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Abstract— Given that human bones are subjected to various 
loads during movement. Therefore, the scaffolds that they are 
designed for bone defects replacement should also be tested under 
the same loading conditions. In this study, the torsional behaviour 
of the scaffolds was investigated using four different lattice-based 
architectures. The scaffolds were designed in three porosity levels 
of 60%, 75% and 90%. Therefore, twelve models of the scaffolds 
were obtained. To determine their performance under torsional 
loading, the shear modulus of each model was calculated using 
finite element analysis. The results showed that in the scaffolds 
with lower porosity the scaffold's architecture does not play a main 
role in the shear modulus. However, in scaffolds with a porosity of 
90%, the shear modulus was affected by the architecture of the 
scaffold. For example, a scaffold with an octet structure showed 
three times higher shear modulus in compare to a scaffold with a 
truncated-octahedron architecture. As a conclusion in the design 
of scaffolds with high porosity, scaffold architecture plays an 
important role in its torsional behaviour and should be considered 
as a design parameter. The results of this study showed that the 
torsional behaviour of scaffolds depends on both porosity and 
architecture. 
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1. Introduction  

Treatment of damaged bone due to disease, senility or accident 
using artificial tissues has developed recently. Designing 
tissues that can satisfactorily mimic the mechanical and 
biological structure of bone is a critical issue for tissue 
engineers [1]. The spongy structure of the cancellous bone has 
led researchers to develop porous structures in orthopaedic 
implants [2]. The porous structures used to replace bone have a 
microstructure and roughly classified into two groups of TPMS 
and lattice-based scaffolds [3]. Many studies have been 
performed to investigate the mechanical and biological 
characteristics of scaffolds [4]. In addition to experimental 
methods, numerical methods due to low cost and quick 
conclusion are widely used in the design of the scaffolds. For 
example, Jung et al. have recently numerically analyzed the 
effect of pore size and geometry on the mechanical properties 
of scaffolds manufactured using direct ink writing technique 
[5].  
As the mechanical properties, elastic modulus and yield 
strength due to their role in the load-bearing function, are the 
most important parameters in scaffolds design [6, 7]. But, 

biomechanically, bone experiences to various loads, including 
torsion, to maintain balance and move the body [8]. Therefore, 
the mechanical behaviour of scaffolds for bone replacement 
should be investigated under different loads, including torsional 
loads. Despite numerous works to determine the mechanical 
properties of the scaffolds, including modulus of elasticity and 
yield strength, about their shear modulus under torsional 
loading very few studies, are available in the literature. To 
overcome such a gap in the literature, in this study, the shear 
modulus of four scaffolds with different architectures was 
investigated using the finite element method (FEM). 

2. Materials and Methods 

In this study, four scaffold models namely octet [9] diamond, 
truncated-octahedron [10], and one optimized-lattice structure 
[11] using the SolidWorks 2017 software. Each model was 
designed at three porosity of 60%, 75% and 90% levels and 
totally twelve scaffolds were obtained. A fixed strut size of 200 
µm was selected for the scaffolds [12]. Moreover, for FEM 
analysis of the models, the unit-cell of the scaffolds was 
repeated four times in all three axes (x, y and z), and as a result, 
each model consisted of sixty-four units in total (Fig. 1).  

 
Figure 1. CAD models of scaffolds with a porosity of 90%. a) 
Diamond, b) octet, c) optimized-lattice and d) truncated-
octahedron with 4×4×4 unit cells.  
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As shown in fig. 1, due to the architectural diversity between 
unit-cells, the size of the models varies. The analysis of the 
torsional behaviour of the models was performed in the elastic 
region using static structural analysis (ANSYS) software. An 
elastic modulus of 210 GPa and the Poisson ratio of 0.3 was 
assigned to the scaffolds material [13]. The models were fixed 
from the bottom side and twisted with applying moment from 
the top side using two rigid plates. The models were meshed 
using tetrahedral elements. Shear modulus under torsional 
loading was calculated using the following equation: 

𝐺𝐺 = 𝑀𝑀. 𝐿𝐿
𝐼𝐼. 𝜑𝜑  

where M is the applied moment, L is the model's length, I is the 
polar moment of inertia and φ is the calculated angle in each 
model under torsion. 

3. Results and Discussion  

To show deformation modality in models versus torsional 
loading, for example, the diamond model is shown in figure 2. 

 
Figure 2. The diamond scaffold deformation with a porosity 

of 90% under torsional loading. 
 

Calculate shear modulus for all the scaffolds was shown in 
figure 3.  

 
Figure 3. Shear moduli changes in the scaffolds.  
 
In all the four architectures with increasing porosity, the shear 
modulus decreased. The decrement of shear moduli versus 
porosity increasing was more pronounced in the truncated-
octahedron than in other models. The highest shear modulus 
was calculated for diamond and octet models with 60% porosity 
and the lowest value was calculated for the truncated-
octahedron model with 90% porosity. As can be seen, the shear 

modulus is more dependent on porosity than on the architecture 
of the scaffolds. To investigate the effect of torsional loading 
on the models, the maximum Von Messi's stress emerged in all 
models for a constant magnitude of the moment was shown in 
Figure 4. 
 

 
Figure 4. Maximum von Mises stress in the scaffolds under the 
same moment.  
 
Increasing porosity in all the four architecture caused a decrease 
of von Mises stress. Moreover, there is a significant difference 
in the maximum von Mises stress between scaffolds with 
different architecture. As can be seen, under torsional loading 
optimum-lattice model with the least value for von Mises stress 
showed the best and diamond model with the highest stress 
showed the weakest performance. 
 

4. Conclusion  

In this study, the effect of porosity and architecture on the 
performance of the scaffolds under torsional loading was 
investigated by measuring their effective shear modulus. The 
main results of this study are summarized as follows:  

- The shear modulus of scaffolds depends more on 
porosity than on their architecture. 

- In a constant porosity, the emerged van Mess stress 
under torsional loading in the scaffolds can vary more 
than eight times from one architecture to another. 

- Although the results of this work can be helpful in the 

designing of the scaffolds, acquiring more accurate 

results requires more theoretical and experimental 

studies. 
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