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INTRODUCTION

There has been considerable advancement in the biomaterials
used for biomedical applications. This improvement has been
made possible due to strong interdisciplinary collaboration
between engineers, chemists, molecular biologists, and
clinicians.! Biomaterials have erroneously encompassed
implants and materials to replace damaged or diseased tissue.

Generally solid materials are classified into four basic
categories; metallic, bioceramic, polymeric, and composite
bimaterials. Metallic biomaterials remain fully functional
during their expected life expectancy and are widely used
in medicine due to their acceptable mechanical, chemical,
and biocompatibility.? Bioceramics are inorganic materials
which include amorphous glasses, crystalline ceramics, and
glass-ceramics and they are used in the repair, replacement,
or regeneration of bone or teeth, but their applications are
becoming broader.? The use of polymeric materials have been
increased for biomedical applications not only due to the
excellent surfaces of polymeric materials but also their desired
mechanical and biological properties, low production cost, and
ease in processing, allowing them to be tailored for a wide
range of applications.*

The major challenge of biomaterials for bone tissue engineering
includes producing the material that can be coupled with both
the mechanical and biological concern of real bone tissue
matrix and the vascularization.®* Newer biomaterials tend to
solve these problems of biocompatibility of biomaterials in
the human body. In addition, these advanced biomaterials are
being employed not only in therapeutic applications but also
in the diagnosis and treatment of diseases in medicine and
dentistry. In addition, smart biomaterials are introduced which
can recognize, respond to and even record their environment.®

METALLIC BIOMATERIALS

The commonly used metallic biomaterial in dental and
orthopedic implants are Ti and its alloy, cobalt-chromium-
molybdenum and its alloy, and stainless steel.” ® Together, there
are numerous coating and surface modification techniques
followed to improve the quality of implants and eliminate
the slightest possible functional deflection. Various metallic
biomaterials used in medicine and dentistry include fixed
and removable dentures/appliances, plates, joints, screws,
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as well as implants, which are used to restore anatomical
and functional disorders or defective tissues in the body.
Recently, digital technologies and additive manufacturing (AM)
or 3D printing has been adopted as an advanced alternative
method of for the fabrication of metal prostheses and medical
implants.>° In recent years, AM has become an essential part
of healthcare technology solving complex medical problems.

CERAMIC BIOMATERIALS

Ceramic biomaterials are inert and are used where a strong
hard surface is needed, e.g., a joint replacement or dental
prostheses.*> ' Biocompatibility is excellent and it is one
of the beneficial biological response from the body’s host
environment to the implanted devices.™ It has been found that
ions released by bioceramics can stimulate and guide cells. This
has extended bioactivity beyond bone applications, e.g., to
wound healing.? In addition, Yttria stabilized tetragonal zirconia
polycrystalline showed better mechanical properties and
superior resistance to fracture than the conventional dental
ceramics.®® Recent advances in bioceramic includes translucent
monolithic zirconia* > to merge strength with improved tooth-
colour matching and fast/speed sintering of zirconia'® '’ to
reduce the laboratory and patient waiting time.

POLYMERIC MATERIALS

Polymeric materials are the organic compounds that are
chemically based on carbon, hydrogen, and other nonmetallic
elements (i.e., oxygen, nitrogen, and silicon). Additionally, they
have a very large molecular structures, often chainlike in nature
with often a backbone of carbon atoms. Polymeric biomaterials
are widely usedin medicine and dentistry.* Natural and synthetic
polymers have been extensively explored in the field of tissue
engineering and regenerative medicine.’® Various polymeric
materials are clinically used in wound dressings which help in
the healing process.’ Additional uses of synthetic polymeric
materials and films includes foam dressings, hydrocolloids,
alginate dressings, and hydrogels. Biodegradable polymers
are mainly used where the transient existence of materials
is required and applications include as sutures, scaffolds for
tissue regeneration, tissue adhesives, hemostats, and transient
barriers for tissue adhesion, as well as drug delivery systems.?”
2 For such applications, they have unique physical, chemical,
biological, and biomechanical properties for specific purpose
to provide efficient therapy.



COMPOSITE MATERIALS

A composite is composed of more than two materials, which
come from metals, ceramics, and polymers. The composites
have combination of properties that is not displayed by any
single material, and to incorporate the best characteristics
of each of the component materials.??> Bionanocomposites
are promising class of hybrid materials derived from natural
and synthetic biodegradable polymers and organic/inorganic
fillers.?*> They have wide biomedical applications from
tissue engineering to load-bearing composites for bone
reconstruction according to the composition and chemistry.
Polymer/metal nanocomposites consists of polymer as matrix
and metal nanoparticles as commonly nanofiller and show
various advantages such as electrical, mechanical and optical
characteristics.?*

Various nanoparticles, such as carbon-based, polymeric,
ceramic, and metallic nanomaterials can be incorporated within
the hydrogel networks to obtain nanocomposites with tailored
functionality and superior properties.> 2 Nanocomposite
hydrogels can be engineered to improve biological physical,
electrical, and chemical, properties.”® Recently graphene
nanocomposites is widely studied and it has been shown
that it is biocompatible?’, antibacterial?”- % with improved the
mechanical?® and electrochemical®® properties which can be
applied in medicine and dentistry. They have also used in the
tissue engineering and bone regeneration.?32

3D/4D PRINTED BIOMATERIALS

The 3D printing prints an object of a digitally designed model in
specific patterns by a 3D printer.2*3¢ 3D printing has become a
flourishing technology to fabricate dental prostheses, orthoses
and prosthetic devices, and ophthalmological implants.?”*
Various materials can be printed from a 3D printer for
different applications such as ceramics, polymers, and
metals. Commonly used 3D printed polymers are polylactic
acid polyether ether ketone, polyether ketone ketone, poly-
glycolic acid, polyurethane, acrylonitrile butadiene styrene,
polymethyl  methacrylate, polybutylene terephthalate,
polycaprolactone, polycarbonates, polyurethanes, etc. The
three major applications of 3D bioprinting are regenerative
medicine, functional organ replacement, and drug delivery.
3D/4D printing can be integrated with artificial intelligence
and machine learning to apply for patient-specific medical
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SMART BIOMATERIALS

Smart biomaterials have the ability to respond to changes
in physiological parameters and exogenous stimuli or have
intelligently properties and functions that can stimulate tissue
repair and regeneration.®> *> Smart materials can promote
promising therapies and improve treatment of debilitating
diseases producing a great impact in modern medical science.
The smart material include smart scaffolds and stem cell
constructs for bone tissue engineering; smart drug delivery
systems to enhance bone regeneration; smart pH-sensitive
dental materials to selectively inhibit acid-producing bacteria;
smart dental resins that respond to pH to protect tooth
structures; smart polymers to modulate biofilm species away
from a pathogenic composition and shift towards a healthy
composition; and smart materials to suppress biofilms and
avoid drug resistance.**

CONCLUSION

Various biomaterials (metallic, bioceramic, polymeric, and
composites) have a long history for wide applications but there
has been a considerable advancement in these biomaterials.
The metallic biomaterials are promising materials that
demonstrate the benchmark for success due toits characteristic
involving biocompatibility and load-bearing ability, corrosion
resistance, and function. Ceramic biomaterials are inert
and are used where a strong hard surface is needed, e.g., a
joint replacement or dental prostheses. The polymeric and
composite biomaterials have extensively used in the tissue
engineering and bone regeneration. In addition, there has been
huge progress in 3D printing technologies which helped in the
fabrication of complex structures conveniently for biomedical
applications. The major applications of 3D bioprinting are
regenerative medicine, functional organ replacement, and
drug delivery. 3D/4D printing can be integrated with artificial
intelligence and machine learning to apply for patient-
specific medical technologies. Smart biomaterials have been
applied in tissue engineering, drug delivery systems, immune
engineering, and medical devices.
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