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Abstract: Calcium hydroxyapatite ceramics (CHA) are
nontoxic materials, provoke little reaction from tissues, and
by virtue of these properties represent a good starting point
for creating bone substitutes. Although several porous
CHAs have been used clinically, there have been few reports
that CHA is fully replaced by newly formed bone, which
may be due to its structure and the limited connectivity
between pores. We recently developed a fully intercon-
nected porous CHA (IP-CHA} by adopting a “foam-gel”
technique. Structural analysis by scanning electron micros-
copy revealed that IP-CHA had spherical pores of uniform
size that were interconnected by window-like holes. The
surface of the wall structure was smooth, and hydroxyapa-
tite particles were bound tightly to one another. Most of the
interpore connections of IP-CHA ranged from 10 to 80 pm

in diameter (average, 40 wm). When the cylindrical IP-CHA
(diameter, 6 mm; height, 15 mm) was implanted into a rabbit
femoral condyle, bone, and bone marrow with abundant
vessels formed deep in the pores through the interpore con-
nections, Within a pericd of 6 weeks, new bone had formed
and penetrated to a distance of 3 mm from the surface
of the IP-CHA implant. Furthermore, a compression test at
9 weeks revealed that the implanted IP-CHA steadily in-
creased in strength to more than double the value of the
initial test. These results indicate that the IP-CHA may have
clinical utility as a superior bone substitute. © 2001 John
Wiley & Sons, Inc. ] Biomed Mater Res 59: 110~117, 2002

Key words: interconnected pore; calcium hydroxyapatite
ceramics; foam-gel technique; osteoconduction; compression
strength

INTRODUCTION

Many kinds of ceramics such as alumina, zirconia,
bioglass, and hydroxyapatite have been used as bone
substitutes. Of all these substances, hydroxyapatite
(Ca,;((PO,)s(OH),) resembles the inorganic ingredient
of mammalian bones and teeth. Hydroxyapatite has
high biccompatibility and good bioaffinity, stimulates
osteoconduction, and is slowly replaced by the host
bone after implantation.’ Since the 1980s, blocks and
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granules of porous calcium hydroxyapatite ceramics
(CHA) have been used in orthopedic, craniofacial, and
dental applications,” ™ but there have been few re-
ports that the pores of implanted CHA were totally
filled with the newly formed host bone.! It would be
reasonable to assume that this is due to the closed
structures of the conventional CHA, which have non-
uniform pore geometry and few interpore connec-
tions. The size of the interpore connections rather than
the size of pores themselves might be the primary
limiting factor of osteoconduction into the central area
of CHA blocks. This is because interpore connections
<2 to 3 pm in diameter do not allow cell migration or
vascularization into the pores, these events being es-
sential for new bone formation.

Therefore, the development of a porous CHA with
interpore connections of adequate diameter as well as
adequate strength has long been thought of as the
ideal bone substitute. We recently developed a fully
opened interconnected porous CHA (IP-CHA: poros-
ity, 75%; average pore size, 150 pm; and average in-
terpore connections, 40 pm) by adopting a “foam-gel”
technique. This approach involves a crosslinking po-
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