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Improvement of the replacement of carbonate apatite to bone by the regulation of
porous structure
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The objective of this study was to evaluate the feasibility of fabricating
artificial bone substitute from xenograft based on the compositional transformation to o -tricalcium
phosphate followed by compositional transformation to carbonate apatite maintaining its macroscopic
structure. Heat treatment at 900° C result in complete burning out of the organic substrate indicating
antigen-antibody reaction will be completely eliminated. Then, the bone is further heated at 1500° C for
compositional transformation to o -tricalcium phosphate which has higher reactivity and slightly
dissolves in water. Then the bone with o -tricalcium phosphate composition was hydrothermally treated in
4 mol/L ammonium carbonate at 250° C. Based on the dissolution-precipitation reaction, composition of the
bone with o -tricalcium phosphate composition transferred to carbonate apatite maintaining its
macroscopic structure.




65
21

2011

2010 7.4 2 263

[HAp: Ca1(POs)s(OH)2] 1970

Ca(OH)2+ CO2 - CaCOz+H20 (1)

CaCOs; — Ca?*+ COg? )

Ca2* + PO43- + CO3s2- + OH-
-~ Cai10-a(POL(CO3)(OH)2-a (3)

KDF F-70

SC-1700

HAP-100 «

900

900

1400
1500



X-ray Intensity (arb.unit)

oTCP (reference)

BTCP (reference)

M,Mj\ Bone sintered at 1500°C

for 5 hours (quenched)

2 theta
1500
X
a
Ca2+ PO4&
3Ca3(POy,), — 9Ca®" + 6PO, 4)
Ca®* PO,  COs2-
a
a
80 100

o

L

7
£ &
i .

Sty
S

100

X-ray Intensity (arb.unit)

—N__J\;_thm BTCP
NN | USRS, W P, 1
L Mo e

28 days Treatment

21 days Treatment

N—A—-J‘AM—M—— 14 days Treatment
W——"j\&/\—/\——-—— 7 days Treatment

Sintered Bone 1500°C
28 29 30 31 32 33 34 35 3p°nours(quenched)
2 theta

250
X 250
a

250

1500

Sakai A, Valanezahad A, Ozaki M, Ishikawa
K, Matsuya S: Preparation of Sr-containing
carbonate apatite as a bone substitute and its
properties. Dent Mater J, 31(2): 197-205,
2012.

Kawashita M, Taninai K, Li Z, Ishikawa
K,-Yoshida Y: Preparation of low-crystalline
apatite nanoparticles and their coating onto
quartz substrates. J Mater Sci: Mater Med,
23:1355-1362, 2012.

Sunouchi K, Tsuru K, Maruta M, Kawachi G,
Matsuya S, Terada Y, Ishikawa K:
Fabrication of solid and hollow carbonate
apatite microspheres as bone substitutes
using calcite microspheres as a precursor.
Dent Mater J, 31(4): 549-557, 2012.

Otsu A, Tsuru K, Maruta M, Munar ML,
Matsuya S, Ishikawa K: Fabrication of
microporous calcite block from calcium



10

11

12

13

hydroxide compact under carbon dioxide
atmosphere at high temperature. Dent Mater
J, 31(4): 593-600, 2012.

Ahmad N, Tsuru K, Munar ML, Maruta M,
Matsuya S, Ishikawa K: Effect of precursor’s
solubility on the mechanical property of
hydroxyapatite formed by
dissolution-precipitation reaction of
tricalcium phosphate. Dent Mater J, 31(6):
995-1000, 2012.

Bang LT, Tsuru K, Munar M, Ishikawa K,
Othman R: Mechanical behavior and cell
response of PCL coated o-TCP foam for
cancellous-type bone replacement. Ceram Int,
39(5): 5631-5637, 2013.

Munar GM, Munar ML, Tsuru K, Ishikawa
K: Influence of PLGA concentrations on
structural and mechanical properties of
carbonate apatite foam. Dent Mater J, 32(4):
608-614, 2013.

Nomura S, Tsuru K, Matsuya S, Takahashi I,
Ishikawa K: Fabrication of carbonate apatite
block from set gypsum based on
dissolution-precipitation reaction in
phosphate-carbonate mixed solution. Dent
Mater J, 33(2): 166-172, 2014.

Munar GM, Munar ML, Tsuru K, Ishikawa
K: Effects of PLGA reinforcement methods
on the mechanical property of carbonate
apatite foam. Bio-Medical Materials and
Engineering, 1817-1825, 2014.

Rashid RN, Tsuru K, Ishikawa K: Effect of
calcium-ozone treatment on chemical and
biological properties of polyethylene
terephthalate. J Biomed Mater Res: Part B,
in press.

Ishikawa K, Nguyen Xuan Thanh Tram,
Tsuru K, Toita R: Fabrication of porous
calcite using chopped nylon fiber and its
evaluation using rats. J Mater Sci: Mater
Med, in press.

Nagai H, Fujioka-Kobayashi M, Fujisawa K,
Ohe G, Takamaru N, Hara K, Uchida D,
Tamatani T, Ishikawa K, Miyamoto Y:
Effects of low crystalline carbonate apatite
on proliferation and osteoblastic
differentiation of human bone marrow cells.
J Mater Sci: Mater Med, in press.

Koga N, Tsuru K, Takahashi I, Ishikawa K:
Effects of humidity on calcite block
fabrication using calcium hydroxide compact.
Ceram Int, in press.

o

@

®

2014-177564
2014 9 1

2014-177565
2014 9 1

2014-177566
2014 9 1

ISHIKAWA, Kunio

90202952

TSURU, Kanji



50314654
MATSUYA, Shigeki
00108755
MIYAMOTO, Youji
20200214

MARUTA, Michito

40507802



