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Abstract: The design and manufacturing cubic porous scaffolds are a considerable notion in tissue engineering (TE). From 
Additive manufacturing (AM) perspective, it has attained high appeal in the string of TE during the past decade. In the view 
of TE, the feasibility of manufacturing intricate porous scaffolds with high accuracy contrast to prominent producing 
methods has caused AM the outstanding option for manufacturing scaffold. From design perspective, porous scaffold 
structures play a crucial task in TE as scaffold design with an adequate geometries provide a route to required strength and 
porosity. The target of this paper is achieve of best geometry to become an optimum mechanical strength and porosity of TE 
scaffolds. Hence, the cubic geometry has been chosen for scaffold and Cube, Cylinder and Hexagonal prism geometries 
have been selected for pore of structures. In addition, for noticing the porosity effects, pore size has been chosen in three 
size, and a whole of nine scaffolds have been designed. Designed scaffolds were generated using Fused Deposition Modeling 
(FDM) 3D Printer and dimensional specifications of scaffolds were evaluated by comparing the designed scaffolds with 
Scanning Electron Microscope (SEM). The samples were subjected to mechanical compression test and the results were 
verified with the Finite Element Analysis (FEA). The results showed that firstly, as the porosity increases, the compressive 
strength and modulus of elasticity obviously decreased in all geometry pore scaffolds. Secondly, as the geometry changes in 
similar porosity, cubic pore scaffold achieved higher compressive strength and modulus of elasticity than cylinder and 
hexagonal prime. Experimental and FEM validated results proposed a privileged feasible pore geometry of cubic scaffold 
to be used in design and manufacturing of TE scaffolds.  

Keywords: Cubic Scaffold, Pore Geometry, Tissue Engineering, Additive Manufacturing, Mechanical strength, 
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1 INTRODUCTION 

1- The rapidly growing discipline of tissue engineering 

is one of the most hopeful approaches for developing 

engineered substitutes for damaged bone [1]. Scaffolds 

for tissue engineering (TE) applications are anticipated 

to have certain properties to avoid bone loss and 

encourage bone regeneration. Scaffolds are highly 

porous structures with interconnected pores. They 

should ideally be biocompatible, mechanically reliable, 

biodegradable, osteoconductive, and biomimetic [2–4]. 

Some important features of a good scaffold are: regular 

and controlled structure, having the mechanical strength 

and porosity in the range of cancellous bone, having 

interconnected pores with appropriate size, high 

penetration in internal structure, and manufactured with 

biocompatible material in order to comfort with biology 

features of bone tissue [5-7]. Many experts believe that the 

progress of TE is seemingly associated with the 

improvements in scaffold technology [8].  

2- Numerous multidisciplinary studies have been carried out 

in this field, from design and modelling to material 

processing [9]. Various processing techniques, such as foam 

replica [10], freeze casting [11], gas foaming [12], 

electrospinning [13], and salt leaching [14], have been used 

to fabricate scaffolds. However, most of these methods 

cannot fully control the structural properties and 

reproducibility of the scaffolds. Also, in these methods, due 

to the random construction in the scaffold, the properties 

differ in different locations of the scaffold [15]. Today, 

Additive Manufacturing (AM) allow complex structures 

designs to be accurately produced at microscopic (100 nm to 

100 μm) spatial length scales [16].  

As a result, the use of AM technology and a 3D printer is a 

long step to construct a structured scaffold with controlled 

geometry [17]. Among the various incremental 

manufacturing methods, the Fused Deposition Modelling 

(FDM) method, FDM is the process of forming a three-

dimensional object of predetermined design, and in particular 

the making of a model or article by depositing multiple layers 

of a material in a fluid state onto a base. It accomplishes this 

by converting a CAD-generated 3D model into a cross-

sectioned 2.5D model via “slicer” software and fabricated 

layer by layer by extruding filament through a heating 

element that can move freely through the XY plane [18, 19]. 

Due to its Poly Lactic Acid (PLA) filament with 

biocompatible grades is a safe way to build a BTE scaffold. 

In this way, the variety of material and geometry is high and 

many complex geometries may be used to manufacture a 

BTE scaffold.  

Different methods have been developed to design a tissue 

scaffold in previous researches. The first strategy is to use an 

MRI image and extract the microstructure of the bone tissue, 

where the design of a tissue scaffold is in accordance with 

bone tissue. The advantage of this method is that the 

mechanical strength and porosity of the designed scaffold to 

be consistent with the desired bone tissue, but the 

disadvantage is that existing fabrication methods are not 

capable of constructing such a structure [20]. Another 

strategy is to use simple periodic shapes like cube or sphere 

to design a scaffolding structure. The advantage of this 

method is the ease of design and construction and the 

weakness of this method is the frame of the unit-cell [21, 22].  

3- In this research, the purpose was to investigate the 

relationship between geometrical characteristics (geometry, 

porosity, pore size) of porous cubic scaffolds, as well as their 

mechanical strength to show that the pore geometry may play 

an important role in mechanical strength of scaffold. Many 

researchers in recent years by considering changes in 

construction parameters such as layer thickness, delay time, 

orientation and other cases, as well as in some articles 

changes in materials, scaffold porosity and scaffold 

architecture, have investigated the mechanical properties and 

strength of scaffolds.  

The important point is that none of the researches has 

mentioned the geometric changes of the unit-cell so far [23- 

28].  Hence, design and manufacture of different geometries 

for structure also experimental compression test and fully 

FEM analyse are novelty of this work. As a result to achieve 

this, first three models of the pore geometry (Cube, Cylinder 

and Hexagonal prism) were designed with different sizes due 

to obtain the effect of porosity on mechanical strength of 

cubic TE scaffolds. Then the designed scaffolds were 

fabricated with FDM 3D printer and in order to compare 

dimensional features, samples were evaluated with scanning 

electron microscope. In the following, specimens are 

subjected to mechanical compression test and the results are 

validated with the finite element analysis. 

2 EXPERIMENT 

2.1. Modelling and 3D-printing of Porous Scaffolds 

To achieve different geometries, pores were designed in 

Cube, Cylinder and Hexagonal prism and scaffold was 

selected cubic because it deputed the typical architecture 

and features of a TE scaffold remarked to repair an 

anatomical deficiency in a biological environment [31]. 

Porous cubic structures, 18 mm in height and 7.976 mm in 

diameter, were designed (“Fig. 1”). Also, the pore sizes in 

all three pore geometries (cube, cylinder and hexagonal 

prime) were calculated so that the volume of the pore’s 

unit-cell in each geometry was equal due to the appropriate 

comparison for porous scaffolds (“Table 1”). Howbeit, the 

explanation of appropriate pore size of unit-cell is still a 

subject of discussion [29], it is generally agreed to be in the 

range of 250–1200 μm [30].  

All models are implemented by CAD software (CATIA 

V5R21), and a total of nine cubic scaffolds have been 

designed (“Fig. 2”). The parametric design features of the 
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software give clearance to precisely control the structural 

parameters of the model, and also allow to measure the 

porosity of the model, where the porosity P of each model 

is calculated by equation (1). 

P = Vp / V (1) 

Where, P, Vp, and V are porosity, volume of the porous 

scaffolds, and outer volume of the porous scaffolds (“Fig. 

3”). 

The CAD files exported as STL format were imported to a 

commercial (VAGLER V-8E) 3D Printer. Also, Poly 

Lactic Acid (PLA) filament with biocompatible degree and 

proper mechanical properties was considered. PLA has 

emerged as an important polymeric material for biomedical 

applications on account of its properties such as 

biocompatibility, biodegradability, mechanical strength 

and process ability. PLA is thus an eco-friendly nontoxic 

polymer with features that permit use in the human body 

[31]. The slicing software was Cura 0.1.5. All the 

specimens were fabricated with constant printing 

parameters, which are provided in Table 2. Moreover, SEM 

(Tescan Mira3, Australia) images were captured to 

illustrate more details of the printed scaffolds compared 

with designed scaffolds. 

Table 1 presents that the pore of the porous scaffolds has 

different size and geometry (Cube, Cylinder and Hexagonal 

prism) and for effect of porosity consideration, three pore 

sizes for any geometry are defined. Previous researchers 

have shown that a proper pore size for bone cell growth is 

200 to 1200 μm [34]. The pore sizes of the nine porous 

cubic scaffolds are shown in Table 1 and all pore sizes are 

in proper range (200–1200 μm) for bone cell growth. In 

general, as increasing pore sizes the porosity of the scaffold 

increases.  

 

 

Fig. 1 Structural details of the porous cubic. 

 

 

Table 1 Pore details of the porous cubic scaffold   

Pore geometry 
Pore  

3D 

Pore size 

(mm) 
Volume 

(mm3) 

Symbol 

Cube 

 

L1 =1.2 
1.728 S211 

L2 = 0.9 
0.972 S212 

L3 = 0.6 
0.432 S213 

Cylinder 

 

R1=0.68 
1.728 S221 

R2= 0.97 0.972 S222 

R3=0.34 0.432 S223 

Hexagonal 

 

D1=0.74 
1.728 S231 

D2=0.56 
0.972 S232 

D3=0.37 
0.432 S233 
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(a) s211                                     (b) s212                                    (c) s213 

 

 
                                  (d) s221                                          (e) s222                                   (f) s223 

 

 
                                       (g) s231                                  (h) s232                               (i)  s233 

 

Fig. 2 Nine porous cubic scaffolds with different ore geometry. 
 

 

The porosity of the nine porous cubic scaffolds was 

calculated by equation (1) and shown in Table 3. In order 

to compare the results between the three types of pore 

geometry, the scaffolds design was considered such a way 

that the volume of scaffolds remained constant in each pore 

geometries.  
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(a): volume of the 

porous cubic 

scaffolds(Vp) 

(b): outer volume of the 

porous cubic 

scaffolds(V) 

Fig. 3 different volumes of porous cubic scaffold. 

 
Table 2 Parameters of Printing 

Parameter Value 

Infill ratio  )%(  90 

Nozzle diameter (mm) 0.4 

Printing Temperature 

(oC) 
205 

Printing speed (mm/s) 50 

Printing pattern Rectangular 

Raster angle 45 

Layer height (mm) 0.1 

 
As can be seen from “Fig. 4”, s211, s221 and s231 with 

pore geometry cube, cylinder and hexagonal prime, 

respectively, have porosity of nearly 45% and s212, s222, 

s232 with pore geometry cube, cylinder and hexagonal 

prime respectively, have porosity of nearly 36% and finally 

s213, s223, s233 with unit-cell geometry cube, cylinder and 

hexagonal prime respectively, have porosity of nearly 23%. 

It should be noted that slight differences were due to design 

considerations. 

The 3DP porous scaffolds were fabricated based on nine 

porous cubic scaffolds with three different porosities in the 

three geometries of cube, cylinder and hexagonal prime 

(“Fig. 5”). The nine fabricated porous cubic scaffolds by 

FDM were compared to their CAD models with respect to 

their dimensions to evaluate the manufacturing accuracy.  

Table 3 Porosity of the porous cubic scaffolds 

Scaffold Porosity  )%(  

S211 45 

S212 36 

S213 23 

S221 44 

S222 33 

S223 23 

S231 44 

S232 36 

S233 21 

 
Fig. 4 Porosity of the samples at three different porosities. 

 
 

  
        (a): s211                   (b): s212                 (c): s213 

   
        (d): s221                   (e): s222                 (f): s223 

   
        (g): s231                   (h): s232              (i): s233 

 

Fig. 5 Fabricated porous cubic scaffolds by FDM. 
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Figure 6 shows SEM images of size and geometry of pores 

for nine porous scaffolds. As can be seen, all the nine 

fabricated scaffolds by FDM were consistent with designed 

scaffolds in terms of geometry and dimension. Table 4 

shows detailed dimensional measurement data porous 

structures. The results showed that the deviation from 

designed and fabricated dimension average is negligible. 

 

     
(a)  s211                                  (b) s212                                (c) s213 

     
                                (d) s221                                      (e) s222                                  (f) s223 

     
                             (g) s231                                       (h) s232                                  (i) s233 

Fig. 6 SEM images of the microstructure of the 3DP scaffolds. 

 
Table 4 Deviation between designed and fabricated dimension 

Scaffold 
Pore size (mm) 

Deviation (%) 
Designed Fabricated 

S211 1.2 1.23 3 

S212 0.9 0.86 4 

S213 0.6 0.66 6 

S221 0.68 0.64 4 

S222 0.51 0.52 1 

S223 0.34 0.34 0 

S231 0.74 0.72 2 

S232 0.56 0.54 2 

S233 0.37 0.35 2 
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3 MECHANICAL TEST 

Mechanical compressive tests were performed in order 

to extract the mechanical strength of designed scaffolds. 

ASTM D695-02a Standard Test Method for 

Compressive Properties of Rigid Plastics [32] was 

followed in the tests carried out. Three specimens were 

manufactured of each scaffold model with the same 

processing parameters. In order to prevent the 

anisotropic effects when comparing the structures, all 

the specimens were exposed to loading parallel to the 

printing direction. 

 

 
Fig. 7 Uniaxial compression test on a sample by 

SANTAM device. 

 

Uniaxial compression tests were performed on a 

universal testing instrument (Table top STM-20, 

Santam, Iran) equipped with a 100 KN load cell and a 

cross-head loading rate of 1 mm min−1 (“Fig. 7”). Load-

displacement data were extracted to calculate 

engineering stress-strain plot. Then, the graphs were 

modified according to the onset of elastic region and 

mechanical properties were computed. Elastic modulus 

and compressive strength were calculated according to 

the slope of the first linear region in stress-strain plots 

(strain from 0 to 0.004 mm/mm) and the maximum 

recorded stress, respectively. 

The graphs were obtained from the force-displacement 

data recorded during the compressive test. Figure 8 

shows the trend of the stress–strain curves of porous 

cubic scaffolds under same pore geometry and different 

porosity conditions.  

Figure 9 shows the trend of the stress–strain curves of 

porous scaffolds under different pore geometry and 

same porosity conditions. Finally, Figure 10 shows the 

stress–strain curves, overlapped for all specimens. 

 
(a) Cube pore 

 
 (b) Cylinder pore 

 
 

(c) Hexagonal prism pore 

Fig. 8 Compressive stress–strain diagrams for same 

geometries and different porosities. 
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As can be seen from figures, seemingly, the strength has 

increased in the plastic area of the material. Since, as a 

consequence of compression, transformations occurred 

in the material, porosity was reduced, volume decreased 

and density increased. When the internal structure of the 

material changed, the load capacity changed. In spite of 

this, this did not affect the computed parameters. 

 
(a) 44% porosity 

 
 (b) 36% porosity 

 
(c) 23% porosity 

Fig. 9 Compressive stress–strain diagrams for same 

porosities and different pore geometries. 

As a result, the following corrections were done to the 

data sets of the compressive tests: 

Firstly, the descriptions of stress and strain true values 

were substituted with their nominal amounts. Hence, 

during the compressive tests to investigate the variation 

of the cross section, the constant volume theory was 

assumed. Secondly, before calculating modulus of 

elasticity from stress-strain curves, it was necessary to 

make a correction to the curves to eliminate the effect of 

toe compensation as followed from annex A1 of 

standard D695-02a [32, 35]. 

 
Fig. 10 Compressive stress–strain curves for all specimens. 

As can be seen from “Fig. 8”, which considers the 

Compressive stress–strain diagrams for similar 

geometry and different porosities, as the porosity 

decreases, the compressive strength of the porous 

scaffolds increases. Also, as can be seen from “Fig. 9”, 

which considers the Compressive stress–strain diagrams 

for similar porosity and different geometries, cubic pore 

scaffolds have the largest compressive strength than 

cylindrical and hexagonal prime ones.   
 

Table 5 Mechanical properties from compression test 

 (ASTM D695) 

Scaffold E (Mpa) 𝜎 (Mpa) 

S211 252 10 

S212 346 13.1 

S213 362 14.4 

S221 188 7.4 

S222 260 10.1 

S223 294 12 

S231 223 8.9 

S232 269 11.4 

S233 312 12.7 
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Figure 10 shows that cubic pore scaffolds with 23% and 

33% porosity (s213 and s212), have the highest 

compressive strength with 14.4 Mpa and 13.1 Mpa 

respectively. Ultimate compressive strength and 

compressive elastic modulus were calculated using the 

maximum compressive stress recorded in the stress–

strain curve and the slope of the linear area before the 

yield point. However, values of compressive elastic 

modulus (E) and compressive strength (𝜎) are shown in 

Table 5. It was noticeable that all the results obtained in 

compression test were in range of bone mechanical 

property for TE [36]. As seen in “Fig. 11”, which 

considers the comparison of compressive strength and 

modulus of elasticity (E) for nine porous cubic scaffolds, 

in similar porosities, higher compressive strength and 

modulus of elasticity were found in the cubic pore 

scaffolds. Also as the porosity decreases, the modulus of 

elasticity of the porous scaffolds increases. 

 
(a) Comparison of compressive strength of porous cubic 

scaffolds  

 
(b) Comparison of modulus of elasticity of porous cubic 

scaffolds 

Fig. 11 Comparison of mechanical properties in 

compression tests. 

As concluded, in similar porosities, cubic pore scaffolds 

(s211, s212 and s213) showed higher compressive 

strength than the cylindrical and hexagonal ones. 

Consequently, the use of cubic pore scaffolds to reach 

higher compressive strength and modulus E is 

recommended. 

4 NUMERICAL SIMULATION 

FEA (Abaqus 6.14, Dassault System, SIMULIA) was 

performed for each porous cubic scaffolds. The STP 

model file obtained by CATIA software first generates 

body mesh in Abaqus software. Finally, three-node Tet 

element were formed, and the element side length for the 

3D mesh was set as 0.3mm for all nine porous scaffolds 

types. 

 

 

 

 (a) boundary condition of the porous cubic scaffolds 

 
(b) the FE model of the porous cubic scaffolds 

 

 

Fig. 12 FEM details of porous cubic scaffold. 

 

A Boundary Condition and FE model of the porous 

scaffolds are demonstrated in “Fig. 12”, a rigid body is 

attached to the upper surface of porous structures and the 

nodes in the bottom of the models were fully 

constrained. The rigid body movement being displaced 

of 10% compression to simulate the state of compression 

test. To avoid interpenetration, a frictionless general 

contact is defined between the porous structure and the 

rigid body. In simulation, model properties were set 

according to PLA with the density of 1.252 g/cm−3, the 

elastic modulus of 3.5 Gpa and the Poisson’s ratio of 

0.36 [33]. During the simulation process, the analysis 
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steps were dynamic and explicit. For the regular porous 

scaffold, the simulation was performed only in the Z-

axis direction, but the anisotropy was considered for the 

irregular porous structure, and the simulation was 

performed along the X-, Y-, and Z-axes. Finally, the 

maximum Von Mises stress and effective elastic 

modulus, the average von Mises stress were recorded. 

The Finite Element Analysis (FEA) is introduced for 

verification and better comparison of experimental 

compressive test results of each specimen. Average 

stress of the finite element model node was applied for 

each sample in order to achieve better comparison of the 

compressive strength test. In the compressive test 

simulation of the porous structure when the strain is 0.1, 

as the average stress of all nodes increases, the ability of 

the model to resist deformation gets tougher. It means, 

the average stress of all nodes in the sample has mutual 

relationship with the model compressive strength 

affirmatively. 

 

  
        (a): s211                   (b): s212                 (c): s213 

   
        (d): s221                   (e): s222                 (f): s223 

   
        (g): s231                   (h): s232              (i): s233 

Fig. 13  Distribution of normal compressive 

stresses(N/mm2). 

 

As can be seen from “Fig. 13”, which considers the 

stress distribution in scaffolds, on one hand, for 

comparison of the pore geometry, the stress is 

exceedingly concentrated around the pores of the 

cylinder and hexagonal pores compared with cubic 

pores. On the other hand, for comparison of the unit-cell 

porosity, with increasing porosity the stress is 

exceedingly concentrated in all geometries. In general, 

stress distribution of the porous scaffold is closely 

related to the porosity of the scaffold and the geometry 

of the unit-cells. 

 
(a) Cube pore 

 
 (b) Cylinder pore 

 
(c) Hexagonal prism pore 

Fig. 14 FEA stress–strain diagrams for same geometries 

and different porosities. 
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The stress–strain graphs from FEA, were similarly 

obtained by experimental compressive tests, from the 

force-displacement data recorded during the FEA. 

Figure 14, shows the stress–strain curves of porous cubic 

scaffolds under the same pore geometry and different 

porosities. Figure 15 shows the stress–strain curves of 

porous cubic scaffolds under different pore geometry 

and same porosities. Finally, Fig. 16 shows the stress–

strain curves, overlapped for all specimens. 

 
(a) 44% porosity 

 
 (b) 36% porosity 

 
(c) 23% porosity 

Fig. 15  FEA stress–strain diagrams for same porosities and 

different geometries. 

 
Fig. 16 FEA stress–strain curves. 

 

As can be seen from “Fig. 14”, which considers the 

similar geometries, as the porosity decreases, the 

compressive strength of the porous scaffolds increases. 

Also, as can be seen from “Fig. 15”, which consider the 

similar porosities, cubic pore scaffolds (s211, s212 and 

s213) have the largest compressive strength over 

cylindrical and hexagonal ones. All the above results are 

clearly shown entirely in “Fig. 16” in order to compare 

all the specimens. Ultimate compressive strength and 

compressive elastic modulus were calculated similarly 

to the methodology followed for the experimental 

compressive tests. The results are shown in Table 6. 

 
Table 6 Mechanical properties from FEA 

Scaffold E (Mpa) 𝜎 (Mpa) 

S211 290 11.6 

S212 352 14.1 

S213 407 16.3 

S221 230 9.2 

S222 326 13.1 

S223 356 14.2 

S231 255 10.2 

S232 343 13.7 

S233 381 15.2 

As seen from Table 6, in similar porosity, cubic pore 

scaffolds (s211, s212 and s213) results in higher 

compressive strength and modulus elasticity than the 

cylindrical and hexagonal ones and higher values 

belongs to the cubic pore scaffolds. In general, as the 

porosity decreases, the modulus of elasticity of the 

porous cubic scaffolds increases. 
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(a) Cube pore 

 
 (b) Cylinder pore 

 
(c) Hexagonal prism pore 

Fig. 17 Experimental Compressive stress–strain curves 

versus FEA stress–strain curves. 

5 COMPARISON OF NUMERICAL AND 

EXPERIMENTAL RESULTS 

As could be concluded from “Figs. 17 and 18”, which 

considers the FEA and experimental compressive tests 

results, in the case of geometry and porosity of scaffolds, 

the trend of stress-strain graphs of FEA and 

experimental compressive tests were completely similar 

for porous scaffolds, although the rate of diagram's 

changes were slightly different but the difference in 

results with an average error of 20% was acceptable.  

Figure 18 shows Experimental Compressive stress–

strain curves versus FEA stress–strain curves, 

overlapped for all specimens. It was noticeable that all 

the results obtained: Firstly, were in range of bone 

mechanical property for TE [36]. Secondly, FEA results, 

were consistent with experimental compressive test 

results, even though, the rates of change were slightly 

different but the difference in results with an average 

error of 20% was acceptable. These results are 

summarized as follows: 

𝐸 Cubic > 𝐸 Hexagonal prime > 𝐸 Cylinder 

𝜎 Cubic > 𝜎 Hexagonal prime > 𝜎 Cylinder 

 
Fig. 18 Experimental Compressive stress–strain curves 

versus FEA stress–strain curves. 

6 CONCLUSIONS 

In this paper, nine porous scaffolds with different unit-

cell geometry (cube, cylinder and hexagonal) were 

designed and fabricated by AM technology. Although, 

the mechanical properties results obtained for 

experimental compressive test and FEA, under different 

porosities, are quite consistent, however the rates of 

changes are slightly different. The significant findings 

are as follows: 
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1) The experimental compressive test and FEA, show 

that the porous scaffold is sensitive to the porosity and 

pore geometry. As the porosity increases, the 

compressive strength and modulus of elasticity 

obviously decreases in all geometry pore scaffolds. As 

the geometry changes in similar porosity, cubic pore 

scaffold achieved higher compressive strength and 

modulus of elasticity than cylinder and hexagonal prime. 

2) The stress distribution of all porous scaffolds 

increased with increase in the porosity. In addition, 

stress concentration phenomena occurred as the porosity 

increases. Nevertheless, cubic pore scaffold has a more 

proper stress distribution than cylinder and hexagonal 

prime ones. 

3) With regard to the modulus of elasticity and 

compressive strength tests for all nine porous scaffolds 

with three different porosities, for the three geometries 

of cube, cylinder and hexagonal prime, the maximum 

modulus of elasticity and compressive strength was 

observed in cubic pore with 23% porosity and the 

differences between cylinder and hexagonal pore with 

23% porosity were not as significant as in the case of the 

modulus of elasticity. 

In summary, the mechanical properties and porosity 

provide the requirements of the scaffold similar to 

human bone scaffold. In all of the nine porous scaffolds 

that were subjected to compressive test, the cubic pore 

scaffolds with 23% porosity (s213) and 33% porosity 

(s212) with respect to the compressive strength and 

porosity respectively, provide proper requirements of 

the TE. 
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