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HIGHLIGHTS GRAPHICAL ABSTRACT

e Designing and printing of variable
macro-lattice structures of PEEK com-
posite using FDM.

e Measure the compressive deformation
behaviour of macro-lattice structures for
dental implants.

o FEA helped us understand the behav-
iours of lattice structures of PEEK/cHAP
in different ratios.

e Varying lattice designs of gyroid and
BCCO can influence both strength and
failure Implants.

ARTICLE INFO ABSTRACT

Keywords: The study describes a homogenisation technique of developing a Polyether ether ketone (PEEK) and calcium
3D printing hydroxyapatite (cHAp) composite with periodic pattern lattice structures. The continuum depiction of the
cHAp/PEEK

discrete structures was evaluated to retain the PEEK cellulose composite properties of the lattice cell applied to
dental implants. Design approaches were considered, using different software modelling to optimise the ortho-
tropic lattice PEEK material by establishing an optimal variable cell lattice density distribution in the geometric
model of a dental implant. A homogenising model was studied based on the lattice optimisation that resulted
from the previous stage and considered different volume fractions, pore size, and variable density for different
lattice cells for dental implants. Their adequate elastic fatigues were obtained by the unit cell’s fast design-based
model homogenisation method, and bioactivity cell tests took place in a culture medium. It was evident from the
results obtained that the homogenisation increased the stiffness of the bracket by using the same cubic lattice
cell, and the fundamental frequency obtained with lattice optimisation to higher results after implants. This
result can easily be applied by using these lattice structures and PEEK composite in dental implants for medical
industries and institutions as a lightweight and better biocompatible materials compared to metals.

Composite scaffolds
Dental implants
Lattice structures
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1. Introduction

The mechanical properties of materials are essential for practical use
in the 3D printing of dental implants. When material development de-
pends on changing the material composition to improve the material’s
mechanical properties, there is often a close relationship between the
inherent properties of these materials, such as fatigue and density [1-3].
Polymer materials are manufactured structures whose mechanical
properties can be manipulated by deformation and microstructure spe-
cifically for implants. Mechanical properties can be designed to have
unique characteristics not found in nature, and lattice structures that
mimic bone/dental structure arrangements can be considered. It de-
pends on the microstructure and properties of the material from which it
is made [4-6].

Polymers for dental implants generally have high fatigue and hard-
ness, which have been studied extensively and deeply by many scien-
tists. Different researchers [7-9] analysed the elastic properties of
different theories of the lattice structure, like formula and beam lattice
for an orthopaedic implant. These structures demonstrated the accurate
deformation of the metamaterial with straight and curved lattice com-
ponents standard in implants. They achieved an effective increase and
variation in stiffness in a predefined direction along the direction of the
lattice structure [10-12]. However, some studies have also found that
local areas of high stress will cause severe structural damage. The
structure exceeds the elastic limit due to material and microstructure
restrictions. Therefore, it is necessary to find a way to strengthen the
network structure—mesh made of materials subject to particularly se-
vere damage and fatigue properties [13-15].

In recent years, tissue engineering structures have been designed
using triple periodic minimum surfaces (TPMS) to overcome the geo-
metric limitations of pore-forming elements, as TPMS exists in both
natural and manufactured terms. Therefore, they are essential to sci-
entists due to the concise description of various physical materials.
Studies have established a primary cubic structure in a bem lattice and
primitive using a layered production method [16,17]. These structures
help create and ensure that propagation cells have access to blood and
nutrients. TPMS scaffold design methodology was a means to accom-
plish this task. This program generated a gradient in pore size and
porosity in computer-aided design (CAD) files showing known TPMS
surface Designs under different software [18-20]. However, the
cube-shaped samples created for display with random pore architecture
resulting from leaching and static are not favourable to many bone
implants.

On the other hand, an example of the experiment was the shape of
the primary disk. Studies have recently described designing a computer-
aided porous scaffold based on TPMS [21,22]. The work described a
periodic surface TPMS that consists of simple trigonometric functions for
mechanical, chemical, and physical applications. However, the selective
agglutination of the powder is made by the action of a liquid adhesive at
room temperature rather than a laser beam at high temperatures, as
applicable to AM technology [23,24]. The selective release of the molten
resin over the powder is done by a print head, the same as in inkjet
printers for printing on paper. After being removed from the machine,
the parts are cleaned of uncoated powder. Then, cyanoacrylate is infil-
trated to provide mechanical reinforcement [25-27]. As the surface and
dimension quality is lower than previously stated, AM is sometimes used
as an instrument for visual or conceptual prototypes. These techniques
can be used to produce scaffolds. The development of homogenisation
methods for periodic media has also received substantial attention
lately. Various strategies are used to get a continuum representation of
the dynamic elastic behaviour of irregular domains while retaining in-
formation about their characteristics and geometry [28-30]. For wave
propagation research, the emphasis has been on approximating the
dynamic response of a regular system and dispersion relations.
Multi-grid approaches based on asymptotic expansion, which have his-
torically been used in classical homogenisation, have been suggested
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[31,32]. For Eshelby’s equivalent integration theory of self-consistency,
general asymptotic homogenisation may be used to compute the effec-
tive characteristics, which can be done analytically or numerically.
Recently, much attention has been paid to reducing the amount of tissue;
for the most part, TPMS can distinguish biphasic substances into inter-
related areas [33,34].

Hence, this work focuses on AM technology with designing gyroid
and BCCO structures for dental implants with PEEK/cHAp composite
materials. The method is relevant in tissue engineering for dental gen-
eration. The investigated applications of biomaterials as scaffolds for
dental implants and utilising cells for creating artificial tissues were
developed and analysed. A novel scaffold and design process were
proposed to stimulate cellular growth, minimise artificial and cellular
environments, and increase cellular differentiation, accelerating cell
proliferation. This innovative study designed nearly isotropic hybrid
cellular materials based on gyroid and BCCO surfaces. The elastic
moduli of these cellular materials were confirmed on the unit cell,
representing the implant’s strength. Using the design-based model ho-
mogenisation method, all the elastic moduli of the lattices reached the
upper bound of homogenisation simultaneously. This study also focused
on 3D printing technology and morphological microanalysis for dental
implant production in tissue engineering. Also, it used biological ma-
terials, like polymer materials and cHAp, for the scaffolding with
different lattice cells to create artificial tissues. The design process and
optimisation of lattice for dental implant with PEEK and composite
(cHAp) with porous scaffold using homogenisation is shown in Fig. 1.

2. Materials and methods

An extruder by Filabot Triex LLC, USA, was utilised. It was fed
consistently with 3 x 3 mm PEEK and cellulose composite fragments to
obtain typical 3D-printed filaments with a diameter of 1.75 mm. The
extruder temperature was set to about 350 °C, which is higher than the
melting temperature of the cellulose composite, as determined by dif-
ferential scanning calorimetry (DSC). Technology Outlet, the home of
3D printers, Leicestershire, UK deliver the PEEK materials. The filament
released from the extruder nozzle was rolled around a roller following
the AM method. Before the extrusion process, the extruder was purged
carefully with pure PEEK [35-37]. The filaments were subsequently
kept in a confined environment with low humidity and appropriate
storage conditions, such as a low temperature, to prevent evaporation of
the plasticisers. Being aware of the evaporation of the plasticisers over
time, they were almost immediately used as a material source for the 3D
printer [38-40]. The system included an extruder, thermal control, and
traversing subsystems. The extruder subsystem was firmly installed on a
rigid frame fixed to a granite plate.

2.1. FDM 3D printing settings for scaffold

A slight overlap allowed the walls to connect firmly to the infill,
which is the pattern of the structure in the model. The infill was affected
by the percentage infill, density, and pattern, which has an infill line
distance of 0.4 mm with an infill thickness of 0.1 mm. The gradual infill
steps are the number of times to reduce the infill density by half when
getting further below the top surfaces set at zero [41,42]. Due to the
solidification and cooling processes, the areas closer to the top surface of
the scaffold got higher than the infill density. The layer thickness was
always affected by layer height. The layer of infill materials was set at
0.1 mm. This value is always a multiple-layer height and is otherwise
rounded up.

2.2. Design of lattices for femurs
The topological, joint, porous, pore-size, and available materials

influence porous structures’ mechanical and biological characteristics.
Analysis was focused on four structural forms as archetype topology:
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Fig. 1. The novel proposed designed lattice for dental implant with PEEK with porous scaffold using homogenisation.

gyroid and body centre cubic octahedron (BCCO), as illustrated in Fig. 2.
The four structures possess high resistance to fracture and obtain design
domains, and parametric geometric models were used. Furthermore,
parametric modelling of each system was essential for establishing
geometric parameters, porosity, and pore sizes. The percentage of space
in a substantial cell was the same as in P = 1 — V,,/V, where volumes of
the porous structure and system were expressed as V, and Vj, respec-
tively. Therefore, all the standard geometries of the structures provided
a basis for the structure of the mechanical features necessary for the

BCCO

™

sin(x)cos(y) + sin(y)cos(z) + sin(z)cos(x) > u(x, y, z),

structure design, using the geometric parameters, porosity, and pore
sizes. Eqs (1)-(4) indicate the volumes of the four structures [43-45].
A single gyroid structure consists of iso-surfaces described by

(€8]
Where the surface is constrained by u(x, y, z).
Viscco = (31 / 4)+D,%a + 4v/31D%a / 4—(3n/4)* D} — 431D / 4@

Fig. 2. These are examples of different proposed lattice CAD models for dental scaffold structures designed for this research utilised in model hybrid structure
development.
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Also, V, = a®
Pore sizes can be expressed from Egs (1)-(3),

tgcco =a — D, 3)

Where ti represents the thickness of the strut of different gyroid and
BCCO structures, (v) denotes the volume of the cubic system and the
size, respectively. The capability of 3D printing processing and dental
growth conditions were restricted for structure design. The minimum
pore dimensions of the medical scaffold were 300 pm, and N55% pre-
pared the minimum strut thickness of 150 pm; SLM technology has been
used [46,47]. In the design of geometric structural parameters, these
factors were considered.

2.3. Design analysis

The CAD body was created and then meshed by introducing implicit
mesh convert from the CAD body in ntopology, which has a refinement
level integration of maximum adaptive to allow (0, 9). Higher values
improved the precision in the region where patches only approximate
the limit of the Catmull-Clark surface. This region occurred around the
one ring of an extraordinary vertex and along edges tagged semi-sharp.
A surface mesh was introduced at an edge length of 0.1 on a triangle
shape setting with a span angle of 30°, a growth rate of 2, and a feature
angle of 45°. The mesh surface was sent into a slipt mesh for quality
output mesh before being sent into the quadrangular mesh for further
meshing. The CAD body created from the quadrangular mesh block
allowed for an approximation of the Catmull-Clark subdivision surface
as a collection of bicubic B-spline patches [40,48,49]. As the

[ — -]
Abutment
Screw

Materials Chemistry and Physics 289 (2022) 126454

quadrangular mesh dominant was given as the input up to two globals,
Catmull-Clark refinement was performed to create a quad mesh repre-
sented by bicubic patches. This meshing was done because the final part
failed to mesh appropriately due to the Parasolid body. A manifold mesh
was introduced to the surface. When the quad mesh was introduced to
the TPMS lattice cell structure, a quad count was captured for better
curvature of the input mesh range of [0,1]. The sharp feature improved
the auto-detection and preservation properties in the input mesh. The
flow angle produced a minimum scalar value that defined the profile
edge of the CAD body [38,50,51]. Fig. 3 shows the final production of
the femur dental and the different TPMS lattice structures with an FDM
3D printer. The value that identified edges to preserve while remeshing
the value represented a lower bound. The dihedral angle between the
two faces was more significant than the criteria. The edge was tagged as
a profile. This method was combined with preserving sharp edges,
constraining the quad mesh’s alignment to the profile edges, and giving
the TPMS lattice model a symmetry plane.

Modulus of Elasticity [E] 1s‘;§:22 — 2 and @
Young Modulus (E)

E.= E,V, + EcuapVerap 5)
shear modulus (G)

G.= G,V, + Geap Veriap 6)

G.= 1.375x0.6 + 3.943 x 0.4 =2.4022
Density (p) kg/m3

Forces

Mesh with
4 N
L constrains

Sectional view
for internal
structure

Stress Analysis

Fig. 3. Workflow and process of compressive test set-up and its analysis.
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Table 1
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Composite percentage weight of PEEK-cHAp of different densities at 1310 kg/m® of PEEK density.

Sample PEEK (wt%) cHAP (wt%) Young’s modulus (E) Gpa Shear Modulus (G) Gpa Poisson Ratio (9) Density () kg/m3 Bulk Modulus (Gpa)
PEEK 100 0.00 3.950 1.414 0.397 1310 6.392
PEEK 1 90.0 10.0 4.573 1.6318 0.4012 1503 7.715
PEEK 2 80.0 20.0 5.176 1.8886 0.3703 1686 6.653
PEEK 3 70.0 30.0 5.779 2.1454 0.3468 1869 6.288
PEEK 4 60.0 40.0 6.382 2.4022 0.3284 2052 6.197
Crown 8.2 3.154 0.3 2235 6.833
o= P,V + PesiapVeriay ) (FEA) over time. As its an autonomous method, the critical concepts can

p.= 1320x0.6 + 3150 x 0.4 = 2052

Therefore, the modulus of elasticity [E] values for the PEEK, and
cHAp were 3.85 GPa, and 10 GPa respectively. The most used poison
ratio (9) for PEEK is 0.4, from which another composite poison ratio was
derived. The density (p) of PEEK was 1310 kg/m?, and p of 3150 kg/m>
for cHAp. The modulus of rigidity or shear modulus (G) of PEEK and
cHAp were 1.375 and 3.943 GPa, respectively, according to Eq. (4)
(Table 1).

E
G= 2(1— 9) ®)

From Eq. (2), using 70 wt% of PEEK and 30 wt% of cHAp gives the

expression:

E.,= 3.97GPa x 0.6+ 10GPa x 0.4
E.=(2.382+ 4)GPa=6.382GPa
E.= 3.97GPa x 0.7+ 10GPa x 0.3
E.=(2.779+ 3)GPa=>5.779GPa
E,= 397GPa x 0.8+ 10GPa x 0.2
E.=(3.176 + 2)GPa=5.176GPa
E.= 3.97GPa x 0.9+ 10GPa x 0.1

E.=(3.573+ 1)GPa=4.573GPa

2.4. Homogenizations analysis

The individual homogenisation of different cells in the cage was
designed using Creo Parametric 7 and then analysed using the ntopology
software. Homogeneous performances save computing time when
designing dense truss structures. Homogeneous representation deter-
mined dense lattice structures in dental geometry without integrating
the structural failure and confirmation model. Mathematical de-
scriptions were stored and used in simulations to analyse the structural,
linear, constant, and modal responses. A smaller model and quicker
simulation were some benefits of this new approach to lattice optimi-
sation. This difference was made because the homogenisation method
can be used quickly on the noneconomic lattice [41,52,53].

In contrast, the general situation for the multi-atom lattice was more
complex, and therefore, it was recommended here. Complementing a
more superficial position and determining the appropriate boundary
conditions can be a significant obstacle in developing a homogeneous
formula and determining where to cut the Taylor series and the forecast
order. The limited homogenisation command was used as the boundary
condition applied load point. Boundary conditions and load consistency
were avoided. The material’s effective properties were extracted by
homogenisation by fast Fourier transform (FFT). The significant ad-
vantages of this algorithm over traditional asymptomatic homogenisa-
tion include its higher efficiency, as it avoids finite element analysis

be summarised as follows: periodic cells were chosen to periodically
study the linear elastic properties of the cellular material with its
microstructural properties. Fig. 3 shows the 3D printing experimental
process, the printing layers, and support for optimum FDM. Fig. 3 shows
a variety of lattice CAD models for dental scaffold structures that could
be used in this study [39,43].

3. Results and discussion
3.1. Lattice and homogenisation

Fig. 4 shows the fabrication of thin-bed geometry with unit cells and
2.0 x 2.0 x 2.0 strands compared with column-based trusses with joint
and columnar architecture. These TPMS slabs were perfectly inter-
connected. Therefore, more materials can be used efficiently. Fig. 4 was
the standard surface of the levelling function in a unit delimited by a
lattice of 10 pm, which can neither be manipulated by asymptomatic
calculation nor analysis homogenisation. They can be easily obtained
with design-based model homogenisation in ntopology, a programme
for simplicity. Generally, these members were equal to the units in the
homogenisation process. The relative density in Fig. 4 ranged from 0.05
to 0.80, corresponding to the PEEK material with a similar geometric
profile. However, it has different thicknesses. The efficiency values of
cubic gyroid foam and octal lattice obtained by design-based model
homogenisation were identical to FEA’s. Moreover, Fig. 4 shows
different 3D-printed cHAp and PEEK scaffolds of the structure design of
gyroid and BCCO before and after adding cellulose composite to mimic
dental structures, with 50p to show life representation and dimensions
of the scaffolds. As a basis for evaluating the PEEK material of TPMS
cells, cubic octal foam can approach the higher homogenisation bond of
the higher bond than the TMPS cell material range maximum relative
density. However, Neovius cell material performed better when r > 0.4
(Table 2).

3D printing allows parts with complex microstructures to be printed,
sometimes using different scales. Using analysis of systems (ANSYS)
Material Designer, the relationship between the associated length scales
and the problem of the length scale difference when using a single finite
element model can be significant. It presents a reduction in the size of
the cell but enormous computational challenges. The standard approach
in such cases is homogenisation. According to the scaling hypothesis,
numerical homogenisation is often used to model cross-linked structures
using comparable properties. Also, industrial support as a case study to
analyse the effectiveness of homogenisation can be used. The hierar-
chical approach was developed and based on homogenisation to opti-
mise the distribution and properties of materials, which has been critical
in this context. Several studies [13,25,35,54] used numerical homoge-
nisation to optimise the functional classification of the reticular struc-
ture. These studies used a single density variable to define the available
isotropic lattice structures. Several methods have been developed to
allow members of the different primary aspects of the cubic cell to vary
in size independently [28,33,55]. These methods can make orthotropic
trusses that can handle large-scale loads by letting cells in the unit move
around. Fig. 5 shows the FEA of the deformation, elastic strain and von
mises stress of pure PEEK. The corresponding composite shows the most
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Fig. 4. Dental implant production and different TPMS lattice of gyroid and BCCO structures in FDM 3D printing.

Table 2

The composite combination of the three-part of the dental implant of the different composite and the corresponding result.

ABUTMENT SCREW CROWN Elastic Strain Stress [MPa] Shear Stress [MPa] Energy Total [mJ] Deformation [mm] Shear Elastic Strain
Ti-6Al-4V, Ti-6Al-4V Ti-6Al-4V 0.00166 166.2908 47.04528 38.97914 0.002002 0.001133
PEEK PEEK PEEK 0.003201 10.99508 3.795261 3.930727 0.002003 0.002685
PEEK 1 PEEK 1 PEEK 1 0.002986 12.4083 4.35256 4.368669 0.002 0.002667
PEEK 2 PEEK 2 PEEK 2 0.002976 13.93478 4.663437 4.258483 0.002003 0.002469
PEEK 3 PEEK 3 PEEK 3 0.002952 15.3932 5.007902 4.31436 0.002005 0.002334
PEEK 4 PEEK 4 PEEK 4 0.002915 16.76091 5.353133 4.421316 0.002003 0.002228
PEEK PEEK 1 PEEK 2 0.002974 13.92436 4.659352 4.251946 0.002 0.002467
PEEK 1 PEEK 2 PEEK 3 0.00295 15.38254 5.003908 4.307976 0.002003 0.002332
PEEK 2 PEEK 3 PEEK 4 0.002917 16.77294 5.357593 4.428664 0.002005 0.00223
PEEK 3 PEEK 4 PEEK 0.003201 10.99248 3.794051 3.928782 0.002003 0.002684

stressful area of the dental implant. From Fig. 5 the von mises stress on
the PEEK4 is more than the pure PEEK and another composite. It is seen
that the increase in the quality of CHAp in the system increases the
implant increase the stress it can withstand.

Fig. 5 FEA of a sectional view of the elastic deformation strain and
von mises stress of 3 samples With the RVE modelling, the homogeni-
sation process was initiated in ANSYS, which required creating simple
geometry and determining the material properties of the components.
Then, as stated in the present study, the geometry for FEA was carried
out in a single step of complex computational pre-processing, leading to
the produced material. It is homogeneous and has changeable charac-
teristics, resulting in significantly lower macro simulation costs. The
second strategy for the design of this study was to create a homogenised
model that analysed the new model. The boundary conditions and na-
ture of the finite element model were used in this study. The first modal
analysis approach used type elements and dimensions. The non-
optimised model was the main objective of the optimisation analysis.
It was homogeneous and had changeable characteristics, producing
significantly lower macro simulation costs.

Besides, Figs. 6 and 7 depict strength-level dental implant lattice
structures with multiple cells of 2.0 x 2.0 x 2.0 mm and the corre-
sponding homogenisation within the range of Young’s modulus of
elasticity that mimic the dental structure. The first modal analysis
approach used the terms type, element, and dimension. Similarly, it was
homogeneous and had changeable characteristics, resulting in

significantly lower macro simulation costs. The second strategy for the
design of this study was to create a homogenised model that analysed
the new model. The boundary conditions and nature of the finite
element model were used in this study and element and dimension in the
first modal analysis approach. Fig. 6 Shows the top view of FEA of the
model shear stress and strain of dental implant. From Fig. 6, there is
more shearing effect on the pure PEEK and elastic expansion compared
to the composite PEEK.

Finite elements with corresponding cubic cell sizes were 2.0 x 2.0 x
2.0 mm. Topology optimisation was unsuccessful for smaller cell sizes.
Interestingly, when the cell size decreased, the first two natural fre-
quencies increased slightly for the homogenised model and were
reduced somewhat for the following three times. Homogenisation for
different cell topologies obtained the first six natural frequencies with a
size of @20 x 30 mm®. Therefore, the modal analysis for the lattice
structure was performed in two ways. The first approach was used to
model the lattice structure obtained by the topological analysis. The
second approach was used as a model. After optimising the cubic cell,
the weight was reduced by more than half, from 45.50 to 21.77 kg. The
cage and homogenisation gave equal mass values. It was assumed that
the structure’s geometry to be homogenised played a role in forming
variable volume fractions, which varied the densities. The fundamental
strength and fatigue were increased using the same cubic cell during the
homogenisation process, which used various volume fractions that made
up the orthotropic material.
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PEEK 2

PEEK 1

Fig. 5. The FEA of the deformation, elastic strain, and von mises stress of pure PEEK and corresponding composite showing the most stress area of the dental implant.

3.2. The lattice structure of cellulose composite and porosity

After 40 cycles, the cells maintained their intricate 3D lattice ar-
chitectures, proving their mechanical strength and fatigue. As a result, a
high volumetric capacity at low pressure can be achieved, which is
necessary for bodily fluid transport. This breakthrough method is critical
to the cell and medical device industries. The results showed that the
research worked successfully with cell devices for biomedical applica-
tions, including miniaturised scaffolds. Microdevices and non-biological
cells also helped this effort. The dental implant may also be effectively
employed because of the batteries manufactured using this technology’s
low weight and large capacity. Lattice and gyroid structures of BCCO
with 0.4 mm and two cells of 0.2 and 0.20 mm gyroid structures were
constructed and analysed for their properties. SolidWorks was used to
make a computer model of the porous structural design that was sup-
posed to be there. Porosity was measured to ensure the computer model
of porosity and the structure’s shape were correct.

3.3. Comparison of experimental and FEA results

Fig. 7 (a)-(d) depict experimental and FEA results of the different
lattice CAD models, showing the stress and strain graph behaviours of
BCCO, and gyroid models, respectively. It was observed that both
methods produced agreed outcomes, especially with PEEK and cellulose
composites with lower percentages of cHAp. Accuracy of their results
can be granted. Hence, the reliability and accurate predictability of the
finite element models were established. Fig. 7. Show comparison of
experimental and FEA results of the different lattice CAD models,

showing the stress and strain graph behaviours of a composite dental
implant.

In addition, Fig. 8 compares experimental and FEA results of the
different lattice CAD models of the dental implant of the PEEK and
composite, showing strength over the samples of the unit cell. The
scaffolds were compared with human dental of relative shear modulus
versus cellulose composite relative density, as depicted in Fig. 8. It was
evident that both Young’s and shear moduli (strengths) of the cellulose
composites increased with their percentage weights. These moduli were
almost the same as human dental, especially at 4 wt% and above.
Therefore, the cellulose composite scaffolds can be suitable alternatives
for biomimetic heterogeneous artificial dental repair, as required in
biomedical/dental tissue engineering.

4. Discussion

The graphics optimisation approach selects a new scaffold’s optimal
type and volumetric ratios. Scaffold type and volume ratio are the only
variables presently used in the procedure that are adequate to show this
concept. There are advantages in using optimisation methods. Designers
benefit from this because it gives them a visual representation of the
whole problem space. As a result, the selection criteria for the network
and their influence on the response are well understood. A volume
proportion of 0.49 of the six initially available scaffold types was su-
perior to the worst-performing scaffold that satisfied the limits in the
optimisation approach, resulting in the gyroid scaffold outperforming
the others with a 10% increase in cell growth rate. An optimisation
method that considers the minimal pore size limit of the scaffolds
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Fig. 6. The top view of FEA of the model shear stress and strain of dental implant.

induces capillaries to form across the network. The number of crossing
spheres may be calculated using the suggested approach for determining
the minimum pore size in a porous network.

Additionally, it is crucial to compute the top limit of the capillary
pore size as a function of the diffusion of oxygen and nutrients. TPMS
scaffolds can be compared accurately since they occupy the complete
network of cells, making it easy to do so. Both capillaries are responsible
for this outcome. The scaffold wall is too far away from the capillaries.
The oxygen supply to the cells adhering to this wall is inadequate, and
they perish. Mechanical stimulation of the skeleton and surrounding
tissues influences dental development and growth outcomes. Stress may
be beneficial. In gyroid cells, our findings demonstrate the importance of
limiting rigidity. Allowable volume fractions are reduced by 74% with
these restrictions.

Microscopic stratification models were used to simulate the growth
of preosteoclast cells in TPMS structures. Ensemble-level models were
previously validated with simpler geometries. As described in the
method section, the practices used here differ from those in the original
study. Although we have successfully revised our method, it showed an
average cell growth rate [34-36]. It will continually decrease as the
fractional amount increases. The gyroid scaffold type produces
maximum cell growth for the optimal volume ratio and the range of all
volume fractions. A recent study [33,56,57] shows the bioabsorbable
scaffold model with visco-porous elastic dental. Although some nu-
merical research has been done, this study does not suggest optimising
the design parameters as we have done here. The gyroid and BCCO
pattern is a cell pattern with excellent stable mechanical properties and
good dental growth.

In particular, the mechanical performance of the gyroid and BCCO-
designed scaffold was almost the same in all building orientations.
Scaffolds made of gyroid and BCCO may be used in various orthopaedic
procedures. It was worthwhile to investigate the gyroid and BCCO
structure’s failure mechanism in the event of a rise in voltage. Inner strut

deflection in the unit cell was predicted because of their propensity to-
ward compression. A more significant number of investigations into the
cellular structure are required. The dental structure cannot be
adequately replicated in some instances due to a lack of cell structure.
The discovery and creation of more arbitrary lattice structures are
needed. It is essential to evaluate the practicality of creating a ramp.
Additional ideas may be required for the overall and gradient structure
designs. Considering the limits of AM technology is critical to success.
Complex porous structures may be difficult to fabricate with AM tech-
nology. The design must consider the potential flaws of various printing
methods. The porous structure’s biological characteristics must be
examined. In vitro and in vivo studies were compared to mechanical
tests, particularly long-term in vivo tests.

Most structures on non-parametric engineering scaffolds are the
same; they are all slight alterations to a straightforward construction.
Microscopically, most cell architectures rely on cube-based structures
while neglecting random and non-cube-based morphologies. Because of
this, it is necessary to provide a comprehensive overview of the micro-
structure. TPMS and Voronoi scaffolds are now being developed at a
rapid pace. Scaffolds with lattices that resemble porous dental perfor-
mance have shown superior randomness. TPMS scaffolds have high
permeability because of their smooth, continuous surface. Even with
current research, is still much unknown and the design criteria and fa-
tigue must be further investigated. To compare and assess various cell
structures in orthopaedic and dental applications. The porous structure’s
minuscule components must be put through the same rigorous testing
procedure.

5. Conclusions
The design-based model homogenisation approach was used to

examine the mechanical characteristics of cellular materials with the
ntopology of triply periodic minimal surfaces. Similar findings were
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easily obtained using the homogenisation technique for a lattice unit cell
with elements measuring 2 x 2 x 2 mm. As a result of this ground-
breaking study, periodic lattice structures may be homogenised to aid
biomedical engineering. FEA simulations changed the system’s elec-
trodynamic equation, then reversed and expanded using the Taylor se-
ries expansion. The proposed structural parameters can be applied to
industrial design problems. Significantly, the proposed guidelines
improved the precision of estimating the mechanical properties of
extruded fibre materials. However, this method cannot guarantee the
accuracy of the modified, graded, and paired lattice structures since the
homogenisation procedures used in this investigation were determined
over time. The limitation of homogenisation is that functionality works
with square, cell-beam lattices that are uniformly distributed and
require 3D printing of the entire geometry. Therefore, they are potential
alternatives in dental tissue engineering. The tensile strength and
Young’s modulus of the cellulose composite containing 30 wt% and 40
wt% of cHAp, increased compared with the pure PEEK matrix. These
demonstrated the value of uniformity for the mechanical features of the
cellulose composites. Finally, the near-scope final impact of the lattice
topology will be examined in future studies. Next, other mechanical
properties, like interlayer resistance and deflection, will be studied with
the help of the proposed approaches and the industrial design method.
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