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SUMMARY 

A cemented acetabular reconstruct was tested under long-term 

physiological loading conditions in a hip simulator within a 

biological environment. The effects of the simulated body 

fluid on the failure mechanism of the reconstruct were 

examined.  

 

INTRODUCTION 

Aseptic loosening has been identified as the most common 

cause for long term instability leading to gross migration of 

the implants and failure of total hip replacements (THRs) [1]. 

Although the late loosening of acetabular cups has been 

reported to be three times that of femoral components 20 years 

after operation [2], few studies have been reported with regard 

to the failure of acetabular fixation under long-term 

physiological loading conditions.  Realistic physiological 

loading waveforms were realized through a specially designed 

hip simulator, with which long term endurance tests under 

physiological loading profiles were performed [3, 4].  More 

recently the effect of a combined load profile representative of 

patient routine activities was also used to study the endurance 

of acetabular fixation in dry conditions [5]. 

The aim of this preliminary work is to study the effect of a 

biological environment on the survival of a cemented 

acetabular reconstruct, using a similar combined load profile 

as in [5], to examine the role of biological environment in the 

damage evolution in the cement fixation. To do so a new 

custom made environmental chamber was designed and 

installed on the hip simulator. The damage was monitored 

using a microCT scanner. 

 

MATERIALS AND METHODS 

Fresh bovine bones were retrieved from a local abattoir from 

cows of ages between 12 to 20 months.  Prior to implantation, 

all fatty tissues were removed and thoroughly decreased to 

ensure the cleanliness for a long duration testing as well as for 

effective interdigitation.  Sequential reaming at a step of 2 mm 

was performed, in keeping with standard orthopaedic practice, 

until the desired socket size with congruent surfaces was 

obtained. Standard cementing technique was utilised to 

prepare and apply a mix of CMW1 (Depuy CMW, UK) 

cement into the socket.  A cement mantle thickness of 2-3 mm 

was typically achieved, and a polyethylene cup (Charnley 

ogee Depuy Int, UK) was implanted into the prepared socket 

in the standard position, confirmed by anterior-posterior and 

lateral x-ray films prior to the experiment. The cup size was 

53/22 to suit size of the bone. 

     The combined loading block composed of four routine 

activities (Normal Walking, Stairs Down, Standing 2-1-2 legs 

and Stairs Up [6]) was adopted [5] with a body weight of 

125kg chosen to represent an upper bound load case and to 

reduce the test duration.  

     A custom made environmental chamber was designed to 

allow testing of the implants in wet conditions and installed on 

the hip simulator (Fig. 1). The specimen was then immerged 

in saline solution (0.9% NaCl) and the temperature was kept 

constantly at 37°C by a control system consisting of heating 

bar, temperature sensor, and a central control box. 

 

 
 

Figure 1: The cemented acetabular reconstruct positioned 

inside the new custom-made environmental chamber.  The test 

rig [3, 4] is computer-controlled with a combined loading 

block representative of routine activities [5]. 

 

The sample was CT scanned prior to testing and after 100,000 

cycles for a first assessment of the effect of the biological 

environment on the fixation. The CT scans were acquired 

using a micro-focus computed tomography scanner (CT X-

Ray Inspection System, X-tek Systems Ltd). After 3D 

reconstruction of the scans, an isotropic voxel size of 75 µm in 

the 3D image data was typically achieved. Two dimensional 

projections in the axial, sagittal and coronal planes were 

extracted from the 3D data for identification of cracks. 

Suspected regions were subsequently magnified and 

scrutinized in more detail. 

 



RESULTS AND DISCUSSION 

The three-dimentional CT reconstruction after 100,000 cycles 

showed some evident demarcation of varied width (1-2mm) 

starting from the edges of the acetabulum. The damage 

evolution at the interface in the anterior-posterior direction is 

shown in Figure 2, where DeLee zones [7] are also indicated. 

At 100,000 cycles the combined load together with the 

biological environment produced complete debonding in zone 

I and partial debonding, visible in the middle and posterior 

sections, in zone III. The dome region of the acetabulum was 

not damaged and it appears that the debonding starts from the 

periphery of the interface (zone I and III) and develops 

towards zone II. 

 

 

          

 
 

Figure 2: Damage evolution of the acetabular reconstruct 

under wet condition at a) 0 cycles to b) 100,000 cycles. The 

arrows indicate the debonded regions. 

 

Bone-cement interfacial debonding has been identified as the 

predominant failure mechanism under dry physiological 

loading conditions [4, 5]. The combined load block with a 

body weight of 125kg in dry conditions [5] produced 

significant damage around 2 million cycles, which is much 

higher than the 100,000 cycles of this study, which also 

produced significant damage at the interface. Furthermore, the 

bone-cement debonding used to start in zone II in dry 

conditions, and develop towards zones I and III.  

     The present preliminary study, using the same combined 

load block in a biological environment, seems to suggest a 

notably reduced survival life of the bone-cement interface. 

The DeLee zone I and III were affected from early on, due to a 

combination of mechanical loading and environmental effects, 

giving rise to early bone-cement interfacial debonding, more 

consistent with clinical observations [8]. 

     Factors such as residual fatty tissues or incomplete reaming 

may influence the premature damaging of the implant. 

However, the CT scans pre-testing (Figure 2a) seem to suggest 

perfectly bonded interface, so the debonding must be largely if 

not entirely due to the subsequent testing. Nevertheless, the 

number of cycles to failure might be influenced by other 

factors as cited above, just as the in vivo cases, where the 

strength of the bone-cement interface may be influenced by 

the effectiveness of reaming and the cleanliness of the bone 

bed prior to cementing. 

 

CONCLUSIONS 

The preliminary results from endurance testing of the implant 

seem to suggest that the biological environment, when 

combined with physiological loading conditions, plays a key 

role in reducing the survival rate of cemented acetabular 

reconstructs. Although debonding is identified as the dominant 

failure mechanism, the damage initiation appears to start from 

the edges, where the influence of body fluid is at its most 

effective. 
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