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Abstract

In this study, combining an excellent intrinsic property of polylactic acid (PLA) with the

unique properties of three-dimensional (3D) printing technique and coating of chitosan-
hydroxyapatite (CHI-HA) is used with electrospun nanofibers for the regeneration of hard
tissues. This study aims to fabricate a microstructural scaffold with a PLA base by 3D fused
deposition modeling (FDM) technique. High surface-to-volume ratio, high porosity,

flexibility in surface performance, and exceptional mechanical performance are just a few of
the characteristics that the small-diameter fibers display. Utilizing an examination from a
scanning electron microscope (SEM), the morphological research is carried out. Besides, the
biological reaction of the scaffolds is studied in phosphate buffer saline (PBS) and simulated
body fluid (SBF). The samples are examined for wet and dry biological behavior, by SEM.
Moreover, mechanical analyzes, including compressive strength and porosity, are performed
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on the samples and the results are evaluated in existing number models. Besides, the fuzzy
modeling technique is used to forecast the properties of samples before fabricating and
examining them. The results generally show that the presence of HA nanoparticles improves

mechanical and biological properties. Specifically, the obtained results show that the
sample with 10wt% of HA is capable of suitable mechanical, chemical, and biological
properties compared to other samples.

Introduction

Today, composites have many applications in various branches of engineering and science,
and this issue has led to a new category of composites with ceramic, polymer bases, etc., in
various branches of science [[1], [2], [3], [4], [5], [6], [7], [8], [9]]. In general, ceramics are
among the most widely used materials in various applications, which have always been
used in various branches of science due to their extraordinary properties [[10], [11], [12]]. In
this regard, obtaining mechanical properties for materials is done by researchers to obtain
polymers and composites that have the best mechanical properties in various applications
[[13], [14], [15], [16], [17], [18]]. Fuzzy logic is based on the observation that people make
decisions based on imprecise and non-numerical information. Fuzzy models have the
capability of recognizing, representing, manipulating, interpreting, and using information
that are vague and lack certainty [[19], [20], [21], [22], [23], [24], [25], [26], [27]]. Cartilage is
a connective tissue with the vital structural function as an important human body
component. The lower bone protects itself in a joint from wear and tear. Traumatic and
destructive injuries to articular cartilage led to its disability [[28], [29]]. Injury to articular
cartilage, such as trauma or osteoarthritis of the bone, may lead to a concentration of bone
tension and pain. However, the thickness of articular cartilage is high, it is bloodless tissue
which has innate ability to limited heal [[28], [29], [30]]. Like the joints of human body bear
more weight, the thickness of cartilage can be 3-4mm. The extent of this limited
reparability is related to the lack of a blood source. The synovial fluid nourishes cells with
nutrients [[30], [31], [32]]. The unique ability of cartilage to create a load-bearing surface is
almost friction-free and painless depending on the complex interactions between the cells
and the matrix [[29], [30], [31], [32], [33], [34]]. Articular cartilage is made up of a relatively
small number of cells within the extracellular matrix (ECM). Studying tissue and organ
failure in terms of various injuries and wounds is an essential issue that accounts for about
half of the total annual health expenditure in the United States. Some treatments are
performed via surgery and cause many implantation problems. Such problems include
shortages of organ donors as well as transplant reversals. Tissue engineering has emerged as
a clinically relevant field, including a potentially important opportunity for tissue
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transplantation [[34], [35], [36], [37]]. Natural, synthetic, or semi-synthetic tissue may be
used to correct defects and replace them; this should be taken into account right once.
Synthetic biomaterials have advanced at the same time as tissue engineering has. The
possibility of easy fabrication of materials on the scale of electrospinning (ELS) biological
quantities has made it a desirable method for tissue engineering and drug delivery
applications. ELS technique is a versatile technique used to produce continuous fibers of
different thicknesses for making three-dimensional (3D) porous scaffolds with a structure
similar to the ECM. Besides, electrospun porous scaffolds can control human mesenchymal
stem cells (HMSCs) in hard and soft tissue engineering [[38], [39], [40], [41], [42]]. ELS is a
simple method and relatively easy technique for producing polymer fibers in nano or micro
thickness. These low-diameter fibers exhibit features like high surface-to-volume ratio,
proper porosity, outstanding mechanical performance, proliferation, and cell growth. In
terms of mechanical and biomimetic properties, obtaining the optimal composition is
essential for choosing suitable materials. Fiber orientation is similar to the effects of random
orientation on scaffold porosity and porosity size [[43], [44], [45], [46]]. Thus, it can be
controlled by setting parameters affecting ELS process. Previous studies [[47], [48], [49],
[50]] show that when cells are implanted, synthetic polymeric biomaterials absorb serum
and plasma proteins to the surface of the cell adheres. In the literature, nanofiber scaffolds
were studied to support the re-differentiation of chondrocytes in the body [[51], [52], [53]].
Besides, the nanofiber scaffold supports cell proliferation to maintain the chondrocyte
phenotype [[54], [55], [56], [57]]. These results indicate that the biological activity of
chondrocytes depends largely on the scaffold architecture. Besides, nanofiber scaffolds act
as a suitable biological substrate for the proliferation and maintenance of chondrocyte
phenotypes. Natural polymers, in terms of their high compatibility with cells, are commonly
used to make nanofiber scaffolds. Electrospun nanofiber scaffolds made from protein-based
polymers, such as collagen, gelatin, elastin, and fibrinogen or from carbohydrate-based
polymers, such as chitin, chitosan, and hyaluronic acid have been evaluated for tissue
engineering [[58], [59], [60], [61], [62], [63], [64]]. This study uses synthetic polymers to
make nanofiber scaffolds due to their desired properties, such as mechanical strength and
controlled degradation profiles. Moreover, the fuzzy logic modeling technique is used to
forecast the chemical and mechanical properties of the samples before their fabrications. To
verify the proposed fuzzy model, the experimental results and the output of model are
compared to each other, and the related errors are calculated.
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Section snippets

Materials and methods

The polylactic acid (PLA) polymer is prepared by Merck German Company and used in the
3D printing technique with 1.75mm diameter and feed rate of 50mm/s with nozzle
temperature of 210°C square structure by a quantum 3D machine. As a consequence of the
temperature of the work plate, the temperature of the nozzle, and the print speed of the
device, printing various kinds of materials involves three primary factors. For a polymer,
such as PLA, the based temperature can vary between 55 and...

Experimental outcome

Several researchers worked on printed PLA scaffolds [[60], [61], [62], [63], [64], [65], [66],
[67], [68], [69]]. The behavior of bone and cartilage tissue cells in the scaffold showed the
best results in the discussion of cell growth, proliferation, and differentiation. Therefore, this
study has used this scaffold as a based architecture regarding the previous achievements.
However, some enhancements, such as a biocompatible coating, were conducted on the
printed sample. Fig. 1 shows a...

Conclusion

The obtained result of this experimental study shows that chitosan with 5wt% and 10wt%
HA in chitosan coating has a sufficient mechanical and biological reaction for bone tissue
engineering applications. Hence, the presence of HA nanoparticles in the chitosan matrix
coated on PLA structure causes the fibers to expand in diameter and decrease in porosity
when HA reinforcement is added. The mechanical performance shows the elastic modulus
of the samples increases from 35MPa to 47 MPa by adding ...

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal
relationships that could have appeared to influence the work reported in this paper....

https://www.sciencedirect.com/science/article/abs/pii/S0272884222039761 a/7


https://www.sciencedirect.com/user/institution/login?targetUrl=%2Fscience%2Farticle%2Fpii%2FS0272884222039761

6/4/24, 9:57 PM Investigation of addition of calcium phosphate ceramic to multilayer scaffold for bone applications with improved mechanical propert...

Recommended articles

References (90)

M. Dehghan et al.
Design, fabrication, and characterization of an SLA 3D printed nanocomposite

electromagnetic microactuator
Microelectron. Eng. (2022)

M. Yang et al.

Maximum undeformed equivalent chip thickness for ductile-brittle transition of
zirconia ceramics under different lubrication conditions

Int. J. Mach. Tool Manufact. (2017)

M. Yang et al.

Predictive model for minimum chip thickness and size effect in single diamond
grain grinding of zirconia ceramics under different lubricating conditions
Ceram. Int. (2019)

R. Abedinzadeh et al.

Study on machining characteristics of SiC-Al,03 reinforced aluminum hybrid
nanocomposite in conventional and laser-assisted turning

Ceram. Int. (2022)

W.M. Qian
Investigation on the effect of functionalization of single-walled carbon nanotubes
on the mechanical properties of epoxy glass composites: experimental and

molecular dynamics
J. Mater. Res. Technol. (2021)

X. Dong

Investigation of the mechanical properties of a bony scaffold for comminuted
distal radial fractures: addition of akermanite nanoparticles and using a freeze-
drying technique

J. Mech. Behav. Biomed. Mater. (2021)

https://www.sciencedirect.com/science/article/abs/pii/S0272884222039761 517


https://www.sciencedirect.com/science/article/pii/S0167931721001994
https://www.sciencedirect.com/science/article/pii/S0890695517300809
https://www.sciencedirect.com/science/article/pii/S0272884219310636
https://www.sciencedirect.com/science/article/pii/S0272884222017746
https://www.sciencedirect.com/science/article/pii/S2238785421003318
https://www.sciencedirect.com/science/article/pii/S1751616121003210

6/4/24, 9:57 PM Investigation of addition of calcium phosphate ceramic to multilayer scaffold for bone applications with improved mechanical propert...
N. Baneshi
Investigation the mechanical properties of a novel multicomponent scaffold
coated with a new bio-nanocomposite for bone tissue engineering: fabrication,
simulation and ...
J. Mater. Res. Technol. (2021)

B. Ruhani et al.

Statistical investigation for developing a new model for rheological behavior of
Silica-ethylene glycol/Water hybrid Newtonian nanofluid using experimental data
Phys. Stat. Mech. Appl. (2019)

W. He

Using of artificial neural networks (ANNSs) to predict the thermal conductivity of
zinc oxide-silver (50%-50%)/water hybrid Newtonian nanofluid

Int. Commun. Heat Mass Tran. (2020)

B. Ruhani

Statistical investigation for developing a new model for rheological behavior of
ZnO-Ag (50%-50%)/Water hybrid Newtonian nanofluid using experimental data
Physica A (2019)

v | View more references

Cited by (11)

Fabrication and investigating of a nano-structured electrochemical sensor to

measure the amount of atrazine pollution poison in water and wastewater
2024, Chemical Data Collections

Show abstract v

Chitosan scaffolds: Expanding horizons in biomedical applications
2024, Carbohydrate Polymers

Show abstract v

An overview of nanoparticles in drug delivery: Properties and applications

https://www.sciencedirect.com/science/article/abs/pii/S0272884222039761 6/7


https://www.sciencedirect.com/science/article/pii/S2238785421012436
https://www.sciencedirect.com/science/article/pii/S0378437119303541
https://www.sciencedirect.com/science/article/pii/S0735193320301731
https://www.sciencedirect.com/science/article/pii/S037843711930353X
https://www.sciencedirect.com/science/article/pii/S2405830024000235
https://www.sciencedirect.com/science/article/pii/S0144861723008597
https://www.sciencedirect.com/science/article/pii/S102691852300080X

6/4/24, 9:57 PM Investigation of addition of calcium phosphate ceramic to multilayer scaffold for bone applications with improved mechanical propert...

2023, South African Journal of Chemical Engineering

Show abstract v/

Photodynamic therapy in cancer treatment: properties and applications in
nanoparticles 7
2024, Brazilian Journal of Biology

Antimicrobial finishing of textiles using nanomaterials ~
2024, Brazilian Journal of Biology

Application of nano-antibiotics in the diagnosis and treatment of infectious
diseases 7
2024, Brazilian Journal of Biology

> | View all citing articles on Scopus 71

View full text

© 2022 Elsevier Ltd and Techna Group S.r.l. All rights reserved.

ELSEVIER

All content on this site: Copyright (© 2024 Elsevier B.V., its licensors, and contributors. All rights are reserved, including those for text and data mining, AI
training, and similar technologies. For all open access content, the Creative Commons licensing terms apply.

& RELX™

https://www.sciencedirect.com/science/article/abs/pii/S0272884222039761 717


https://doi.org/10.1590/1519-6984.268892
https://doi.org/10.1590/1519-6984.264947
https://doi.org/10.1590/1519-6984.264946
http://www.scopus.com/scopus/inward/citedby.url?partnerID=10&rel=3.0.0&eid=2-s2.0-85141805475&md5=dfdb9524fbd1c93e6a422e82971198e0
https://www.sciencedirect.com/science/article/pii/S0272884222039761
https://www.elsevier.com/
https://www.relx.com/

