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©In many cases, such as cell selection, delivery, viability and stability, the time-consuming nature of

treatments, regulatory issues, high costs and the need to obtain licenses from health regulatory agencies
for compliance with medical ethics have created limitations for tissue engineering.
[T This study aims to describe the fabrication and use of bioscaffolds and biologically simulated
bone materials and investigate the different methods used, their structures and scales from micro to
macro levels in bone regeneration.
[VETELE In this review study, related articles from 2008 to 2023 were searched in the Web of Science,
PubMed, Scopus and Google Scholar databases using the keywords bioscaffold, bone materials,
biological materials, and bone repair. Finally, 95 eligible articles were selected and reviewed.
[T Studies showed that biomimetic methods, by combining structural design, surface modification,
and the use of external physical stimuli, have created a great potential for bone regeneration. However,
there are still significant challenges in this field at the clinical level.
[@TEITER Based on the studies, in vivo bone regeneration may be possible through the combination of

Keywords: tissue structural simulation and external physical stimulation, reducing the dependence on exogenous
Bioscaffold, Bone i cells and biochemical factors in bone tissue engineering. Scaffold-based bone tissue engineering
materials, Biological ¢ therapies that are safe, convenient and, most importantly, cost-effective will have significant advantages
materials, Bone repair : in clinical applications.
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Extended Abstract

Introduction

espite the promising prospects of cell ther-

apies, the application of tissue engineering

and stem cells has not yet reached clinical

reality. In many cases, such as cell selec-

tion, delivery, viability and stability, the
time-consuming nature of treatments, regulatory issues,
high costs, and the need to obtain licenses from health
regulatory agencies for compliance with medical ethics
have created limitations [1, 2, 3]. However, the field of
acellular biomaterials is evolving and becoming a practi-
cal alternative to cell-based therapies. This review study
aims to describe the fabrication and use of bioscaffolds
and biologically simulated bone materials. Also, we dis-
cuss the latest advances in biological simulation strate-
gies, including ion implantation, extracellular matrix
decellularization, and physical stimulation of the environ-
ment, from the micro/nano to the macro scales, as well as
the advantages of other scaffold materials.

Methods

In this review study, related articles from 2008 to 2023
were searched in the Web of Science, PubMed, Scopus,
and Google Scholar databases using the keywords
bioscaffold, bone materials, biological materials, and
bone repair. Finally, 95 eligible articles were selected and
reviewed.

Results

Bone matrix is composed of mineral components
(hydroxyapatite [HA]) and organic components that can
be widely used in simulated systems due to their excellent
biocompatibility. Ions such as Zn*", Sr*, Si*, or other
natural or polymeric materials and even bioceramic
materials can be implanted into HA. This effectively
mimics the natural bone mineralization process and
therefore, stimulates the bone conduction process. It has
been reported that decellularization of the extracellular
matrix and its implantation in calcium phosphate scaffolds
is effective in stimulating the activity of bioscaffolds
and creating a suitable microenvironment for tissue
regeneration, especially bone formation [5-10]. Three-
dimensional printing technology allows the control of
the topological properties of the materials that make up
bioscaffolds. This method also enables the fabrication of
various bioscaffolds with variations in surface roughness
and alignment of filaments and interconnected Internal
open porosity that have complex 3D engineering. By
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mimicking the micro/nano structural features of bone
tissues, cellular events such as migration, adhesion,
proliferation, as well as cell differentiation can be regulated
and bone regeneration can be further encouraged. In
addition to biochemical signals, environmental physical
stimuli such as electrical and magnetic factors can also
influence cells and cause further bone regeneration.
According to previous reports, bone tissue that possesses
piezoelectric properties can generate potentials in response
to mechanical stimuli and increase bone growth capacity.
Hydrogels with flexible, tunable tensions can regulate cell
behavior. It has been found that in cells cultured in gels, the
proliferation of mesenchymal stem cells (MSCs) is faster,
and the proliferation and osteogenic differentiation of the
cells are also enhanced. The scaffold materials that have
been used in different clinical trials for bone regeneration
are presented in Table 1.

Conclusion

Considerable efforts have been made to regenerate bone
tissue through biomimetic approaches that cover several
cell cloning strategies. These efforts, through a combina-
tion of structural design, surface modification, and the use
of external physical stimuli, have created great potential
for bone regeneration. However, there are still significant
challenges in simulating bone tissue structures and the
widespread use of acellular or decellularized scaffolds
to facilitate bone regeneration. It is clear that growth fac-
tors, hormones, and chemokines can regulate biologi-
cal responses in the human body, but their side effects,
high cost, and persistence prevent their application at the
clinical level. Recent advances have shown that in vivo
bone regeneration may be possible through a combina-
tion of tissue structural simulation and external physical
stimulation. Therefore, the dependence on exogenous
cells and biochemical factors in bone tissue engineering
can be reduced. Furthermore, scaffold-based bone tissue
engineering therapies that are safe, convenient, and, most
importantly, cost-effective have significant advantages in
clinical application.
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Table 1. Clinical trials of scaffold materials for bone regeneration [7]
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Scaffold Trial Results Case
MSCs obtained from each patient’s bone
marrowcells were forced to dlffer entiate |.n to The strong osteogenic ability of the people with 3
HAp osteoblasts, followed by bone matrix formation on )
. A mplants was confirmed bone tumors
HAp ceramics to heal bone tumors using tissue-
engineered implants
The effectiveness of the transplantation of A reduction in the size of the
Fully IP-CHA BMMNCs and cell-free with IP-CHA on early bone osteonecrotic lesion was observed people with 22
v repair for osteonecrosis of the femoral head was subsequent to hypertrophy of the bone tumor
investigated bone in the transition zone
HAp/type | collagen The efficacy and safety of HAp/type | collagen were The. highest grade of bone . peop!e with 63
. ; . . regeneration was more frequentinthe  benign bone
composite scaffold assessed in comparison with 3-TCP
porous HAp/type | collagen group tumors
Comparing healine quality of implantation into A significant improvement in the bone people 9
B-TCP scaffold paring g quality P defect healing was observed in the with femoral
femoral defects
B-TCP group defects
The bone mineral density in the
CGF fibrin/Bio-oss Designing a clinical trial composed of patients with bone defect area of the test group people with 40
jaw defects, using CGF fibrin/Bio-oss bone powder was significantly greater 6 months jaw defects

postoperatively

Funding

This study was taken from the residency thesis of Amir-
reza Hajati Ziabari, approved by the Department of Patho-
biology, Faculty of Veterinary Sciences, Science and Re-
search Branch, Islamic Azad University, Tehran, Iran.

Authors' contributions

Author contributions:

Conceptualization, Amirreza

Hajati Ziabari, and Alireza Jahandideh; Methodology:
All authors; Writing the original draft: Amirreza Hajati
Ziabari; Review and editing: Alireza Jahandideh.

Contflicts of interest

There are no conflicts of interests to be declared.

Journal of

Guilan University of Medical Sciences

Abbreviations: CHA: Interconnected porous HA ceramic; B-TCP: B-tricalcium phosphate; BMMNCs: Bone marrow-derived mononuclear
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