
 

 

 

Calcium

Snehal Raut 1, Shashi Singh 1,*  
1 CSIR-Centre for Cellular and Molecular Biology, Hyderabad, India

ABSTRACT 
 Calcium phosphate ceramics are desired owing to their chemical similarity with bone matrix mineral. In this article we have 
overviewed the properties, application and processes involved in the use of nano
regeneration. 
Keywords: Bioactivity, Porosity, Integration, Topology, Tissue engineering.

1. INTRODUCTION 
 Biomaterials encompass substances that can either be 

derived from biological sources or synthesized /artificial and are 

used for recuperation, replacement and regeneration of tissues or 

organs for functional restoration in an organism [1]. Biomaterials 

need to fulfill certain standard criteria for acceptability as an 

implant material as these are required to remain in the biological 

environment/body.  Biomaterials need to be biocompatible

undesirable effect is expected to be produced by the material or its 

byproducts during its application locally, systemically or 

immunologically. The biomechanical properties and 

microstructure of the material should match with the site of its 

application. The desired additional qualities are biodegradability 

the implant structure needs to wear off/ resorb allowing natural 

material to replace over a period of time. Biomaterial must get 

integrated with the host tissue. Biomaterial used for implantation 

is desired to be moldable (matched in shape) with the tissue/organ 

to be replaced. Biomaterials need inputs from engineering 

sciences, chemistry, biology and medicine to produce a construct 

that performs effectively without interfering with normal body 

functions [2]. 

 Biomaterials are extensively used in bone repairs. Bone 

generally has the ability to regenerate completely but certain 

injuries due to trauma, multiple fractures, non union repair, bone 

loss due to infection or tumor recession, congenital or medical 

malformations of bones are some conditions that may require 

intervention. Different bone injuries may call for different types of 

bone grafting and unique bone graft materials. Bone graft 

materials are used not only for bone replacement but also as 

scaffolds for guided bone growth. Bone graft material comes in 

form of powder (amorphous, granular), coatings, bulk material or 

custom shaped implants. 

 Biomaterials have been classified as biotolerant (separated 

from bone by fibrous tissue), bioactive (well integrated with bone) 

and bioinert (direct contact with bone but no interaction) [1].

 Bone grafting using bronze and copper for bone repair are 

known for human bones since medieval times. These implants 

were known to cause toxicity and were phased out for better 
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loss due to infection or tumor recession, congenital or medical 

malformations of bones are some conditions that may require 

intervention. Different bone injuries may call for different types of 

unique bone graft materials. Bone graft 

materials are used not only for bone replacement but also as 

scaffolds for guided bone growth. Bone graft material comes in 

form of powder (amorphous, granular), coatings, bulk material or 

iomaterials have been classified as biotolerant (separated 

from bone by fibrous tissue), bioactive (well integrated with bone) 

and bioinert (direct contact with bone but no interaction) [1]. 

Bone grafting using bronze and copper for bone repair are 

for human bones since medieval times. These implants 

were known to cause toxicity and were phased out for better 

implant materials. Many archaeological findings show use of 

bones and teeth, shells, corals, ivory, wood as well as gold and 

silver [3, 4]. Many attempts made to use plaster of Paris failed due 

to massive infections [5].  

Figure 1. Various aspects of aided bone regeneration: The kinds of 

material and processes involved. 

 

 Ceramics came to be used for filling gaps in bones and 

teeth sometimes in early 20th century [4, 6]. The name bioceramics 

was given to ceramics used in repair and replacement in 

orthopaedics and dentistry [6, 7]. The bioceramics are 

biocompatible and could be bioinert; bioactive and bioresorpable. 

Bioinert ceramics like alumina have high 

are non abrasive; it is biocompatible but becomes loose in long 

term implants. They also induce weak tissue response and are non 

toxic to surrounding cells [8, 9]. Similarly, Zirconia among inert 

material has good mechanical strengt

allows cell growth over its surface (osteoconductive) [10, 11].  

The glass ceramic is also nontoxic with good biocompatibility, 

bioactivity and finds uses in bone or dental implant [12]. Materials 

prepared with combinations of 

for different biomedical applications [13].

 Calcium phosphates, known to be associated with organic 

material and derived from burning bones are the bioactive and 

bioresorpable category of bioceramics. These materials are 
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Ceramics came to be used for filling gaps in bones and 

century [4, 6]. The name bioceramics 

was given to ceramics used in repair and replacement in 

orthopaedics and dentistry [6, 7]. The bioceramics are 

biocompatible and could be bioinert; bioactive and bioresorpable. 

Bioinert ceramics like alumina have high mechanical strength and 

are non abrasive; it is biocompatible but becomes loose in long 

term implants. They also induce weak tissue response and are non 

toxic to surrounding cells [8, 9]. Similarly, Zirconia among inert 

material has good mechanical strength and fracture toughness, it 

allows cell growth over its surface (osteoconductive) [10, 11].  

The glass ceramic is also nontoxic with good biocompatibility, 

bioactivity and finds uses in bone or dental implant [12]. Materials 

prepared with combinations of these different ceramics are used 

for different biomedical applications [13]. 

Calcium phosphates, known to be associated with organic 

material and derived from burning bones are the bioactive and 

bioresorpable category of bioceramics. These materials are 
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biocompatible, osteoconductive, most often non-immunogenic, 

non-toxic and strongly bioactive [14-16]. 

 From metal implants to ceramics and nanomaterials, 

advances in this field have been tremendous and continuing in 

order to improve over the properties of existing ones. In this 

review, we discuss the various graft material (Figure 1) and 

advantages of calcium- phosphate nano-ceramics as osteo-

implants. 

 

2. BIOCERAMICS OF CALCIUM PHOSPHATE 
 Chemical similarity with inorganic component of the bone 

matrix makes calcium phosphate ceramics (CPC), a sought after 

material for orthopaedic and dental applications. Generally called 

apatites, the basic phosphate minerals in nature with a general 

formula Ca10 (PO4)6X2 typically forms hexagonal crystals [17]. 

These apatites are tolerant to substitutions and X defines the kind 

of apatite; with Fluoride (F) fluorapatite, with OH it is 

hydroxyapatite. The mineral of bones and teeth is an impure form 

of hydroxyapatite with variable Ca/P mol ratio, and little percent 

of CO3 and water [18-20] Efforts are made to match the chemical 

composition of biomaterials developed closely with the natural 

bone matrix.  

 For biological applications, calcium phosphates are 

synthesized chemically in the form of hydroxyapatites and two 

forms of tricalcium phosphates [21, 22]. Synthesis of calcium 

phosphates involves sintering that requires very high temperatures 

and pressure [22-24]. Though methods have also been developed 

to mimic the biological processes and synthesize calcium 

phosphates at lower temperature [25-26]. 

 Hydroxyapatite (calcium/phosphate:1.67) is the most stable 

form of calcium phosphate with low solubility in aqueous 

solutions and shows slow resorption [27, 28]. 

 Tricalcium phosphates (calcium/phosphate:1.5) synthesized 

as α and β form with different crystal structures have higher 

solubility in physiological solutions [27,28]. 

 Biphasic formulations are made with combinations of 

Hydroxyapatite : βTCP or αTCP or both TCPs [27-32].  

 The most important property of the calcium phosphate is its 

solubility in physiological conditions and Biphasic Calcium 

phosphate (BCP) concept is determined by the optimum balance 

of a more stable phase of HA and a more soluble TCP [27,31]. 

The advantage of this material is its ability to gradually dissolve 

and allow new bone seeding. Biphasic ceramics allow direct 

bonding with the bone resulting in a strong interface. The utility of 

the biphasic ceramics can be governed by synthesis in various 

phase ratios of HA/TCP. Increase in ratio leads to less dissolution 

and lesser bone integration as the bone in-growth is at the expense 

of ceramic resorption [32, 33]. Dissolution of the ceramic is higher 

with higher β-TCP content. Too high β-TCP content results in 

faster resorption without enough bone growth and poor 

mechanical strength. 

 Porosity of the implants is an important character and the 

calcium phosphate ceramics can be designed to have porosity 

similar to that of bones; with defined micro- and macro-porosity 

[22, 34-37]. Microporosity allows body fluid circulation whereas 

macroporosity is important for cell colonization. 

 An important parameter for graft survival is the concept of 

bioactivity relating to the release of ions of physiological interest 

and integration or bonding to bones without any fibrous 

intervention [6, 38-40]. On the other hand a bone graft can be 

called inert if there is   fibrous reaction by the host on the surface 

of implant. Various synthetic calcium phosphate ceramics and 

bone derived sintered ceramics, are reported to be bioactive and 

exhibit osteo-integration. The drawback with calcium phosphate 

ceramics is their brittleness. The requirement to make them porous 

makes it even less suitable due to their increased fragility [41]. 

Calcium phosphate ceramics with poor mechanical properties 

restricts their use in load bearing sites. Most often these materials 

have been used as fillers or coaters. 

 Forming and shaping- Ceramics need to be sintered for 

moulding and fabrication. The implants are first shaped and then 

sintered. These days researchers use images of the bone defect and 

model the shapes using CAD/CAM to develop a 3D model of the 

implant required prior to fabricating [41]. 

3. NANOBIOCERAMICS 
 Advent in the field of nanotechnology has brought about 

revolution in almost all disciplines including biomaterials. Nano- 

indicates the size of the basic unit of product in the range of 1-

100nm in any one dimension; it could be particles, fibers, thin 

films etc. In fact, nanosized apatites are the basic building block of 

the bone [42]. In a matrix mediated process, these nano-apatites 

combine with organic component of matrix-collagen (90%) and 

other proteins (10%) and form the calcified matrix of bones and 

teeth [15, 42]. The resulting structure has the highly optimized 

capacity of protection, mechanical strength, mobility, remodeling 

and growth. Study of bone matrix shows how nature has 

engineered a complex hierarchical and controllable structure from 

brittle substance like calcium phosphate and proteins at the 

ambient temperature and pressure; truly inspiring today’s nano-

processing of bone mineral [42-43]. 

 Advances in bioceramics include fabrication of nanoscale 

bioceramics that incorporate nanostructured features of natural 

bone apatites [44-47]. Surface features like charge, chemistry, 

roughness, and wettability affect interaction with organic material 

and appropriate cell responses. The nano-topological features 

ensure proper tissue responses like cell adherence, proliferation 

and differentiation when implanted in biological systems. 

Decrease in particles size is associated with increased surface area; 

this increases their bioavailability [48-49].  

 Some properties of nanostructured ceramics may also be 

counterproductive. Decreased particle size or some other physical 

characters as surface charge or shape may lead to enhanced uptake 

by cells causing adverse reactions like inflammation or 

cytotoxicity [50-52]. 

 Nanosized materials can exhibit superior mechanical 

properties in comparison to their bulk counterparts with similar 
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chemistry. Nanostructuring improves hardness and toughness of 

hydroxyapatite. The nanosize particles with this arrangement 

ensure optimum strength, maximum tolerance of flaws and non-

brittle nature [48,52]. 

 Various methods are employed to prepare nanosized 

calcium phosphate bioceramics- Wet, Sol-gel synthesis, 

hydrothermal, mechanochemical and dry [52-59]. The size and 

grain quality can be controlled by initial concentration of 

reactants, addition rates of reactants, pH, time and temperatures. 

Various approaches for the preparation of nanosize materials can 

be categorized as “bottom-up” and “top-down”. The bottom-up 

approach means build up of a material; atom by atom, or cluster 

by cluster and then assembles them into the final nanostructured 

material. Like making nano-sized hydroxyapatite powder and then 

sintering to heat/pressure pressed bulk ceramic. The top-down 

approach starts from a bulk material and then, by downsizing 

techniques, such as milling, slicing or successive cutting, leads to 

the formation of nanodimensional materials [58-59]. Biomimetism 

is the most popular way to control the size and shape of nanosize 

ceramics [26, 60-64]. 

 Hydroxyapatite, tricalcium phosphates and biphasic and 

multiphasic form of calcium phosphate ceramics can be prepared 

in the nanosize range [60-64]. 

 

4. APPLICATIONS OF NANOBIOCERAMICS 
 Biomedical applications of nanobioceramics have shown a 

spurt based on their potential performance. Nanoforms of ceramics 

are used as fillers, coatings and structured solid blocks [65].  

 Fillers-Nanosize particles are available as powders or fillers 

that are obtained after precipitation from aqueous solutions 

following compression and heating of the resulting powder. 

Injectables are ideal for non-union or critical size injuries having 

bone damage. Injectable graft materials are used for bone 

contouring while opting for minimal invasive surgery [66,67]. 

Vertebral injuries essentially require the use of injectable graft 

materials [68,69]. Various injectable materials like granules, 

cements etc. have been in use for filling gaps and contouring [70-

72]. These can be injected at the site of injury in form of slurry, 

these do not set but remain as loose suspension. The only flaw at 

the injection site could be that the loosened material gets trapped 

in surrounding tissue (Figure 2a and b) [73]. 

a 

b 
Figure 2. Granular material entrapped and ossified in muscle (a) and 

fibrous tissue (b). 

 

 Cements are the other kind of fillers with the ability to set. 

Calcium phosphate (Ca-P) cements were introduced in 1983 [74]. 

The self curing cements were proved to be safe and show 

osteocompatibility and integration. The isothermic self setting 

property of these material help in pre- or in situ moulding and can 

be used in a variety of settings. Calcium phosphate (Ca-P) based 

cements comprise of more than one component of calcium 

phosphate minerals that sets when injected in combination with 

water or sodium phosphate [75-76]. The setting process of Ca-P 

cement is exothermic making it unsafe for in situ use; many 

compositional modifications have shown improved setting. Most 

of these injectables are disintegrated easily in body fluids or water, 

in general have low strength and the setting times in situ might 

lead to certain amount of wash out resulting in lack of 

osteointegrative properties [76]. Some other problems associated 

with cements are aseptic loosening or non setting due to serum and 

plasma at injury site though some formulations have been 

successful to avoid these [76, 77]. 

 These powders can also be compacted to form blocks. The 

bulk form has been used for orthopaedic removal, bone tumor 

extraction, complicated fracture etc [78]. 

 Polymer composites- Polymers are often used as templates 

to create composites with nucleated nanoceramics similar to what 

is seen in natural systems. Such composites show advantages of 

both the components in synergistic manner. Polymers lack 

mechanical properties, porosity and the nanotopology of living 

systems that are complemented by the nanoceramics. Ceramics are 

kept dispersed by the polymers preventing their aggregation and 

reduce the fragility of the construct. Composites are usually made 

by a biomimetic process. Polymers used in such components have 

been derived from natural resources and synthesized [79]. 

 Among the natural polymers, collagen being the most 

abundant in bone has been the natural choice [79-83]. A large 

number of collagen /ceramic composites have been created with 

good interaction between apatite and collagen, good mechanical 

properties and osteointegrity. These constructs display good 

bioactivity as the polymer part of the composite degrades faster 

allowing natural scaffold to take roots in easily. These 

biodegradable polymers allow control over both micro and 

macrostructure in shaping constructs to fit the bone defect. 

Gelatin, silk, chitosan, alginate are some other natural polymers 

use to prepare nanoceramic –polymer composites [84-87]. The 

only problem with natural polymers is possibility of disease 

transmission and immunogenicity. 

 Among the synthetic polymers polyacrylonitrile, poly lactic 

acid (PLA), poly (vinyl) alcohal (PVA), poly lactic acid/glycolic 

acid (PLGA) and oligo[poly(ethylene glycol) fumarate (OPF) are 

some polymers that have been tested for osteoimplantations [88-



89]. Some of the polymer- composites with nanoceramics show 

good cell adherence, osteoconductivity and improved mechanical 

properties. Using PVA as a templating agent, biphasic 

have been prepared in varying ratios of HAP:βTCP from 10:90 to 

90:10. Ceramics were iso-structured with similar sizes of about 

20nm. All these ceramics were found to be biocompatible and 

osteo-inductive in culture conditions [90]. Composites are a

developed for specific functions based on their antimicrobial

properties, drug (growth factors, anticancers) delivery capacity, 

improvements of structural stability, strength and toughness [91].

 As fracture toughness of calcium phosphate based ceramic

is not high, these composites have not been tried for load bearing 

sites like femur, tibia etc. 

 Coatings- In spite of good bioactivity and osteointegrative 

properties, fragility in general limits the extensive use of ceramics 

 

4. BIOLOGY OF IMPLANTATION 
 Intervention is needed for some kind of bone injuries in 

spite of their remarkable potential of repair and regeneration. The 

site of injury needs to be filled with porous biomaterials, which 

can offer support for the growth of new bone and avoid growth of 

fibrous tissue. The required materials should be biocompatible, 

bioactive and biodegradable. The repair process involves a number 

of steps, migration of cells into the area of injury and into the 

implant, adherence and proliferation, formation of new tissu

mineralization and bone remodeling. Bone related cells basically 

the osteoblasts and osteoclasts are the most important cells types 

that help in formation, maintenance and remodeling of bone. Their 

interaction with the biomaterial determines the succ

implant and bone repair. May be some of the cells that move to the 

area are stem cells and would undergo differentiation. Some of 

these processes could be monitored in culture conditions to pre

assess the nature of implant material and to design

material.  

 Integration of the bone implant depends on the solubility of 

the implant allowing natural scaffold to replace and result in bone 

formation. Degradation of calcium phosphate biomaterial takes 

place via physico- chemical or osteoclast mediated dissolution and 

results in higher calcium ions and phosphates locally (Figure 3). 

This increases the porosity allowing cells / natural tissue to settle 

and enhances vascularization of the site [101]. A proper ratio of 

different components in the bioceramic is important as excess of 

dissolution inhibits the osteoclast activity. 

Figure 3. Concept of bioactivity: In an artificial scaffold, osteoclast cells 

help in dissolution of the scaffold material paving way for the osteoblast 

cells to migrate in and proliferate. A process similar to remodeling of 

bone in the body. 
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in all kind of bone grafts. Load bearing sites require tougher 

material to sustain the mechanical properties of these areas. 

Generally metals like titania, stainless steel and other alloys are 

used for making permanent implants. These implants suffer from 

bioinertness. To enhance their fixation and interaction with 

surrounding tissue the nanoceramics can be coated on to the 

surfaces of these implants [92-

coats that help the implant interact and show properties of 

osteoconduction and good bioactivity

electrospraying [59], plasma spraying, laser deposition [96] and 

biomimetic methods [47, 64] with nanoceramics have been used to 

modify the surface feature of the metal implants. Some of these 

coating also incorporate some bioac
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Concept of bioactivity: In an artificial scaffold, osteoclast cells 

help in dissolution of the scaffold material paving way for the osteoblast 

and proliferate. A process similar to remodeling of 

 Nanosized HA has shown better cells adherence than 

crystalline particles [92, 99]. Interfacial interactions between 

calcined HA nanocrystals and various substrates revealed that 

bonding strength is influenced by the nature of functional groups 

on the substrate and surface roughness between the nanocrystals 

and the substrate. Our experience with biphasic nanoceramics in 

powder form have been encouraging both 

healing of critical size bone injuries [90]. In culture conditions we 

found good adherence of mesenchymal stem cells, growth and 

even expression of osteogenic markers indicating the cells were 

being induced to differentiate [73]. The Nano HA ceramics have 

shown good osteo-conductive properties 

exhibit very good bioactivity and integration at graft site without 

any immune-reactions during in vivo

4). We also found best bioactivity of the ceramic when the ratio of 

HAP:TCP was 50:50 among the ratios tested from 10:90 to 90:10. 

The outcome was always better when cells were added to the 

bioceramic slurry during implantation [90].

 

Figure 4. Complete integration of nanobioceramic in the drill hole injury 

model in rat femur.
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Load bearing sites require tougher 

material to sustain the mechanical properties of these areas. 

Generally metals like titania, stainless steel and other alloys are 

used for making permanent implants. These implants suffer from 

eir fixation and interaction with 

surrounding tissue the nanoceramics can be coated on to the 

-94]. It is the nanonature of these 

coats that help the implant interact and show properties of 

osteoconduction and good bioactivity [93-95]. Many methods like 

electrospraying [59], plasma spraying, laser deposition [96] and 

biomimetic methods [47, 64] with nanoceramics have been used to 

modify the surface feature of the metal implants. Some of these 

coating also incorporate some bioactive molecules to enhance 

functionality and integrity of the surface [97-100]. 

Nanosized HA has shown better cells adherence than 

crystalline particles [92, 99]. Interfacial interactions between 

calcined HA nanocrystals and various substrates revealed that 

bonding strength is influenced by the nature of functional groups 

rate and surface roughness between the nanocrystals 

and the substrate. Our experience with biphasic nanoceramics in 

powder form have been encouraging both in vitro and in vivo for 

healing of critical size bone injuries [90]. In culture conditions we 

good adherence of mesenchymal stem cells, growth and 

even expression of osteogenic markers indicating the cells were 

being induced to differentiate [73]. The Nano HA ceramics have 

conductive properties in vitro. These material 

good bioactivity and integration at graft site without 

in vivo implantation studies (Figure 

4). We also found best bioactivity of the ceramic when the ratio of 

HAP:TCP was 50:50 among the ratios tested from 10:90 to 90:10. 

outcome was always better when cells were added to the 

bioceramic slurry during implantation [90]. 

 
Complete integration of nanobioceramic in the drill hole injury 

model in rat femur. 

Time to accomplish the repair process to completion would 

depend on the nature of the nanoceramic. Bone growth was found 



to be faster with biphasic ceramics as compared to pure 

hydroxyapatite [101]. 

 Adsorbtion of proteins have been found to be higher in 

nanoceramics, this offers growth factors locally to the surrounding 

cells and improves their growth and differentiation. Some proteins 

like PDGF, TGF- b and BMPs could be associated with the 

nanoceramics to improve their performance. These proteins are 

known for their bone remodeling properties [97-100]. 

 Adequate blood flow to the site of injury is essential for 

repair process for it carries the nutrients, oxygen and some growth 

factors [102-104]. Vascularization of the implanted graft also 

assumes significance for the bone remodeling process as

vascularization leads to poor survival and ossification [100, 103

105]. This depends on the porosity and bioactivity of the graft. 

Our studies with biphasic hydroxyapatites and hydroxyapatite 

cements displayed good angiogenesis at the implantation

mice [73, 90]. The resorption kinetics of the nano

suitable for bone growth and vascularization. There is an overall 

impact on the niche around the cells. 

 Even with the best of grafts with proper matching of 

material, porosity and fine architecture, the acceptance by the 

body remains to be completely elucidated. Inflammation and 

reactions to the byproducts during the resorbtion are some of the 

issues after implantation that needs to be dealt with [105

Sometimes blood could react with the implant material or its 

degradation product and cause coagulation or other problems. 

Hence safety evaluation of the material that is chosen for 

implantation needs to be rigorously executed during its life cycle 

[78]. 

 Implants made of nanodimensional apatite and composites 

made of nano-size apatite with organic compounds have been 

tested in vivo with favorable results. These implants showed good 

integration and bone growth. A number of formulations NanOss 

(NanOss™ bone void filler from Angstrom Medi

(Osartis GmbH & Co. KG, Obernburg, Germany) are already 

approved and available in markets as fillers. 

 Another area that needs mentioning is tissue engineering 

bone grafts. Bone tissue engineering is a relatively new concept to 

repair bone defects. The difference here is that the scaffolds are 

used to initiate cell adherence in culture conditions and these 

constructs with either MSC or osteoblast have shown good 

functional recovery [110-113]. Various test strategies to improve 

bone regeneration include supporting osteoblast adhesion, 

proliferation and osteoinduction (differentiation) of progenitor 

 

4. CONCLUSIONS 
 Being analogous to the basic unit of bone 

component, the bionanoceramics of calcium phosphate emerge as 

ideal biomaterial for bone repair. Their applications are likely to 

increase manifold in future because of various opportunities they 

offer for development in this field. The ease of tai

chemistry, size and shape, and coupling them with growth 
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Hence safety evaluation of the material that is chosen for 

implantation needs to be rigorously executed during its life cycle 

al apatite and composites 

size apatite with organic compounds have been 

with favorable results. These implants showed good 

integration and bone growth. A number of formulations NanOss 

(NanOss™ bone void filler from Angstrom Medica, Inc); Ostim® 

(Osartis GmbH & Co. KG, Obernburg, Germany) are already 

Another area that needs mentioning is tissue engineering 

bone grafts. Bone tissue engineering is a relatively new concept to 

defects. The difference here is that the scaffolds are 

used to initiate cell adherence in culture conditions and these 

constructs with either MSC or osteoblast have shown good 

113]. Various test strategies to improve 

tion include supporting osteoblast adhesion, 

proliferation and osteoinduction (differentiation) of progenitor 

cells. First requirement for tissue engineering is a scaffold to 

provide mechanical strength, support and niche for cells to support 

bone formation. Nanobioceramics of calcium phosphate represent 

a promising scaffold material for tissue engineering of bone with 

potential to modulate the stem cells behavior (Figure 5).

 

Figure 3. Adherence of MSC on a porous block of Calcium phosphate 

ceramic.

  

 The first attempt to tissue engineer a bone was a trial of 

whole bone marrow cells in combination with a scaffold to 

improve the osteogenic potential of synthetic scaffolds [114]. 

Later on MSC isolated from bone marrow were cultured with 

porous block of biphasic calcium phosphate and tried to treat 

critical size injuries [73, 115, 116]. 

 3D Printing is latest technology to create tissue constructs 

for implantation based on rapid prototyping of the data obtained 

from tomography [117]. Using CAD approaches a

scaffold design can be built with right amount of porosity, detailed 

fine structure and exact shape from the data obtained of the injured 

site. For bone constructs, direct fabrication of scaffolds is based on 

the custom design. Powdered ceramic d

is optimized along with the binder saturation and flow. The 

printing process is carried out layer by layer, by first spreading the 

ceramic powder and then the binder is dropped by the printer head 

[118]. Mostly the constructs require post processing like sintering. 

Once the scaffold is built, the cells can be loaded along with the 

required cytokines or other desired factors for implant production. 

The advantage here would be precise mimicking of the repair site. 

Many modern approaches have been developed [119] and would 

be adapted for bone tissue engineering in future.

Being analogous to the basic unit of bone mineral 

component, the bionanoceramics of calcium phosphate emerge as 

ideal biomaterial for bone repair. Their applications are likely to 

increase manifold in future because of various opportunities they 

offer for development in this field. The ease of tailoring their 

and coupling them with growth 

promoting molecules make them a versatile matrix for bone 

regeneration. Calcium phosphate Nanobioceramics coupled with 

binders, polymers, growth factors, drugs without much post 

processing is required for preformed tissue engineered implants or 

3D printed implants with good prognosis.
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