement mantle. One of the main limitations of this study was that no 
fatigue failure of the cement-bone interface was considered. It can be 

expected that, although all the deformations stayed in the elastic zone in 

this study, fatigue failure is likely to occur and will affect the mechanical 

situation at the local level. Another limitation is the assumption of a 

homogenous distribution of the cement-bone interface characteristics 
around the cement mantle. Although the above mechanical descriptions 

of the cement-bone interface are rather sophisticated, they still lack the 

biological component, which has a major influence. Biological processes 
govern the micro-biomechanical behavior of the interface and will result 

in a more compliant and weaker interface than modeled here. 

With reference to the research questions as posed in the introduction, we 
conclude that: (1) A compliant cement-bone interface results in more 

cracks in the cement mantle than a stiff interface. (2) The cement-bone 

interface does not show immediate failure under the loading conditions 
as utilized in this study. (3) Fatigue failure of the cement mantle results 

in more compression at the cement-bone interface and a decrease in 

tangential tractions. Finally, we conclude that realistic modeling of the 
initial cement-bone interface compliancy is essential. 
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Fig 3: (a) Normalized number of cracks versus the simulated time. 

(b)Normal traction distribution at the cement-bone interface. 

Fig 1: The used FE-model utilizing a Lubinus SPII stem. 

Fig 2: The experimental μFEA and the four different implemented 

mechanical behaviors of the cement-bone interface. Case IV also 

included the compression when loaded in shear. 
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