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Abstract

In view of the low elastic modulus of the porous structure, it has attracted extensive attention in

the field of artificial tissue implants for bone tissue engineering, and it has become important to find

a poraus structuresuitable for human bone tissue.

In this,study, we constructed three type regular porous structure (cube, diamond, rhombohedral

dodecahedron) and an irregular porous structure based on \bronoi tessellation. Firstly, the structural

characteristics of porous structures were studied. After permeation simulation and compression
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simulation, we found that the structural characteristics (porosity, pore size, specific surface area) of
four porous structures have a strong positive correlation with permeability. With the increase of
porosity, the effective elastic modulus of the four porous structures decreases gradually. When the
porosity is 80%, the effective elastic modulus and permeability of the four porous structures can
basically meet the requirements of human bone implants. Irregular porous ‘scaffolds exhibit
relatively limited anisotropy in terms of mechanical properties and permeability. In ‘view of the
~

similarity between the structure and the human bone, the irregular porous structure exhibits superior
development and application potential compared to the regular porous structure

Keywords: Porous scaffolds; Finite element analysis;/ Mechanical™ behavior; Permeability;

Anisotropy

1. Introduction

In recent years, the development of new artificial implants has expanded the field of bone tissue
engineering, especially with the development of additive manufacturing technology, which has
resulted in porous metal implants with different structures and different materials, which are

N
replacing traditional solid implants.{This is because the former can greatly reduce the stress
shielding effect and micro-motions caused by the latter [1]. It is said that in more than 70% of cases,
aseptic loosening is the main cause of implant failure, an important reason for aseptic loosening is
micro-motions and stress shielding [2.3].
The most eritical component in bone tissue engineering for orthopedic reconstruction is the

scaffold,.which serves as a base frame for cell interaction and bone-extracellular matrix to provide

support for new tissue formation [4]. In general, an ideal bone scaffold needs to have the following
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four basic characteristics: 1. Good biocompatibility, 2. Mechanical properties matched to the
transplant site, 3. Interconnected pore network to ensure cell migration and nutrient waste transport,
4. Surface features suitable for cell attachment [5-9]. However, designing an optimal /jporous
structure is a complex process that involves optimizing and balancing the relationship between
structural properties (including porosity, pore size, specific surface area) and mechanical properties,
biocompatibility, etc.

~

For mechanical properties, it mainly refers to the modulus of elasticity‘and the compressive
strength. On the one hand, the elastic modulus of the porous structure mustmatch the human bone
elastic modulus to alleviate the side effects caused by stress shielding. Onthe other hand, the bone
implants itself must have a certain strength to serve as. load-bearing device. Assessing the

¥
permeability of the porous structure is critical to the biological activity of the cells within the
scaffold. The permeable scaffold should allow for efficient nutrient and gas diffusion as well as
waste discharge through its channels. The structural properties (porosity, pore size, specific surface
area, etc.) are closely related to mechanical properties and permeability. For example, the classic
Gibson-Ashby summarizes the reJQtionship between porosity and mechanical properties [10].

At present, open scaffolds‘can be roughly divided into unit cells and irregular porous cells. Most
of these studies foecusion unitcells such as cube [1, 11], diamond [11, 12, 13], rhombic dodecahedron
[14, 15], octahedron [16, 17], etc. In the irregular porous unit, the irregular porous structure based
on the \branoi tessellation structure is the most attractive [18, 19]. In many studies, the main focus
is on the topology optimization of scaffold, mechanical properties, biocompatibility and other

characteristics, especially the comparative study between irregular porous structure and regular

porous structure is lacking.
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The aim of this study was to investigate the relationship between structural characteristics
(porosity, pore size, specific surface area) of regular porous structures and irregular porous
structures, as well as their mechanical strength and permeability. To this end, we first constructed
three models of regular porous structure (cube, diamond, rhombic dodecahedron) and the models of
irregular porous structure, and analyzed their porosity, pore size and specific surface area. The
porosity of each model was set to 50%, 60%, 70%, 80% and 90%. Via compression and permeability

- - - - - - \. -
simulation, the relationships between structural characteristics and mechanical properties,

permeability are established.

2. Materials and methods
2.1 Modeling and characterization of porous scaffolds

All models are implemented by the Grasshopper plug=in in Rhino 6 (McNeal, Seattle, WA, USA).
The parametric design features of the software allow us to precisely control the structural parameters
of the model, and on the other hand allow us to measure the porosity and specific surface area of
the model. N

Irregular porous structurefs based on \bronoi tessellation and stems from our improvement on
previous work [19]: First, we arrange a uniform lattice in the cubic space. The distance between
adjacent points.is ds, These points are called original points, using the original points as the center
of the sphere,«onstruct a sphere of radius r, where 0<r<0.5d. Randomly generate a point in each
sphere constructed, these random points are called seed points, where the irregularity i =r/d. Then

a 3D \bronoi diagram based on the seed point is constructed. We extract the 3D \bronoi diagram

wireframe and then form a strut of a circle with a cross-sectional diameter D based on these frames.
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Then, an irregular porous scaffolds were constructed and its control parameters include strut
diameter D, unit distance d, irregularity i, a single \bronoi porous scaffold can be seen in Figure
1(F).

For the regular porous structure, a unit cell frame is first constructed with a side dength d, and
then arrayed in a three-dimensional space, and then based on this, a struts of a circle having a cross-
sectional diameter D is formed. Such a regular porous structure is constructed, in which the control

~
parameter are strut diameter D, unit distance d (side length), this can be seen.dn Figure 1(a), (b), (c).

In order to accurately describe the structural characteristics of porous structures, we analyzed
and measured the porosity, pore size and specific surface area with.the powerful parametric ability
of grasshopper software. For the sake of comparison‘theregular porous scaffolds and irregular

¥
porous scaffolds, in this study, the irregularity,of the irregular /porous structure was determined to
be an intermediate value, that is, i=0.25. And strut diameter,d of all four porous scaffolds was 0.5mm.
The adjustment of the structural characteristics of the four porous structures (porosity, pore size,
specific surface area) is completed-byradjusting the unit distance d. Finally, each of the four porous
structures was modeled separatel;QJy five/porosity gradients 50%, 60%, 70%, 80%. 90%. The basic

unit of these four porous ‘structures can be seen in Figure 1. And Figure 2 shows four porous

structures with a porosity of 70%.
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Figure 1. Single cell of the four porous scaffolds. (a) .(b) Diamond scaffold. (c)

Rhombic dodecahedron scaffold. (d) Single irregular por with a pore surface. (e) Single

irregular porous scaffold with a pore surface. ar porous scaffold.

e 2. Four porous structures with a porosity of 70%. (a) Cube scaffolds. (b) Diamond scaffolds.
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(c) Rhombic dodecahedron scaffolds. (d) Irregular porous scaffolds.

The porosity P of each model is calculated by Eq 1. Especially for Diamond scaffolds and
Rhombic dodecahedron scaffolds, the model of the porous structure is obtained by Boolean
operation, and Boolean operations will result in a smaller porosity of the porous structure. For
example, when the porosity of Diamond scaffolds and Rhombic dodecahedron scaffolds is 70%, the
porosity without Boolean operation is 72.13% and 72.21%, respectively. In order to facilitate the

~
simulations, the porosity of Diamond scaffolds and Rhombic dodecahedron scaffolds is the porosity
of the model by Boolean operation. As for regular porous scaffolds, Pore Size R is defined as the
diameter of circle of the same area as the lattice pore facg, summarized by the following Eq 2.
Particularly, in the diamond structure, because the poreis aspace hole and not in a plane, we use
¥

the projection to obtain a plane pore, and obtain,the area af the pore. In view of the pores size of the
irregular porous structure is not uniform, therefore, the pore size of the irregular porous structure in
the text refers to the average value of the pore diameter calculated by the formula 3. Figure 1(d)
shows single irregular porous frame with a pore surface and figure 1(e) presents single irregular
porous scaffold with a pore surfaQe. The/specific surface area is defined as the ratio of the area of
the porous structure to the' velume of the porous structure, drawn by the following Eq 4. Closed pore
ratio R” refers to the'ratio of cloSed pores to total number of pores.

P=1-V/V 1

Where P, Vp, Y are porosity, volume of the porous scaffolds, outer volume of the porous scaffolds.
R =\[4S,/n (2)

R = X445, )

Where R, Sp, nare pore size, lattice pore area and total number of pores.
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S*=5/V, (4)

Where S”, S, Vj are the specific area, area of porous scaffolds, volume of porous scaffolds.

2.2 Fluid flow simulation

The fluid flow simulation domain was obtained in Rhinoceros 6 after Boolean subtraction of the
scaffold geometry from the volume-of-interest. These domains were exported in STL format to
Comsol Multiphysics (COMSOL Group, Stockholm, Sweden). Modeling and meshing of irregular
porous structures is shown in Fig. 3. Computation Fluid Dynamic (CFD).analysis of the scaffolds
was approximated by laminar and stationary Navier-Stokessmodel:, The Dulbecco’s modified
Eagle’s medium (DMEM) was modeled as incompressible water with dynamic viscosity of u=

¥

0.00145 Pa s and density of 1000 kg/m*[20], boundary conditions included an inlet flow of 1mm/s,
null outlet pressure, and no-slip conditions. Forthe regular porous scaffolds, simulations were done
only along Z axes direction, but considering anisotropy, for irregular porous supports, the simulation
is performed along the X-, Y-, and'Z-axes. Permeability K was determined on the basis of Darcy's
relationship (Eqg. (5)).

K=V, -u-L/AP (%)
Where K, Vp, u, L {APare Permeability coefficient, Darcy velocity, dynamic viscosity, lattice

length, pressurégradient across the fluid domain.
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(b) (c)
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17 Figure 3. Preparation process of fluid flow simulation. (a) A selected irregular scaffold with a
~
20 porosity of 70% by Boolean operation. (b) Fluid simulation finite elément model of the

selected scaffold. (¢) A partial mesh magnified view of selected area.
26 2.3. Mechanical simulations

FEA (abaqus 6.14, Dassault System, SIMULIA) was performe;for each porous scaffolds. The
32 STL model file obtained by Rhino 6 software first generates surface mesh in 3-matic (Materialise,
Belgium) and the surface mesh is transformed ta'bedy, mesh in Abaqus software. Finally, four-node
37 tetrahedral element (C3D4) were formed, and the element side length for the 3D mesh was set as
40 0.1 mm for all four porous scaffolds types.

41 A S

AFinite element model of the parous scaffolds is illustrated in Figure 4. Two rigid plates are
45 attached to the porous structures. The upper plate moves being displaced to an axial strain
(compression)<of 0.01 and the lower one is fixed by constraining all degrees of freedom. To avoid

50 interpenetration a frictionless general contact is defined between the porous structure and the rigid

53 plates.
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Figure 4. A Finite element model of the irregular porous scaffolds.

In simulation, model properties was set according to Ti6Al4V with the density of 4.41 g/cm?,

. : .

the elastic modulus of 110 Gpa and the Poisson’s ratio of 0.3[21]. During the simulation process,
the analysis 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

L 4

\on Mises stress and effective elastic modulus; the average von Mises stress were recorded

3. Results and discussion

3.1 Structrue characteristic of the'four porous scaffolds

It can be seen from Fig..1 th&t the unit cell of the regular porous structure (cube, diamond,
rhombic dodecahedron) has\a‘regular pore shape and an equal pore size. The number of complete
pores of the unit cellofi.the three‘regular porous structures is 6, 4, and 12, respectively. For a \oronoi
cell with an irregular, porous structure, there are 15 complete pores, and the shapes and sizes of the
pores are alldifferent. In fact, the smaller pores in the irregular porous structure will disappear due
to the larger strut diameter. This can also be seen from the \oronoi cell scaffold in Figure 1(e).

Figure 5 shows the pores size distribution of irregular porous structure with porosity of 70%,

except for closed pores. It can be seen from Fig. 5(a) that the pore diameter of the 257 through-holks
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of the irregular porous structure exhibits a tendency to increase in fluctuation, and as seen from Fig.
5(b), the fluctuation of the pore size distribution is relatively large. Figure 6 shows pores size
distribution of the irregular porous structure at five different porosity gradients, here, poressize are
divided into four intervals: closed pores (pore size R<Oum); small pores (0<R<200um); medium
pores (200um<R<1200um); large pores (R>1200um); Previous studies have shown that a suitable
pore size for bone cell growth is 200 to 1200um [22].1t can be seen from Figures 5 and 6 that the
~
pores size of the irregular porous structure is scattered and covers a range of‘pores size suitable for
bone cell growth. As the porosity increases, a considerable proportion of large pores will occur. It
is worth noting that the pores of the irregular porous structure are spatially scattered, in other words,
many large pores are concentrated in a certain region. . ln contrast; the regular porous structure pores
¥

have the same morphology and size, so when the porosity reaches 90%, the pore sizes of the all four
structures exceed 1200um in the figure 7(a), and the average pore diameter of the irregular porous
structure is the lowest value of the four structures (1571um), and 28.39% of the pores still meet the
pore size range (200-1200um) suitablefor bone cell growth. In the specific surface aspect, the larger
the specific surface area, the beth the cell adhesion. As is presented in Figure 7(b), the specific
surface areas of the four porous structures increase with the increase of porosity, but the diamond
porous structure has agreater.surface area than the other three.

In general,.as the porosity increases, the specific surface area of the irregular porous structure is
slightly lower than that of the regular porous structure, and the pore growth is relatively gentle and
substantially satisfies the ideal size range in which the bone cells are suitable for growth. The

scattered distribution of through pores in the space and the scattered distribution of the pore size

distribution of the irregular porous structure undoubtedly result in its better imitation of the human
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bone structure as compared to the regular porous structure.
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Figure 5. Pore size distribution of irregular porous scaffold with poresity of 70%¢ (a) Curve graph.

(b) Histogram.
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Figure 6. Pore size distribution of the irregular porous structure at five different porosity.
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Figure 7. Relation between porosity and (a) pore size, (b) specific surface area. o

22 3.2 Permeability

Figure 8 presents the velocity contour for the four porous structures with 70% porosity obtained
28 by fluid flow simulation. The fluid velocity of the regular porous structure is regularly and evenly
distributed. But the fluid velocity distribution‘of the irregular.parous structure is disordered, and the
33 maximum velocity is often concentrated in a partial region. It can be seen from Fig. 9 that the
36 permeability of the irregular porous structuresis comparable to that of the three regular porous
structures, and when the porosity’is greater than 70%, the permeability is greater than that of the

41 regular porous structures. N
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Figure 8. \&locity contour of fluid flow simulation for the €our porous scaffolds with 70% porosity.
(a) Cube scaffolds. (b) Diamond scaffolds. (c) Rhombic dodecalfedron scaffolds. (d-f) Irregular

porous structure simulated alone different directions,(from left to right: X, Y and Z axis)

—&— Cube

—a— Diamond

204 —a— Rhombic dodccahedron
—v— Trregular porous scaffolds

Permeability (x 10-8(m2))

50 60 70 80 90
Porosity (%)

Figure 9. Relation, between porosity and permeability of four porous scaffolds.

As can beseen from Figures 7(a), 7(b), and 9, which consider the relationship between porosity

and pore size, specific surface area, and permeability, respectively, the permeability of these four

types of porous structures increases as the three structural properties (porosity, pore diameter,

specific surface area) increase to varying degrees. In terms of permeability, the irregular porous
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scaffolds can achieve a larger coverage interval than the other three regular porous scaffolds, and at
a porosity of 90%, the permeability reaches the maximum value of the four structures of 23.05x10
%m2, It may be related to the pore size distribution of the irregular porous structure. When the
porosity reaches 90%, the large pores ratio increases rapidly to 55.16%. Compared with the three
types of regular porous structures with a porosity of 90%, the irregular porous scaffolds reached the
highest permeability under the condition of the minimum average pore size of 1571pm.
~

S. Ganez et al constructed irregular porous structure by Voronoi tessellation method. When the
porosity is between 40% and 90%, the permeability values ranged from 0.5 <K(x108m?) < 4.5 [23].
In comparison, the irregular porous structure in this study/as a larger range of permeability and
better controllability of permeability. Considering that the surfacearea of the actual porous samples

¥

after the additive manufacture will become larger than before and the friction of the liquid flow will
also increase, it is therefore necessary for the porous madel to have a greater range than the above-
mentioned permeability range. The permeability of the four porous structures in Figure 9 is basically
consistent with the range of trabecularpermeability found in previous experiments [24-26].

Taking into account the specj&l structural characteristics of irregular porous structures, their
pores are not only randomly distributed in space, but their pore sizes also exhibit the characteristics
of a scattered distribution within a certain range. More importantly, On the one hand, this human
bone-like structure-has a certain number of large pores distributed in space, which improves the
permeability,of the irregular-porous structure and ensures the flow of oxygen and nutrients. On the
other hand, a large number of small pores mean irregular porous structures, it has a large number of

areas where the struts are concentrated. These areas have poor permeability and are suitable for cell

adhesion and proliferation.
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In our previous study, the irregular porous structure was performed by the similar modeling

method, thanks to the appropriate pore size distribution characteristics, performed well in osteoblast

proliferation and differentiation in vitro experiments [27]. Compared to regular porous structures,

and the controllability of the structural design parameters could makes it possible to achieve both

of these two aspects by adjusting the pores size distribution in the irregular porousscaffolds.

3.3 Mechanical characterization

Figure 10 shows elastic modulus versus porosity for all four porous medelsy The elastic modulus

of the four porous structures decreased with increasing porosity;and the elastic modulus of rhombic

dodecahedron porous scaffolds obtained the maximum coverage from 5.29 to 120.04 Gpa. When

<
the porosity reaches 80% or higher, the elastic modulus of‘the four porous structures falls within the

range (3-30 Gpa) of the human cortical bone elastic.modulus [28]. Of course, for the four porous

structures, by adjusting the unit distance,.d, therstrut diameter D, and the irregularity i, a larger

adjustment range of the effective elastic modulus can be obtained.

1254 —=— Cube

—&— Diamond
—a—= Rhombicdodcealicdron
—v— lrregular porous scaffolds

100

75

50

254

Effective elastic modulus E (Gpa)

50 60 70 80 90
Porosity (%)

Figure 10. Relation between porosity and effective elastic modulus of four porous scaffolds.

In order to better compare the compressive strength of each model, the finite element model

node average stress is introduced. This is because when the strain is 0.01, in the same porous
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structure, the greater the average stress of all nodes in the compression test simulation, the stronger
the ability of the model to resist deformation. That is, the compressive strength of the model/is
positively correlated with the average stress of all nodes in the model. Figure 11 shows that as the
porosity increases, the average stress of the four porous structural finite element model nodes
decreases to varying degrees, which indirectly indicates that the compressive strength of the four
models is reduced to varying degrees with a strain of 0.01. The cube structure has the highest
- - - - - \ -
compressive strength, and with the increase of porosity, the compressive strength of the rhombic

dodecahedron structure decreases the fastest, which is obviously more susceptible to the change of

porosity.
—a— Cube
800 —s— Diamond
—4— Rhombic dodeecahedron &
7004 \1\\ —¥— lrregular porous scalTolds
z T
=% T
= 500 A
=
@
D 500 e
& .
w
& 400
=
=
g 300
-

Porosity (%)
Figure 11. Relation between pora{ity and average stress of four porous scaffolds.

Figure 12 shows the trend‘of the'maximum compressive stress of four porous structures under
different porosity .conditions: Except for the irregular porous structure showing a steady upward
trend, the other.three are fluctuations but the overall decline trend. The maximum compressive stress
of the porous/model/is closely related to the structure of the model and the boundary conditions of
the simulation. \Under the same boundary conditions, from Fig. 13, the four porous structural stresses
are mainly concentrated at the joints connected by the struts. Compared with the uniformity of the

regular porous structure, in the irregular porous structure, there may be some relatively weak struts
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he stress is excessively concentrated at the joints, and the phenomena of stress concentration

at the joints in the irregular porous scaffolds are more than others.

Maximum compressive stress (Mpa)

—=— Cubc

60001 —&— Diamond
—— Rhombic dodecahedron
50004 —v— Trregular porous scaffolds
4000+
3000 1
2000
~
1000 T . : ; .
50 60 70 80 90
Porosity (%)

Figure 12. Relation between porosity and maximum compressive stress of four porous scaffolds.
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Figure 13:\on-Mises contour plots for different porous scaffolds with 70% porosity. (a) Cube

scaffolds. (b) Diamond scaffolds. (c) Rhombic dodecahedron scaffolds. (d) Irregular porous

scaffolds.
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Basically, due to the interaction between the layers during compression, the mechanical response
of typical cellular materials differs from the mechanical response of solid materials [29]. Many
studies have distinguished the resulting patterns of cellular materials as stretch dominated and
bending dominated deformations. Maxwell introduced an algebraic criterion with a frame of b struts
and j frictionless joints, in three dimensions, the equivalent equation is

M=b-3j+6 (6)
~

If M <0, the frame is a mechanism and locking joints cause struts to bend«Then, the deformation
of equivalent foam is bending dominated. Instead, if M = 0, the frame'isia structure and struts
carry axial stresses. Whereas it causes struts to stretch, deformation,mode'is stretch dominated for
equivalent foam [30].From Table 1, these four poroussstructures belong to the bending dominant

¥
deformation. An increase in Maxwell's valuesmeans that the/average number of struts per joint
increases, connectivity is higher, resulting in higher structure rigidity [31]. On the contrary, the
smaller the Maxwell value is, the worse the rigidity is, and the porous structure is characterized by
an elastic modulus that is much lowerthan that of the solid material model, thereby achieving the
goal of matching the elastic modL@s of bone tissue.

In fact, by reasonably ‘adjusting the structural design parameters (strut diameter, unit distance,
irregularity), the mechanical properties of the four porous structures can be better matched to the

requirements_of bone tissue engineering.

Table 1. Maxwell number for unit cell candidate lattice structures

Cell type Cube Diamond Rhombic dodecahedron Irregular porous scaffolds
Struts, b 300 432 864 688
Joints, j 125 276 388 346
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Maxwell value, M

-69 -390

-294

-344

3.4 Anisotropy of the irregular porous scaffolds

Among these four porous structures, the irregular porous structure is most unique because ofthe

irregularity. In theory, due to the randomness of the seed point arrangement, a number of irregular

\oronoi cells are generated spatially. The structural anisotropy of the irregular poroussstructure is

finally formed. In order to evaluate the anisotropy of irregular porous/structures; we performed

compression and permeability simulations on the irregular porous structures with different porosity

gradients in X, y, and z directions.
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Figure 14. Relative range of different irregular porous. (a) Mechanical properties. (b) Permeability

On the one hand, it'can be seen from Fig. 14(a) that as the porosity increases, the maximum

compressive stress fluctuates within a large range of 18% to 43%. The relative range of the average

stress at all nodes of the entire irregular porous structure increases from 0.41% to 3.3% with

increasing porasity, the most important, the relative range of the effective elastic modulus fluctuates

within 15%. On the other hand, as the porosity increases, the relative range of the permeability of

the irregular porous structure undergoes a process of increasing first and then decreasing in the Fig.
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14(b), the maximum and minimum values are 11.11% and 3.51%, respectively.

In general, the relative range of the results of compression and permeation simulation from the
X, Y, and z directions of the irregular porous structure is basically within a controllable’ range,
especially the effective elastic modulus and permeability. The relative range of the index is within
15% and 12% respectively, which indicates that the influence of structural anisotropy on-the
effective elastic modulus and permeability is relatively limited. Previous |studies using similar

~

methods to construct irregular porous structures has also shown that the degree of anisotropy of
irregular porous structures is low [18].

When the number of \obronoi cells of irregular porous structure increases, in view of the
characteristics of randomly generating seed point \bronoi.diagrams, each direction of irregular

¥

porous structures will be more balanced, and the anisotropy of effective elastic modulus and

permeability will be gradually reduced.
4. Conclusion

In this study, we constructed four porous structures (cube, diamond, rhombic dodecahedron,
N
irregular porous scaffold), which were tested though compression and permeability simulation
under different porosity. The main findings are summarized as follows:
(1) As the parosity increases, the pore size and specific surface area of the four porous structures
increase accordingly<In-addition, different from the uniformity of the regular porous structure, the
scattered distribution of through pores in the space and the scattered distribution of the pore size

distribution undoubtedly make the irregular porous structure better imitate the human bone structure

than the regular porous structure.
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(2) The permeability of the four porous structures increased with the increase of porosity, and the
structural properties (porosity, pore size, specific surface area) showed a positive correlation with
permeability. Among them, the irregular porous structure has the largest coverage of permeability.
(0.71-23.05x 10®m?).

Different from the uniformity of the velocity contour in the regular flow structure, the special
structural characteristics of the irregular porous structure cause the permeability non-uniformity,

~
making the irregular porous structure similar to human bone, ensuring the transport of oxygen and
nutrients, also conducive to cell adhesion and proliferation.

(3) As the porosity increases, the compressive strength and effective elastic modulus of the four
porous structures generally decreases. When the porosity is:70%or higher, the elastic modulus is in

¥
the range of the elastic modulus of the human cortical bone (3-30 Gpa); For the four porous
structures, the maximum compressive stress is mainly concentrated at the joint of the struts, and the
fragile struts are more likely to occur in thesirregular porous structure, resulting in a larger stress
concentration.

(4) The effective elastic mod{Ius and permeability were measured by the irregular porous
structure with five different,porosity in the three directions of x, y and z, the maximum relative
range of effectiveselastic ‘modulus and permeability is 14.5% and 11.11%, respectively, which
indicates the effective elastic modulus and permeability show relatively limited anisotropy under
the condition of random distribution of \bronoi diagram.

In summary, at 80% porosity, the effective elastic modulus and permeability of the four porous

structures can basically meet the requirements of the implant. Structural characteristic of irregular

porous structures similarly to human bones, as well as relatively limited anisotropy, showing
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superior development application potential compared to regular porous structures.
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