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Abstract² The present paper reviews biomaterial studies of 

synthetic octacalcium phosphate (OCP) as a scaffold of 

osteoblastic cells. OCP crystals have been suggested to be one of 

precursor phases in hydroxyapatite (HA) crystal formation in 

bone and tooth. The recent intensive biomaterials and tissue 

engineering studies using synthetic OCP disclosed the potential 

function of OCP as a bioactive material as well as synthetic HA 

materials due to its highly osteoconductive and biodegradable 

properties. In vitro studies showed that OCP crystals exhibit a 

positive effect on osteoblastic cell differentiation. In vivo studies 

confirmed that the materials of OCP in a granule forms and 

OCP-based composite materials with natural polymers, such as 

gelatin and collagen, enhance bone regeneration if implanted in 

various model bone defects with critical-sized diameters, defined 

as a defect which does not heal spontaneously throughout the 

lifetime of the animals. One of particular characteristics of OCP, 

found as a mechanism to enhance bone regeneration in vivo, is a 

process of progressive conversion from OCP to HA at 

physiological conditions. The OCP-HA conversion is 

accompanied by progressive physicochemical changes of the 

material properties, which affects the tissue reaction around the 

crystals where osteoblastic cells are encountered. Mesenchymal 

stem cells (MSCs) seeded in an OCP-based material enhanced 

bone regeneration in the rat critical-sized calvaria defect more 

than that by the material alone. The overall results reveal that 

OCP crystals have an effect on osteoblastic cell differentiation 

including the differentiation of MSCs in vivo. The evidence 

collected experimentally in the laboratory was presented. 

 

I. INTRODUCTION 

Octacalcium phosphate (OCP; Ca8H2(PO4)6�5H2O) is one 

of precursor phases in hydroxyapatite (HA; Ca10(PO4)6(OH)2) 
formation from supersaturated calcium and phosphate 
solutions in vitro [1]. From this, OCP has been advocated as a 
precursor of apatite crystals in bone mineralization in vivo [2]. 
Recently, this calcium phosphate, if synthesized in a specified 
condition [3-5], has become recognized as one of 
osteoconductive and biodegradable material as a synthetic 
bone substitute if implanted in experimentally created various 
animal bone defects [6-8]. The rationale for the use of OCP 
crystals in the bone substitute materials have been well 
presented by in vitro studies that OCP crystals enhance 
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osteoblast differentiation with the increase of expression of 
the marker genes, such as alkaline phosphatase (ALP) and 
osterix [9], and induce osteoclast formation from co-culturing 
of bone marrow cells (osteoclast precursor cells) and 
osteoblasts with the increase of expression of RANKL in 
osteoblasts [10] which is a osteoclast inducing factor. OCP 
tends to convert to HA in vivo [3,6] as well as in vitro. The 
process of OCP-HA conversion induces the physicochemical 
properties of the crystals, such as the solubility and protein 
adsorption on them [11-13]. The OCP-HA conversion is 
closely associated with the stimulatory capacity of OCP since 
the HA obtained from OCP hydrolysis in vitro experimental 
solution does not show any stimulatory response and therefore 
does not enhance bone formation [6]. These evidence 
obtained encouraged us to use OCP crystals as a scaffold for 
exogenous osteoblastic cells in bone regeneration. The 
osteocondutivity of OCP has been reported in a study by its 
implantation onto mouse calvaria for the first time [3]. OCP  is 
classified as a bioactive and osteoconductive ceramic material 
[14] as well as bone bonding materials, such as bioglass [15], 
glass-ceramic A-W [16], HA [17,18] and �-tricalcium 
phosphate (�-TCP) [19].The present paper summarizes and 
reviews the property of OCP and OCP-based materials as 
bone substitute materials and also as scaffold materials for 
introducing osteoblastic cells, such as mesenchymal stem cells 
(MSCs) in bone tissue engineering.   

II. OCP AND OCP BASED MATERIALS 

A. OCP 

OCP is a calcium phosphate which has a triclinic crystal 
system and a theoretical Ca/P molar ratio 1.33 [1]. We have 
synthesized more than one kind of OCP with distinct 
non-stoichiometric compositions, ranging from Ca/P molar 
ratio 1.23 to 1.37, and distinct crystallinity [4]. These OCP 
crystals had different osteconductivity: an OCP with Ca/P 
molar ratio 1.37 showed highest bone formation rate in a 
comparative study in which the granules of OCP and its 
hydrolyzed apatitic product with Ca/P molar ratio 1.48 were 
implanted in rat tibia defect [4]. The microstructure of OCP 
crystals is another factor to control the osteoconductivity of 
OCP [5]. OCP exhibits a plate-like morphology in general and 
tends to grow toward the long axis of the crystals depending 
on the preparation conditions in the syntheses [7]. The 
hydrolysis of OCP produces HA without any phases other 
than OCP but tends to form non-stoichiometric Ca-deficient 
HA with lower Ca/P molar ratios than the stoichiometric ratio 
[6,12].  Table 1 summarizes the structure estimated by X-ray 
diffraction (XRD) and Ca/P molar ratios of OCP and its 
hydrolyzates prepared. 
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TABLE I.  SYNTHETIC OCTACALCIUM PHOSPHATE AND 

HYDROXYAPATITE CRYSTLAS 

Crystals Abbreviation 
Phase by 

XRD 

Ca/P         

molar ratio 

Octacalcium 

phosphate 
OCP, stoichiometric OCP 1.331) 

Octacalcium 

phosphate 

OCP, 

non-stoichiometric 
OCP 1.23-1.373-7) 

Octacalcium 

phosphate,  

hydrolyzate 

OCP hydrolyzate HA 1.48 6,12) 

 

B. OCP Based Materials 

OCP composites with natural polymers, such as gelatin 
[20], collagen [21] and alginate [22], were prepared for the 
use of bone substitute materials and scaffolds for seeding the 
osteoblastic cells. OCP has a large amount of water molecules 
in the structure [1] therefore cannot be sintered without 
decomposing its original crystal structure with increasing the 
temperature, unlike sintered ceramics, such as HA materials. 
OCP becomes moldable by combining with the polymer 
materials into the desired shapes. Table 2 summarizes the 
OCP composites prepared in the laboratory and the 
osteoblastic cells investigated with the composites. Porcine 
dermis derived acid extracted gelatin and collagen were 
selected as cell attaching matrices to form the OCP 
composites. Although alginate is not cell attaching matrix, it 
was used as a matrix for the OCP composite, because alginate 
in hydrogel form has been extensively used as a cell 
containing material that the cells included is expected to 
deliver to the objective site in the tissue repair [23,24]. 
OCP/gelatin (OCP/Gel) and OCP/Alginate (OCP/Alg) 
composites were prepared through co-precipitation [20,22]. 
Briefly, OCP was precipitated trough a wet method previously 
reported [3] but in the presence of various concentrations of 
gelatin or alginate molecules. 

TABLE II.  OCP COMPOSITES PREPARED AND OSTEOBLASTIC CELLS  

Composites Preparation Cells examined in vitro 

OCP/Gelatin 20) 
(OCP/Gel) 

Co-precipitation with 
OCP crystals 

Mouse bone marrow 
stromal ST-2 cells 

OCP/Alginate 22) 
(OCP/Alg) 

Co-precipitation with 
OCP crystals 

Mouse bone marrow 
stromal ST-2 cells 

OCP/Collagen 28) 
(OCP/Col) 

Mixing with OCP 
granules 

Rat bone marrow cells 

 

OCP/Collagen (OCP/Col) was made by mixing the OCP, 
synthesized solely and then prepared into a granule form, 
having 300 to 500 �m in diameter, with atelo-collagen [21]. 
These composites were molded, lyophilized and then 
cross-linked dehydrothermally (in gelatin and collagen 
composites). The disks of the composites were made 
respectively and further used for in vitro osteoblastic cell 
seeding or in vivo implantation experiments of bone 
regeneration. These composites were spongy forms and 
showed porous structure, the characteristics of which were 
brought about by the polymer matrices although OCP granules 

were also porous in nature due to the lose aggregation of the 
plate-like OCP crystals. 

III. BONE TISSUE AND CELLULAR RESPONSES TO OCP 

COMPOSITES 

A. OCP/Gel Composite  

The osteoconductive property of OCP/Gel composites 
were examined in rabbit tibia bone defect [25] and in critical- 
sized defect of rat calvaria [20]. Both defects were well 
repaired by the implantation of the OCP/Gel composites. In 
the rabbit tibia defect, while the control defect was not 
repaired sufficiently, the implanted group enhanced cortical 
bone regeneration over the defect even at 2 weeks after the 
implantation [25]. OCP/Gel composite almost biodegraded 
therefore the composite was not observed anymore 
histologically. The osteconductive and the biodegradable 
properties of OCP/Gel composite were reproduced in the rat 
critical-sized calvaria defect that the regeneration rate over 
70% and the remnant rate approximately only 3% were 
recorded histomorphometrically at 16 weeks after the 
implantation [20]. Mouse bone marrow derived ST-2 cells 
were well invaded in OCP/Gel disks in vitro study even after 
one day of the seeding. 60 to 70% of the total cells incubated 
were attached onto the composite [20]. The results suggest 
that OCP/Gel composite may be a bone substitute material 
that the host osteoblastic cells can easily be invaded resulting 
in the enhancement of bone regeneration stimulated by OCP 
crystals within the gelatin matrix [20, 25].   

B. OCP/Alg Composite 

The osteoconductive property of OCP/Alg composite was 
examined in critical sized defect of mouse calvaria [22]. In 
spite of the cell non-attaching matrix, the implantation of 
OCP/Alg composite regenerated new bone throughout the 
calvaria defect in accordance with the composite 
biodegradation until 3 weeks. The control alginate alone 
implantation did not induce any bone formation within the 
same periods. ST-2 cells were also well attached in OCP/Alg 
disks in vitro study even after 3 days of the seeding. However, 
the attachment rate increased markedly depending on the pore 
size of the composites that was made in the material 
preparation through distinct centrifugation from 3,000 to 
15,000 rpm of the composites at the time of the cross-linking 
in the presence of calcium ions [22]. The results suggest that 
OCP/Alg composite may be a bone substitute material that the 
host osteoblastic cells can easily be invaded resulting in the 
enhancement of bone regeneration stimulated by OCP crystals 
within the alginate matrix [22].   

C. OCP/Col Composite 

The osteoconductive property of OCP/Col composite was 
examined in the calvaria critical size defects in rat and dog 
[21,26,27]. The composite consisted from OCP granules and 
collagen matrix enhanced bone regeneration in the rat calvaria 
defect more than OCP granules alone [21]. The bone 
regeneration rate increased with increasing the content of 
OCP in collagen matrix [26]. The dose-dependent stimulatory 
capacity of OCP in OCP/Col was identical to the previous 
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results obtained in vitro that OCP crystals enhance 
osteoblastic differentiation in a dose-dependent manner of 
OCP [9]. The osteoconductivity of this materials was also 
reproduced in the dog calvaria defect [27], showing the bone 
bridge across the defect with 20mm in diameter.  

 

IV. OCP/COL COMPOSITE WITH MESENCHYMAL STEM 

CELLS  

Since OCP crystals reveal the stimulatory effect on 
osteoblastic cell differentiation, we examined the effect on the 
differentiation of MSCs [28]. Bone marrow derived cells 
isolated from Wistar rat long bones were pre-incubated in 
osteogenic medium in the presence of basic fibroblast growth 
factor (bFGF). The cells, expressing high alkaline 
phosphatase activity and therefore assigned as MSCs, were 
seeded on OCP/Col disks for an additional day. The disks of 
OCP/Col/MSCs were implanted in the critical-sized calvaria 
defects of 12-weekold male Wistar rats. The calvaria retrieved 
at 4 and 8 weeks were analyzed radiographically and 
histomorphometrically for the effect of MSCs within 
OCP/Col on bone regeneration. The radiographic analysis 
showed that while the control untreated group did not induce 
any radiopacities, the OCP/Col/MSCs implantation group 
increased them significantly (Fig.1). Because the 
OCP/Col/MSCs enhance significantly bone regeneration 
more than OCP/Col alone in the defects, it was apparent that 
the differentiation of MSCs and subsequent bone regeneration 
by the MSC are enhanced by the presence of OCP crystals.  

  

 

 

 

 

 

 

 

 

 

 

Figure 1.  Radiographs of rat calvaria defect implanted by OCP/Col/MSCs 

and untretaed (cntrol experiment) at 4 and 8 weeks.  Reproduced with kind 

permission from eCM journal, Figure 3 (modified)  in Kawai T et al.��³7KH�

effect of synthetic octacalcium phosphate in a collagen scaffold on the 

osteogenicity of mesenchymal stem cells,  ´�(XU��&HOO��0DWHU���YRl.22, 

pp.124-136,  2011 [28].  

V. CONCLUSION 

The present review paper summarizes the characteristics of 

OCP based materials as scaffolds to seed the osteoblastic cells 

for bone tissue engineering. Recent our studies further 

disclosed that OCP crystals promote odontoblast 

differentiation [29] and have an influence on chondrogenic 

differentiation [30]. Based on our experimental evidence, the 

use of OCP materials could be recommended as the scaffolds 

for the cell seeding especially for the hard tissue forming cells, 

such as osteoblastic cells, including MSCs [28]. However, 

further study regarding the crystal chemistry of OCP is 

required for suitable use in the cell scaffolding since the 

physicochemical properties of OCP crystals regulate in 

essence the osteoconductive properties in vivo [4,5,7].   
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