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DESCRIPTION 

Title of Invention: POROUS COMPOSITE, BONE REGENERATION MATERIAL, 

AND METHOD FOR PRODUCING POROUS COMPOSITE 

 

Technical Field 5 

[0001] 

 The present invention relates to a porous composite, a 

bone regeneration material, and a method for producing the porous 

composite. 

Background Art 10 

[0002] 

 Calcium phosphates such as hydroxyapatite (HA) are 

known as conventionally used bone regeneration materials (see, 

for example, Patent Literature (PTL) 2, PTL 3, PTL 4, and PTL 5). 

[0003] 15 

 In recent years, octacalcium phosphate (hereinafter 

referred to as “OCP”), which is a precursor of HA, has been found 

to have higher bone regeneration-promoting action than other 

calcium phosphates, such as HA and β-tricalcium calcium phosphate 

(β-TCP), and also have high absorbability in living bodies (see, 20 

for example, Patent Literature (PTL) 1). Among calcium phosphates, 

OCP thus has particularly excellent properties as a bone 

regeneration material. 

[0004] 

 However, OCP, which is an inorganic substance, has poor 25 

shape-imparting properties. It is therefore difficult to apply 

OCP alone to regenerate an extensive bone defect region or the 

like. In light of this difficulty, use of a composite of OCP and 

collagen as a bone regeneration material has been proposed (see, 

for example, PTL 1). 30 
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PTL 3: JP2003-260124A 

PTL 4: JP2009-132601A 

PTL 5: JP2005-279078A 

PTL 6: JPH5-070113A 

Summary of Invention 5 

Technical Problem 

[0006] 

 Bone regeneration materials are generally applied to 

indefinite bone defects. Bone regeneration materials used for 

this purpose are required to have excellent operability in 10 

clinical application, as well as the ability to promote bone 

regeneration.  For example, characteristics such as (1) having an 

adequate bending strength, which allows easy processing in 

conformity with the shape of the bone defect site using, for 

example, tweezers, and (2) having an adequate strength and thus 15 

being less likely to be damaged etc. in handling are required. 

[0007] 

 Patent Literature (PTL) 4 discloses a porous body 

comprising apatite/collagen composite fibers, which has 

mechanical strength and bio-compatibility in an optimum balance, 20 

and which is suitable for use as artificial aggregates, scaffolds 

of cells, etc. Such apatite/collagen composite fibers are 

advantageous in terms of initial mechanical strength because they 

comprise fine apatite particles deposited on collagen; however, 

due to their strength, such apatite/collagen composite fibers 25 

have difficulty in easy processing using, for example, tweezers.  

[0008] 

 Patent Literature (PTL) 1 discloses a rigid tissue 

alternative carrier material comprising octacalcium phosphate and 

collagen, and having excellent shape-imparting properties. Such a 30 

rigid tissue alternative carrier material is highly flexible, but 

has a low compressive strength due to its large pore size, and 

thus has a problem of being easily damaged etc. during handling. 

[0009] 

 The present invention was made in view of the above 35 

http://eow.alc.co.jp/search?q=tweezers&ref=awlj
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problems. An object of the present invention is to provide a 

porous composite, containing OCP and collagen, that has improved 

bending strength and compressive strength, and good operability; 

a bone regeneration material containing the porous composite; and 

a method for producing the porous composite. 5 

 

Solution to Problem 

[0010] 

 The present inventors conducted extensive research in 

view of the above problems. The inventors found that a porous 10 

composite that has a bending strength and a compressive strength 

within specific ranges, and that can thus achieve both easy 

processing and mechanical strength, is obtained by using a 

collagen-containing liquid having a specific ionic strength. As a 

result of further research and improvements based on this finding, 15 

the present inventors have accomplished the present invention. 

The present inventors provide inventions such as the following. 

[0011] 

[1] A porous composite comprising octacalcium phosphate and 

collagen, and having a bending strength of 0.05 to 0.16 MPa and a 20 

compressive strength of 0.3 MPa or more. 

[2] The porous composite according to [1], which has a pore size 

of 3 to 90 μm. 

[3] The porous composite according to [1] or [2], wherein the 

collagen is type I collagen, or a mixture of type I collagen and 25 

type III collagen. 

[0012] 

[4] A bone regeneration material comprising the porous composite 

according to any one of [1] to [3]. 

[0013] 30 

[5] A method for producing a porous composite comprising 

octacalcium phosphate and collagen, the method comprising the 

steps of: 

(1) adjusting a collagen-containing liquid to an ionic strength 

of 0.005 to 0.06 and to a pH of 6.0 to 9.0 to prepare a collagen-35 
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containing gel, sol, or liquid; and  

(2) mixing the collagen-containing gel, sol, or liquid with 

octacalcium phosphate to obtain a suspension. 

[0014] 

[6] The method for producing a porous composite according to [5], 5 

further comprising the step of: 

(3) immersing the suspension in a liquid refrigerant to quickly 

freeze the suspension, and then freeze-drying. 

[0015] 

[7] A method for producing a porous composite comprising 10 

octacalcium phosphate and collagen, the method comprising the 

steps of: 

(1) mixing a collagen-containing liquid with octacalcium 

phosphate to obtain a suspension; and 

(2) adjusting the suspension to an ionic strength of 0.005 to 15 

0.06 and to a pH of 6.0 to 9.0. 

[0016] 

[8] The method for producing a porous composite according to [7], 

further comprising the step of: 

(3) immersing the suspension in a liquid refrigerant to quickly 20 

freeze the suspension, and then freeze-drying. 

 

Advantageous Effects of Invention 

[0017] 

 According to the present invention, there can be 25 

provided a porous composite comprising OCP and collagen and 

having a higher bending strength and higher compressive strength 

than conventional porous composites, and thus has excellent 

processability and is less likely to be damaged; and a bone 

regeneration material comprising the porous composite. 30 

Furthermore, the porous composite of the present invention is 

less susceptible to degradation by proteolytic enzymes, and can 

remain longer in the portion requiring bone regeneration; the 

porous composite is thus expected to promote bone regeneration. 

 35 



 

 

-5- 

Brief Description of Drawings 

[0018] 

 Fig. 1 is a schematic diagram for describing the size 

of bending test samples. 

 Fig. 2 is a schematic diagram for describing the method 5 

for measuring the bending strength. 

 Fig. 3 is a graph showing a stress-strain curve 

obtained by subjecting the composite of Example 1 to a bending 

strength test. 

 Fig. 4 is a schematic diagram for describing the method 10 

for measuring the compressive strength. 

Description of Embodiments 

[0019] 

Porous Composite 

 The porous composite of the present invention is a 15 

porous composite containing OCP and collagen (OCP/collagen 

composite). A preferred embodiment of the porous composite of the 

present invention is a porous composite in which collagen forms a 

three-dimensional, sponge-like structure, and OCP is present in 

the sponge-like structure as granules having a size of at least 20 

100 μm or more. The bone regeneration material comprising the 

porous composite according to the present invention allows 

osteoblasts to enter inside the porous composite due to its 

porous structure, and promotes new bone formation, thus achieving 

internal bone formation. 25 

[0020] 

 OCP (Ca8H2(PO4)6∙5H2O) can be prepared by various known 

methods. For example, OCP can be prepared by the drop method of 

LeGeros (LeGeros R.Z., Calcif Tissue Int 37: 194-197, 1985) or 

the method using a synthesizing apparatus (three-way pipe) 30 

disclosed in PTL 6. Alternatively, OCP can be obtained by a 

mixing method in which an aqueous sodium dihydrogen phosphate 

solution and an aqueous calcium acetate solution are mixed under 

appropriate conditions, and the generated precipitate is 

collected.  The OCP obtained from the precipitate is preferably 35 



 

 

-6- 

used after it is dried and ground into a granular powder using an 

electric mill or the like. The particle size is preferably in the 

range of 10 to 1000 m, more preferably 100 to 500 m, and even 

more preferably 300 to 500 m.  The particle size can be 

classified, for example, by sieving based on the opening size of 5 

the sieve. 

[0021] 

 The source, properties, etc., of the collagen are not 

particularly limited, and various collagens can be used. In one 

embodiment, the collagen is preferably an enzyme-solubilized 10 

collagen that is obtained by solubilizing collagen with protease 

(e.g., pepsin or pronase) and from which telopeptide is removed. 

The collagen is preferably type-I, type-II, type-III, or type-IV 

collagen, which is fibrous collagen. Type-I collagen, which is 

contained in a large amount in living bodies, or a mixture of 15 

type-I collagen and type-III collagen is particularly preferable. 

The raw material of collagen is not particularly limited. 

Collagen derived from skin, bone, tendon, or the like of pigs, 

cows, etc. can be preferably used. Collagen is an organism-

derived component and is thus characterized by being highly safe. 20 

In particular, enzyme-solubilized collagen is preferable because 

of its low allergenicity. Commercially available collagen can 

also be used as the collagen. 

[0022] 

 The mixing ratio of OCP to collagen in the porous 25 

composite of the present invention can be appropriately adjusted 

according to the desired shape-imparting properties, operability, 

biocompatibility, etc. For example, the mixing ratio of calcium 

phosphate to 1 part by weight of collagen is 0.5 to 35 parts by 

weight, preferably 1 to 20 parts by weight, and more preferably 2 30 

to 10 parts by weight. If the amount of calcium phosphate is less 

than 0.5 parts by weight based on 1 part by weight of collagen, 

the obtained composite may have an inferior bone regeneration 

function. If the amount of calcium phosphate is more than 35 

parts by weight, inferior shape-imparting properties may result. 35 
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[0023] 

 The porous composite of the present invention 

preferably has a bending strength of 0.05 to 0.16 MPa, and more 

preferably 0.08 to 0.16 MPa. When the bending strength exceeds 

0.16 MPa, easy processing using tweezers or the like tends to be 5 

difficult. More specifically, when a doctor applies the porous 

composite of the present invention to a bone defect site, the 

size of the porous composite must be adjusted according to the 

size of the defect site. In this adjustment, when the bending 

strength is 0.16 MPa or less, the porous composite can be easily 10 

cut by applying adequate stress using tweezers. When the bending 

strength is less than 0.05 MPa, the porous composite is easily 

broken, and post-surgical breakage tends to occur. 

[0024] 

 The bending strength in the present invention is 15 

measured by the following method. 

Bending Strength Measurement  

 A rectangular parallelepiped specimen (sample) having a 

thickness (h) of 4 mm, a width (b) of 10 mm, and a length of 30 

mm, shown in Fig. 1, is immersed in phosphate buffered saline (10 20 

mM sodium phosphate, 0.14 M sodium chloride, pH 7.4) in a 25C 

temperature, 65% humidity environment for 30 minutes. The water 

on the surface of the sample is then lightly blotted, and the 

sample is set on a support (support radius R1: 5 mm) of a tension 

and compression tester (load cell capacity: 1 kN) with a support 25 

span (L) of 20 mm. An indenter with a radius R2 of 5 mm is used 

as the indenter, which is a jig for applying a load to the sample. 

This measurement is performed by a 3-point bending assay, as 

shown in Fig. 2. Subsequently, the crosshead of the tension and 

compression tester is lowered at a rate of 10 mm/min until the 30 

sample breaks. The phrase “the sample broke” in this test means 

the point at which the load sharply decreases in the stress-

strain curve, as shown in Fig. 3. 

[0025] 

 The bending strength (σ) in the present invention is 35 

http://eow.alc.co.jp/search?q=rectangular&ref=awlj
http://eow.alc.co.jp/search?q=parallelepiped&ref=awlj
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calculated from the load at break of the sample, sample size, and 

support span according to Formula 1.  

 σ = 3FL/2bh
2
 (Formula 1) 

 σ: Bending strength (Pa) 

 F: Load at break (N) 5 

 L: Support span (mm) 

 b: Sample width (mm) 

 h: Sample thickness (mm) 

[0026] 

 The compressive strength of the porous composite of the 10 

present invention is preferably 0.3 MPa or more, more preferably 

0.3 to 3.0 MPa, and even more preferably 0.3 to 1.0 MPa. When the 

compressive strength is less than 0.3 MPa, the operability of the 

porous composite tends to be reduced. In other words, when a bone 

defect site is filled with the porous composite of the present 15 

invention, collapse of the porous composite or crushing of pores, 

if occurred, would adversely affect the subsequent bone 

regeneration. Specifically, a compressive strength of 0.3 MPa or 

more is the index that indicates that neither collapse of the 

composite nor crushing of pores occurs when a doctor performs a 20 

procedure of filling bone defect sites having various shapes with 

the porous composite without leaving any clearance by using a jig. 

Although the upper limit of the compressive strength is not 

particularly specified, it is preferably 3.0 MPa or less in terms 

of ease of operation in filling a bone defect site. 25 

[0027] 

 The compressive strength in the present invention is 

measured by the following method. 

 

Compressive Strength Measurement 30 

 A cylindrical specimen (sample) having a diameter of 

8.5 mm and a height of 15 mm is immersed in a phosphate buffered 

saline (10 mM sodium phosphate, 0.14 M sodium chloride, pH 7.4) 

in a 25C temperature, 65% humidity environment for 30 minutes. 

The water on the surface of the sample is then lightly blotted. A 35 
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uniaxial load is applied in the vertical direction of the 

cylinder using a tension and compression tester (load cell 

capacity: 1 kN). The load is changed stepwise, and the smallest 

load at which the sample collapses is defined as the load at 

collapse. The phrase “collapse of the sample was observed” means 5 

that occurrence of a clear crack or peeling was confirmed when 

the sample was observed with the naked eye. 

[0028] 

 Specifically, with reference to Fig. 4, after a sample 

is set on a sample stage 41, a crosshead 42 to which a flat 10 

compression jig is attached is lowered at a rate of 10 mm/min. 

When the load cell indicates 2.5 N, the crosshead 42 is stopped 

to release the sample from the load. The sample on the sample 

stage is observed. If the sample is not collapsed, the sample is 

returned to the sample stage and set again, and the crosshead is 15 

lowered in the same manner until the load cell indicates 5 N. 

While the load is increased by 2.5 N every time, this operation 

is repeated. The load when collapse of the sample is first 

observed is defined as the load at collapse.  

[0029] 20 

 The compressive strength in the present invention can 

be calculated from the load at collapse, and the cross-sectional 

area of the sample (cross-sectional area in the section 

perpendicular to the thickness direction of the cylinder) 

according to Formula 2. 25 

 Cs = F/S (Formula 2) 

 Cs: Compressive strength (Pa) 

 F: Load at collapse (N) 

 S: Cross-sectional area of sample (m
2
) 

 The cross-sectional area of the sample is about 30 

(0.00425)
2
 x 3.14 = 5.67 x 10

-5
 m

2
. 

[0030] 

 The porous composite of the present invention 

preferably has a pore size of 3 to 90 μm. If the pore size is 90 

μm, the compressive strength of the porous composite tends to be 35 
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reduced. On the other hand, if the pore size is less than 3 μm, 

it is difficult for bone metabolic cells, such as osteoblasts, to 

enter the porous composite, and the action of promoting bone 

regeneration may be reduced. The porous composite of the present 

invention more preferably has a pore size of 5 to 40 μm.  5 

[0031] 

 The pore size is measured by pore distribution 

measurement using a mercury porosimeter. The specific measurement 

method is as follows. 

Measurement of Pore Size 10 

 As a pretreatment, samples (porous composites) are 

dried at a constant temperature of 120C for 4 hours.  Each of the 

pretreated samples is measured for pore distribution of the pore 

size of 0.0018 to 200 m by a mercury penetration method using 

the following measuring apparatus under the following conditions: 15 

Measuring apparatus: AutoPore IV 9520 (produced by Micromeritics) 

Measurement condition: contact angle between mercury and sample: 

140 deg 

Surface tension of mercury: 0.48 N/m (in terms of 1 dyne = 10
-5
 N) 

 The “pore size” in this invention refers to the pore 20 

diameter value of the highest peak having the largest area in the 

pore distribution curve obtained from the measured pressure by 

the mercury penetration method. 

[0032] 

 The porosity (percentage of void) of the porous 25 

composite is preferably 80 to 99%, and more preferably 85 to 98%. 

The porosity is determined by the following formula from the 

total pore volume measured by the mercury penetration method and 

apparent density. 

Porosity (%) = Total pore volume / {(1/Apparent density) + Total 30 

pore volume} x 100 

[0033] 

 The shape of the porous composite of the present 

invention is preferably a rectangular parallelepiped (block body), 

a cylinder, a tablet, or a granule. When the porous composite is 35 
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a rectangular parallelepiped, the porous composite preferably has 

a size of greater than or equal to 5 mm x 5 mm x 5 mm.  In general, 

the upper limit is preferably in the range of 100 mm x 100 mm x 

100 mm. The rectangular parallelepiped is not limited to a cube. 

When the porous composite is cylindrical, the porous composite 5 

preferably has a diameter of 5 to 50 mm and a height in the range 

of 1 to 50 mm. When the porous composite is granular, the shape 

of the granule is not limited to spheres, and may be indefinite; 

however, the porous composite preferably has a diameter of 0.1 to 

10 mm. 10 

[0034] 

 The porous composite of the present invention is used 

in such a manner that a bone defect site is filled with the 

porous composite. When sufficient blood or body fluid is present 

at the bone defect site, the bone defect site can be filled with 15 

the porous composite as is, or with the porous composite cut into 

an appropriate shape. When sufficient blood or the like is not 

present at the bone defect site, or when the porous composite 

cannot be used in its original form to fill the bone defect site 

therewith, the bone defect site can be filled with the porous 20 

composite after the porous composite is immersed in blood, 

physiological saline, or the like and spongy elasticity of the 

porous composite is confirmed. 

[0035] 

Method for Producing Porous Composite 25 

 The method for producing the porous composite of the 

present invention is preferably a production method comprising 

mixing OCP with collagen. For example, the production methods 

described below can be used. If known coprecipitation methods or 

the like are used to deposit OCP on collagen and thereby form a 30 

composite of OCP and collagen, an excessively high bending 

strength may result, and easy processing may be difficult. 

[0036] 

(a) Method for forming a composite by mixing OCP 

 First, a gelled collagen solution having a concentration of 35 
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0.1 to 5 wt.% and a pH of 6.0 to 9.0 is prepared and OCP is added 

thereto. The resulting mixture is kneaded to prepare a mixture of 

OCP and collagen. Subsequently, the mixture is molded in a 

suitable mold, then frozen, and freeze-dried to obtain a 

composite. If necessary, the obtained composite is subjected to 5 

heat dehydration crosslinking treatment, and further sterilized 

by a conventional sterilization method (e.g., -ray irradiation, 

electron beam irradiation, or ethylene oxide gas). 

[0037] 

(b) Method for forming a composite by mixing an OCP suspension 10 

 A collagen acidic solution in a suitable concentration 

is aseptically adjusted to a pH of 5.5 to 7.5 using a suitable 

buffer (e.g., phosphate buffer, tris buffer, sodium acetate 

buffer, etc.).  OCP is added thereto before the collagen is gelled, 

thereby preparing a suspension of collagen and OCP. The 15 

suspension is then poured into a mold while maintaining a neutral 

to weakly alkaline pH. After molding, the suspension is gelled at 

a suitable temperature (e.g., 37C), and washing with water is 

repeated to remove salts of the buffer, etc. A composite can be 

thus obtained. The composite is preferably freeze-dried and 20 

sterilized in the same manner as described above. 

[0038] 

 The method for producing the porous composite of the 

present invention preferably comprises the step of adjusting the 

collagen-containing liquid to an ionic strength of 0.005 to 0.06 25 

and a pH of 6.0 to 9.0 to prepare a collagen-containing gel, sol, 

or liquid. The porous composite more preferably has an ionic 

strength of 0.005 to 0.05, and a pH of 6.5 to 8.0. In the method 

(a), this step is performed before adding OCP. In the method (b), 

this step is performed after adding OCP and preparing an 30 

OCP/collagen suspension. The ionic strength and pH can be 

adjusted by adding a commonly used buffer and salt to a solution 

of collagen in distilled water. Examples of buffers include 

acetate buffer, phosphate buffer, tris buffer, and Good’s buffers 

such as MES buffer and HEPES buffer. Examples of salts include 35 
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sodium chloride (NaCl), potassium chloride, sodium hydroxide, 

dilute hydrochloric acid, and the like. 

[0039] 

 In the present invention, ionic strength (μ) is 

calculated according to Formula 3. 5 

μ = 1/2Σ (cizi
2
) (Formula 3) 

μ: Ionic strength 

ci: Molar concentration of ion 

zi: Electric charge of ion 

For example, the electrolyte present in Example 1 described below 10 

is only 0.01M NaCl, which is the total of NaCl contained in 

collagen and NaCl generated by pH adjustment. Thus, the ionic 

strength is 1/2 x (0.01 x 1
2
 + 0.01 x 1

2
) = 0.01. 

[0040] 

 In general, collagen is known to efficiently self-15 

assemble (fibrose) under physiological conditions (ionic 

strength: about 0.2, pH: about 7.0). The present inventors found 

that adjusting the ionic strength and pH of the collagen-

containing liquid to the specific ranges of the present invention 

is crucial in determining the properties of the porous composite, 20 

such as compressive strength and bending strength. It is 

considered that in the present invention, collagen is allowed to 

fibrose under conditions lower than physiological ionic strength, 

whereby the collagen fiber diameter, fiber length, and 

interaction between collagen molecules can be appropriately 25 

controlled, and a preferable bending strength can be obtained. 

[0041] 

 The method for producing the porous composite of the 

present invention preferably comprises the step of immersing an 

OCP- and collagen-containing gel, sol, or liquid in a liquid 30 

refrigerant to quickly freeze the gel, sol, or liquid and then 

freeze-drying. The liquid refrigerant is a liquid having a 

temperature lower than the freezing temperature of the OCP- and 

collagen-containing gel, sol, or liquid. Examples of liquids 

include methanol, ethanol, acetone, acetonitrile, and liquid 35 
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nitrogen. The temperature of the liquid refrigerant is preferably 

-20C or less, more preferably -40C or less, and still more 

preferably -80C or less. 

[0042] 

 It is considered that the pore size of the obtained 5 

porous composite can be reduced by quickly freezing an 

octacalcium phosphate- and collagen-containing gel, sol, or 

liquid by immersion in a liquid refrigerant. 

[0043] 

 The porous composite of the present invention is 10 

preferably subjected to a heat treatment or dehydrothermal 

crosslinking treatment. As a result of the heat treatment, a part 

of the OCP molecular structure collapses to facilitate entry of 

osteogenic cells and promote bone regeneration, and also cause 

collagen to be cross-linked, thus improving shape retention.  15 

[0044] 

 The temperature of the heat treatment is preferably 50 

to 200C, and more preferably 60 to 180C. The heat treatment is 

preferably performed under reduced pressure. The pressure is 

preferably 0 to 3000 Pa, and more preferably 0 to 300 Pa. The 20 

treatment time of the heat treatment is preferably 2 hours to 10 

days, and more preferably 12 hours to 5 days.  

[0045] 

 Another effect of the porous composite produced by the 

above method is excellent control of the biodegradation rate. The 25 

present inventors found that biodegradability can be controlled 

by ionic strength of the collagen suspension in the production of 

a porous composite. Since bone regeneration takes a period of 

several weeks to several months, it is preferable for the porous 

composite to be present at a bone defect site for a long period 30 

of time and remain to function as a scaffold for bone 

regeneration. The production method of the present invention can 

provide a less biodegradable porous composite. The degree of 

degradability can be evaluated by the proportion of solubilized 

proteins. More specifically, the porous composite is immersed in 35 
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a 0.2 mg/ml collagenase solution and allowed to stand at 37C for 

72 hours. The solubilized proteins of collagen present in the 

solution were subjected to BCA (Bicinchoninic Acid) protein assay 

to measure the protein amount. The solubilized protein amount is 

divided by the original collagen weight of the porous composite 5 

to determine the solubilized protein proportion (%). A preferable 

proportion of solubilized proteins in the porous composite of the 

present invention is 1.5% to 4.0%. 

[0046] 

Bone Regeneration Material 10 

 The present invention further relates to a bone 

regeneration material containing the porous composite. The bone 

regeneration material is useful, for example, for bone defect 

repair in the dental oral surgery field and orthopedic surgery 

field, and for bone defect repair after craniotomy or thoracotomy. 15 

For example, in the dental oral surgery field, when a bone defect 

caused by periodontal disease, a cystic cavity, an atrophic 

alveolar ridge, a cleft jaw, a tooth-extraction cavity, or the 

like is filled with a bone regeneration material comprising the 

porous composite, an excellent bone regeneration effect can be 20 

confirmed after several weeks to several months. In the 

orthopedic surgery field, for example, in the case of a bone 

defect after resection of a bone tumor or a bone defect caused by 

trauma, such as a bone fracture, the bone defect site can be 

filled with the bone regeneration material of the present 25 

invention to thereby promote bone regeneration. 

[0047] 

 The bone regeneration material may contain, in addition 

to OCP and collagen, for example, cytokine (e.g., bone 

morphogenetic protein-2, transforming growth factor β1, etc.) 30 

having a bone-forming ability. Containing such cytokine can 

increase the bone regeneration speed. 

[0048] 

 The bone regeneration material may further contain 

other ingredients that are commonly used in this field. Examples 35 



 

 

-16- 

of such ingredients include bioabsorbable polymers (e.g., 

polyglycolic acid, polylactic acid, polylactic acid-polyethylene 

glycol copolymer etc.), and bioabsorbable calcium phosphates 

other than OCP (e.g., P-TCP). 

 5 

Examples 

[0049] 

 The present invention is described in more detail below 

with reference to Examples; however, the present invention is not 

limited thereto. 10 

[0050] 

Example 1 

(1) Preparation of OCP 

 Liquid 1 and liquid 2 for preparation of OCP were 

prepared in the following manner. 15 

Liquid 1: 31.2 g of sodium dihydrogen phosphate dihydrate was 

dissolved in 2500 g of distilled water to prepare liquid 1. 

Liquid 2: 35.2 g of calcium acetate monohydrate was dissolved in 

2500 g of distilled water to prepare liquid 2. 

[0051] 20 

 Subsequently, liquid 1 was placed in a separable flask 

and heated to 70C using a mantle heater. While stirring liquid 1 

at a rate of 250 rpm using a stirrer (MAZELA Z, produced by Tokyo 

Rikakikai Co., Ltd.) to which a stirring blade (blade diameter: 

12 cm) was attached, liquid 2 was added dropwise to liquid 1 at a 25 

rate of about 28 mL/min. After completion of the dropwise 

addition, the mixture of liquid 1 and liquid 2 was further 

stirred at 70C at 250 rpm for 2 hours. 

[0052] 

 The precipitate produced in the above mixture was then 30 

filtered through a membrane filter (pore size: 3 μm; A300A293C, 

produced by Advantec Toyo Kaisha, Ltd.) and collected. The 

collected precipitate was dispersed in 1500 mL of distilled water, 

and washed by stirring for 15 minutes. The process of filtering 

and washing was further repeated three more times. 35 
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[0053] 

 Subsequently, the washed precipitate was dried in a 

constant-temperature dryer at 30C for 24 hours. After the dried 

precipitate was ground with an electric mill, the ground product 

was screened through sieves to obtain particles with a particle 5 

size of 300 to 500 μm. A powder was thus obtained. Finally, the 

obtained powder was subjected to dry-heat sterilization at 120C 

for 2 hours. 

[0054] 

(2) Preparation of OCP/Collagen Composite (porous composite) 10 

 One part by weight of pig dermis-derived collagen 

containing type-I collagen and type-III collagen (NMP Collagen PS, 

produced by NH Foods Ltd.) was dissolved in 200 parts by weight 

of 4C cooled distilled water to obtain an about 0.5 wt.% collagen 

solution. While maintaining the solution temperature at 4C, an 15 

aqueous sodium hydroxide solution was added to the aqueous 

collagen solution to adjust the pH to about 7.4, thus obtaining a 

collagen suspension. The ionic strength of the collagen 

suspension at this time was about 0.01. The OCP (particle size: 

300 to 500 μm) obtained in Production Example 1 was added to the 20 

collagen suspension so that the weight ratio of OCP to collagen 

was 77:23. The mixture was stirred at room temperature, thereby 

obtaining an OCP/collagen suspension. 

[0055] 

 Subsequently, the OCP/collagen suspension was placed in 25 

a centrifuge bottle, and centrifuged by a centrifugal separator 

(GRX-250, produced by Tomy Seiko Co., Ltd.) at a centrifugal 

force of 7000 x g for 20 minutes. The supernatant was then 

discarded so that the amount of collagen in the OCP/collagen 

suspension was 3 wt.% to obtain an OCP/collagen composite gel. 30 

The gel was placed in a plastic container having a cylindrical 

inner space (inner diameter: 8.5 mm, volume: about 3.0 cm
3
) or a 

plastic vessel having a rectangular parallelepiped inner space 

(10 mm x 10 mm x 50 mm), and centrifuged with a centrifugal force 

of 230 x g for 1 minute to remove bubbles. 35 
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[0056] 

 Each of the containers was sealed and immersed in a 

large excess volume of -80C cooled methanol relative to the 

volume of the object to be frozen so as to quickly freeze the 

composite gel. After the containers were opened, the frozen 5 

products were dried with a freeze-dryer (-10C, 48 hours) to form 

the products. Subsequently, the formed products were heated at 

150C for 24 hours at reduced pressure to perform thermal 

dehydration crosslinking. Using a scalpel, the cylindrical 

product was cut to a thickness of 15 mm, and the rectangular 10 

parallelepiped product was cut to a size of 4 mm x 10 mm x 30 mm. 

Finally, the cut pieces were sterilized by electron beam 

irradiation (15 kGy). The porous composites (OCP/collagen 

composites) of Example 1 were thus obtained. 

[0057] 15 

Example 2 

 In Example 2, porous composites (OCP/collagen 

composites) were produced in the same manner as in Example 1, 

except that type-I collagen- and type-III collagen-containing pig 

dermis-derived collagen with a low NaCl content was used to 20 

prepare porous composites. The low-salt collagen was prepared in 

the following manner.  

Preparation of low-salt collagen 

 One part by weight of pig dermis-derived collagen 

containing type-I collagen and type-III collagen (NMP Collagen PS, 25 

produced by NH Foods Ltd.) was dissolved in 200 parts by weight 

of 4C cooled distilled water to obtain an about 0.5 wt.% collagen 

solution. The amount of NaCl contained in the pig dermis-derived 

collagen was 4%. While maintaining the solution temperature at 4C, 

an aqueous sodium hydroxide solution was added to the aqueous 30 

collagen solution to adjust the pH to about 8.0, thus obtaining a 

collagen suspension. The collagen suspension was placed in a 

centrifuge bottle, and centrifuged by a centrifugal separator 

(GRX-250, produced by Tomy Seiko Co., Ltd.) at a centrifugal 

force of 7000 x g for 20 minutes. The collagen gel obtained by 35 
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completely discarding the supernatant was frozen in a freezer at 

-35C. The frozen product was dried using a freeze-dryer to obtain 

a low-salt collagen.  The amount of NaCl contained in the low-salt 

collagen was measured by atomic absorption spectrophotometry 

(ashing), and found to be 1 wt.%. 5 

[0058] 

Example 3 

 In Example 3, porous composites (OCP/collagen 

composites) were produced in the same manner as in Example 1, 

except that phosphate buffered saline (PBS) was added to the 10 

collagen suspension of Example 1 to adjust the ionic strength to 

0.05. 

[0059] 

Comparative Example 1 

 One part by weight of pig dermis-derived collagen 15 

containing type-I collagen and type-III collagen (NMP Collagen PS, 

produced by NH Foods Ltd.) was dissolved in 200 parts by weight 

of 4C cooled distilled water to obtain an about 0.5 wt.% aqueous 

collagen solution. While maintaining the liquid temperature at 4C, 

an aqueous sodium hydroxide solution was added to the aqueous 20 

collagen solution to adjust the pH to about 7.4, thus obtaining a 

collagen suspension. Phosphate buffered saline (PBS) was added to 

the collagen suspension to adjust the ionic strength to 0.1. 

Subsequently, the OCP (particle size: 300 to 500 μm) obtained in 

Example 1 was added to the collagen suspension so that the weight 25 

ratio of OCP to collagen was 77:23. The mixture was further 

stirred at room temperature to obtain an OCP/collagen suspension. 

[0060] 

 Subsequently, the obtained OCP/collagen suspension was 

placed in a centrifuge bottle, and centrifuged by a centrifugal 30 

separator (GRX-250, produced by Tomy Seiko Co., Ltd.) at a 

centrifugal force of 7000 x g for 20 minutes. The supernatant was 

then discarded so that the amount of collagen in the OCP/collagen 

suspension was 3 wt.%, thus obtaining an OCP/collagen composite 

gel. The composite gel was placed in a plastic container having a 35 
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cylindrical inner space (inner diameter: 8.5 mm, volume: about 

3.0 cm
3
) or in a plastic container having a rectangular 

parallelepiped inner space (10 mm x 10 mm x 50 mm), and 

centrifuged at a centrifugal force of 230 x g for 1 minute to 

remove bubbles. 5 

[0061] 

 Each of the containers was sealed and then immersed in 

a large excess volume of -80C cooled methanol relative to the 

volume of the object to be frozen, so as to quickly freeze the 

composite gel. After the containers were opened, the frozen 10 

products were dried by a freeze-dryer (-10C, 48 hours) to form 

the products. Subsequently, the formed products were heated at 

150C for 24 hours at reduced pressure to perform thermal 

dehydration crosslinking. Using a scalpel, the cylindrical 

product was cut to a thickness of 15 mm, and the rectangular 15 

parallelepiped product was cut to a size of 4 mm x 10 mm x 30 mm. 

Finally, the cut pieces were sterilized by electron beam 

irradiation (15 kGy). The porous composites (OCP/collagen 

composites) of Comparative Example 1 were thus obtained. 

[0062] 20 

Comparative Example 2 

 In Comparative Example 2, porous composites 

(COP/collagen composites) were obtained in the same manner as in 

Comparative Example 1, except that phosphate buffered saline 

(PBS) was added to the collagen suspension of Comparative Example 25 

1 to adjust the ionic strength to 0.15. 

[0063] 

Comparative Example 3 

 In Comparative Example 3, porous composites 

(OCP/collagen composites) were prepared in the same manner as in 30 

Comparative Example 1, except that: while maintaining the liquid 

temperature at 4C, an aqueous sodium hydroxide solution was added 

to the about 0.5 wt.% aqueous collagen solution to obtain a 

collagen suspension having a pH of about 7.4 and an ionic 

strength of 0.01; and each container containing the OCP/collagen 35 
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composite gel was placed in a freezer at -80C to freeze the 

composite in place of immersing the container in -80C cooled 

methanol to quickly freeze the composite. 

[0064] 

Comparative Example 4 5 

Preparation of hydroxyapatite/collagen composite 

 Pig dermis-derived collagen containing type I and type 

III collagens (NMP collagen PS, produced by NH Foods Ltd.) was 

dissolved in 4C cooled distilled water to obtain an about 0.8 

wt.% collagen solution.  An equal volume of a mixture of a 10 

disodium hydrogen phosphate solution and a sodium chloride 

solution (30 mM Na2HPO4, 70 mM NaCl) was added to this collagen 

solution, and the resulting mixture was stirred to obtain a 

collagen suspension. The ionic strength of the collagen 

suspension at this time was about 0.07. 15 

[0065] 

 The collagen suspension was homogenized, then placed in 

a centrifuge bottle, and centrifuged by a centrifugal separator 

(GRX-250, produced by Tomy Seiko Co., Ltd.) at a centrifugal 

force of 20000 x g for 20 minutes. Subsequently, the supernatant 20 

was discarded so that the amount of collagen in the collagen 

suspension was 5 wt.% to obtain a 5 wt.% collagen gel.  

[0066] 

 Hydroxyapatite (HA) (Apatite HAP, monoclinic, produced 

by Wako Pure Chemical Industries, Ltd.) was added to the 5 wt.% 25 

collagen gel so that the weight ratio of HA to collagen was 60:40, 

and the resulting mixture was then mixed with a spatula. The 

mixture was placed in a plastic container having a cylindrical 

inner space (inner diameter: 8.5 mm, capacity: about 3.0 cm
3
) or 

in a plastic container having a rectangular parallelepiped inner 30 

space (10 mm x 10 mm x 50 mm), and centrifuged with a centrifugal 

force of 230 x g for 1 minute to remove bubbles. 

[0067] 

 Each of the containers was hermetically sealed, and 

placed in a freezer at -20C to freeze the mixture. After the 35 
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containers were opened, the frozen products were dried by a 

freeze-dryer (-10C, 48 hours) to form the products. Then, the 

formed products were heated at 150C for 24 hours under reduced 

pressure to perform dehydrothermal crosslinking. Using a scalpel, 

the cylindrical product was cut to a thickness of 15 mm and the 5 

rectangular parallelepiped product was cut to a size of 4 mm x 10 

mm x 30 mm. Finally, the cut pieces were sterilized by electron 

beam irradiation (15 kGy). The HA/collagen composites of 

Comparative Example 4 were thus obtained.  

[0068] 10 

Comparative Example 5 

 In Comparative Example 5, HA/collagen composites of 

Comparative Example 5 were produced in the same manner as in 

Comparative Example 4, except that: after 5 wt.% collagen gel was 

obtained by centrifugal concentration, the gel was homogenized 15 

again and centrifuged at 20000 x g for 20 minutes in the same 

manner as above; finally, the supernatant was removed so that the 

amount of collagen in the collagen suspension was 10 wt.%, thus 

obtaining 10 wt.% collagen gel; and hydroxyapatite (HA) (Apatite 

HAP, monoclinic, produced by Wako Pure Chemical Industries, Ltd.) 20 

was added to the 10 wt.% collagen gel so that the weight ratio of 

HA to collagen was 20:80, and the resulting mixture was then 

mixed with a spatula.  

[0069] 

 Three samples for each of Examples 1 to 3 and 25 

Comparative Examples 1 to 5 were prepared. The bending strength 

and compressive strength of each sample were measured, and the 

averages were calculated. Specifically, the following methods 

were used to measure the bending strength and compressive 

strength in the Examples. 30 

[0070] 

Bending Strength Measurement 

 A rectangular parallelepiped specimen having a 

thickness (h) of 4 mm, a width (b) of 10 mm, and a length of 30 

mm, as shown in Fig. 1, was immersed in phosphate buffered saline 35 
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(10 mM sodium phosphate, 0.14 M sodium chloride, pH 7.4) in a 25C 

temperature, 65% humidity environment for 30 minutes. The water 

on the surface of the sample was then lightly blotted. As shown 

in Fig. 2, a load was applied to the sample using a precision 

universal testing machine (Autograph AGS-J, produced by Shimadzu 5 

Corporation, load cell capacity: 1 kN). The bending strength was 

determined from the obtained stress-strain curve. 

[0071] 

 Specifically, with reference to Fig. 2, after a sample 

1 was set to a support 21 (radius of the support R1: 5 mm), the 10 

crosshead 22 to which an indentor with a radius R2 of 5 mm was 

attached was lowered at a rate of 10 mm/min until the sample 

broke. The phrase “the sample broke” as used herein means the 

point at which the load sharply decreases in the stress-strain 

curve, as shown in Fig. 3. 15 

[0072] 

 The bending strength (σ) in the present invention is 

calculated from the load at break of the sample, sample size, and 

support span according to Formula 4.  

 σ = 3FL/2bh
2
 (Formula 4) 20 

 σ: Bending strength (Pa) 

 F: Load to fracture (N) 

 L: Support span (mm) 

 b: Sample width (mm) 

 h: Sample thickness (mm) 25 

 The support span in this test was 20 mm. 

[0073] 

Compressive Strength Measurement 

 A cylindrical specimen having a diameter of 8.5 mm and 

a length of 15 mm was immersed in phosphate buffered saline (10 30 

mM sodium phosphate, 0.14 M sodium chloride, pH 7.4) in a 25C 

temperature, 65% humidity environment for 30 minutes. The water 

on the surface of the sample was then lightly blotted. As shown 

in Fig. 4, a uniaxial load was applied to the sample using a 

precision universal testing machine (Autograph AGS-J, produced by 35 
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Shimadzu Corporation, load cell capacity: 1 kN). The load was 

changed stepwise, and the minimum load at which the sample 

collapsed was defined as a load at collapse. 

[0074] 

 Specifically, with reference to Fig. 4, after a sample 5 

2 was set on a sample stage 41, a crosshead 42 to which a flat 

compression jig was attached was lowered at a rate of 10 mm/min. 

When the load cell indicated 2.5 N, the crosshead 42 was stopped 

to release the sample from the load. The sample on the sample 

stage was observed. If the sample was not collapsed, the sample 10 

was returned to the sample stage and set again. The crosshead was 

lowered in the same manner until the load cell indicated 5 N. 

This operation was repeated while the load was increased by 2.5 N 

every time. The load when collapse of the sample was first 

observed was defined as a load at collapse. The phrase “collapse 15 

of the sample was observed” in this test means that a clear crack 

or peeling was confirmed when the specimen was observed with the 

naked eye.  

[0075] 

 The compressive strength in the present invention can 20 

be calculated from the load at collapse, and the cross-sectional 

area of the sample (cross-sectional area in the section 

perpendicular to the thickness direction of the cylinder) 

according to Formula 5. 

 Cs = F/S (Formula 5)  25 

 Cs: Compressive strength (Pa) 

 F: Load at collapse (N)  

 S: Cross-sectional area of sample (m
2
) 

 The cross-sectional area of the sample was about 

(0.00425)
2
 x 3.14 = 5.67 x 10

-5
 m

2
. 30 

[0076] 

 Table 1 shows measurement results of the bending 

strength and compressive strength of the composites obtained in 

the Examples and Comparative Examples. 

[0077] 35 
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Table 1 

  Freezing 

rate 

Ionic 

strength                  

Composition 

of 

composite 

Compressive 

strength 

(MPa) 

Bending 

strength 

(MPa) 

Example 1 -80C MeOH 0.01 OCP/Col      

77:23 

0.530 0.080 

Example  2 -80C MeOH 0.005 OCP/Col            

77:23 

0.516 0.058 

Example  3 -80C MeOH 0.05 OCP/Col            

77:23 

0.530 0.156 

Comparative 

Example 1 
-80C MeOH 0.1 OCP/Col            

77:23 

0.543 0.223 

Comparative 

Example 2 
-80C MeOH 0.15 OCP/Col            

77:23 

0.543 0.332 

Comparative 

Example 3 
-80C 
freezer 

0.01 OCP/Col            

77:23 

0.250 0.053 

Comparative 

Example 4 
-20C 

freezer 

0.07 HA/Col            

60:40 

0.260 0.334 

Comparative 

Example 5 
-20C 

freezer 

0.07 HA/Col            

20:80 

0.233 0.266 

[0078] 

 The results in Table 1 show that the samples of 

Examples 1 to 3 (porous composites) had a bending strength of 

0.05 to 0.16 MPa and a compressive strength of 0.3 MPa or more, 5 

and are excellent in terms of processability and ease of handling, 

compared with conventional porous composites.  

 The samples of Comparative Examples 1 and 2 had a 

compressive strength of 0.3 MPa or more, and were sufficient in 

terms of ease of handling; however, these samples had a bending 10 

strength of more than 0.16 MPa due to their high ionic strength 

at the time of collagen fibrosis, and easy processing was 

difficult.  

 The sample of Comparative Example 3 had an adequate 

bending strength, and can achieve ease of processing; however, 15 

since slow gas-phase cooling by a freezer was used to freeze the 

composite gel of OCP and collagen, the sample had a compressive 

strength of less than 0.3 MPa, resulting in poor handleability.  

 The samples of Comparative Examples 4 and 5 had a 

http://eow.alc.co.jp/search?q=freezer&ref=awlj
http://eow.alc.co.jp/search?q=freezer&ref=awlj
http://eow.alc.co.jp/search?q=freezer&ref=awlj
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bending strength of more than 0.16 MPa due to their high ionic 

strength at the time of collagen fibrosis, and had a compressive 

strength of less than 0.3 MPa because slow gas–phase cooling by a 

freezer was used to freeze the composite gel of OCP and collagen. 

Therefore, these samples were deficient in processability and 5 

handleability. 

[0079] 

Measurement of Degradability 

 The cylindrical samples of Example 1, Example 3, 

Comparative Example 1, and Comparative Example 2 were cut to a 10 

thickness of about 10 mm and immersed in a collagenase solution. 

The proportion of solubilized proteins of collagen was measured 

to determine the biodegradability of the porous composite. 

[0080] 

 Specifically, the cylindrical products obtained in 15 

Example 1, Example 3, Comparative Example 1, and Comparative 

Example 2 were cut to a thickness of about 10 mm and immersed in 

a 0.2 mg/mL collagenase type I solution (produced by Wako Pure 

Chemical Industries, Ltd., 180 Unit/mg), and allowed to stand at 

37C for 72 hours. As a control, a collagenase solution alone in 20 

which no samples were immersed was allowed to stand at 37C for 72 

hours. To measure the amount of solubilized proteins in the 

solution, absorbance at 570 nm was then measured using a BCA 

protein assay kit (Pierce BCA Protein Assay Kit, produced by 

Thermo Scientific) by a microplate reader (produced by BIO-RAD, 25 

iMark) to quantify the protein content of the supernatant (μg). 

Bovine serum albumin was used as a standard substance. The 

quantified protein content of the supernatant was divided by the 

collagen weight (mg) of each sample to determine the solubilized 

protein proportion (%). The collagen weight was calculated by 30 

multiplying the weight of the cylindrical product having a 

thickness of about 10 mm by 0.23. Table 2 shows the results. 

[0081] 

Table 2 
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 Ionic 

strength 

 

Collagen 

weight 

(mg) 

Absorbance 

at 570 nm 

 

Protein 

content of 

the 

supernatant 

(μg) 

Solubilized 

protein 

proportion 

(%) 

Example 1 0.01 16.18 0.538 266.25 1.65 

Example 3 0.05 11.98 0.706 423.75 3.54 

Comparative 

Example 1 

0.10 15.55 0.978 678.75 4.36 

Comparative 

Example 2 

0.15 18.00 1.393 1067.81 5.93 

Blank (only 

collagenase) 

- 0 0.254 186.66 - 

[0082] 

 The results in Table 2 show that there is a positive 

correlation between the ionic strength of the collagen suspension 

and the proportion of solubilized proteins; and that the sample 

having a higher ionic strength tends to be easily degraded by 5 

collagenase. Suppressing the degradability of the porous 

composite is expected to allow the porous composite to remain 

longer at a bone deficient site and function as a scaffold for 

bone regeneration, thus providing the effect of more effectively 

promoting bone generation. 10 

[0083] 

 It should be understood that the embodiments and 

examples disclosed herein are illustrative and non-restrictive in 

every respect. The scope of the present invention is defined by 

the claims, rather than the description above, and is intended to 15 

include any modifications within the scope and meaning equivalent 

to the claims. 

 

Industrial Applicability 

 The porous composite and the bone regeneration material 20 

containing the porous composite of the present invention have a 

good balance of ease of processing and mechanical strength, and 

have excellent operability, as well as high bone regeneration 

ability. Therefore, the porous composite and the bone 

regeneration material are mainly useful for bone defect repair in 25 
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the dental oral surgery field and orthopedic surgery field.   

 

 

Description of Reference Numerals 

1: Bending test sample 5 

2: Compression test sample 

21: Support 

22: Indenter 

41: Sample Stage 

42: Crosshead  10 
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CLAIMS 

 

 [Claim 1] 

 A porous composite comprising octacalcium phosphate and 

collagen, and having a bending strength of 0.05 to 0.16 MPa and a 5 

compressive strength of 0.3 MPa or more. 

 [Claim 2] 

 The porous composite according to claim 1, which has a 

pore size of 3 to 90 μm. 

 [Claim 3] 10 

 The porous composite according to claim 1 or 2, wherein 

the collagen is type I collagen, or a mixture of type I collagen 

and type III collagen. 

 [Claim 4] 

 A bone regeneration material comprising the porous 15 

composite according to any one of claims 1 to 3. 

 [Claim 5] 

 A method for producing a porous composite comprising 

octacalcium phosphate and collagen, the method comprising the 

steps of: 20 

(1) adjusting a collagen-containing liquid to an ionic strength 

of 0.005 to 0.06 and to a pH of 6.0 to 9.0 to prepare a collagen-

containing gel, sol, or liquid; and  

(2) mixing the collagen-containing gel, sol, or liquid with 

octacalcium phosphate to obtain a suspension. 25 

 [Claim 6] 

 The method for producing a porous composite according 

to claim 5, further comprising the step of: 

(3) immersing the suspension in a liquid refrigerant to quickly 

freeze the suspension, and then freeze-drying. 30 

 [Claim 7] 

 A method for producing a porous composite comprising 

octacalcium phosphate and collagen, the method comprising the 

steps of: 

(1) mixing a collagen-containing liquid with octacalcium 35 
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phosphate to obtain a suspension; and 

(2) adjusting the suspension to an ionic strength of 0.005 to 

0.06 and to a pH of 6.0 to 9.0. 

 [Claim 8] 

 The method for producing a porous composite according 5 

to claim 7, further comprising the step of:  

(3) immersing the suspension in a liquid refrigerant to quickly 

freeze the suspension, and then freeze-drying. 

  


