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diameter: 8.5 mm, capacity: about 3.0 cm
3
) having a cylindrical internal space, and 

centrifuged with a centrifugal force of 230 × g for 1 minute to remove bubbles. 

 The vessel was hermetically sealed, and rapidly frozen by dipping in a large 

excess of methanol cooled to -80°C relative to the capacity of the product to be frozen.  

After opening the vessel, the frozen product was dried by a lyophilizer (-10°C, 48 hours) 5 

and molded.  Then, the molded product was heated at 150°C for 24 hours under reduced 

pressure to conduct dehydrothermal cross-linking, followed by cutting into a piece of 

1.5 mm or 15 mm thick with a surgical knife.  Lastly, sterilization was conducted by 

irradiation with the electron beam (15 kGy).  In this manner, the porous composite 

(OCP/collagen composite) in Example 1 was obtained. 10 

 (Examples 2 and 3, and Comparative Examples 1 and 2) 

 In Example 2, freezing of the product to be frozen was conducted by using 

liquid nitrogen at -196°C.  In Example 3, freezing of the product to be frozen was 

conducted by using methanol cooled to -40°C.  In Comparative Example 1, freezing of 

the product to be frozen was conducted by using a freezer set at -80°C.  In Comparative 15 

Example 2, freezing of the product to be frozen was conducted by using a freezer set at -

20°C. 

 Porous composites (OCP/collagen composites) of Examples 2 and 3, and 

Comparative Examples 1 and 2 were obtained in the same manner as in Example 1 

except for these points. 20 

 (Measurement of pore size) 

 For each cylindrical (tablet-shaped) sample having a diameter of 8.5 mm and a 

thickness of 1.5 mm obtained in Examples 1 to 3 and Comparative Examples 1 and 2, 

the pore size was measured in the following manner. 

 As a pretreatment, samples were dried at a constant temperature of 120°C for 4 25 

hours.  For each sample after the pretreatment, micropore distribution of micropores 

having a size of 0.0018 to 200 µm was determined under the following conditions by 

the mercury intrusion method using the following measurement device.  The obtained 

micropore distribution curve is shown in Fig. 1. 
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Measurement device: AutoPore IV9520 (available from Micromeritics Japan) 

Measuring conditions: 

 Contact angle between sample and mercury: 140 deg 

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

 The micropore size was calculated by using the following Washburn’s equation. 5 

 Washburn’s equation: PD = -4σcosθ 

  P: Pressure (Pa) 

  σ: Surface tension of mercury (N/m) 

  D: Micropore diameter (m) 

  θ: Contact angle between mercury and sample (deg) 10 

 The pore size in the present invention refers to a value of micropore size 

showing the maximum value of the peak having the largest area in the micropore 

distribution curve obtained from the measuring pressure by the mercury intrusion 

method.  However, since the micropore size of the pore size distribution curve (Log 

Differential Intrusion) shown in Fig. 1 is the radius, the pore size of the sample in 15 

Example 1 is 7.5 × 2 = 15 µm. 

 (Rate of pores) 

 The rate of pores was calculated by using the following formula using the 

cumulative micropore volume and the total micropore volume measured by the mercury 

porosimeter. 20 

 Rate of pores (%) = cumulative micropore volume/total micropore volume × 100 

 For example, in the case of Example 1, the cumulative micropore volume of the 

range exceeding 71 µm was 0.203 mL/g, and the total micropore volume was 6.22 mL/g.  

Therefore, the rate of pores exceeding 71 µm was 0.203/6.22 × 100 = 3.2%. 

 Further, for three samples prepared in the same condition, measurement of pore 25 

size was conducted, and the mean value of the pore sizes was determined.  Additionally, 

the rate of pores in the range of 71 µm to 200 µm in the entire pore size (micropore 

diameter) distribution curve was determined.  The results of measurement of pore size 

for the examples and comparative examples are shown in Table 1.  Further, the 
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appearance of the pore size of Example 1, and the appearance of the pore size of 

Comparative Example 1 are representatively shown in Figs. 3 and 4, respectively, and 

comparison of pore size distribution curves between Example 1 and Comparative 

Example 1 is shown in Fig. 5. 

 (Measurement of compressive strength) 5 

 In an environment at a temperature of 25°C and a humidity of 65%, a cylindrical 

specimen (sample) having a diameter of 9.0 mm and a height of 15 mm was dipped in a 

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

for 30 minutes.  Then, the water on the surface of the sample was lightly wiped, and a 

uniaxial load was applied as shown in Fig. 2 by using a precision universal tester 10 

(Autograph AGS-J, available from Shimadzu Corporation, load cell capacity: 1 kN).  

The load was varied stepwise, and the least load at which the sample collapsed was 

determined as a load at collapse. 

 To be more specific, referring to Fig. 2, after setting sample 1 on sample stage 

21, crosshead (pressing jig) 22 is lowered at a speed of 10 mm/min, and when the load 15 

cell indicates 2.5 N, crosshead 22 is stopped to release the sample from the load.  The 

sample on the sample stage is observed, and if it is not collapsed, the sample is returned 

to the sample stage and set again, and the crosshead is lowered similarly until the load 

cell indicates 5 N.  This operation was repeated while the load was increased by 2.5 N 

every time, and the load when collapse of the sample was first observed was determined 20 

as a load at collapse.  In this test, the wording “collapse of the sample was observed” 

means that occurrence of a clear crack or peeling was confirmed when the sample was 

visually observed. 

 Compressive strength in the present invention is represented by formula 1, from 

the load at collapse, and the sectional area of the sample (sectional area in the section 25 

perpendicular to the thickness direction of the cylinder). 

 Cs = F/S ... (Formula 1) 
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CLAIMS 

1. A porous composite comprising octacalcium phosphate and collagen,

having a pore size of 5 to 40 µm as determined by measurement using a mercury 

porosimeter, and containing pores of 71 to 200 µm at a rate of less than or equal to 8% 5 

in all pores of less than or equal to 200 µm. 

2. A bone regeneration material comprising the porous composite according

to claim 1. 
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