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In order to be classified as a bioceramic, the ceramic material 
must exceed such properties:

1. Should be nontoxic

2. Should be noncarcinogenic

3. Should be nonallergic

4. Should be non inflammatory

5. Should be biocompatible

6. Should be biofunctional for its lifetime in host

Multiple Configurations 
• Powders 
• Granules (Solid & Porous) 
• Porous Shapes (Wedge, Cylinder) 
• Settable Pastes
• Settable Putties 

Settable Injectable Fast Set Putties Drillable Formulations Porous Preforms Polymer Ceramic 

Composites
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1 Relatively Inert (Non-absorbable) Bioceramics

2 Non-inert Bioceramics (Resorbable) Bioceramics

3 Surface Reactive (Semi-inert) Bioceramics

Notes Absorbable : Capable of being absorbed or taken in through the pores of a surface

TYPE OF BIOCERAMICS
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Types of Implant–Tissue Response

Types of Bioceramic Tissue Attachment and Their Classification
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RELATIVELY INERT (NON-RESORBABLE) BIOCERAMICS

• Maintain their physical and mechanical properties while in host.

• Resist corrosion and wear

• Have all the six (6) desired properties of implantable bioceramics.

• Have a reasonable fracture toughness.

• Typically used as structural-support implant such as bone plates, bone screw and 
femoral heads.
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NON-INERT BIOCERAMICS (RESORBABLE) BIOCERAMICS

• Chemically broken down by the body and degrade

• The resorbed material is replaced by endogenous tissue 

• Chemicals produced as the ceramic is resorbed must be able to be processed through the normal 
metabolic pathways of the body without evoking any deleterious effect.

• Synthesize from chemical (synthetic ceramic) or natural sources (natural ceramic)
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NON-INERT BIOCERAMICS (RESORBABLE) BIOCERAMICS

Examples of Resorbable Bioceramics
1. Calcium phosphate

2. Calcium sulfate, including plaster of Paris

3. Hydroxyapatite

4. Tricalcium phosphate

5. Ferric-calcium-phosphorous oxides

6. Corals
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Synthetic ceramic
Calcium phosphate and Hydroxyapatite

• Can be crystallized into salts such as Hydroxyapatite.

• Hydroxyapatite (HAP) has a similar properties with mineral  phase of bone 
and teeth.

• Important properties of HAP:
– Excellent biocompatibility

– Form a direct chemical bond with hard tissue

NON-INERT BIOCERAMICS (RESORBABLE) BIOCERAMICS
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NON-INERT BIOCERAMICS (RESORBABLE) BIOCERAMICS

• Application:
– Bone substitute in a granular or a solid block.

– Temporary scaffold which is gradually replaced by tissue

– Orthopaedic and dental implant coating

– Dental implant materials

• Drawback:
– Complicated fabrication process and difficult to shape
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Hydroxyapatite (Ca10(PO4)6(OH)2)

HAp as bone mineral detected in 1926 by x-ray diffraction studies (De Jong)

Broadening of diffraction lines small crystal size

Since 1970’s accepted as biomaterial
Used for Middle ear

Alveolar ridge maintenance
Maxillofacial surgery + dental
Bone substitute material
Vertebra substitution
Orthopedic implants

HA crystal structure

Bone HA (SEM)
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Production routes

• Purely synthetic
1. From concerning powder of CPs
2. Forming of structures by pore formation (easily soluble filler, foaming, ..)
3. Sintering

• By removement of organic components
1. Starting form (animal) bone
2. Oxidative firing to remove all organic matter or chemical deproteinization
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Example Endobone®

• Endobon® - for metaphyseal compression fractures

Features
• interconnecting pore system
• pore size 100-1.500 µm
• fully deproteinated
• highly biocompatible
• augmentation with autologous bone graft, bone marrow aspirate, blood or PRP
• several forms (granules, blocks, cylinders) and different granules available
• Filling defects, Alveolar ridge augmentation including esthetic contouring defects, 
Extraction socket grafting 

The Material
manufactured in a two-stage high-temperature process:
Bovine-derived hydroxyapatite that has been fully deproteinized by two-step high 
temperature process for protection from bacteria, viruses and prions
1. pyrolysis at a temperature above 900 °C
2. sintering at a temperature above 1.200 °C

Two Year Histology
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Surface reactive (semi-inert) bioceramics

• Direct and strong chemical bond with tissue

• Fixation of implants in the skeletal system

• Low mechanical strength and fracture toughness

• Examples:

– Glass ceramics

– Hydroxyapatite

– Dense nonporous glasses



C.B. Ustundag (YTU)

TYPE OF BIOCERAMICS

BYM3212 13Bioceramics & Bone Tissue Engineering

Bioglasses and Bioactive glass ceramics
Mostly based on SiO2 (CaO-P2O5-SiO2-System)
Bioglass® - glass that binds to living tissue discovered by Hench and Wilson in 1971 – induces 
greater osteoblastic activity than (thermally treated) HAp

(45S5Bioglass® with 24.5 wt% CaO, 24.5 wt% Na2O, 6 wt% P2O5,45 wt% SiO2)
Glass phase transforms to HAP under physiological conditions
(initial layer forms within 1 h)
Different other materials on market
Bioverit®, Ceravital®
Non load-bearing applications 

Middle ear
Alveolar ridge maintenance
Maxillofacial surgery + dental
Bone substitute material
Vertebra substitution
Orthopedic implants
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• Type of glass ceramic
– Bioglass

– Ceravital

• Both are SiO2, CaO, Na2O and P2O5 systems

• Bioglass composition manipulated to induce direct bonding with the bone
– Must simultaneously form a calcium phosphate and SiO2 – rich film layer on surface of 

ceramic for this to happen

– With correct composition will bond with bone in approximately 30 days
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Orthopedics products based upon 45S5 bioglass Cranial-facial products based upon 45S5 bioglass

Dental-maxillofacial-ENT products based upon 45S5 bioglass
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• Glass ceramic properties
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Bioactivity spectrum for various bioceramic implants: 
(a) relative rate of bioreactivity
(b) time dependence of formation of bone bonding at an implant interface. Various products are studied (A – G), 

from bioactive resorbable to inert material 

Bioceramic Material
Characteristics and Properties
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Fracture of 45S5 bioactive glass [BG] 
segmental bone replacement in monkey 
due to torsional loading. Note the bonded 
interface [I] that survived the load to failure. 
(Photo courtesy of Professor George 
Piotrowski, University of Florida.)

Interfacial adherence of A/W bioactive 
glass-ceramic is stronger than either bone 
[B] or implant [A/W]. (Photo courtesy 
Professors T. Yamamura and T. Kokubo, 
Kyoto University.)

Adherant soft connective tissue bonding
immobilizes a 45S5 bioactive glass [BG]
implant. (Photo courtesy of Dr. June
Wilson.)

Adhesion of collagen fibers [C] to bioactive glass bonding gel layer [BG] is stronger than
cohesive bonding of collagen to itself. (Photo courtesy of Dr. June Wilson, University of Florida.)
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Human Bone  Hydroxyapatite

Porosity
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SURFACE REACTIVE (SEMI-INERT) BIOCERAMICS

• Application of Glass Ceramic 
– Orthopaedic and dental implant coating

– Dental implant

– Facial reconstruction components

– Bone graft substitute material

• Main limitation:
– Brittleness

– Cannot be used for making major load bearing implant such as joint implant 
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Sequence of interfacial reactions involved in forming a bond between tissue and bioactive ceramics
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Sequence of interfacial reactions involved in forming a bond between tissue and bioactive ceramics

SEM micrograph of collagen fibrils [C] incorporated
within the HCA layer [HCA] growing on a 45S5 
bioactive glass substrate in vitro. 
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DEFINITION

• Biodegradation: chemical breakdown of a material 
mediated by any component of the physiological 
environment ( such as water, ions, cells, proteins, 
and bacteria).

• Bioerosion is breakdown including chemical 
degradation or other process in which bond 
cleavage is not required (e.g. physical dissolution), 
of a material mediated by any component of 
physiological environment.
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Osteoprogenitor cells: Contribute to maintaining the osteoblast population and bone mass.  Located 
in the periosteum and endosteum and differentiate into osteoblasts.

Osteoblasts: synthesize the bone matrix on the bone forming Surfaces that give bone its strength.

Osteocytes: organized throughout the mineralized bone matrix that support bone architecture, its
function is to help maintain bone as living tissue.

Osteoclasts: large multinucleated cells (20-100 μm) derived from fusion of monocytes/macrophages 
and resorbs bone. its function is to absorb and remove unwanted tissue.

Fat cells and hematopoietic cells: found within the bone marrow.

Ematopoietic cells: that produce blood cells.

Five Phases of Remodeling
1.  Activation of Osteoclasts
2.  Resorption of Bone
3.  Reversal Phase
4.  Formation of Bone

Activation of Osteoblasts
Mineralization

5.  Resting
Bone Remodeling
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Initiation

Not dependent on alkaline phosphatase

ECM mineralizationPropagation

Dependent on alkaline phosphatase

• Physiologic bone 
mineralization in 
mammals refers to the 
ordered deposition of 
apatite on a type I 
collagen matrix

• The mineral is an 
analog of the geologic 
material, 
hydroxyapatite
[Ca10(PO4)6(OH)2] -
provides mechanical 
rigidity and load 
bearing strength to the 
bone composite
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BIODEGRADATION

Uncontrolled 
degradation

Controlled 
degradation

ceramic degrade 
primarily via dissolution,

this because ceramic 
formulation 

are highly soluble in 
aqueous environment



C.B. Ustundag (YTU)

BIODEGRADATION OF CERAMIC

BYM3212 30Bioceramics & Bone Tissue Engineering

Uncontrolled Degradation

*DEPEND ON TWO FACTOR

– Mechanical environment
• Stress induced degradation can occur in ceramics under tension.

• If crack is formed in these materials, the tensile stress may lead to 
further dissolution at the crack tip and material fracture.

– Ceramic porosity
• Pores are stress raiser thus may increase the formation of cracks 

or the rate of their propagation.

Uncontrolled 
degradation

Mechanical 
environment

Stress induced 
degradation

Wear
-main problem 

Produces 
biologically 

active particles

Lead to 
inflammation and 
implant loosening

Ceramic porosity
-stress raiser
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• Uncontrolled degradation will cause WEAR.

• WEAR → the generation of fine wear particles that can lead 
to inflammation and implant loosening.

Uncontrolled Degradation
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Controlled Degradation

• Degradation is desirable.

• Controlled biomaterial degradation can be used as an important part of tissue 
engineering and drug delivery therapies.

• For these application, the temporary nature of the material is ideal to promote 
localized tissue healing or release of a bioactive agent without the need for second 
surgery to remove implant.
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Controlled Degradation

 

Figure Soft X-ray photographs of the operated portion of the rabbit femur. (a) 4 weeks, (b) 12 weeks, (c)

24 weeks and (d) 72 weeks after implantation of HHA; (e) 4 weeks, (f) 12 weeks, (g) 24 weeks, and (h)

72 weeks after implantation of SHA. Involvement of HHA in bone tissue was evident at 72 weeks (h).

Reproduced with permission from T. Okuda, K. Ioku, I. Yonezawa, H. Minagi, Y. Gonda, G. Kawachi, M.

Kamitakahara, Y. Shibata, H. Murayama, H. Kurosawa, T. Ikeda, Biomaterials, 2008, 29, 2719. ©2008,

Elsevier

• Biodegradable ceramics are usually type of calcium 
phosphate, such as

– Hydroxyapatite, HA (Ca10(PO4)6(OH)2)

– Tricalcium phosphate, TCP (Ca3(PO4)2)

• Biodegradable ceramic generally degrade by 
dissolution (influenced by the solubility of the 
ceramic formulation in media and the pH of the 
media) coupled with physical disintegration.
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FACTOR THAT INFLUENCE DEGRADATION RATE

1-Chemical susceptibility of the material

• Hydrated form forms such as hydrated calcium sulphate 
degrade faster than their nonhydrated counterparts. 

Controlled Degradation
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FACTOR THAT INFLUENCE DEGRADATION RATE

2. Amount of crystallinity 

• Ceramic degradation depend on water penetration.

• A more tightly packed crystalline material is less susceptible to dissolution 
than a ceramic that is mainly amorphous (unstructured). 

• Polycrystalline ceramics degrade more quickly than single crystal ceramic due 
to presence of grain boundaries.

• Ceramic contain many smaller crystals is more susceptible to dissolution than 
one with fewer, larger crystal.  

Controlled Degradation
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FACTOR THAT INFLUENCE DEGRADATION RATE

3. Amount of media (water) available

• High amount of water → increase degradation rate

• Low amount of water → slower degradation rate

4. Material surface area to volume ratio

• Highly porous ceramic will dissolve more quickly than the same ceramic 
with fewer pores due to increase in area for interaction with the 
environment.

Controlled Degradation

Low porosity 

Highly porosity 
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5. Mechanical environment

• Ceramic degradation is encouraged in areas with high mechanical 
stress, either due to

– Implant site location

– Presence of stress raiser in the device

– Production of wear particles will caused inflammatory response → pH drop 
→ accelerate degradation of material

Controlled Degradation
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Order of solubility

DCPD >> DCP >> β-TCP >> HA
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• The only calcium phosphate that is stable 
in contact with water is hydroxyapatite 
(HA), and this is the form found naturally 
as bone mineral. 

• In applications where a stable, but 
biocompatible material is desired, HA is 
the material of choice.

• If the goal is remodeling, then more 
soluble forms might be of interest.

• Regardless of the composition, all 
calcium phosphates are 
osteoconductive.

• Osteoconduction helps to increase the 
activity of bone forming cells 
(osteoclasts).

• Bone cells preferentially grow inside of 
porous materials. An ideal scaffold consists of 
interconnected pores in the size range of 50 
to 400 microns. 

• In contrast, for applications where inertness 
is required such as soft tissue augmentation, 
dense, nonporous, nearly insoluble HA 
particles with a minimal surface area are 
ideal.
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Fabrication Processes for Porous Scaffolds

BYM3212 50Bioceramics & Bone Tissue Engineering



C.B. Ustundag (YTU)

HA Scaffold: Sponge replica method

BYM3212 51Bioceramics & Bone Tissue Engineering



C.B. Ustundag (YTU)

Manufacturing with sponge replica method
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Microstructural evolution of hydroxyapatite obtained from a green of nanopowders
(Different institution) varying the sintering temperature, evidence of abnormal growth of 
the grains from 1300 ° C
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Bone Grafts for BTE
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Implant-Tissue Rxn Consequence

Toxic Tissue dies

Bioinert Tissue forms a fibrous capsule around the implant

Bioactive Tissue forms an interfacial bond with the implant

Dissolution of implant Tissue replace implant

Implant-Tissue Responses
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Bond formation between bone and HA
1. Bone cells formation at the interface
2. Formation of amorphous HA at the interface (3-5 μm)
3. Collagene formation between cells and amorphous HA
4. Epitaxial growth of bone (natural HA) on the implant
5. Reduction of the interface thickness (< 1 μm)
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CLSM images of preosteoblast cells cultured for 5 h on porous HA scaffolds with bone-like structures: (A) porous part and (B) dense
part; (C) Cell viabilities of the preosteoblast cells cultured for three and five days on porous HA scaffolds with bone-like structures.
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1. The surface interacts with the ionic solution,
2. Proteins adhere to the surface and cells interact with the adsorbed proteins. 

3. Differentiation
4. Mature osteoblasts produce the extracellular matrix (ECM).
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Biological modifications
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Importance of proteins for biomaterials?

BYM3212 70Bioceramics & Bone Tissue Engineering



C.B. Ustundag (YTU)

Bioceramic- cell interaction

BYM3212 71Bioceramics & Bone Tissue Engineering

Schematic diagram illustrating the events that take place at the interface between the bioactive ceramics and the 
surrounding biological milieu and thereby establish bioactive behavior. 
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Cells and Tissue Engineering
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Cells and Tissue Engineering



C.B. Ustundag (YTU)

Cell Culture for Bone Tissue Engineering

BYM3212 74Bioceramics & Bone Tissue Engineering



C.B. Ustundag (YTU)

Cell Culture for Bone Tissue Engineering

BYM3212 75Bioceramics & Bone Tissue Engineering



C.B. Ustundag (YTU)

Cell Culture for Bone Tissue Engineering

BYM3212 76Bioceramics & Bone Tissue Engineering



C.B. Ustundag (YTU)

Cell Culture for Bone Tissue Engineering

BYM3212 77Bioceramics & Bone Tissue Engineering



C.B. Ustundag (YTU)

Cell Culture for Bone Tissue Engineering
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Cell Culture for Bone Tissue Engineering
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Cell Culture for Bone Tissue Engineering
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Type I collagen is expressed during the initial period of proliferation and extracellular-matrix synthesis, whereas ALP is 
expressed during the post-proliferative period of extracellular-matrix maturation, and the expression of osteopontin, 
osteonectin, osteocalcin and bone sialoprotein occurs later during the third period of extracellular-matrix mineralization.

Osteoblast differentiation is defined by three principal biological periods: cellular proliferation, cellular 
maturation and matrix mineralization.
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Cell Culture for Bone Tissue Engineering
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Cell Culture for Bone Tissue Engineering
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Cell Culture for Bone Tissue Engineering
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Cell Culture for Bone Tissue Engineering
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Cells and Tissue Engineering
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Applications of Cell Culture for TE
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The Cell Culture Process

(a) Cell Isolation—A tissue specimen from a biopsy is cut 
into small pieces and subjected to an enzymatic digestion 
process to yield isolated cells. 
(b) Cell Attachment and Culture—The primary cells are 
cultured on the surface of tissue culture plates where they 
attach, spread, and proliferate. 
(c) Cell Expansion—Upon confluency, cells are subjected 
to treatment with trypsin and then replated to promote 
cell expansion.
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Cells and Tissue Engineering
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Cells and Tissue Engineering
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Cells and Tissue Engineering
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