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Introduction
Bone is one of the organs in the body which uniquely composed of mineralized hard tissue 

[1]. It can protect different parts of our body from major damage and minor accident. Bone has 
unique properties that constantly could be remodeled throughout life and regenerate by itself 
in response to damage [2]. However, in large-scale damage and critical condition, surgical 
performance will be needed for the implantation of the bone substitutes to regenerate and 
repair the bone defects [3]. Advanced research improves the bone substitute quality in 
biocompatibility, osteo-conduction and osteoinduction. Among the different kinds of bone 
substitutes, autografts are still the best option for bone repair. However, they lack overall 
surgical demand for bone regeneration. In addition, harvesting the bone graft is critical for 
the patient and confronts a postoperative complication [4]. Orthopedic surgeon frequently 
utilizes allograft and xenograft, but the immune rejection, drug transmission is a major risk 
for the patient. Researchers currently focus on synthetic bone substitute that it resolves the 
existing limitation of other bone substitute. Biomaterials-derived synthetic bone substitutes 
rapidly meet the demand for orthopedic implants and create the best option in the future 
for surgical applications. Synthetic bone scaffolds explicitly regenerate the bone defect and 
significantly assists during the remodeling process.

Recent research focuses on improving biomaterials to enhance their physical and 
mechanical properties, chemical modification to immobilize the growth factor and stem 
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Abstract

Bone is one of the critical tissues which undergoes a self-healing and regeneration process during minor 
damage. The regeneration capabilities of bone may create an interest in the research for encountering the 
large defects using biomaterials derived scaffold. Scaffold can support the cells growth, proliferation and 
differentiation that subsequently improves the healing rate. The selection of biomaterials with appropri-
ately designed scaffold is desirable to advance orthopedic surgery and improve patient quality. Different 
types of biomaterials have been used in repairing the defective bone tissue. Ceramic materials are most 
promising due to their mimic the native bone tissue. Natural and synthetic polymers have recently been 
used in bone tissue engineering to improve scaffold performance. Polymers are suitable for sustained the 
release of drugs and growths factor to influence osteoinduction. Metallic implants are another type of 
biomaterial that replace the damaged bone or support the fractured bone during the healing process. Ap-
propriate surface coating tailored to the metal improves the bonding between the native bones. Clinically 
proper biomaterials selection is challenging to support bone growth. In this review article, we highlight 
the biomaterials frequently applied in bone tissue engineering, and overview their properties in terms of 
cell attachment, proliferation and differentiation. Moreover, we discuss the current challenges and limita-
tions of biomaterials in orthopedic applications.
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cells and reduce the risk of immune rejection. The progress of 
biomaterials performance remarkably declines the gap between 
the synthetic scaffold and other bone graft. Moreover, researchers 
fabricate unique scaffolds utilizing advanced biomaterials that 
drastically increase patient quality. The critical issue of scaffold 
after surgical implantation is immunoreaction with inflammatory 
cells, long-term immunoreaction may result in rejection the implant 
materials. Chemically modified biomaterials have recovered the 
immunoreaction and improved the cell-materials reaction in the 
physiological system. Furthermore, mechanical stability of bone 
scaffold also requires for hard tissue repair that could be achieved 
by the modification of biomaterials. Therefore, the advancement of 
biomaterials and their modification is crucial for unique scaffold 
development in bone tissue regeneration. In the current review 
article, we explore the different types of biomaterials that explicitly 
play a role in bone regeneration and provide an overview of their 
function in biological system. Our discussion also highlights the 
current shortcoming and unmet challenges of biomaterials for the 
orthopedic application.

Biomaterials for Synthetic Scaffold
Successful implantation of scaffold largely depends on their 

physical feature and the type of biomaterials used for fabrication. 
Therefore, different types of biomaterials have been applied 
for bone tissue engineering [5]. Multiple issues are involved in 
choosing the biomaterials for orthopedic application, including 
mechanical and biological properties. The common biomaterials 
for hard tissue repair are ceramic, polymers, metal, and different 
composites materials [5,6]. Each type of biomaterials has certain 
advantages and disadvantages; high performances biomaterials are 
continuously under development [7] (Table 1).

Table 1: Biomaterials in bone tissue engineering.

Ceramics Polymers Metals

1. Hydroxyapatite

2. Tri-calcium phosphate

3. Bioglass

1. Collagen

2. Silk

3. Soyaprotein

4. PLLA

5. PCL

1. Titanium

2. Mg

3. Ti-Al-Vn

Ceramic biomaterials
Ceramic biomaterials are the most common for orthopedic 

surgery to repair and regenerate hard tissue. Their chemical 
properties resemble bone matrix that attract researcher utilizing 
ceramic for bone tissue engineering. They held bone-like 
characteristics that degrades during the healing process to replace 
new tissue. Calcium phosphates are the most popular ceramic 
biomaterials applied in scaffold fabrication, as they are similar 
to inorganic part of the bone tissue. Different type of calcium 
phosphates, such as hydroxyapatite and β-tricalcium phosphate, 
has developed [8]. In contrast to β-tricalcium phosphate, 
hydroxyapatite shows slow degradation and resorbed in the body. 
Their appropriate combination plays a significant role in terms of 

osteoinduction and osteo-conduction. Biphasic Calcium Phosphate 
(BCP) is composed of hydroxyapatite and β-tricalcium phosphate 
that has inherent characteristics of osteoconductivity and 
biocompatibility [9,10]. Calcium phosphate -based scaffold release 
Ca2+ and PO4

-3 that helps to the formation of an appetite layer that can 
adsorb the osteogenic protein. Ion release behavior also maintains 
the deposition of ECM component that potentially influence the 
osteoinduction during the healing process. Further modification 
of calcium phosphate ceramic biomaterials could be achieved by 
incorporating Zn, Si, Sr.(28=32). Bioglass is another class of ceramic 
materials that is highly biocompatible and formations of bone in the 
surrounding tissue [11]. Rapid degradation of bioglass enhances 
gene expression, upregulating cellular activities and create a bond 
with the surrounding bone [11]. The most common bioglass is 45S5 
composed of 45wt% SiO2, 25.5wt% CaO, 24.5wt% Na2O and 6.0 
wt% P2O5. Compared to calcium phosphate, the bone regeneration 
capability of bioactive glass undergoes a series of intersurface 
reaction that subsequently influence the formation of apatite layer 
on the material surface. In addition, the release of ions such as 
Ca2+, PO4

3- , and Si4+ has potentially played a role in osteogenesis. 
The ion release behavior of bioglass create much more interest to 
the researcher to modify the bioglass for better performance in 
osteogenesis. For example, the Sr-incorporation bioglass showed 
early angiogenesis through altering the inflammatory macrophage 
phenotype. Lemon et al. [12] developed the bioglass microsphere 
that has shown significant bone regeneration in in-vivo [12]. In 
addition, their functional surface and mesoporous formation may 
attract the tissue engineer to loading the bioactive molecules and 
drugs for different applications.

Polymeric biomaterials
Polymers are long-chain organic materials exclusively applied 

in the tissue engineering field. In the fabrication of bone scaffolds, 
polymers play a significant role of cellular attachment, proliferation, 
and differentiation [13]. They are broadly classified as natural and 
synthetic polymers based on their origin. Both have advantages and 
disadvantages during the tissue regeneration process [14]. Natural 
polymer collagen provides a desirable homing environment for cells 
in bone tissue engineering. Collagen contains cell adhesion ligand 
arginine-glycine-aspartic acid (RGD) that facilitates cell adhesion 
[12]. Currently, a processed form of collagen, namely gelatin, 
has been applied for cell attachment and proliferation [15,16]. 
Alginate derived from algae is another kind of natural polymer 
which is biocompatible and readily forms cell-friendly hydrogel 
[17]. It can be easily modified and provide suitable support for cell 
loading, growth factor, and drug immobilization. Alginate and other 
polymers combination, provides the desired properties compared to 
individual polymers [18]. In recent years, silk and soya protein have 
also exhibited better performance in bone tissue engineering. Silk’s 
mechanical and chemical properties are suitable for hydroxyapatite 
formation and guided bone tissue regeneration [19]. On the other 
hand, soya proteins, due to their availabilities, biodegradability, 
and inert properties, may influence their application in the tissue 
engineering field [20]. They are capable of triggering osteoblast 
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cells for collagen synthesis and osteogenic nodule formation. Lee 
et al. [20] that showed the electrospun scaffold PEO incorporating 

soya protein significantly improves rat skull’s bone defect [20] 
(Figure 1).

Figure 1: Polymeric hydrogel loading provide large surface area for cell attachment and migration.

Besides natural polymers, several synthetic polymers have 
widely used for tissue repair and remodeling. They have more 
options for modifying of their chemical behavior, physical stabilities, 
cellular bindings and bioactive compound immobilization [21]. 
Research could alter the polymers’ properties for cell adhesion 
by adding RGS peptides or growth factors. In addition, their 
hydrophobic and hydrophilic nature could be tailored to avoid 
immunogenicity as well as osteoconductivity. Poly(L-Lactic Acid)
(PLLA) is synthetic polymers used to fabricate synthetic scaffold. In 
the biological system, the hydrolytic degradation of PLLA produce 
lactic acid in our body. They are often used for coating the metallic 
implant for better osteointegration. Poly(Lactic-Co-Glycolic Acid)
(PLGA) is another synthetic co-polymers of lactic acid and glycolic 
acid. Their degradation rate depends on ratio of lactic acid and 
glycolic acid; thus, it can be tunable and adjusted according to their 
requirement. This can influence their application in sustain release 
of drugs and growth factors at the site of bone defects. Poly(ԑ-
Caprolacatone) (PCL) is widely applied in bone tissue engineering 
in terms of scaffold fabrication, coating the metallic implant etc. It 
possesses high mechanical strength that attracts researchers for 
their application in bone tissue engineering [22]. However, their 
low degradation behavior and lack of cell attachment limit their 
application in the orthopedic application. Currently, polydopamine 
coating, and pepetide incorporation have been utilized in PCL-
based biomaterials for bone tissue regeneration [23].

Metallic biomaterials
Metallic biomaterials are widely applied in dental and 

orthopedic surgery to replace the defect bone and support during 
the healing. Currently, a metallic implant creates a much more 
attractive in spinal implants, hip replacements, and long bone 
fracture repair. Since the mechanically metallic implant is suitable 

for hard tissue repair, their poor ossteointegration limits their 
performance in orthopedic surgery. Researches focus on metallic 
implant surface properties and tailor their surface with bioactive 
coating for ossteointegration and cellular function. Among the 
different kinds of metals, Titanium mostly utilized in orthopedic 
surgery. They are bioinert and in an optimal condition, capable 
of bonding formation with the surrounding bone. [24] Current 
research explores the modification of Ti to form the Ti-alloy 
that showed better cytocompatibility and physical performance 
compared to other metallic implants. For example, Titanium-
aluminum-vanadium alloys have better characteristics in contrast 
to pure titanium. The significant drawbacks of titanium and its 
alloys are no degradability in the biological environment; thus, it 
should be removed after the healing. The postoperative removal 
of Ti creates further discomfort and damage to surgical site. Mg-
derived biomaterials are susceptible to biodegradation of their 
corrosion attributes in a physiological process. The degradation 
behavior of Mg overcomes the postoperative removal of the metallic 
implant and provide a space for replacing the new bone [25].

Mg and their alloys are osteoconductive and influences cell 
attachment and bone growth. The major drawback of Mg alloys 
increases the local pH through their rapid degradation which limits 
their application in orthopedic surgery. Current research efforts 
to reduce their degradation by surface coating. The coating layer 
should be non-toxic and degrade in a sustainable manner. Among 
the different coating layers, Ca-P is the best option for slowing their 
degradation rate and reducing the gap between implant and native 
bone [26,27]. Besides Ca-P, Sr doped Ca-P coating on Mg better alloy 
performance in-vitro and in-vivo application. However, the stable 
degradation with the healing process still undergoes a challenged 
in the application of Mg alloy (Figure 2).
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Figure 2: Surface modification of metallic implant with ceramic coating and polymeric layer for orthopedic 
application.

Current Challenges and Unmet Need for 
Biomaterials Derived Scaffold

Tissue engineering research utilizes ceramic, polymer, and 
metal to fabricate scaffold in bone regeneration application. For 
repair the hard tissue, mechanical strength and osteointegration 
of the scaffolds are required for long-term application. Ceramic 
scaffold mimics the bone ECM and provides support for cell growth, 
but their brittleness attributes make it difficult for the application. 
After sintering the ceramic scaffold, it should withstand sufficient 
mechanical strength with appropriate duration. Moreover, the 
porosity of ceramic scaffold is crucial for vascularization and cell 
movement. During ceramic-based scaffold design, vascularization, 
cell migration and nuclear transportation should be considered. 
Introduce polymers in the ceramic scaffolds is promising since it 
can overcome the limitation of ceramic scaffolds. In the polymeric 
hydrogel, the biocompatible crosslink is still challenging. Highly 
crosslinked polymers exhibit mechanical stability in repairing the 
hard tissue but delay the degradation rate. In addition, excessive 
crosslink agents showed cytotoxicity in in-vitro application. 
Further, their degradation rate effect on sustained release of 
drugs and immunogenicity. Metallic implants have multiple 
complications for their degradation and corrosion characteristic. 
Since Mg alloy overcome the postoperatives complications, their 
degradation induces toxicity in the defect site. Surface coating 
technology improves the performance of Mg alloy; however, still the 
osteoinductive coating layer is desirable to accelerate the wound 
healing process.

Conclusion
Biomaterials and their modification dramatically enhance the 

development of bio scaffold and advance the tissue engineering. 
Multidisciplinary research has undertaken to elicit better 
performance of biomaterials in scaffold fabrication. However, the 
right choice of biomaterials in respect to patient defect remain 
elusive, future research finds the appropriate options to overcome 
the existing problems.
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