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ABSTRACT
Objective(s): Tissue engineering aims to achieve a tissue, which has highly interconnected porous 
microstructure concurrent with appropriate mechanical and biological properties. 
Materials and Methods: Therefore, the microstructure scaffolds are of great importance in this field. In 
the present study, an electroconductive poly-lactic acid (EC-PLA) filament used to fabricate a porous 
bone scaffold. For scaffolds model designed, solid-work software was used. Then, the designed modeled 
was transferred to simplify 3D to laminated with its G-Code file for fused deposition modeling (FDM) 
printer to create a scaffold with porosity around 65-75%. Two different shapes were designed and fabricated 
(cylindrical and cubic shape). The samples were coated with hydroxyapatite (HA) nanoparticle to enhance its 
chemical stability. In this study, the X-ray diffraction (XRD) confirmed that the EC-PLA is non-crystalized 
and scanning electron microscopy (SEM) used to present the apatite formation on the surface of porous 
scaffolds. The compression test, fracture toughness, and hardness were measured. The biological response in 
the physiological saline was performed to determine the rate of degradation of EC-PLA in phosphate buffer 
saline (PBS) and the apatite formation in the simulated body fluid (SBF) after 14 days. 
Results: Finally, the biocompatibility of the porous architecture was monitored using human gum (HuGu) 
cells. The ABAQUS modeling simulation was used to compare the experimental and analytical results. The 
obtained results showed that by applying force to both cylindrical and cubic scaffold, the Von Mises Stress 
(VMS) could withstand the scaffold mentioned above at 9.7-11 MPa. 
Conclusion: Therefore, it can be concluded that prepared porous scaffolds have a high potential in bone 
tissue engineering and probably the treatment of tumor-related bone defects as photothermal therapy. The 
porous EC-PLA scaffold was successfully fabricated and showed appropriate compressive strength (39.14 
MPa), with controllable porosity of 60-70 %, which is a suitable candidate for replacing in bone tissues.
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INTRODUCTION
Different bone repair and transplantation 

replacement have obtained with the development 
of material technology. Tissue engineering has 
made into the extracellular matrix (ECM) scaffold, 
which is an interdisciplinary field, assists cell 

therapy by using a scaffold, cell, and growth factor 
[1]. Tissue engineering for bone regeneration has 
desirable characteristics with biocompatibility, 
non-toxicity, low cost, and non-carcinogenicity, 
with excellent osteoconductive and osteoinductive 
properties. Several approaches such as pore-
forming agent method [2], supercritical method 
[3,4] gas foaming method [5, 6], sol-gel method 
[7, 8], and freezing drying [9, 10], 3D printing 
[11-15] have developed to obtain porous 
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scaffolds for bone tissue replacement to mimic 
human bone mass density (BMD) using bone 
remodulating drug like vitamin D. Although these 
methods exhibit a particular ability to fabricate 
porous nanostructure, they are also with some 
limitations, such as inaccurate control of the pore 
structure and poor ability to customize for specific 
defect sites [11]. Some of this path inevitably 
leave organic residues of pore-forming agent that 
reduce the biological properties of scaffolds and 
atonement the quality of bone repair [11-13]. 

Achieving various fabrication techniques that 
can obtain significant external shape and control 
the pore structure accurately for orthopedic 
application. Additive manufacturing (AM) can 
produce a porous scaffold with individual external 
shape and porous internal microstructure 
[12]. The 3D printing (3DP) technology has the 
advantage techniques a precise, personalized 
tissue for bone scaffolds based on bone defect 
and CT-scan images. The results indicated that 
matching the scaffold with the defect areas 
excellently, imitate the normal nature tissue 
microstructure of humans is possible within the 
AM technology [13-14]. A large variety of ceramic, 
metallic, polymeric, and composite materials can 
be processed using 3DP; however, binder selection 
and process parameter optimization are the keys 
to successful part fabrication. In bone tissue 
engineering, the advantages of this method arise 
through the control of fine features, including 
interconnected porosity, no contamination 
issues related to any second material for support 
structures, and the direct printing ability with 
both metallic and ceramic biomaterials [15]. 
Serra et al. [16] used a nozzle-based rapid 
prototyping system to combine polylactic acid 
(PLA) and bioactive calcium phosphates (CaPs) to 
fabricate 3D porous scaffolds architecture. The 
investigations resulted in acceptable suitability 
of the techniques - materials combination lead 
to developing 3D porous scaffolds and their 
initial biocompatibility, both being valuable 
characteristics for bone tissue engineering 
approaches. An in vitro study compared three 
different poly (D, L-lactic acid) scaffolds obtained 
by various pore sizes generated by applying 
different salt leaching processes. Researchers 
found that different pore size matrixes can affect 
ECM development, the cell organization, collagen, 
and mineralization correlation. They focused 
on the intermediate stage of the bone healing 

process, where a collagen network is beginning to 
develop by the growing osteoblasts representing 
the cite for the ultimate stage of bone formation 
[17]. Giordano et al. [18] fabricated scaffold by 
binder printed from low and high molecular 
weight PLA granules with chloroform used as a 
binder solution. The maximum tensile strength 
for the low molecular weight PLLA  was 17.40 ± 
0.71 MPa, and for high molecular weight, PLLA 
was 15.94 ± 1.50 MPa. Another study investigated 
different properties of PLA scaffolds fabricated 
using 3DP technology. Their result showed that 
there is a similarity between 3D-printed scaffolds 
and natural bone in terms of pore size, porosity, 
and appropriate mechanical properties of porous 
tissues. Thus, it would be a suitable alternative 
for the bone repairing process [19]. Fafenrot 
et al. [20] demonstrate that hybrid materials 
mostly containing bronze have significantly 
reduced mechanical properties of metal-polymer 
scaffolds. The tensile strengths of the 3D-printed 
objects were near with those original bone, which 
indicated sufficient quality of the printing process. 
They showed that while Fusion Deposition 
Modelling (FDM) allows for producing objects 
with mechanical properties similar to the original 
materials, metal-polymer blends could not be used 
for the rapid manufacturing of objects requiring 
proper mechanical strength. Many studies 
showed that graphene had potential biological 
properties and could improve the adhesion, 
proliferation, and differentiation of osteoblasts. 
Also, in some cases, the obtained results indicated 
that graphene had marvelous potential in 
bone repair [21]. However, there are still some 
shortcomings of graphene, electroconductive, 
magnetic nanoparticle, and carbon nanotubes 
(CNTs) such as the long-term toxicity and poor 
biodegradability [22]. Therefore, for the first time, 
we study a novel artificial electroconductive PLA 
filament for the preparation of a porous scaffold 
using the FDM technique. The biological and 
mechanical properties have been investigated 
to compare with the micromechanical modeling 
results.

MATERIALS AND METHODS
 Material preparation

An industrial electroconductive PLA-based 
filament was purchased. The filament was inserted 
into an FDM printing machine with relatively 
low melting temperature, low warp properties, 
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and biodegradable with 1.75 mm thicknesses 
used for scaffold preparation. The mechanical 
and physical properties of elctroconductive-PLA 
(EC-PLA) filament shown in Table 1. At the glass 
transition temperature, the polymer changes 
technically from a solid to a rubber. As a result, the 
strength of PLA parts reduced when used above 
this temperature. At the melting temperature 
(melting range), the viscosity drops dramatically, 
and the polymer can be pushed through a nozzle. 
Therefore, it is better to used EC-PLA at a certain 
melting point. 

Design of scaffold architecture
To design the scaffolds with different shapes of 

porous (Hexagonal, cylinderical, and cubic shape) 
with a density of 60%, the solid work tools were 
used. The hexagonal shape selected for further 
study due to the angles involved and the study 
on stress concentration is of great importance in 
scaffold preparation to ovoid crack propagation. 
Honeycomb shape also involves compacted six-
fold in the planer view and avoids the unwanted 
irregular porosity. Fig 1 shows the schematic of 
the design and fabrication of a porous scaffold 
using solid work software and an FDM printer. 
Honeycomb model with (D×H) equal to (5×7) 
mm2, cylindrical shape with (L×W×H) equal to 
(15×15×1) mm3, and cubic shape particularly were 
modeled and fabricated using solid work and FDM 
tools in which the D is diameter of cylinder, and L 
stands for the length, W is the width and H is the 
height of scaffolds. Fig 2 shows the cylindrical and 

cubic shape of the 3D designed structures with 
honeycomb porosity. Both designed shapes were 
fabricated and designed with 65-70% porosity with 
nozzle temperatures ranging from 190°C-220°C.  

Fig 2. Porous scaffolds (a) cylindrical shape conFigation with di-
mensions of (5 × 5 × 5) mm, (b) cubes shape with a diameter 

of (15×15×1) mm

Scaffold fabrication using fused deposition 
modeling (FDM)

The FDM machine was used (PARMAN Shop-
Iran) with EC-PLA filament for this study. The FDM 
has low cost, high speed, and simplicity, which 
makes the process of design and fabrication 
of complex shapes easier. In this process, a 
continuous electroconductive filament (ECF) fed 
into the nozzle by a pinch roller mechanism, then 
heated under computer control up to 215ºC to 
reach semi-liquid and then extruded on the hot 
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Fig 1. Schematic view of scaffold fabrication processing and investigating analysis
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platform. The nozzles sequentially pressed to 
the printing platform. A computer-aided-design 
(CAD) approach to build 3D microstructures and 
then melted layer by layer to complete the model 
construction. Nozzle diameter, deposition rate, 
path spacing of the same layer, and layer thickness 
was 0.4 (mm), 200 (mm/min), 0.36 (mm) and 100 
(µm), respectively. 

Scaffold characterization
Phase analysis

The XRD analysis was used with Philips, Model 
PW-3040 with CuKαl radiation at 40 kV, 30mA, 
step size of 0.05º(2θ°), and time per step 1 sec. 
The XRD pattern was tested before and after the 
fabrication of EC-PLA filament to compare the 
heating rate during the fabrication process.

Morphology analysis
To evaluate the morphology and geometry of 

the porous size, the scanning electron microscope 
(SEM) tools were used. Specimens were stoking 
to carbon binder and placed on space holder. 
Then coated with 5 (nm) gold by chemical 
vapor deposition (CVD) technique and imaged 
under scanning electron microscopy (Advanced 
Materials Research Centre, Islamic Azad University 
of Najafabad, Philips XI30, Netherland). The SEM 
images allowed us to observe differences of pores 
designed scaffolds and those after the fabrication 
process with grain size changes. Besides, after 
that, the samples soaking in different solutions to 
evaluate the degradations and apatite formation 
to monitor the apatite particle formation on 
scaffold surfaces.

Mechanical testing
The compressive test of the cylindrical scaffold 

was tested using a universal testing machine 
(Hounsfield, H50KS. UK at Isfahan University of 
Technology, materials engineering department) 
under a compression rate of 0.5 (mm/min) 
in terms of compressive modulus and stress-
strain evaluation.Three cylindrical samples used 
to evaluate average along with their standard 
deviation (SD±3). Then, the ABAQUS simulation 
was applied to model and compare experimental 
and analytical results.

Biological testing
To investigate the apatite mineralization 

ability of EC-PLA scaffolds in the biological 

environment as in vitro, samples were soaked into 
Simulated Body Fluid (SBF) according to Bohner 
and Lemaitre [23], Phosphate Buffer Saline (PBS) 
and Ringer solutions under incubator at 37ºC 
at constant pH 7.0-7 for 14 days. The SEM tools 
observed the apatite formation on the surfaces 
of scaffolds using ImageJ for the determination 
of porosity percentage. The pH values of the 
solution measured by using an electrolyte type 
pH meter without refreshment of the immersion. 
After this soaking time, the scaffolds dried at room 
temperature for one day, and the final weight of 
each sample accurately measured to an evaluated 
weight loss of scaffolds. The samples were 
prepared for cell culture evaluation in which they 
were washed three times in PBS for sterilization 
and dried in a flow chamber before cell culture. 
The osteoblasts  cells (HuGu cells) were isolated 
from human dental gums. The culture medium 
was set using Dulbecco’s Modified Eagle’s Medium 
(DMEM) with fetal bovine serum (FBS) content in 
a polystyrene 2-well container. The cells in which 
were removed after 4 hours with washing 2 times 
with PBS and replacing the culture medium. The 
cytotoxicity is recognized for biocompatibility 
analysis of bone scaffold. Therefore, the 
positive response to cytotoxicity shows a lack of 
biodegradability whereas a negative response 
represent no toxicity behaviour. 

Porosity evaluation
The porous scaffolds porosity was assessed 

based on void volumes determined by apparent 
densities [19]. Void fraction Eq. (1) is a measure of 
space in a material, and is a fraction of the volume 
of voids over a specified total volume (Eq. 1-2).
 
ρa and ρp are apparent and particle densities, 
respectively.

The density of PLA filament from the 
manufacturer company was obtained were 1.25 
gr/cm3. Apparent density (ρa) for each specimen 
calculated by:

                
ms is the weight of the scaffold, and Vs is the total 
volume of a porous scaffold.

RESULT AND DISCUSSION
The results of the X-ray diffraction test 

(XRD) for EC-PLA filament are plotted in Fig 3. 
This Fige shows there is no crystallinity phase 
before fabrication, which shows a higher rate 

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝐹𝐹𝐹𝐹𝑉𝑉𝐹𝐹𝐹𝐹𝑉𝑉𝑉𝑉𝐹𝐹 = 1 − (𝜌𝜌𝜌𝜌 − 𝜌𝜌𝜌𝜌)                                                                                                  Eq. (1)  
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of degradation in comparison with the other 
crystallite materials. 

Fig 3. XRD patterns of electroconductive PLA filament used in 
the current study

There is a diffraction peak in a range for 
2θ between 15º to 30º and 40º to 50º, which 
indicates a lower distance between layers and is 
to the reflection of atoms and a sign of amorphous 
material. Comparing these results with the results 
of the XRD pattern has shown in Fig 4, it can be 
concluded that there are no significant changes 
in the XRD pattern after the deposition of EC-PLA 
with several shapes. 

Fig 4. XRD patterns of EC-PLA filament after fusion in the 3D 
printing machine

The XRD pattern shows that the HA particles 
are in the nanosize dimenstion and have 
nanocrstalline shape below 100 nm. In addition, 
the apatite layer deposited on the scaffold surface 
with cauliflower nanostructure less than 150 nm 
(as shown in Fig 3 and Fig 6). Therefore, it shows 
that the following temperature does not change 
the phase of the EC-PLA before and after printing. 
Fige 5(a-d) shows fabricated scaffolds using an 
FDM printer with different shapes and porosity 
values. Each of these four types of pores has its 
own advantages and disadvantages, which shall 
be investigated in comparison with the others. For 
example, in sample (a) with a hexagonal shape, we 
obtain more porosity, which we demand to enable 

the stem cells to grow easier and faster.

Fig 5. SEM images of 3D scaffolds using FDM printer with (a) 
hexagonal (b) compacted cylindrical hexagonal, (c) spherical 

and (d) cubic shape of pores microstructure

In sample (b), despite the less porosity, we 
estimate having excellent mechanical properties 
due to the multi-layer structure of the scaffold, 
which can show more mechanical strength in all 
directions plus good bonding with cells at the sharp 
edges of the layers. But the tight pores elevates 
the risk of failure in the weak bone tissues right at 
both sides of each pore.

In sample (c) with the largest pore sizes with 
cylindrical-shaped holes, we estimate to have 
the weakest bindings between the tissue and the 
scaffold due to the lack of sharp-edged, but the 
uniform, homogenous and axisymmetric structure 
of the scaffold, we may face an acceptable 
mechanical strength of the scaffold in all directions 
with strong tissue growth inside the pores.

The sample (d) with the cubic and multi-
layered pore structure will intend to a perfect and 
strong binding with the growing tissue, due the 
sharp edges in different directions in each layer 
but we may face a severe weakness in the scaffold 
resistance against shear stresses according to 
the cross layers of scaffold strip elements hardly 
to believe in acting as a moment frame structure 
in shear loadings. Different magnification images 
were obtained to investigate the morphology 
of porous architecture with a cylindrical and 
hexagonal shape. 

Fige 5(c) shows the 2 mm diameter of the 
cylindrical porous shape in which several layers 
were stood together to create this pore. All the 
pores were connected and the throats of EC-PLA 
measured using ImageJ. 

The porosity value, size, geometry, orientation, 
and open porosity in nutrients transportation for 
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the growth of cells and new tissue is essential 
and vital [24, 25]. An ideal scaffold must have 
open and free porosity with an interconnected 
architecture. Electroconductive scaffolds were 
coated with HA bioceramic nanoparticles to 
enabled the ability to grow new bone tissue upon 
implantation and establish a strong bond between 
the implant and the bone. In this study, the 
hydroxyapatite was used to enhance the chemical 
composition and structure of the scaffold surface 
to increase the similarity of the inorganic part 
of the bone with organic components. In other 
words, the HA nanoparticle shows non-toxic with 
stimulates osteogenesis response and causes the 
bone to grow into pores cite. As a result, due to 
the biocompatibility properties of HA, with bone, 
it is the best substitute for hard body tissues 
as bone substitute or coating on a scaffold.  A 
comparison of Fig 5(a) and 5(b) shows that best 
and strength architecture belongs to hexagonal 
shape. However, the size of the hole may effect 

on compression strength of the component. 
A high percentage of large porosity results in 
a reduction in the mechanical strength of the 
scaffold. Therefore, creating a balance between 
the properties mentioned can lead to the creation 
of a suitable scaffold for use in tissue engineering 
[26, 27]. Fig 6(a-c) shows a single porous type of 
compacted cylindrical hexagonal architecture with 
a different micrometer (Hexagonal porous shape) 
and millimeter (spherical and cubic porous shape) 
that let nutrients and proteins pass through the 
tissue. The hexagonal porous shape involved low-
stress concentration on its sides, which prevents 
crack propagation. The apatite formation process 
of the coated sample with HA on the scaffold 
not only depends on the chemical properties of 
the surface but also depends on the adhesion 
between the scaffold and coat as shown in Fige 
6(a-c). The prepared scaffolds should not cause 
an inflammatory reaction, any immunogenicity, 
cytotoxicity, and degradation rate related to 
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EC-PLA ± 55°C 175°C 350 - 280 10 - 60 1.5 - 380 0.89 - 1.03 0.16 - 1.35 1210 - 1430 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Mechanical and physical properties of EC-PLA used in this study
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Fig 6. SEM images of scaffolds fabricated using FDM technique coated with HA nanoparticle soaked in the biological (a)  the cylindrical 
shape, (b) the apatite formation on the scaffold, and (c) the precipitation of apatite on the HA coats
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tissue growth. Thus, the simulated body fluid and 
ringer solution with standard mixture selected 
to evaluate the degradation rate and apatite 
formation of EC-PLA scaffolds. The pH value 
increased with the soaking time to 8, in which the 
calcium present in HA shows alkalinity reaction in 
SBF and ringer solution. 

Fig 7. SEM images of biological response and apatite formation 
of cylindrical scaffold after soaking in PBS solution, a) Cavity 
creature of honeycomb shape porosity, and b) magnifies of 

cauliflower apatite particle

Fig 7(a-b) illustrates SEM images of the 
biological response of EC-PLA scaffolds after 
soaking in SBF, PBS, and Ringer, respectively. 
Apatite particles observed around and inside of 
scaffold cavities with cauliflower morphology. 
Some white points are seen in images that are 
likely to contaminate the surface of the sample. 
Fig 8 (a-b) shows cell growth and the reaction of 
cells on the surface of the scaffolds after 24 h in 
the culture medium.

 The adhesion between the cell and the 
scaffold surface, which contains the bioactive 
coating affixed to the electroconductive scaffold 
represented in Fig 8b. 

Fig 8. SEM images of biological response and apatite formation 
of cylindrical scaffold after soaking in Ringer solution with 

different magnification (a & b)

Fige 9 shows the comparison of compressive 
strength and fracture toughness before and after 
soaking in biological solutions (PBS and SBF) 
indicated that fluctuation is between 30 to 40 
MPa. 

Fig 9. Compressive strength changes of electroconductive PLA 
before and after soaking in SBF, Ringer and PBS solution

Fig 9 shows that the compressive strength of 
the scaffold has an increasing trend in the SBF 
solution; however, it has a decreasing trend after 
soaking in ringer saline. Also, similar behavior 
occurred for the fracture toughness value as it 
is shown in Fige 9; the fracture toughness of the 
scaffold measured in the stress-strain evaluation, 
which is the area under the stress-strain diagram 
before and after soaking in the biological saline. 

Fig 10. EC-PLA degradation due to appetite formation in 
biological solution such as (a) SBF, (b) PBS and (c) ringer solution

Fig 10 (a-c) shows the apatite formation and 
degradation rate of the coated sample with 
HA nanoparticle after soaking in three various 
medium for 14 days.  

The obtained results show that the samples 
with different architecture have an increasing 
apatite formation rate constantly. However, the 
degradation rate dramatically increases after the 
first weak which depends on the high degradation 
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rate of HA in the SBF saline. 
Fig 11 also presents the porosity value of 

electroconductive PLA before and after incubation. 
In all three solutions, the porosity remains high, 
in the range of 60-70%, which is a high amount 
in preparation of scaffold for bone substitute 
purposes. Also, Fig 11 shows that the pore size of 
the coated sample decreased with soaking in the 
SBF for the cubic sample.

Fig 11. Porosity value alteration of electroconductive PLA 
before and after soaking in the SBF and PBS solution

 However, the sample with cylindrical shape 
obtains higher pore size in their architecture after 
submerged in the SBF solution. The stress-strain 
curve of cylindrical scaffold after compression test 
analysis shown in Fig 12. 

Fig 12. Diagram of stress-strain of cylindrical scaffold after 
compressive test analysis

Maximum strength at 50 percent of strain was 
39.14 MPa before soaking in solution for 14 days 
in samples with porous honeycomb shape. It can 
be concluded that the compressive strength of 
EC-PLA increased besides to forces and remain 
constant with changing its architecture. In this 
study, the index of strength multiplied to total 

porosity (39.14×70%), introduced as a valuable 
index. As strength and porosity are two favorable 
and essential characteristics for scaffolds in tissue 
engineering applications, so the design of the 
scaffold in the SolidWorks software carried out with 
a porosity of 70%, and then the model transferred 
to Abaqus software. In this work, general static 
loading was determined in the Abaqus software. 
According to the information obtained from 
compressive strength evaluation, the Poisson 
ratio set as 0.33 and the elastics modulus was 
near 2.17 GPa and the filament density set up on 
1.25±0.25 (g/cm3). After applying the mechanical 
properties of the material to the bone scaffold, all 
the boundaries of the surface tied to the scaffold. 
To verify the final compressive resistance of the 
scaffold, the vertical force of 100-150 KN applied 
to the top of the scaffold region. The Tet mode 
was set for the scaffold as meshing and then the 
analysis process performed. The analytical results 
of the scaffold showed that by applying force to 
the scaffold at its most sensitive point, the 9.7± 2 
MPa Von Mises stress (VMS) could withstand the 
scaffold mentioned above. The barrels’ shape in 
the scaffold was predictable due to its cylindrical 
way which can support the obtained results. Fige 
13 shows the explanation of the tension and 
compression of cylindrical shape with honeycomb 
inside structure loaded with 100-150 KN. The 
obtained results from the experimental outcome 
derived into Abaqus simulation, which indicated 
the advantages of cylindrical forms compared 
to other models. Investigation of cross-section 
and internal parts of the scaffolds described the 
ultimate tensile strength that occurred on the 
edge of the porous cylinder. Besides, one can say 
the most tensions were also on the outer edges 
of the scaffold. This simulation analysis confirms 
that the EC-PLA scaffold with HA coating can 
be mechanically acceptable. In this work, the 
limitation was the creation of collagen in which 
the biggest problem is its high cost and low 
production centers. Therefore, one can introduce 
a gelatin biopolymer as a perfect alternative to 
collagen. Gelatin has good biocompatibility and 
good bone mineralization feature. The distribution 
of the HA nanoparticles deposited on a porous 3D 
printed scaffold was suitable with the low rate of 
agglomeration of the HA. The elastic modulus of 
the ideal scaffolds was measured, ranging from 
30-40 MPa for the experimental sample; however, 
the Abaqus software represents 50-60 MPa for a 
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similar sample, as shown in Fig 13. As it is shown 
in Fig 13, the sample with hexagonal shape 
coated with HA nanoparticle is almost completely 
disintegrated, while other structure remains 
completely intact. Normally, cortical bones have 
a compressive strength of 110 to 150 MPa and 
an elastic modulus of 18 to 22 GPa, whereas the 
spongy bones have a compressive strength of 2 to 
6 MPa and an elastic modulus of 0.1 to 0.3 GPa 
[28-32]. 

Fig 13. Simulation of cylindrical architecture with hexagonal 
structure with ABAQUS software for scaffold prepared by FDM 

technology using for bone substitute

The mechanical strength of magnetic 
composite scaffolds is one of the most important 
characteristics of the performance and quality 
of this bone substitute using for photothermal 
theraphy approaches as a novel magnetic 
bifunctional nanocomposite [33-39]. After 
insertion of scaffolds into the in vitro medium, 
as soon as the bone is implanted, this new tissue 
is affected by different loads from different 
directions. As the mechanical loads are not 
tolerated in the scaffold structure, the bony 
scaffold may shortly crack and subsequently fail 
[40-43]. This strength is related to several factors 
such as the material properties, their strength, the 
type of reinforcement, mineral particles and their 
geometry [44-48]. The results of the MTT assay 
show the effect of EC-PLA composite bone growth 
on the growth and proliferation of osteoblasts  
cells. None of the doses used in this study caused 
cytotoxicity for all cell lines. The results show that 
the EC-PLA scaffold coated with HA nanoparticles 
represents biocompatible behavior in the HuGu 
cell types. Regarding the shape, it can be said that 
the growth and proliferation of cell proliferation 
have been associated with time, which is observed 
in all four bio-nano composite samples. On the first 
day of culture, there was a significant difference 
between the number of cells in different samples. 
Providing a suitable substrate for cell growth is the 

most important and effective reason for increasing 
cell growth in the presence of scaffolds. It can 
be said that by increasing the HA nanoparticles 
coated on the EC-PLA, the cell viability increased. 

Fig 14. Percentage of cell viability and proliferation on the bone 
scaffold after 7 hours incubation of hexagonal, cylindrical and 

cubic structure

Fig 14 was performed on four samples with 
different 3D printing microstructure coated 
with HA nanoparticle in which each sample was 
exposed to HuGu osteoblasts  cells with 0.03 
mg/ml. The observation shows that any doses 
used in this study had a cytotoxic response for 
the HuGu cell line. It can be concluded that the 
scaffolds fabricated using FDM technology were 
compatible with HuGu osteoblasts  cells. Also, Fig 
14 shows the results of the MTT assay and the 
rate of proliferation and growth of stem cells in 
contact with electroconductive scaffolds coated 
with hydroxyapatite ceramic. The conclusion that 
can be drawn at first glance is the growth and 
proliferation of cells overtime for 7 and 14 hours, 
which is observed in the control sample and all 
four bio-coated samples. In the first, second and 
third days of cell culture, there was a significant 
difference between the number of cells in different 
samples. However, due to the high porosity value 
of about 75%, the cells were sometimes larger 
than the control sample. Fabrication of a scaffold 
with a conductive substrate can cause cells to grow 
better in a cell line with a porosity of more than 
1 micron. An interesting result of this study is the 
enhancement of the growth and viability of stem 
cells on scaffolds with hexagonal structure coated 
with hydroxyapatite nanoparticles in the SBF saline.
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CONCLUSION
Additive manufacturing can produce porous 

scaffolds with different shapes and various 
microstructure. In the present study, the EC-PLA 
filament was used by the FDM 3D printer machine. 
Cubic and cylindrical structural shapes with 
honeycomb internal layering designs were chosen 
to fabricate artificial scaffolds. The amount of total 
porosity was 70-75%, as designed and remained 
high between (60-70%) after soaking the samples 
in the solutions, which was a high amount for a 
porous scaffold in tissue engineering.  The SEM 
images indicated the formation of apatite on 
the surface of porous scaffolds after 14 days 
soaking could provide suitable bioactivity. The 
compressive strength of the hexagonal structure 
measured 39.14 MPa. The index of strength 
multiplied by total porosity was equal to 2740, 
which is very high compared to other materials 
like ceramics. Rate of degradation due to apatite 
formation increased during soaking in SBF, PBS, 
and ringer solutions which shows an increase in 
biocompatible value. Also, the ABAQUS simulation 
applied to the designed scaffold. The obtained 
results indicated the suitability of the toughness 
of EC-PLA scaffolds and confirmed that the EC-PLA 
scaffold is mechanically acceptable.
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