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Abstract

Nowadays, the wide-reaching prevalence of bone disorders and conditions has been increasing very rapidly. So, the clinical need for efficacious
solutions for the bone regeneration process is unanimously recognized. Attributable to the constantly expanding technological and scientific advances
in medical science, it turns into an even supplementary serious problem with the increasing expectations of both surgeons and patients. Nowadays
the bone regeneration treatment needs progressively more bone diseases, such as bone fracture, infections, tumors, and bone loss. The bone is a
nano-material that is comprised of organic collagen and inorganic; mainly the nano-hydroxyapatite components with a tiered structure vacillating
from nano-scale to macroscale. In contemplation of the earnest shortcomings in the traditional bone healing processes, nano-materials provide
some new strategies in the bone healing and regeneration process. The nano-structured scaffolds are providing a nearer structural sustenance
approach to the instinctive bone architecture for the tissue cells and adjust the cell growth, distinction, and relocation, which causes the development
of functional bone tissues. The bone regeneration process is a complex, well-structured functional process of the bone composition process, it can be
observed through the usual healing process of the bone fractures, and it is involved in the relentless transformation through adult life. However, there
are more complex clinical conditions in the bone regeneration process. Currently, there is repletion of several approaches to enhance the impaired
or insufficient bone-regeneration process, in this process implementation of bioactive materials in bone tissue engineering gained tremendous
attention among scientists all over the world. Bioactive materials such as hydrogel are using for the enhancement of bone fracture repairs, different
studies showed that it is possible to overcome the current limitations of the bone regeneration processes. The development of hydrogel scaffolds
for bone regeneration has highlighted the challenge that load-bearing hydrogels need to be biocompatible while achieving high strength. Several
researchers have been stated to improve the toughness of hydrogels, but achieving high toughness and biocompatibility simultaneously remains a
challenge.

This article focused on reviewing the application of hydrogel for bone tissue engineering and regeneration. Furthermore, there some challenges
about future research on the application of biomaterials for bone regeneration are described in the conclusion and perspectives part.
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Introduction

The bone is the core structural form of the body and it is
convoluted for inorganic homeostasis and the shield of internal
organs of the body. Most of the familiar bone diseases can be listed
as follows: tumors, infections, cancer, and in the case of older people;
aging is the main reason for bone disease. Another major cause of

bone disease is a fracture, the fracture can occur in several parts of

@ @ This work is licensed under Creative Commons Attribution 4.0 License [MCMS.MS.ID.000575.

the human body such as the skull, spinal, nasal, femur, radius, tibia,
and ankle are mostly resulting from distressing processes. This
distress can destroy the normal bone healing ability consequential

in structural and functional abnormalities [1-4].

The bone damage occurs as a consequence of disease or injury

repeatedly and hazardous surgical interventions concerning
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the encouragement of the amalgamation of implants onto the
bone to influence the proper regeneration process. According
to the previous researches, it is shown that in the United States
of America, in 2025; the age-related fractures among the older
peoples are expected to increase by over 3 million fractures; in
2005 it was 2.1 million, which is merely taking into account that
the aging population at high risk. Similarly, in Europe, it is assessed
that from 2010 to 2025, within fifteen years the number of bone
fractures will be rise to 28% each year, equally with an absolute
rate of increasing the injuries from 3.5 million to 4.5 million [5-
7]. For the aging population, musculoskeletal disease is leading to
rises in the costs of healthcare, attenuates the productivity rate in
workplaces, and it also lessens the quality of life. In this condition,
there is an urgent need for the development of the most efficient,

regenerative, and attuned treatments for bone injuries [8-11].

However, the regeneration process of bone tissue is the most
complicated task, which is demanding the harmonious interaction
of cells, cellular sustenance scaffolds, bioactive growth factor
substances, and the body’s prevailing tissue. There are several
approaches for bone-healing or regeneration-related treatments
have already been investigated; each of the procedures has its
inimitable benefits and drawbacks. At the interface, the bioactivity
of bone tissue scaffold transplants depends on the interaction of
constituent molecules, stem cells, and osteoblastic-progenitor cells
[12,13].

Recently, hydrogels have been gained vast attention in
bone tissue engineering (BTE) as scaffolds for the healing and
regeneration process, because of their cross-linked hydrated 3-D
porous structure that attains a high concentration of hydrophilic

groups with an attraction for water and consummate of

absorbing a significant amount of water. It can compete with the
substantial properties of extracellular matrix (ECM) for signaling,
transportation of nutrients, and homeostasis, as well as to support
cell growths, proliferation, and depiction. Moreover, in load-bearing
tissues such as bone, tendon, ligament, and cartilage, etc., the
hydrogels are substantially restraining their application because of

the insufficient mechanical properties [14-18].

In the group of several hydrogels with defined properties,
natural and synthetic polymers are also employed. They have a
great concentration because of the gelatin at body temperature,
which grants the large implementation including the carrying cells,
thermolabile medicines, bioactive particles, and can fill into the
slightly irregular-shaped bone defects. Natural polymers validate
the more significant benefits over synthetic polymers as well as
the high biocompatibility and structural similarity with natural
bone components [19-22]. This paper aims to review the uses of

hydrogel for bone regeneration in Bone Tissue Engineering (BTE).
The Bone

The bone is a stiff body tissue containing the cells entrenched in
numerous hard intercellular materials with two vital components
of this material, one is collagen and the rest is calcium phosphate.
Distinguish bone from other hard tissues such as chitin, coating, and
shell which provides the proper mechanical strength and structural
support to the body. It can be classified into two parts; cortical or
dense, and trabecular or porous bone, both of these subclasses
have a composed 3-dimensional architecture with high structural
complexity as shown in Figure 1. Based on the architectural
arrangement, the structures of bone contain three levels as follows;

macro, micro, and nano-level [22,23].
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Figure 1: Schematic illustration of the architecture of bone tissue. Bone harbours its constitutive elements at macro, micro, and nanoscale
dimensions. Cortical and trabecular bone represents the macro structures with osteons comprising concentric collagen bundles (lamellae) at
microstructure dimensions. Individual collagen fibers exhibit nanoscale morphology with anisotropic alignment. Bone remodeling is controlled by
two vital key cellular players namely; osteoblasts (bone-forming cells) and multinucleated osteoclasts (bone-resorbing cells). Osteoprogenitors
differentiate into osteoblasts, and senile osteoblasts termed osteocytes form structural bridges in the osteon [24].
_ J
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Bone anatomy and the biological structure of bone

Anatomically, the bone is a stiff and compressed tissue that
is mainly composed of three main components; these are the
periosteum, cortex, and medulla. The periosteum surrounds the
exterior surface of bones except in the region of articular cartilage
and between the bone and the adjacent soft tissues, it serves as a
transitional region. The cortex is contained in under the periosteum
and is thicker along surfaces that can carry more load such as the
shaft of long bones. The inner layer of bones, blood vessels, nerves,
and the hemopoietic or fatty bone marrows are represented by the
medulla [24-26].

For mechanical support and osteo-regeneration, the bone
substitutes are mainly serving as combined functions, which involve
three vital biological properties; these are osteo-conduction, osteo-
induction, and osteogenesis. The osteo-conduction refers to the
ability to support the attachment of osteoblast and osteoprogenitor
cells and allow the migration and ingrowth of these cells within the
3-dimensional architecture of the graft [27,28]. The osteo-induction
characterizes that the graft can induce the primeval, uniform, and
pluripotential cells to evolve into the bone-forming cell extraction,
by which osteogenesis is induced. Osteogenesis means the osteo-
differentiation and subsequently new bone formation by donor

cells that are originated from either the host or grafts [29-31].

The extracellular matrix (ECM) of the bone is a biphasic system,

in which one-third is composed of organic matter, mostly type I

collagen fibers, and the remaining two-thirds consist of inorganic
matter or bone salt, such as hydroxyapatite-like calcium phosphates.
Three cell types osteoblasts, osteocytes, and osteoclasts work in
concordance to form an amalgamated bone organism. Osteoblasts
are the main functional cells of bone formation and are responsible
for the synthesis, secretion, and mineralization of the bone matrix.
Which are from mesenchymal stem cells (MSCs), or progenitor
cells, from the tenacious portion of bone marrow and cover the
surface of bone seams, forming a protein-like mixture called
osteoid, this mainly contains polymerized collagen chains, and later
it is mineralized into bone, mediated by the deposition of calcium
and phosphate.

Besides, the corresponding hormones also produce by
osteoblasts that promote surrounding bone formation. Osteocytes
are dormant post-synthetic osteoblasts that migrated to the ECM
matrix of bone. Those are connecting with osteoblasts and other
cells and playing a significant role in mineral homeostasis. The
third type of cells, osteoclasts, are originated from hematopoietic
stem cells in the non-adherent portion of marrow and are primarily
inclined to bone resorption through discharging several matters.
The synchronized contacts among osteoblasts and osteoclasts
retain the normal bone mass and aid in the final bone remodeling
[3,32,33]. These properties are mainly attributed to the outstanding
hierarchical architecture, which is composed of the soft collagen

protein and stiffer apatite mineral, as shown in Figure 2 [25,34].
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Figure 2: The hierarchical structure of bone ranging from microscale skeleton to nanoscale collagen and hydroxyapatite [25].
\ J

Defects of bone

Thebone defectis one of the most common orthopedic problems
and threatens human health. A bone defect is a lack of bone where it
should normally occur. The majority of the bone defects, damages,
and injuries can be categorized into the following parts: fractures,
old age, infection, cancer, and hereditary diseases. Bone fractures
are considering a major cause of bone injuries and they can happen
in several parts of the human body, as well as the skull, radius,

tibia, femur, spinal, nasal, and ankle, and are mostly caused by

traumatic procedures. Bone loss and osteoporosis are ensuing as a
result of aging are also considered as the sources of bone damage,
and which can usually increase the risk of bone fractures as well.
Generally, autografts, allografts, or xenografts are used to treat
the bone defects that occurred due to incidents such as fractures,
diseases mainly osteoporosis and osteosarcoma, or surgeries. In a
specific area, infections such as osteomyelitis are often manifested
by pain, redness, and fever, and if not properly treated, it may lead

to irreversible trauma, such as amputation [2,35-37].
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Additionally, tumors can induce significant bone fractures,
remodeling, and anaemia, and can even threaten human life under
severe circumstances [38]. While surgery is commonly employed in
bone cancer treatment, it often drives to the generation of defects
in the treatment site. Hereditary diseases, for example, hereditary
bone marrow failure syndromes and hereditary multiple exostoses
(HME) can also evoke bone injuries, and usually need surgical
resection or stem cell transplantation. All of the situations
stated above can cause bone defects to an extent, to boost bone
regeneration and to recover normal bone function, the critical size
of bone self-healing capability, extraneous intervention is required.
It is necessary to be addressed and deeply investigated each of
these categories of defects and needs to develop new technologies

to effectively treat bone damage [39,40].

Bone healing

Enhancement of life expectancy in the last decades and the
future has required the development of strategies to strike the
increase of unconsolidated bone fractures. Bone tissue repair
and regeneration technique is a dynamic process that starts with
proliferation and migration of osteogenesis cells, the reconstruction
of bone with differentiation of osteoprogenitor cells, and bone ECM
formation is finally apprehended. The scaffold materials which
load different growth factors and drugs have achieved immense

advancement in bone tissue engineering [36,41].

The various factors affecting repairing can also be applied to
classify bone healing, the extent of tissue loss is one of them. Hence,

the bone repairing process can be categorized into two parts:

primary or direct bone healing and secondary or indirect bone
healing. The primary or direct bone healing mainly happens when
the gap of fracture is less than 0.1 mm and the fracture site is rigidly
alleviating. As stated in previous research findings, it is proposed
that the bone gap in this method is filled directly by uninterrupted
ossification and subsequent Haversian remodeling, with the absence
of cartilaginous or connective tissue. The formation of callus is also
concealed. However, due to the lack of neither histological evidence
nor clinical cases the concept of direct continuous bone formation

is still controversial [37-39].

The most common form of the bone healing process is
secondary or indirect bone healing and it ensues when the
edges of bone fracture are lower than twice the diameter of the
injured bone. The multi-events such as bone remodeling, blood
clotting, inflammatory response, fibrocartilage callus formation,
intramembranous, and endochondral ossification are implicated in
the secondary or indirect bone fracture healing process. Specific to
the major metabolic activity, recruiting stem cell differentiation, and
retardation with chondrocyte, the anabolism into a bone fracture is
activated firstly in the form of increasing bone volume apoptosis.
The anabolic activity continues in a prolonged phase is dominated
by catabolic activity. The diminution of callus tissue volume is the
symbol of this activity. The catabolic phase reaches the final period
when the vascular bed increases and the vascular flow rate returns
to pre-injury level [37,42-44]. The biological events and activities,
as well as the cells involved in typical bone fracture healing at

various phases, are illustrated in Figure 3.
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Figure 3: Process of Bone Fracture Healing [1].

Bone Regeneration Process

The bone regeneration process is one of the well-orchestrated,
complex physiological processes of bone formation during normal

fracture healing. It is comprised of a well-orchestrated series of

biological proceedings of bone generation and conduction, as well
as several cell types and intracellular and extracellular molecular-
signaling pathways, through an ascertainable mundane and spatial
sequence, to optimize skeletal repair and restore skeletal function
[45,46].
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However, there are many intricate clinical conditions in which
bone regeneration is needed, such as for skeletal reconstruction of
large bone defects formed by bone fracture, aging, infection, and
skeletal abnormalities. In the clinical condition, bone regeneration
is the most common form of fracture healing, during which the
pathway of normal fatal skeletogenesis, as well as intramembranous

and endochondral ossification, is recapitulated [46,47].

Currently, there is a surfeit of different strategies to enhance
the impaired or inadequate bone-regeneration process, including
the autologous bone graft, free fibula vascularized graft, allograft
implanting, and use of growth factors, osteoconductive scaffolds,
osteoprogenitor cells, and distraction osteogenesis. Improved
strategies in terms of tissue engineering to the enhancement of bone
repair are under intense investigation, to overcome the limitations
of the current bone regeneration process, to produce bone-graft
that is as equal to the normal bone as possible, to accelerate the
overall bone regeneration procedure, or even to deal with systemic

conditions, such as skeletal disorders and osteoporosis [45,48].

Necessity of effective bone repair strategies: economic
and social aspects

Bone and joint degenerative and inflammatory problems
influence millions of people over the world. Musculoskeletal
conditions, namely joint pathologies, fractures related to
osteoporosis, serious injuries, back pain, and different types of bone
diseases and disablement are among the most common causes of
hundreds of millions of people worldwide suffering severe long-
term pain and becoming physically handicapped or crippled. It
has been reported that over 100 million Europeans suffer chronic
musculoskeletal pain, whereas in the USA musculoskeletal
difficulties impact over 40 million people aged 45 years or older
and are projected to affect more than 60 million persons, or 22% of
the population, by the year 2030. While mortality from the above-
mentioned conditions is low, they have a major effect on disability,

medical costs, and patient quality of life [41,43,49].

It has been reported that back pain and arthritis are the two
most common causes of pain worldwide. The most common
problem is low-back pain, approximately 4-33% of the population
are affecting. Arthritis is the most common cause of pain in older
people and women, which is a pathology that includes damage to
and inflammation of the joints. It has been estimated previously
that approximately 18% of women and 10% of men aged over 60
years are affected by osteoarthritis while rheumatoid arthritis, in
developed countries at the age of 45-46 years, that is a more severe
disease, affects 0.3-1% of the general population and is more
prevalent among women. Additionally, it has been estimated that
approximately 40% of arthritic adults suffer from osteoarthritis
of the knee, 80% of people with osteoarthritis have the constraint

of movement and 25% cannot execute their major daily activities
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[50,51].

Another most common problems affecting contemporary
society are Osteoporosis and particularly fractures which are
caused by this illness. Osteoporotic fractures primarily result from
low BMD (bone mass density). It has been defined as a condition
in which BMD is 2.5 standard deviations or further below the
mean seen in young healthy subjects. However, the microstructural
alterations in bone, especially of trabecular bone, also contribute
substantially by increasing trabecular brittleness. This fragility is
translated into an increase in the vertebra, wrist, and hip fractures
[52,53].

In the USA only the prevalence of osteoporosis is estimated to
increase from 10 million to more than 14 million people by 2020.
This is a significant increase with a high risk of falls and fractures
in the population [54]. It is expected that over 50 years of age,
40% of all women will suffer from an osteoporotic fracture and the
fractures related to osteoporosis have almost doubled in number in
the last decade. Although it is estimated that 30% of all hip fractures
occur in men, osteoporosis is less prevalent in men than in women.
Additionally, the investigation showed that the fracture-related
morbidity rate for men is higher than for women [55]. Osteoporosis
is a functional abnormality and an important clinical syndrome in
the case of arthritis and other musculoskeletal diseases, which is

leading to many problems concerning the quality of life [56].

To consider the economic aspects, the costs of bone
regeneration strategies are commonly classified into three
categories: indirect costs, direct costs, and intangible costs.
Expenditure for medical care and related items is included indirect
costs, for example; diagnostic tests, prescription, physician visits,
and over-the-counter medications, hospital stays, aids and devices,
and outpatient surgical processes are included in this expenditure.
Indirect costs are including work disability, sick leave, including
these subsequent from lost function in one’s usual activity, or
reduced productivity associated with a reduction in work hours.
Several studies have shown the significant effect of musculoskeletal
conditions on employment. Based on the specific condition, the
direct costs and indirect costs of musculoskeletal conditions may
equal, or even exceed. Intangible costs are related to increased pain,

loss of function, and reduced quality of life [57].

Across fracture types, in the USA, it has been estimated that
the total cost of incident fractures will rise to US$228 billion for
2016-2025, during 2006-2015 which was about US$209 billion. For
pelvic fractures the largest changes are predicted, where between
2005 and 2025 the rate increases by 56% and costs are predicted
to rise by 60%. By race/ethnicity, among the non-white population,
the fractures and costs rate will increase proportionally to 21%
and 19% in 2025; in 2005 the increasing rate was 14% and 12%
respectively [58].
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A significant outcome of musculoskeletal diseases is a disability,
including limitation of the activities of daily living, reduction in
leisure and chronic pain, community activities, and psychological
problems, including depression, anxiety, and decreased general
health are the limitations associated with musculoskeletal diseases.
The economic impact of musculoskeletal disorders and chronic
pain related to them not only involves the direct, indirect, and
immaterial costs earlier mentioned, they also have a deep effect
on the economic burden related to work absenteeism and lower
performance. It has been estimated that the impact of arthritis on
lost productive work time amounted to US$7.11 billion, but 66% of
this attributed to the 38% of workers with pain-related disabilities
[59].

Moreover, musculoskeletal conditions are the most usual
medical cause of long-term sickness absence. In the UK, for
example, 3000 people go on to the incapacity benefit scheme every
week and approximately 300 never return to work. In Germany,
musculoskeletal conditions cost employers US$30.8 million and are
considered to be the largest single contributor to lost productivity.
Based on a previous study, in France there have been nearly 2000
professionals are suffering from severe pain among them there are
approximately 50% of them suffered musculoskeletal-related pain;
9days/year was the average number of sick days resulting from
their disability [44,60].

From the socio-economical perspective, it is expected that
as the average age of the population rises, the influence of
musculoskeletal conditions on society will also enhance. It is
also predicted that the number of annual fractures and costs will
rise by 50% in 2025. The factors which are more relevant to the
patient such as gender, race/ethnicity, age, and lifestyle also affect
strongly the result of the disease. The disability associated with
certain musculoskeletal conditions, for example; arthritis, the most
common musculoskeletal condition, osteoporosis, and its related
fractures and defects substantially influences society; most of the
time, the individuals’ quality of life is substantially affected. In the
worst cases, the individual is not able to have a fully autonomous
lifestyle [56-58,61].

Current treatments for bone regeneration

Over thousands of years, the reconstruction and regeneration
of significant skeletal defects have amazed mankind. The current
treatment for bone regeneration is harvesting autologous grafts
from other positions in the body. Autologous grafts are harvested
primarily from the patient’s iliac crest or other locations, namely
the distal femur, ribs, proximal tibia, intramedullary canal and
transplantation into the massive fractures, or the transplantation
of allografts, which have many obstacles, such as donor-site
morbidity, limited tissue supply, infection, and poor integration.

The clinically approved therapies are autografts, which reveal the
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biological characteristics of osteogenesis, osteoconduction, and
osteoinduction [62-64].

Successfully treating bone fractures requires the displaced bone
to be adjusted and fixed to the normal state usually with metallic
scaffolds to facilitate correct bone healing. The amalgamation
between materials and the natural tissue is greatly influenced bone
regeneration. While avoiding an inadvertent immune response,
the Materials possessing superiority in biocompatibility and
biodegradability can stably fix the damaged bone and promote
bone tissue growth. In general, the metal implants such as bone
nails have good mechanical strength in treating defects in weight-

bearing bones, containing tibia, femur, and spine [65].

Nevertheless, the metallic scaffolds are bioinert and cannot
fully incorporate with surrounding tissues. Compared to other
commonly used bioactive and osteoconductive biomaterials such
as calcium phosphate (CaP), the main constituent of bone tissues,
were later developed to accelerate the bone healing process. As
an example, metal grafts wrapped with CaP have been found to
not only repair the displaced bone but also allow integration with
nearby tissue. Considering its biodegradability, protein-binding
affinity, and osteoconductivity, a CaP bone graft alternate is thought
to be a perfect substitute for bone treatments, and there have been
various attempts in CPC grafts. Due to the capability to form apatite
and for the resorbability, Dicalcium phosphate anhydrous (DCPA)
(monetite) and Dicalcium phosphate anhydrous (DCP) (brushite)
are considered as another group of biomaterials that is a crucial
parameter for the generation of hard tissue. The potential use of
monetite as a biomaterial for bone tissue regeneration has recently
been highlighted by a series of in vitro, animal, and human studies
[66].

Despite that, it is biological implementation is restrained and
can only be applied to non-weight comportment defects, due to
poor water-soluble resistance, limited mechanical strength, and
uncertain degradation rate and curing time. Hydroxyapatite shows
good biocompatibility and can firmly combine with the natural bone.
On the other hand, its low mechanical strength, poor toughness,
and complication in controlling pore size and permeability limit its

success in bone regeneration [3,65-67].
Hydrogels

A three-dimensional network of polymers made of natural or
synthetic materials possessing a high degree of flexibility due to
large water content is called hydrogels. The hydrogel is made of
predominantly water, which is mixed with compounds to thicken
the substance and add to its healing abilities. Hydrogels are a
popular treatment for particularly dry wounds, such as burns,
radiation damage, and certain partial- or full-thickness wounds.
They’re also beneficial for ensuring the wound bed stays moist

enough to prevent pain during dressing changes and promote
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proper healing [68,69].

Hydrogels are a sub-category of natural and synthetic polymers.
The hydrogel is a 3-dimensional network of hydrophilic polymers
that increase in water and maintain a large number of water
while maintaining the structure due to chemical or physical cross-
linking of individual polymer chains. By explanation, water should
compose at least 10% of the total volume or weight for a material
to be a hydrogel. Hydrogels also possess a degree of flexibility very
similar to natural tissue because of their substantial water content.
The hydrophilicity of the network is owing to the presence of
hydrophilic groups such as -NH2, -COOH, -OH, -CONH2, - CONH -,
and -SO3H.

Hydrogels undergo a substantial volume phase conversion
or gel-sol phase transition in response to definite physical and
chemical impulses. The physical stimuli include temperature,
magnetic and electric fields, light intensity, solvent composition,
and pressure, while the chemical or biochemical stimuli include pH,
ions, and specific chemical compositions. As a biomaterial, hydrogel
plays an important role in biomedical applications. Hydrogels have
great potential to produce various types of products for wound

care, hygiene products, tissue engineering, and drug delivery.

Nevertheless, in several cases such deformational modifications
are reversible; consequently, the hydrogels are competent of
returning to their primary state after a reaction as soon as the
trigger is removed. The response of hydrogels to external incentives
is mostly determined by the nature of the monomer, pendant
chains, charge density, and the degree of cross-linkage. The
magnitude of response is also directly proportional to the applied
external stimulus. There are several research papers, reviews, and
monographs focused on the synthesis, properties, and applications
of hydrogels [70,71].

Hydrogel-Based Bone Regeneration Process

The use of hydrogels for bone regeneration is recommended
because of their similarity with Extra Cellular Matrix (ECM)
constituents, eventual biodegradability, and the possibility to
produce porous scaffolds, and their capability to deliver bioactive
molecules and cells. Hydrogels are also appealing injectable
systems due to controlled viscosity, loading and release of bioactive

factors, and capacity for in situ physical or chemical crosslinking.

The application of hydrogels for the bone regeneration process
ismorerecent. Now, after some years of intensive research, there are
various initiatives to use hydrogels for bone regeneration process
approaches including porous scaffolds, bioactive membranes,
and injectable bone filler. To advance better bone regeneration,
hydrogel-based drugs and cell delivery have emerged as potential
solutions in tissue engineering and regenerative medicine. They
can provide a natural hydrophilic 3-dimensional(3D) environment

tributary to cell continuation and assist new bone development.
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Furthermore, hydrogels can be customized to secure the required
geometry for implantation or injection, and the degradation rate
and porosity or release profile can be easily restrained by modifying

the crosslinking technique and degree [72,73].

Theoretically, optimized hydrogel formulations for bone

regeneration demand to meet the following requirements:

1.  Noncytotoxic and nonimmunogenic to prevent causing

inflammatory response;

2. Osteoinductive, osteoconductive, osteogenic, as well as

osteocompatible for improved bone regeneration;

3. Mimic the natural ECM to the greatest degree to facilitate

propagation, cell adhesion, and eventually osteogenic

distinction at implant site;

4. Degradable by endogenous enzymes or hydrolysis,
synchronizing with new bone ingrowth to make sufficient

space for new bone formation;

5. Mechanical strength and structural stability that can be
used in treating load-bearing defects and impede denaturation

during sterilization;

6.  Suitable pore size and interconnected porosity that can
be optimized via modifying the concentration and diversity of
polymers and crosslinkers to improve cell interaction, control
the release of embedded bioactive components, and allow the
exchange of nutrients, oxygen, and metabolic waste within the

hydrogels;

7.  Injectable capability with patient compliance to reduce
the pain and simplify the administration process [3,74].

Hydrogels in particular have emerged as useful scaffolding
biomaterials as they most closely resemble the natural tissues.
Hydrogels are emerging candidates for applications in cartilage
regeneration. Hydrogels are 3-dimensional hydrophilic polymer
networks made up of water-soluble polymers, crosslinked by
either covalent bonds or physical methods. Cell matrix adhesion
to hydrogel is an important interaction that regulates stem cell
survival, self-renewal, and differentiation. Depending on their
physical structure and chemical composition, hydrogels can
preserve a compositional and mechanical similarity with the native
extracellular matrix of cartilage. These properties are necessary
for controlling cell response, differentiation, and functional tissue

regeneration [75].

Types of hydrogels employed in bone regeneration
process

Hydrogels are an enticing scaffold material due to their
structures are similar to the extracellular matrix (ECM) of

many tissues, they can often be processed under relatively mild
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conditions, and they may be delivered in a negligibly intrusive
manner [76]. Hydrogels are used for ternary purposes in tissue
engineering applications. They may be used as agents for wadding
vacuous spaces, carriers for the delivery of bioactive molecules, and
3D structures that act as a support for cells and help the formation
of an ideal tissue. In general, hydrogels can be categorized by their
preparation methods, sources, crosslinking properties, delivery
method, degradability, and so on. According to sources, hydrogels
are classified into two types: a) natural materials and b) synthetic
materials. Both synthetic and naturally derived materials can be

used to form hydrogels for bone regeneration [76,77].

This review will concentrate on different natural and synthetic

hydrogel systems that have attracted interest in the scientific world.

Natural materials: Hydrogels can be formed by two types of
sources: firstly, from natural materials including natural proteins
such as fibrin, fibroin, collagen, and gelatin, and secondly, from
polysaccharides such as chitosan, hyaluronan, and alginate. The
natural polymers are either constituents or are equivalent to the
natural ECM, it has good biocompatibility, providing mechanical
stability and structural integrity, low immune respond, and
cytotoxicity, and can promote cell adhesion, proliferation, and
new tissue regeneration. They can be absorbed using metabolic

degradation or enzyme-controlled degradation [78].

Several types of research have been conducted based on natural
materials for the bone regeneration process. Lindsey et al. [79]
worked on the bone defect in the dorsal nasal bone of rats, they used
collagen gel in the bone defect. There have been significant changes
observed after six weeks, there was a thin bone layer on the surface
of the defect, while the healing area of the rats unless collagen gel
filling were less than 7%, stating that collagen gel has a positive
effect on the repair of the nasal cavity defect. Patterson et al. [80]
stated bone morphogenetic protein (BMP)-2 plastered hyaluronic
acid (HA) gel to the cranial defect site of rats, and 75e100% of
the BMP was discharged within the first 24 h. Combination of HA
gel BMP promoted higher bone formation in the defected area of
rats than the treatment without HA gel. Different advantageous
mechanical properties of the material are required for the embed in
the clinical operation; though, hydrogels made of natural polymers
are usually associated with poor mechanical strength and only
can be applied to non-weight- bearing sites. Physical or chemical
methods such as functional, crosslinking, or copolymerization are
applied to enhance the internal precise functional groups, hydrogen
bonding, and electrostatic interaction of the natural materials can
increase the materials’ bioactivity, strength, and toughness, thereby
expanding the scope of their clinical use. Mredha et al. [82] worked
to develop a strong and toughened dual network (DN) hydrogel,
in which physically chemically crosslinked anisotropic swimming

bladder collagen (SBC) fibril is the first network, and neutral,
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biocompatible poly (N, NO- two methacrylamide) (PDMAAm) is the
second network. The experimental results show that the new DN
hydrogel enhanced the stability of the gel and the strength of the
binding to the bone. Kim et al. [83] researched to design a bionic
system for local delivery of drugs made from hyaluronic acid (HA)
and vinyl phosphonic acid (VPAc) cross-linked biomineralized
hydrogels. By regulating the mineralization degree, crosslinking
density, and ionic strength, the system could control the water
content, speed of drug release, degradation rate, and could
successfully deliver the protein drugs that would promote bone

repair and regeneration [81].

Synthetic materials: Hydrogels that are used in the bone
healing and regeneration process can be made of biodegradable
polymer materials, such as polyvinyl alcohol (PVA), polyacrylamide
(PAM), polyethylene glycol (PEG), Sanya methyl carbonate, poly
(lactic acid), and its copolymers, and so on [84]. Unlike natural
materials, synthetic polymers have fundamental structural units, so
the properties of polymers such as degradation time, porosity, and
mechanical properties can be amended for specific applications.
Synthetic polymers have reliable material sources and a long
shelf-life, so they can be manufactured in large quantities without
the risk of immunogenicity. Hydrogels obtained from synthetic
polymers are propitious carriers for delivering growth factors,

active proteins, and drugs to bone tissue [85,87].

Many researchers and scientists are focused on synthetic mate-
rials to developed scaffolds for implementation in the bone healing
and regeneration process. Lee et al. [86], utilized new hydrogels
composed of adipic acid dihydrazide and poly- (aldehyde guluro-
nate)-PAG as an alternative of alginate hydrogels as cell carriers to
embed primary rat cranial osteoblasts into the backbone defect in
mice. The experimental process was observed for nine weeks long,
nine weeks later the mineralized bone tissue formed at the defect.
Synthetic polymers have comprehensive mechanical stiffness and
controllable degradation rate. It is stated that the pendant cyclic
ester amendment of PCL can inflect the slow drug release. The deg-
radation of amphiphilic PCL-PEG-PCL hydrogel resulting from the
strong hydrophobicity and crystallinity of PCL sections. Dey et al.
[88] observed that the composition of synthetic copolymers affects
the structure and properties of the gels. The formulation method
of poly-(vinyl phosphonic acid-co-acrylic acid) (PVPA-co-AA) em-
ployed as a bone graft substitute, found that increasing PVPA con-
tent formed hydrogels with great swelling capacities, high porosi-
ties, and adjustable mechanical and cell adhesion properties. Figure
4 shows the effect of poly (vinylphosphonic acid-co-acrylic acid).
Although synthetic materials have the aforementioned advantages,
their success is limited by their own innately poor biological ac-
tivity, acid by-products, and other shortcomings. Hence, synthetic
materials can be conjugated with biological and chemical entities

to ameliorate the extensive properties of hydrogels. Thoma et al.
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[90] worked on PEG hydrogels; they divided PEG hydrogels into six
groups, conforming to the density of the gel such as physical modifi-
cation and the effect of polyethylene glycol (PEG) hydrogels amend-

ed with the sequence of RGD (chemical modification). Each group

Volume 3-Issue 5

was six weeks long; after six weeks of observation, they found that
chemical or physical amendment had a substantial impact on PEG
hydrogel matrix stability, degradation time, and integration into the

surrounding hard tissue and soft tissues [88-90].

was ingrained onto six loci of rabbit skulls. The observation period
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Figure 4: The effect of poly (vinylphosphonic acid-co-acrylic acid) hydrogels on osteoblast adhesion and proliferation. (A) The Live/Dead
human osteoblasts on PVPA-co-AA hydrogels. Live cells stained green, dead cells stained red. (B) The effect of VPA content in PVPA-co AA
hydrogel on the proliferation and metabolic activity of osteoblasts, over 14 days. Copyright, Ref. [88], 2017, Society for Biomaterials.
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Hydrogels can absorb various folds of water into their structures  hydrogels has been broadly researched for tissue engineering and

without disintegrating therefore mimicking the natural tissue orthopedic applications. Unlike the use of a pre-fabricated scaffold

environment [4]. Over the past few years, injectable in situ forming  which required medical implantation, hydrogels can be injected
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into the defect site to confront any geometrical defects and with
[7,8,41-43].
are exceptional platforms of biomaterials that are used to fill the

insignificantly interfering procedures Hydrogels
bone defects in non-load bearing sites, which do not require high
mechanical strength. Furthermore, the injectable hydrogels are used
to fortify the injured bone tissue and act as a carrier for delivering
therapeutic agents and cells. Figure 5 represents the schematic
representation of injectable hydrogel. Injectable hydrogels attain
the site of the defect and deliver plastered biomolecules or cells
and then form a gel through transitional characteristics when a
response to a stimulus changes the physical or chemical properties

[78-80].

Nowadays, bone defects have become one of the leading causes

of morbidity and disability among elderly people around the world.

Even though autografting is observed as the gold standard for bone
healing and regeneration process, it is restricted by the donor-
site morbidity and uncertain adverse effects. Thus, bone tissue
engineering has enticed significant attention from researchers as a
propitious strategy for healing bone defects unless the constraints
and drawbacks of utilizing either bone allografts, autografts,
or xenografts. Recently, several injectable hydrogels with good
moldability and 3D forms have been widely investigated for use
in bone tissue engineering. In bone tissue engineering, various
hydrogels have served as a scaffold material or are used to deliver
osteogenic drugs. An ideal hydrogel should be injectable so that it
can be used to treat a bone defect noninvasively and fill abnormally-
shaped tissue defects. It should also be biocompatible and able to

release osteogenic drugs over an extended time [81] (Figure 6).

s ™
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Figure 6: Injectable Hydrogel for Stem Cell Delivery.
N\ J

Among the biomaterials used for preparing injectable
hydrogels, alginate is one of the most investigated biomaterials
employed in bone tissue engineering. Several types of research
have been conducted on alginate-based injectable materials.
Matsuno et al [82] have developed a novel injectable 3-dimensional
hydrogel for bone tissue engineering that utilizes B-tricalcium
phosphate beads and alginate as a scaffold. Mesenchymal stem cells
3-dimensional cultured through the hydrogel has been ingrained
subcutaneously for in vivo experiments and has indicated that the
scaffold can advantageously sustain osteogenic differentiation. A
significant investigation has been conducted into using hydrogels
for bone regeneration. Controlled drug release remains a challenge
for hydrogels because they are usually inclined to a burst release
of drugs through the first 24-48 h of treatment. Hydrogels are
repeatedly combined with other materials to form composite
scaffolds for bone regeneration. To induce a composite scaffold,
PLLA/PCL nano yarns were suspended in a collagen hydrogel that
showed advantages for in vitro distinction of human MSCs [83]. In

another study, a nanohydroxyapatite-reinforced chitosan hydrogel
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was used to stimulate osteogenic differentiation in vitro and bone
regeneration in vivo. These represent a small sampling of the many
composite hydrogels being evaluated for applications of bone
tissue engineering. Han et al. [84] have developed an injectable
hybrid hydrogel by incorporating calcium silicate into an alginate
solution. In the 30s to 10min, this hydrogel undergoes internal in
situ gelling when calcium ions are released from calcium silicate
with the introduction of D-gluconic acid 6-lactone. Furthermore,
the hydrogel effectively promotes the adhesion, proliferation, and
differentiation of osteogenic and angiogenic cells. To enhance the
mechanical characteristics and mineralization of the scaffold in
bone tissue engineering, inorganic materials are usually introduced

with hybrid hydrogels.

Chitosan is another frequently used biomaterial for
interdisciplinary injectable hydrogels in bone tissue engineering.
Dessi et al. [85] have efficiently developed a thermosensitive
chitosan-based hydrogel cross-linked with [-glycerophosphate
and propped by physical interactions with B-tricalcium phosphate.

The hydrogel simulates natural bone tissue and supports cellular
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activity and undergoes a sol-gel transition at physiological
temperature with typical rheological characteristics. Meanwhile,
owing to the properties of collagen, this hydrogel improves cell

adhesion and proliferation.

However, incorporation of collagen into the chitosan or
[-glycerophosphate system to synthesize injectable chitosan or
B-glycerophosphate collagen-based hydrogel scaffold for bone
healing and regeneration process in tissue engineering. Recently,
injectable alginate or hydroxyapatite (HA) hydrogel scaffold,
blended with gelatin microspheres (GMs), has been reported
by many researchers. The blended hydrogel, HA, and GMs
efficiently enhance the mechanical properties of the scaffold, thus
demonstrating that the HA and GMs double-integrated alginate-
based hydrogel has a suitable physical performance and bioactive
properties. Thus, the hydrogel shows great potential for local

treatment of pathologies involving bone defects [86-88].

Hydrogel Based Growth Factor and Stem Cell
Delivery

The materials for hydrogel-based growth factor and stem
cell delivery for bone regeneration can be divided according to
the different substances encapsulated. The hydrogel matrix must
maintain the biological activity of the delivered materials to
provide extended efficient concentrations at the treatment site at
a controlled release rate. Growth factors are naturally occurring
proteins that are an essential component in promoting bone
repair and osteogenesis. A newer technique to stimulate bone
regeneration involves the use of undifferentiated stem cells that
will stimulate natural bone formation. In this article, two types of
delivery systems: growth factor delivery and stem cell delivery will

be discussed.

Growth factor delivery

Naturally occurring bone healing or regeneration is a signaling
cascade process, involving cells in the defect site excreting
cytokines, growth factors, and pro-inflammatory factors and
subsequently recruiting surrounding osteoprogenitor cells to
emigrate, proliferate, and discriminate into osteoblasts. With
a deeper understanding of the mechanism of bone healing and
regeneration process, scientists envisage delivering exogenetic
bioactive factors into the defect to accelerate bone repair [89-90].
Currently, the most widely explored in the area of bone healing
and regeneration process, vascular endothelial growth factor
(VEGF), BMP, insulin-like growth factors (IGF), stromal cell-derived
factor-1a (SDF-1a), and fibroblast growth factor (FGF) are used.
The variation in a structure identifies their different physiological
functions and specific role in directing new bone growth factors.
Consequently, successful bone repair requires the researcher to
select suitable factors to obtain desired experimental results.

Whereas the majority of bioactive factors are proteins, direct
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delivery may result in enzymatic degradation in the extracellular
matrix (ECM) [91-93]. Furthermore, the delivered therapeutics may
disseminate to other sites, leading to limited retention at the local
site and undesirable adverse effects, such as seditious responses or
adipogenic induction. Proper carriers are desperately necessary to
impede factors from deactivation, due to hydrogels absorb water,
expand, and mimic the natural extracellular matrix (ECM), they
are considered as an excellent platform to provide a hydrophilic
environment to maintain factors’ activity. An interesting synthetic
PEG hydrogel functionalized with a2b1 integrin-specific peptide
(GFOGER) was prepared by Shekaran et al. to deliver BMP-2 into
murine radial critical-sized defects. The results demonstrated
that GFOGER hydrogels can preserve embedded BMP-2, attract
osteoprogenitor migration, and promote mechanical bone
formation. Many researchers also explored the influence on bone
regeneration through providing dual factors, as stated; synthesized
CHPOA nanogel system including cholesteryl group and acryloyl
group to co-deliver BMP-2 and FGF into mouse calvarial bone
defect, leading to the generation of trabecular-like structure [94-

98].
Stem cell delivery

Since the 20th century, researchers are the focus on clinical
treatment using stem cell transplantation and have been
extensively studied in vascular diseases, plastic surgery, and
regenerative medicine. Stem cells are mainly a group of cells with
unlimited renewal and differentiation potential, allowing them to
differentiate into different cell types, thus laying a solid foundation
for their widespread use in various areas. The enhanced expression
of the related bone-related genes included in the stem cells further
affirmed that the stem cells can differentiate into osteogenic
lineage to promote bone repair and regeneration. Stem cells used
in bone regeneration mainly include embryonic stem cells (ESCs)
and mesenchymal stem cells (MSCs). Even though successful bone
regeneration in earlier investigations, ESCs are often necessarily
attended by disputable moral and ethical issues; later, investigators
began to use MSCs to prevent the dilemma. Mesenchymal stem cells
(MSCs) can not only discriminate into osteoblasts but also act as
a signal center to initiate host response to the bone injury [99].
MSCs can be divided into ASCs, bone marrow mesenchymal cells
(BMSCs), and umbilical cord mesenchymal stem cells (UCMSCs), all
of which can be sophisticated and grown in vitro. Because of the
minimal invasion, easy accessibility, and low immunogenicity of the
above-mentioned kinds of MSCs, ASCs are most widely investigated
[100,101]. There have been various investigations regarding
immediately injecting stem cells into injured areas. To buffer the
irreversible damage to stem cells caused by sudden changes in
the external environment after direct injection, many researchers
began to employ hydrogels to act as a 3-dimensional medium and
deliver stem cells [102]. Zhao et al. [104] researched injectable
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photocrosslinkable hydrogel microspheres using a microfluidic
mixing technique to encapsulate BMSCs. This approach involved a
photoinitiator-containing gelatin-methacryloyl chloride (GelMA),
that forms droplets by utilizing a microfluidic device and, followed
by UV photocrosslinking, produces GeIMA hydrogel microspheres.
The BMSCs were then encapsulated into the hydrogels and were
found to demonstrate excellent bone formation in rabbit femoral
ankle, particularly when BMP-2 was added. Huebsch et al. [105]
developed interconnected and macroporous hydrogels to avoid
cell death and limited control in the duration of injection and
improve the communication between cells, it can improve the
transplanted hMSC durability. The animal model used nude rats
with cranial defects. The bone regeneration analysis conducted 12
weeks after cell transplantation showed obvious bone formation
when hydrogel elasticity was fixed at 60 kPa. The interaction
between hydrogels and cells is complicated, and many factors are
involved in the regulation of stem cell differentiation. It has been
stated that MSCs prefer to differentiate into osteogenic lineage
when stiffness is fixed at 25e40 kPa [106]. Some researchers
suggested that the surface characteristics of hydrogel will largely
affect its interaction with cells, thus regulating the fate of the cells,
developed a series of materials with various surface charges and
hydrophilicities. The results demonstrated that small functional
groups added to the hydrogel matrix have a substantial influence
on hMSC differentiation with charged phosphate groups impelling
osteogenesis and hydrophobic tertbutyl leading to adipogenesis
[107,108].

Challenges and Prospects

Although new technologies and approaches in orthopedic
surgery have substantially provided to improving musculoskeletal
conditions and to improving bone repair during the last decades,
there are still some cases where problems related to improper bone
healing need to be solved. One of the most important problems is
related to fracture non-unions and delayed unions. Successful
bone regeneration requiring a coordinated interaction among
growth factors, cells, and hydrogels. Even though hydrogels display
intrinsic advantages in bone regeneration, there are still various
problems that must be resolved. Firstly, when designing hydrogels,
biocompatibility should be considered to circumvent possible
inflammatory responses [109,110]. Natural polymers like gelatin,
collagen, and chitosan are widely considered to be biocompatible,
but are limited due to the poor mechanical strength and structural
stability and burst release of encapsulated proteins or cells after
being delivered to the target site. Synthetic polymers can solve the
above-mentioned problems to a definite extent but are accompanied
by issues such as inadvertent immune responses and poor
degradation and cell attachment. Therefore, the optimization of the
polymer concentration, composition, and crosslinking methods still

needs to be further studied to better promote bone regeneration

Citation: Shahirin Shahida. Application of Hydrogel in Tissue Engineering: Process of Bone Regeneration and Fracture Healing. Mod
Concept Material Sci. 3(5): 2021. MCMS. MS.ID.000575. DOI: 10.33552/MCMS.2021.03.000575.

[111-114]. Theoretically, the encapsulation of natural stem cells
and growth factors in the hydrogel matrix will enhance the rate of
new extracellular matrix (ECM) generation. One of the constraints
could be rapid hydrogel degradation before the generation of a new
extracellular matrix (ECM), thus damaging the mechanical stability
and interrupt the process of healing and regeneration of bone
defects. Furthermore, proper control of stem cell differentiation
is crucial to ensure differentiation at the desired cell lineages and
prevent undesirable side effects when delivering stem cells to the
defect site. Several studies have also demonstrated that defect sites
lack blood vessels; hence, it is feasible to incorporate angiogenic
factors into hydrogels for enhanced bone repair and regeneration
[115-118].

A significant challenge regarding the uncontrolled release of
loaded bioactive growth factors and stem cells, which is directedly
related to the hydrogel degradation rate, limits the scope of bone
healing and regeneration. Recently, smart hydrogel systems with
on-demand delivery ability have become an emergent inventive
technology in bone regeneration. Stimuli-flexible hydrogels can
sense stimuli in their external environment and make equivalent
changes, these stimuli have been extensively employed in
biomedicine, tissue engineering, and the immobilization of enzymes.
The studied external stimuli mainly include temperature, light,
and pH. The development of hydrogels responsive to biochemical
stimuli like enzymes, antigens, and ligands has also been explored
[59,118,119]. Even though the substantial existent difficulties,
containing speedy degradation and burst release, poor integration
with low mechanical stability, native cells, and immunogenicity, the
development of hydrogel-based bone regeneration holds immense
promise for the future treatment of bone-related diseases and
defects. With anincreased understanding of hydrogels, bone defects,
the extracellular matrix (ECM), and their interactions, hydrogels
will undoubtedly become a powerful tool for the clinical treatment
of bone defects in the future. Under normal conditions, the fracture
healing method should be driven by mesenchymal stem cells which
emigrate to the injury site and differentiate into osteoblastic cells
leading to bone repair. Nevertheless, some fractures do not succeed
in healing and become non-unions, which may lead to morbidity
and functional disability for patients. In the case of fractures related
to osteoporosis, one of the major challenges is the insufficient
strength of the bone that must be used to anchor the fixation device.
Osteoporosis influences metaphyseal bone and, consequently, most
osteoporotic fractures are in the metaphyseal site. This type of
fracture is usually processed by internal fixation; however, due to
the low bone density, the use of screws to provide a stable fixation
is not always possible [56,120-123].

In response to this problem, research and technological
development have focused on three approaches to improve

surgery results. These contain enhanced anchoring techniques,
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improved load distribution between the bone and the implants,
and the augmentation of the strength of the host bone to improve
anchorage. Prosthetic replacing is a fourth technique that is also
pertinent to many osteoporotic fractures. Therefore, once more a
material able to prompt bone formation to enhance the host bone

and ameliorate anchorage is required.

When a section of the bone has died, it does not heal or
regenerate voluntarily. Therefore, one method uses to resolve this
problem is to remove the dead bone surgically and fill the space
with a bone graft that is either taken from the patient or the bone
bank. The success rate of this method depends upon the quantity
of bone that has died. The utilization of synthetic biomaterials is a
potential alternative to the use of autografts and allografts. In cases
where osteonecrosis attacks larger areas such as joints, the total
joint substitute method must take place [123-127].

Conclusion

Bone fracture is one of the most critical diseases around the
world. Different clinical conditions need improvement of bone
regeneration either locally or systemically, and several approaches
are currently employed to increase or accelerate bone repair,
depending on the healing potential and the certain requirements
of each case. Research of bone biology has immensely enlarged
with the enhanced understanding at the molecular level,
resulting in the evolution of many new treatment techniques,
with many others predictable in the years to come. Despite
that, there are still some drawbacks; in particular, there is still
surprisingly little information available about the cellular basis
for MSC-mediated fracture repair and bone regeneration in vivo
in humans. Furthermore, understanding in this area could be the
key to an enhanced and incorporated scheme for skeletal healing
and regeneration. Eventually, control of bone regeneration with
schemes that mimic the common stream of bone formation
will offer successful management of conditions that require
improvement of bone regeneration and mitigate their morbidity
and cost in the long term. The utilization of hydrogels for bone
regeneration is a constantly growing and challenging research field,
with still underexplored clinical potential. Hydrogels are attractive
materials for various bone regeneration approaches, varies from
injectable systems to membranes for guided bone regeneration
and smart biofunctionalized scaffolds with biomimetic properties
and architecture. The field of hydrogel-based biomaterials is
exceedingly wide and various aspects are still to be interpreted
despite propitious in vitro or in vivo performance in animal
models. Whereas control over the chemistry and characteristics
of these scaffolds exists through chemical and physical schemes, a
better understanding of cell and matrix interactions is necessary
as well as improved fabrication methods allowing to obtain
bone biomimetic architecture and structural levels. The next-

generation hydrogels with enhanced bone-forming capability
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due to 3-dimensional structure and spatiotemporally optimizing
bioactivity are anticipated to prompt bone healing through

employment, proliferation, and differentiation of cells.

Recently, there are several types of research are ongoing through
all appropriate fields, and it is expected that many bone diseases
method secondary to trauma, bone resection due to subtractive
surgery, aging, and metabolic or genetic skeletal disorders will be
successfully treated with novel bone-regeneration protocols that
may address both local and systemic embellishment to optimize

outcome.
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