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INTRODUCTION 

Metallic foams have been favoured for orthopaedic research 

and testing purposes for its open-celled, interconnected 

structure with adjustable densities but without the highly 

variable and inhomogeneous nature of trabecular bones. 

Mechanical behaviour of metallic foams has been investigated 

in numerous studies, although how their properties compare 

with those of trabecular bones is largely unknown, particularly 

in the post-yield region. In this study, three metallic foams and 

bovine trabecular bones were characterized using finite 

element modeling and mechanical testing. It is hoped that the 

results of the present study may be useful in the selection of 

the bone analogue materials as trabecular bone substitutes. 

 

METHODS 

Samples of three types of open-cell metallic alloys foams, 

including 30ppi (pores per inch) and 45ppi AlSi7Mg foam and 

30ppi CuSn12Ni2 foam, together with trabecular bone 

harvested from fresh bovine iliac crest, were used in this 

study. Ten cylindrical specimens of 8mm in diameter and 

20mm in length for each of the three foams and bone were 

prepared.  The samples were first scanned using computed 

tomography (CT), with a 15μm resolution, and then tested 

under uniaxial compressive loading following the procedure 

reported in literature [1, 2]. To minimize the end effect, the 

ends of each cylindrical specimen were embedded about 3mm 

into the end-caps with acrylic resin.  Strain measurements 

were performed using a 15mm gauge-length extensometer 

attached to the end-caps. The mean value and standard 

deviation of apparent elastic modulus, yield stress and ultimate 

strength were determined. 

 

For each of the four structures, the CT scan images of one 

specimen were imported into Mimics (13.1) for three-

dimensional reconstruction and FE mesh generation (Figure 

1). To reduce the computational cost, only the central 

cylindrical sub-volume (8mm in both length and diameter) of 

the specimens were extracted from the reconstructed volume 

and coarsened to 45µm and 60μm resolution for foams and 

bone, respectively. The FE models were created by directly 

converting each voxel into an eight node brick element and 

imported to ABAQUS (6.9) for analyses. The elastic moduli 

of bone and foam tissues were assumed as 18GPa, 70GPa and 

100GPa, respectively, while the Poisson's ratio for all the 

materials was assumed to be 0.3. The trabecular bone tissue 

was modeled as an elastic-plastic material, with an asymmetric 

yield strain of 0.6% in tension and 1% in compression; post-

yield modulus equal to 5% of the elastic modulus and ultimate 

strain of 3%, both in tension and compression [3, 4]. A similar 

but symmetrical multi-linear elastic-plastic constitutive law 

was used for the foam cells. The nominal values of the yield 

stress and ultimate strength of bulk AlSi7Mg and CuSn12Ni2 

alloys were used [5, 6]. For the analyses, the bottom surface of 

the models was fully constrained in all degrees of freedom, 

while uniaxial compressive displacement of 0.4mm was 

applied on the top surface, representing a nominal apparent 

strain of 5%. To compare the post-yield behaviour of the four 

structures at tissue level, the percentages of elements with its 

principal strain beyond the yield and ultimate strains are 

identified as “yield” and “failed”, respectively, and presented 

together with the apparent stress-strain responses. 

 

                      
Figure 1: 3D reconstructions from CT scans of a) Bovine 

trabecular bone, b) 45ppi AlSi7Mg foam, c) 30ppi AlSi7Mg 

foam and d) 30ppi CuSn12Ni2 foam. 

 

RESULTS AND DISCUSSION 

The predicted apparent stress-strain relationships of the four 

cellular structures are compared with “experimental corridors” 

bounded by the upper and the lower stress-strain curves 

obtained experimentally and shown in Figure 2. The two 

aluminum foams displayed evident softening post yield, while 

slight hardening persisted in the CuSn12Ni2 foam within 5% 

apparent strain, both captured by the micro-FE models based 

on symmetrical multi-linear elastic-plastic constitutive laws. 

The failed elements for the three foam models were all below 

5%.  It seems that the simplified elasto-plastic material 

properties are able to simulate the post-yield large deformation 

behavior of the foams. More than 15% of elements are 



 
 

 

 

 

 

Figure 2: The predicted apparent stress-strain behaviour and internal tissue 

damage accumulation obtained from simulation and experimental corridors 

from the experimental measurements for a) Bovine trabecular bone, b) 45ppi 

AlSi7Mg foam, c) 30ppi AlSi7Mg foam and d) 30ppi CuSn12Ni2 foam. 

 

beyond the ultimate strain for the bone model, although the 

predicted apparent stress strain curve failed to capture the 

softening behaviour exhibited in the experiments.  Multiple 

damage mechanisms due to complex morphologies of the 

bone may introduce difficulties in the simulation.  A mixture 

of plate-like and rod-like structures present in the bone.  

Although brittle fracture appears to be predominant in the 

plate-like structure, whilst buckling may be more dominant 

in the rod-like structure. The effects of failure events in 

terms of micro-damage and micro-fracture at tissue level 

may need to be considered to provide a more accurate 

description of the post-yield large deformation behaviour of 

trabecular bone. 

 

Even at small apparent strain of 0.2%, local yielding can be 

observed leading to trabecular micro-damage, although not 

necessarily micro-fracture (Figure 2a). Thereafter, 

microdamage in the bone accumulated rapidly. At the 

predicted apparent yield point, more than 12% elements 

yielded with only less than 1% failed. It seems that the 

apparent nonlinear behaviour of the trabecular bone model at 

small strains could be best explained by the widespread 

accumulation of microdamage within the trabecular bone. 

The rapid accumulation of microdamage at small strains 

could also be observed in the three foam models. At the 

predicted apparent yield point, the percentage of yielded 

elements reached 17%, 26% and 12% in the 30ppi 

aluminum, 45ppi aluminum and 30ppi bronze foam model, 

respectively. Figure 3 shows a comparison of the 

microdamage accumulation and distribution patterns of the 

bone and the foam model at small apparent strains. It seems 

that, regardless of the difference in their architectures, the 

yielded elements appear to be distributed throughout the 

whole structure for both bone and foam. This similarity may 

be helpful in adopting bone analogue materials in 

orthopaedic research. 

   
Figure 3: A comparison of the damage accumulation and 

distribution pattern for the trabecular bone and the Cu30ppi 

foam at the percentages of yielded elements of 6% and 16%, 

where the red elements are those beyond yield. 

 

CONCLUSIONS 

The global responses of the bone and foam samples seem to 

be well captured by the FE models, whilst the percentage of 

yielded elements as a measure of damage evolution during 

compression seems to be indicative of the mechanical 

behaviour of the samples.  The damage evolution and 

distribution patterns across the bone and the foams seem to 

be broadly similar for the strain range studied. 
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