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Materials made of Bioactive Ceramics
that have been designed to react with
Bone Tissue

Abstract

However, not all clinical applications can be met by the bioactive ceramics that are
currently available. As a result, it is necessary to create novel bioactive material designs.
Osteoconduction is demonstrated by bioactive ceramics through the chemical reaction
of the ceramic surface with body fluid. This results in the formation of biologically active,
bone-like apatite. As a result, developing novel bioactive and biodegradable materials
necessitates controlling their chemical reactivity in bodily fluids. New bioactive materials
based on chemical reactivity in bodily fluids are examined in this paper.
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Introduction

When an area of damaged bone is too large for self-repair, the damaged bones must be repaired
with alternative materials like autographs, allografts, and artificial materials. The methods used
to repair damaged bones are also important. The high performance of autographs, which are
transferred from healthy parts of the same patient’s bones, has led to their widespread use [1].
However, due to the fact that the patient’s bone tissue is removed, additional harm is done to
the body and there are issues with the limited supply of tissue. Even though allografts, which are
transplants from other people, are also used, they have issues with foreign body reactions and
infections as well as a limited availability. In order to fix bone defects, artificial materials that are
safe and free of these limitations are required. However, artificial materials that are inserted into
bony defects are typically encased by fibrous tissue and do not adhere to living bone. Bioactive
ceramics have received a lot of attention as a potential solution to the issue of the foreign body
reaction, and some bioactive ceramics are currently being utilized clinically as bone substitutes
[2]. Ceramics that are made with the intention of eliciting a particular biological activity for the
purpose of repairing damaged organs are known as bioactive ceramics. The ability to make direct
contact with living bone after implantation in bony defects is regarded as bioactivity for the
purpose of repairing bone tissues. Osteoconductivity is the phenomenon of new bone formation
on bioactive ceramic surfaces [3]. Due to their bioactivity, which enables them to achieve tight
fixation through direct bonding to living bone, some bioactive ceramics have already been
used to repair defects in bone. In the Na,0-CaO-SiO,-P O, system that followed, a glass was
the first bioactive ceramic developed. Bioglass is the name of this bioactive glass. Numerous
researchers have created a variety of bioactive ceramics, including sintered hydroxyapatite, since
the discovery of Bioglass [4]. However, the applications of these bioactive ceramics are limited
to the replacement of bony parts under low loads and as bone fillers due to their lower fracture
toughness and higher Young’s modulus than human cortical bone. Therefore, it is necessary to
develop novel bioactive materials with a high affinity for bone tissue in addition to a variety of
mechanical and biological properties. After being implanted in bony defects, bioactive ceramics
produce a layer of biologically active bone-like apatite on their surfaces, according to previous
research [5]. Therefore, in order to demonstrate the property of direct bonding to living bone,
ceramic materials must first form a bone-like apatite layer on their surfaces after being exposed
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to the body’s environment. Kokubo and his
colleagues proposed that bioactive ceramics can

be immersed in a simulated body fluid (SBF) and
develop a similar bone-like apatite layer [6].

Glass-Ceramics with bioactivity

The glass composition for a bioactive glass-
ceramic is depicted in a design. Bioglass exhibits
high bone-bonding ability and high reactivity
in the body’s environment, or bioactivity. The
high potential for the materials to react with
bodily fluid to form bone-like apatite is the
cause of this high bioactivity. The following
chemical equilibrium exists in body fluid, which
is an aqueous solution that is supersaturated with
respect to hydroxyapatite [7]. The incorporation
of additional ions, such as Mg, HPO4 or
CO32 ions, during apatite formation from
body fluid is not taken into account by this
equation, which is somewhat simplified. Due
to the low mechanical strength of the silica gel
layer, which reduces bonding between the glass
and the bone, the formation of this thick silica
gel layer is undesirable. As a result, the design
needs to be one in which the glass does not
form a thick layer of silica gel. CaO-SiO,-P,O,
glasses in the CaO-SiO, binary system have
been identified as the fundamental components
for producing bioactive glasses, according to
a report that evaluates the capability of bone-
like apatite formation on glasses in the ternary
system. These glasses were exposed to SBF glasses
[8]. A bioactive glass of this kind typically has
a composition of 50Ca050SiO, mol%. After
soaking in SBE however, a thick silica gel layer
is observed between the apatite layer and the
glass due to the glasss high reactivity in the body
environment. Based on a fundamental study of
apatite formation in the ternary MgO-CaO-
SiO, system, MgO was added to CaO-SiO,-
based glass ceramics to reduce the silica gel
layer. Magnesium has already been utilized in
bioactive glass-ceramics, such as glass-ceramic
A-W, which does not produce such a thick silica
gel layer in the body environment. Magnesium
is one of the major inorganic elements in body
fluids. The thickness of the silica gel layer
between the apatite layer and the glass decreased
when MgO was used to partially replace CaO.
Within three days, apatite was formed in SBF by
a glass with a composition of 10MgO-40CaO-
50Si0O, mol%. The apatite layer appeared to be
in direct contact with the glass substrate without
the formation of a thick silica gel layer [9]. As a
result, it is anticipated that the apatite and the
glass substrate will bond strongly. As a result, it

is anticipated that the composition of 10MgO-
40Ca0-508i0, mol% will be useful for creating
bioactive glass ceramics. Utilizing this concept.

Bio activated hybrids

However, when designing a material that will
be implanted for an extended period of time, it
is essential to adjust the mechanical properties
of bone. Because the mechanical properties of
ceramic materials differ from those of natural
bone, bioactive ceramics do not suit all clinical
applications despite their specific biological
activity with bone tissue. It is desired to develop
bioactive materials with mechanical properties
comparable to those of living bone as well as
bioactivity [10]. A combination of 70% apatite
and 30% collagen makes up living bone. As a
result, a novel bone-repairing material with
mechanical properties comparable to living
bone could be created by combining an organic
substance with bioactive inorganic components.
In the bodys environment, the CaO-SiO,
binary system can provide the fundamental
composition necessary to form a bone-like
apatite layer, as previously mentioned[11]. The
mechanism for triggering the formation of
bone-like apatite layers in SBF groups on the
surface of the materials is important to induce
heterogeneous nucleation of apatite and the
release of Ca®* from the materials, as suggested
by the in-depth investigation of the formation
of bone-like apatite layers on a glass with a
composition of 50Ca0508iO, mol%. The idea
that organic modification of chemical species
that enables the formation of Si-OH groups
and the release of Ca* after exposure to body
environments can be used to produce bioactive
organic—inorganic hybrids is introduced by
this finding. Sol-gel processing, which can be
carried out at a low temperature and is a popular
method for preparing hybrids of inorganic
and organic components, was used to attempt
the development of several different kinds of
organic—inorganic hybrids. Polydimethylsiloxane
poly (tetra methylene oxide) (PTMO)-CaO-
SiO,, among others, are bioactive hybrids
capable of forming bone-like apatite. These were
found to exhibit SBF-specific apatite-forming
capability. The bioactive inorganic component
of these hybrids chemically bonds to the organic
component and is uniformly distributed at the
molecular level.
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