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ABSTRACT – Higher stiffness shown by CoCrMo load 

bearing implants as compared to human bone properties 

leads to bone or implant fracture. This study proposes 

two unique 3-dimensional (3D) meta-biomaterials unit 

cells with which simultaneously attenuate stiffness and 

stimulate osseointegration. The unit cell of the proposed 

3D design is composed of connecting struts making 

internal structures in the shape of square and diamond. 

The results under compression suggest all CoCrMo 

designs exhibit elastic modulus and compression strength 

that are comparable to the bone. It is demonstrated that 

the meta-biomaterials can be fabricated using 3D printing 

(3DP) techniques and their mechanical performance can 

be tailored by modifying the internal architectures.  

 

1. INTRODUCTION 

CoCrMo alloys are preferred materials in load 

bearing implants due to their superior mechanical 

properties compared to other biomaterials [1]. However, 

higher stiffness of CoCrMo (220 GPa) to host bone (1-30 

GPa) causes stress-shielding that leads to implant failure 

[2]. On the other hand, meta-biomaterials offer stiffness-

based design with can also encourage osseointegration. 

The rationally designed internal structures of meta-

biomaterials have significant effect on their mechanical 

and biological behaviors [3]. In this work, the mechanical 

performance of meta-biomaterial with different 3D 

internal architectures under compression was 

investigated. 3DP technique using selective laser melting 

(SLM) technology is used to produce square and 

diamond internal structure meta-biomaterial samples 

with variant geometries. These samples have undergone 

destructive uniaxial compression to determine their 

porosity relationship with mechanical behavior. The 

present work provides tailor strategy to match bone 

implant mechanical properties with human bone tissue.  

 

2. METHODOLOGY 

2.1    Material preparation  

The diamond (D) and square (S) meta-biomaterials 

were digitally modelled in computer-aided design 

(CAD). The samples were manufactured using SLM with 

parameters of (energy density).   

 

2.2 Compression test 

 Uniaxial compression test was performed in 

accordance to standard ISO (13314:2011) with load of 

100 kN at constant speed of 0.1 mm/min [4].  

 

 

Figure 1 (a) Square and (b) diamond meta-biomaterials.

 

3. RESULTS AND DISCUSSION 

The mechanical properties of meta-biomaterials 

with the designed structure geometries are shown in 

Table 1 and Table 2. The elastic modulus of meta-

biomaterials varied from 0.45 to 8.75 GPa, compressive 

strength was in the range of 13 and 261 MPa. The 

structures exhibited 0.2% yield strength in the range of 8 

to 182 MPa. The stiffness of the samples are comparable 

to cancellous bone tissue (10 to 15,700 MPa) [5]. In 

addition, the meta-biomaterials demonstrated energy 

absorption in the range 3 to 260 MJ/m3. 

Figure 2 shows stress-strain curves obtained from 

the compression tests. Typical elastic-plastic deformation 

has been observed for both unit cell types. However, 

densification after plastic region in porous metallic 

materials that been observed by Gibson et al. [6] was not 

observed in this study. This was attributed to brittle 

fracture of the struts before the densification starts [7]. 

Meta-biomaterials experienced an initial settling 

period represented plateau stress which is shown as non-

linear and concave upwards line due to excessive support 

features on the bottom parts of samples. The elastic 

region showed the high degree of linearity indicated high 

strut strength of samples. 

The relationships between the normalised 

compressive properties of meta-biomaterials and 

porosity (ρ*/ρs) were analysed using nonlinear 

regression according to Gibson and Ashby method [6]. 

The elastic modulus (E), yield strength and ultimate 

strength of cellular structure was normalised using 

CoCrMo materials with E=200 GPa, yield strength = 600 

MPa and ultimate strength =1100 MPa as shown in 

Figure 3.  

 

4. CONCLUSION 

In this study, mechanical properties of meta-

biomaterials of CoCrMo load bearing implants were 

investigated. The elastic modulus and compression 

strength of meta-biomaterials are comparable to 

cancellous bone properties.  
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Table 1 Mechanical properties of meta-biomaterials.

Sample  Unit cell 

length 

(mm)  

 

Strut 

size 

(mm) 

Porosity  

(ρ*/ρs) 

0.2% yield 

strength 

(MPa) 

 
D1 1.5 0.4 0.71 52.4±2.65 

D2 1.5 0.6 0.45 183.7±2.68 

D3 2.0 0.5 0.74 41.3±1.64 

D4 2.5 0.4 0.88 8.2±1.07 

D5 2.5 0.6 0.76 35.8±1.97 

S1 1.5 0.4 0.80 42.7±2.30 

S2 1.5 0.6 0.61 111.3±3.61 

S3 2.0 0.5 0.81 42.0±0.86 

S4 2.5 0.4 0.91 10.6±0.71 

S5 2.5 0.6 0.82 36.9±0.65 

 

Table 1 Continued. 

Sample Elastic  

modulus  

(GPa) 

Ultimate 

compressive 

(MPa) 

Modulus 

of 

resilience 

(MJ/m3) 

Modulus 

of 

toughness 

(MJ/m3) 
D1 2.8 85.15 ± 3.97 5.48 63.40 

D2 7.7 302.79± 0.99 31.76 260.84 

D3 2.29 63.20 ± 0.99 10.43 41.14 

D4 0.45 13.19 ± 1.01 1.92 12.06 

D5 1.93 55.12 ± 1.64 3.49 42.58 

S1 4.47 78.99 ± 2.37 3.57 34.18 

S2 8.75 261.01± 2.36 8.22 235.64 

S3 2.91 64.54 ± 0.86 3.88 28.73 

S4 0.92 14.22 ± 1.11 0.78 3.17 

S5 2.10 52.08 ± 1.54 3.75 20.58 
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 Figure 2 Stress strain curves (a) diamond and    

(b) square. 

 

 
Figure 3 Normalised (a) elastic modulus, (b) yield 

strength and (c) ultimate strength on porosity. 


