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Due to progress of the aged society, creation of innovative hard tissue regeneration and reconstructive systems is
highly requested. Similar to other tissues, ideal treatment of the hard tissue is its regeneration. On the other hand,
regeneration of hard tissue is sometimes difficult. Therefore, both regeneration and reconstruction of the hard tissue,
i.e. bone, were studied in this project.

For the reconstruction of bone, creation of osteoconductive PEEK, poly ether ether-ketone, has been studied.
Phosphate group are known to play important roles for the osteoconductivity. Therefore, surface modification of
the PEEK with phosphate group has been studied in this project. Sulfonation of the PEEK was easy. On the other
hand, simple phosphotization of the PEEK was impossible. Therefore, we paid attention to the presence of reactive
ketone group in the PEEK. First, ketone group was reduced to form hydroxyl group. Then, phosphotization of the
hydroxyl group was performed. Surface phosphatized PEEK thus fabricated up-regulated differentiation to
osteoblasts. Animal studies revealed bone contact ratio to the surface phosphatized PEEK increased significantly.
It was also found that bone bonding strength to the surface phosphatized PEEK was higher even when compared
with that to titanium.

As an artificial bone, sintered hydroxyapatite has been used in clinics as a typical artificial bone since 1970s.
However, sintered hydroxyapatite demonstrate much lower osteoconductivity than autograft, and no replacement
to a new bone is observed. Therefore, autograft is the golden standard for the regeneration of bone defect even
though invasion to healthy site is indispensable for the collection of autograft. Although hydroxyapatite is claimed
as bone composition, it is not true. Bone contains 6-9mass% of carbonate in its crystal structure. However, due to
the presence of carbonate, carbonate apatite or bone apatite cannot be sintered. Historically, in 1970s,
hydroxyapatite which does not contain carbonate and can be sintered, was developed and became typical artificial
bone. We have previously found that bone composition artificial bone or carbonate apatite artificial bone can be
fabricated by compositional transformation through a dissolution—precipitation reaction in phosphate salt aqueous
solution using calcium carbonate block as a precursor. Carbonate apatite granules is resorbed by the osteoclasts
leading replacement to a new bone. Moreover, carbonate apatite artificial bone demonstrated much higher
osteoconductivity than sintered hydroxyapatite artificial bone. Carbonate apatite granules became clinically
available after multi-center clinical trials where AMED supported clinical trials.

Unfortunately, dissolution—precipitation reaction occurs from the surface, thus large carbonate apatite block
cannot be fabricated, i.e, core remain unreacted even after the dissolution—precipitation reaction. In this project,
larger size carbonate apatite block was fabricated by fabricating porous calcium carbonate block as a precursor. As
porous carbonate apatite blocks, both one and three-dimensional interconnected porous blocks were fabricated. As
one-dimensional interconnected porous block, honeycomb carbonate apatite artificial bone was fabricated as
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follows. First, raw materials, i.e, a mixture of calcium carbonate and binder, is extruded through honeycomb die.
Then, raw materials honeycomb was debindered, followed by dissolution—precipitation reaction in a phosphate salt
solution, leading fabrication of the carbonate apatite honeycomb artificial bone. Histological studies using
experimental animals revealed that vertical bone augmentation and long bone regeneration was possible using the
carbonate apatite honeycomb artificial bone. This is thought to be caused by the principle of guided tissue
regeneration using a cell barrier membrane. In short, invasion of connective tissue would be prevented by the
peripheral wall of the honeycomb.

Three-dimensional interconnected porous carbonate apatite artificial bone was also fabricated by several methods.
The three-dimensional interconnected porous carbonate apatite artificial bone was found to be replaced to a new
bone as quick as 4 weeks after surgery when rabbit femoral bone defect was reconstructed with the artificial bone.
Unfortunately, mechanical strength of the three-dimensional interconnected porous carbonate apatite artificial bone
was limited.

Ability of the artificial bone is governed not only by its composition but also by its structure. Clinical use of not
only one-dimensional but also three-dimensional interconnected porous carbonate apatite artificial bone is awaited

based on the results obtained in this project.
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