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Ceramics is one of the most important classes of biomaterials

• Biomaterials must be distinguished from biological materials because the former are the materials that are accepted by
living tissues and, therefore, they might be used for tissue replacements, while the latter are the materials being produced
by various biological systems.
Further, bioceramics (or biomedical ceramics) might be defined as biomaterials of the ceramic origin. In general,
bioceramics can have structural functions as joint or tissue replacements, be used as coatings to improve the
biocompatibility of metal implants, as well as function as resorbable lattices, providing temporary structures and
frameworks those are dissolved and/or replaced as the body rebuilds the damaged tissues [1]



• Bioceramics are a large class of specially designed crystalline,
semicrystalline, or amorphous materials used for the repair and
reconstruction of diseased or damaged parts of the body (Hench,
1991).



Classification of bio ceramics

• Calcium phosphate (CaP) bioceramics are
widely used in the field of bone
regeneration, both in orthopedics and in
dentistry, due to their good
biocompatibility, osseointegration and
osteoconduction [1]



Classification of ceramics





History of bioceramics

• A strong interest in use of ceramics for biomedical applications
appeared in the late 1960’s. Used initially as alternatives to
metals in order to increase a biocompatibility of implants,
bioceramics have become a diverse class of biomaterials,
presently including three basic types: relatively bioinert
ceramics, bioactive (or surface reactive) and bioresorbable
ones. Furthermore, any type of bioceramics could be porous to
provide tissue ingrowth. During the past 30–40 years, there have
been a number of major advances in this field. Namely, after the
initial work on development of bioceramics that was tolerated in
the physiological environment, emphasis was shifted towards the
use of bioceramics that interacted with bones by forming a direct
chemical bond.
By the structural and compositional control, it became possible
to choose whether the bioceramics of calcium orthophosphates
was biologically stable once incorporated within the skeletal
structure or whether it was resorbed over time. Potential future
applications of calcium orthophosphate bioceramics will include
drug-delivery systems, as well as they will become effective
carriers of growth factors, bioactive peptides and/or various
types of cells for tissue engineering purposes.
[2]

Several examples of commercial calcium orthophosphate-
based bioceramics



Types of ceramic materials



Hierarchical structure of bone ranging from 
mesoscale skeleton collagen and HA [3]

The existence of calcium phosphates in bones was first discovered in 1769, and in the 1800s, calcium phosphates 
that exist in bones were subdivided into different categories. Since the 1900s, synthetic calcium phosphates have been 
actively studied for clinical use. Thereafter, bone regenerative applications such as bone cements, scaffolds, implants, and 
coating techniques using calcium phosphates have emerged, and some have been commercialized. Similar to these, the 

characteristics of calcium phosphates have been studied for bone regenerative applications [ 3]. 



Typical compositional values of the inorganic phase of adult human calcified 
tissues [3]

• The properties of calcium phosphates affect
bioactivity, such as adhesion, proliferation, and new
bone formation in osteoblasts. To exhibit these
bioactive features, degradation and ion release in
calcium phosphates are important

• First, calcium ions affect cells and living systems in
several ways. Calcium is one of the ions that form
the bone matrix, and it exists mostly in the form of
calcium phosphates in bone tissues. These calcium
ions cause bone formation and maturation through
calcification. In addition, calcium ions affect bone
regeneration and stimulate the osteoblastic bone
synthesis.

• Over 80% of phosphorous ions are present in
bone in the form of calcium phosphates along with
calcium ions. Phosphorous mainly exists in the form
of phosphate (PO4

3-), which has great influence on

tissue formation and growth

• Cell adhesion is strongly influenced by the ability to
adsorb extracellular matrix proteins. It is influenced
by the surface characteristics of calcium phosphates,
such as surface roughness, crystallinity, solubility,

phase content, porosity, and surface energy



Biocompatible nanoceramics or nanostructured
bioceramics used for hard tissue substitution in tissue 

engineering 

Bioactive and bioresorbable ceramics 



Existing calcium orthophosphates and their major properties [1,2]



Illustration of the crystal structure of (a) HA , (b) α-TCP, (c) β-TCP, and (d) WH. 
Copyright 2013 American Chemical Society. TEM and SEM images of (e) HA, 
(f) α-TCP, (g) β-TCP, and (h) WH. XRD data of (i) HA, (j) α-TCP and β-TCP, and (k) WH [3] 
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Examples of the commercial calcium orthophosphate-
based bioceramics and biomaterials 



Calcium phosphate based applications

(a) WH incorporated hydrogel scaffold [4]. (b) Cranial segment made of tetracalcium phosphate and β-TCP [5]. (c) The 
injectable paste included calcium phosphate nanoparticles [6]. (d) Mixed zirconia calcium phosphate deposited on dental 
implant [7]. (e) 3D printed calcium-deficient HAP scaffolds [8]. (f) 3D printed calcium phosphate cement [3-8]



Bioactive glass -
Alchetron

Cerabone

Bioverit



Bioactive Ceramics. Bioactive materials are those that chemically
bond with bone or tissue of the hosts [1]. The most important applications of 
bioactive bioceramics has been metal coatings to provide bone-implant 
interfacing, this lowers the risk of rejection and transmission of diseases [2].

• Glass is made of Silica, Calcium oxide, and Sodium oxide (SiO2-Na2O-CaO), and bioglasses used for implantation are based
on glass with at least 65 weight percent Silica. Bioglasses have high mechanical strength and are bioinert, but are also brittle
and have poor tensile properties. They are normally used in bone plating, dental implants, spinal fusions, and more. In 1971
the first bioglass, 45S5 bioglass, was created. It was unusually weak with a composition of 45% Silica, 24.5% Calcium oxide,
and 24.5% Sodium oxide. The high bioactivity of 45S5 is attributed to the later addition of 6% Phosphorus pentoxide (P2O5) by
weight [1]



Ceramic coatings



Ceramic coatings The requirement for a sufficient mechanical stability necessitates
the use of a metallic body for such devices to improve the contacts at the interface. The major 
way is to coat metals with calcium orthophosphate bioceramics that generally exhibit bone 
bonding ability between the metal and bone 



A number of factors influence the properties of calcium 
orthophosphate coatings including 

• coating thickness (this will influence coating adhesion and
fixation – the agreed optimum now seems to be within 50–100
mm),

• crystallinity (this affects the dissolution and biological behavior),
phase purity, 

• chemical purity,
• porosity,
• Adhesion
HA coating as a system of fixation of hip implants was found to 
work well in the short to medium term (8 years, 10–15.5 years, 15 
years, 17 years and 19 years). Similar data for HA-coated dental 
implants are also available. The longer-term clinical results are 
awaited with a great interest 



A schematic diagram representing the phenomena that 
occur on HA surface after implantation

(1) beginning of the implant procedure, where a solubilization of the HA surface starts; 

(2) continuation of the solubilization of the HA surface; (3) the equilibrium between the physiological solutions 
and the modified surface of HA has been achieved (changes in the surface composition of HA does not mean that a 
new phase of DCPA or DCPD forms on the surface); (4) adsorption of proteins and/or other bioorganic 
compounds; (5) cell adhesion; (6) cell proliferation; (7) beginning of a new bone formation; (8) new bone has been 
formed. Reprinted from Ref. [1].



Properties required from calcium 
phosphates for medical applications [11]



In-vitro behaviour of glass-ceramic 
in SBF 



Classification of bioinert ceramics

Bioinert ceramics are one type of the bioceramics and which classified based on their biological 
response in human body. Bioinert ceramics are usually defined as biologically inert nature or bioinert 
ceramics when implanted into biological system do not instigate an appropriate response or interact 
with the adjacent biological tissue Bioinert ceramics are corresponds to first generation of biomaterials 
and widely used as hip, knee replacements and dental implant, crown etc due to astonishing 
characteristics such as high mechanical properties like tensile, compressive, hardness, low wear, 
toughness and good anticorrosion in biological fluid. There are mainly three type of metal based 
bioinert ceramics such as alumina, zirconia and titania have been used in musculoskeletal applications
[10].



Bioinert
ceramics

• Ceramics that retain structure after implantation and do not induce an immunologic response in the
host.[10]

• Alumina (Al2O3) Highly inert, especially under physiological conditions, and has a corrosive resistances. It
also has excellent wear resistance and hardness. Has dental applications, function as vertebrae spacers and
extensors.[9] The body normally reacts to alumina by forming non-adherent fibers around the implant.

• Zirconia (ZrO2) Zirconia is inert under physiological conditions like Alumina. Partially stabilized Zirconia (PSZ)
has a higher flexural strength, toughness, reliability, and a lower Young’s modulus. Zirconia is good for long-
term clinical use. It is widely used in total hip replacement (THR), and as a replacement for knees, tendons,
ligaments, and teeth. Examples of Zirconia based bioceramics include Yttrium Stabilized Tetragonal
Polycrystalline Zirconia (Y-TZP), and Zirconia/Alumina composites.[9]

Total Knee Replacement (Source)Total Hip Replacement (Source)



Al2O3

Ceramics

• The Alumina (Aluminum oxide, Al2O3) is one of the most clinical usage biomaterials with 45 years of clinical record in
orthopeadic surgeries. The alumina can still employ successfully as pure form or with combination of other components in
high performance composite form in bone tissue engineering. The key reason for the selecting alumina as bone substitute and
dental implants due to its strong hardness, resistance of abrasion, low wear, corrosion resistance, excellent mechanical strength,
good hydrodynamic stability and biologically compatible nature. Alumina used to develop as nanocomposites with
combination of bioactive ceramics, polymers and carbon based materials for biomedical applications [10]

There are Properties of Alumina/Aluminum Oxide:
Good gliding properties Low density
Bioinert and food compatible Very good electrical insulation
Moderate to extremely high mechanical strength
Very high compressive strength High hardness
Moderate thermal conductivity    High corrosion and wear resistance



Application of Al2O3 Ceramics 

• For the last few decades, high strength alumina materials are using in all parts of mouth to develop the coping
and frameworks for crowns and fixed dental implants also used to increase the mechanical strength of dental
porcelains. They reported that alumina toughened zirconia substrates showed significant higher digital
histology index when compared with titanium at time of 56 days. Hence, they concluded that this type of
prosthetic implants can be favorable materials for dental applications.

Total hip replacement 
using alumina on 
alumina implants

Ultraviolet-Stereolithography 
produced Alumina crown for 
dentistry

Since 1989, the USA using ceramic femoral 
heads coupled to polyethylene
in total hip replacements and non USA countries 
clinical surgeons were demonstrated the 
advantages of modern alumina-on-alumina for 
younger and highly active patients. In 2003
February, the FDA was successfully approved the 
BIOLOXR forte alumina inlays (CeramTec
GmbH, Plochingen, Germany) to use in USA for 
orthopeadic applications.
Ceram Tec AG products in the period of 2000-

2013, in which 2.78 and 3.2 million of alumina 

matrix composite ceramic ball heads and pure 

alumina were used worldwide. 



ZrO2 Ceramics

• In mid of 1980s, the zirconia ceramic was developed as a biomaterials to overcome the
mechanical property limits of alumina ceramics. Zirconia was successfully employed as an
alternative material to alumina with improvement of fracture toughness and used as femoral
head in total hip replacements along with knee replacements. Zirconia is highly biological
compatible and has excellent anticorrosion behavior in presence of human physiological
conditions. As mentioned earlier that zirconia has superior mechanical properties such as
fracture toughness and bending strength when compared to alumina, which made zirconia,
could be highly suitable implant materials to use in large load bearing areas.

Zirconia full-coverage crown 
in dental applications

Hip prosthesis by titanium alloy 
with zirconia ball head and (B) 
zirconia femoral head



Bioinert ceramics

• Issues of Y-TZP (Yttrium Stabilized Tetragonal
Polycrystalline Zirconia)

• Biomedical grade Y-TZP had the best mechanical
properties of the bioinert ceramics investigated, and
quickly became a standard for hip and knee
replacements. In 2001, patients with Y-TZP
implants reported that the implant was failing,
revealing a downside to Y-TZP. It was found that
due to its meta-stability, it is prone to low
temperature degradation in the presence of water,
which triggers a progressive aging that eventually
results in surface roughening and micro-cracking.
The micro-cracks eventually cause more surface
defects and lead to delayed failure of the implant
[11].

• For dental applications, Y-TZP was also proven to
lack stability in an oral environment in long term in
vivo studies. In-vitro studies performed also
suggested that aging might be an issue with Y-TZP
used in an oral environment [11].

Pyrolytic Carbon
Pyrolytic Carbon are brittle and do not perform well in 
load bearing applications, but do not suffer from 
fatigue. It is commonly used in heart valves due to high 
strength, wear resistance, durability, and 
thromboresistance, or resistance to blood clotting. It 
can also be used for spinal inserts [11].



TiO2 Ceramics

• Titania has been used potentially in medical applications due to their excellent low toxicity,
biological compatibility, corrosion resistance behaviour, chemical resistivity and superior
mechanical properties. In recent years, many researchers reported on the nanostructured TiO2 for 
wide range of applications such as dental, orthopeadic, drug delivery and cell imaging. For the last 
few years, pure Ti and its alloys highly recommended to use in orthopedics such as fracture fixation 
devices, spinal fusion and artificial joints. However, Ti and its alloys have weak in bacterial 
restriction behaviour, osteointegration and osteoinduction property which cause failure of implants 
and leads to effect on their long term life span in patients. Recent reports proved that the 
development of nanotechnology to alter the surface property of Ti and its alloys by different 
techniques to create the nanoarchitectures of TiO2

SEM image of TiO2 ceramics

SEM image of ceramics supported by TiO2 nanoparticles



Conclusions

1) WHAT ARE BIO CERAMICS?
Bio ceramics are ceramic materials primarily used for the repair, reconstruction and replacement of diseased or
damaged parts of musculo-skeletal system

2) CHARACTERISTICS OF BIO CERAMICS Ultra-hard, Biocompatible, Chemically inert, Physically stable,
High strength, Excellent surface finish, Porous. And resistant to high temperature, Wear, corrosion and bending.

3) MATERIALS USED AS BIO CERAMICS
Materials that can be classified as bio ceramics include: Alumina,
Zirconia, Calcium phosphates, Silica based glasses or glass ceramics,
and Pyrolytic carbons

4) TYPES OF BIOMATERIALS
When these synthetic materials are placed within the human body,
the tissues react towards the implant in a variety of ways.

5) THE MECHANISM OF TISSUE INTERACTION at a nanoscale level

is dependant on the RESPONSE TO THE IMPLANT SURFACE. As such 

three terms for description of a biomaterial, representing the tissues responses,

have been defined.These are: BIOINERT BIOACTIVE AND 

BIODEGRADABLE 

Various applications and forms of commercially available CaP-related products. (a) Bone augmentation after extraction of the 
tooth. (b) Coated dental implant. ( c) 3D Scaffold bone substitute material (3D-printed CaP cement). (d) Calcibon self-setting 
cement granules consisted of α-TCP, CaHPO4, CaCO3 and HA; (e) Megasonex® Nano-Hydroxyapatite toothpaste.
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