JP 2007-181705 A 2007.7.19

(19) BFEHFEF(P) A M HTFLEAN (1) S8 A MES
15882007-181705
(P2007-1817054)
43) &M E FR195£7H19H (2007.7.19)
(51) Int.CL. F1l F=va—F (%)
A61L 27/00 (2006, 01} AB1L 27/00 L 4C081
A61F 2/38 (2006.01) A61F 2/38 4C097
AG61F 2/3% (2006, 01} AB1F 2/3%
AG1F 2/ (2006, 01} AB1F 2/34
A61F 2/% (2006.01) AB61F 2/30
FBEWER REK BREOK B OL NESBHE (£43H BRREICHKS
21) HEEES 42 BE2007-645 (P2007-645) (71) HEEA 500239373
(22) HEEE SRR 19150 (2007.1.5) NEAF 4 H A ATFAZL A I—R L
Bl EERERES 11/325,79% 4yay
(32) #E5H FRRI85E1ASH (2006.1.5) FAVAERE 22—V +—I—MOT7 4
(33) BSEEEERE  KE US) 30, v—T—, A—FL A} 34T
. 325
(74) fI A 100099623
#EL B H—
(74) RREB A 100096769
#E+ BE =—
(74) fI A 100107319
B+ BB #HB
BAREICRES

(54) [READER] ERAA 77> MERDL DOREEFHRM

GHOOO0O
0000000000000000000000000
00000000000000000000000
0000000000000000000000000 =
0000000000000000000000000 \
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000 ™
0000000000000000000000000 &
0000000000000000000000000
0Doooooo

0oooooo

3-320]
4275 P&

piE s
26

ATL—=H>




e R ey [ s R s [y |

e e ey e ey sy [ |

e e ey e s [y |

e [ sy |

e [ ey e [ s [y [ |

[ |

O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooOoo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooOoo
O Ooo0ooo
O Ooo0ooo

[ B R |

OoOooooooo0oooooo oo oDooooooDoDooooogogoooao

OOoo0oood

O
O

O
O

OooooooQgoao
OoooooooQgoao

O 0Ooooo
O 0Ooooo
O 0Ooooo
O Ooooo
O 0Ooooo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo
O 0ooo
O 0ooo
O 0ooo
O 0ooo
O 0ooo
O 0ooo
O 0ooo
O 0ooo

(2)

O O0ooo

O O0ooo

O O0ooo

O 0ooo

JP 2007-181705 A 2007.

O O0ooo
O O0ooo

O

O

O

O

(]

O

O

O

O

O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O

O
O

O
O

.19

10

20

30

40

50



e R ey [ s R s [y |

OoooocoooooooQgdg

OooOoo0oood
Oooo0oood
OoOoo0oood
Ooo0oo0oood
OooOoo0oood
OooOoo0oood
OooOoo0oood
OooOoo0oood
OooOoo0oood
OoOoo0oood
OooOoo0oood
OooOoo0oood
OooOoo0oood
Oooo0oood
Oooo0oood
OooOoo0oood
OooOoo0oood
OooOoo0ooood
OooOoo0oood
OooOoo0ooood
OooOoo0ooood
OooOoo0oood
OooOoo0oood
OooOoo0oood

OoooooooQooooao

Oo0ooooooo0ooDoooooooooog
Oo0oooooooooDoooooooooog
Oo0ooooooo0ooDoooooooooog
Oo0ooooooo0ooDoooooooooog
Oo0ooooooo0ooDoooooooooog
Oo0ooooooo0ooDoooooooooog

OoooooooQooooao

I o B
OoOoo0oooaoo
Oo0Ooo0oooao
OoOoo0oooao
O0Ooo0oooao

OoooooooQooooao

OoooooooQooooao
OooooooQgodg

O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
(]
(]
O
O

O
O

O Ooo0ooo

O

O

OoooooooQgoQgao

O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo

O
O
O
O
O
O
(]
(]
O
(]

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
(]
(]
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O O0ooo

O O0ooo

O O0ooo

O O0ooo

O O0ooo

)

O O0ooo

O O0ooo

O O0ooo

O 0Oooo

O O0ooo

O O0ooo

O O0ooo

O 0ooo

O0Ooo0oo0oo0oao
O0Ooo0ooo0oao
O 0Ooo0oo0oo0oao
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo
O 0Oooo
O 0Oooo
O 0ooo

JP 2007-181705 A 2007.

O O0ooo

uobooaood

O

O O0ooo

O

O O0ooo

O

O O0ooo

O

O 0ooo

O

O O0ooo

O

O O0ooo

O

O O0ooo

uoano

O

O O0ooo

O

O O0ooo

O

O O0ooo

O O0ooo

.19

O O0ooo

10

20

30

40

50



e R ey [ s R s [y |

e e ey e ey sy [ |

e e ey e s [y |

OoOoooooooooDoooooDoooDooooo0oooooogoQgoao
OooooooooDoooooo oo oDooooo0ooDoooogoQgoao
OoooooooooooooooDoooDooooo0ooDoooogoQgoao
OoOooooooo0oooooooDoooDooooo0ooDoooogoQgoao

Oooooooooooooogooooao

Ooooocooooooooogooooao

O
O

Ooooooooooooogdg
Ooooocoooooooogdg

O
O

O 0Oooo
O 0o oo
O O0ooo
O Oooo
O 0o oo
O 0o oo
I [ [y
O 0o oo
I [ [y
O 0o oo

O
O
O
O
O
O
(]
(]
O
(]

O
O
O
O
O
O
O
O
O
O

O

OooooooogoQgg

O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooOoo
O 0Ooo0ooOoo
O 0Ooo0ooOoo
O 0Ooo0ooOoo
O 0Ooo0ooOoo
O 0Ooo0ooOoo
O 0Ooo0ooOoo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooOoo
O 0Ooo0ooOoo
O 0Ooo0ooOoo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
(]
O
O
(]
O
O
]

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O

O
O
O
(]
O

(4)

(]
O
O
]

O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O o0ooo
O 0Oooo
O 0Oooo

JP 2007-181705 A 2007.

O
O
O
O
O
O
O
O
O
O
O

[ |
[ |
[ |
[ |
[ |
[ |
[ |
[ |
[ |
[ |
[ |

O
O

O
O

O
O

.19

10

20

30

40

50



e R ey [ s R s [y |

e e ey e ey sy [ |

OoOooooooooooooooooDoDoooooooooaoo
OoooooooooooooooDoDoooooooooaoBo
OoOooooooo0ooDooooooDoDoooooooooaoo
OoOooooooo0oooooooooDoDoooooooooaono

OooooooogoQgooao
OoooooooQgooao
OoooooooQgooao
OoooooooQgooao
OooooooooQgooao
OooooooooQgooao
OoooooooQgooao
Oooooooogoogooao
Ooooooooogooao
Ooooooooogoooao
Ooooooooogooao
Ooooooooogogooao
Oooooooogoogooao
OooooooooQgooao
Oooooooogoogooao
Ooooooooogooao
OooooooooQgooao
OoooooooQgooao
Ooooooooogooao
Ooooooooogooao
Ooooooooogooao
OoooooooQgooao
OoooooooQgooao
Ooooooooogooao
OoooooooQgooao
OoooooooQgooao
Ooooooooogooao
Ooooooooogooao
Ooooooooogooao
Ooooooooogooao
Ooooooooogooao
Ooooooooogooao
Ooooooooogooao
Ooooooooogooao

OOo0oooooooooDoooooooooodg
OOo0oooooooooDoooooooooodg

O
O

Ooooocooooooooogooooao

O
O

O
O

Ooooocooooooooogooooao

Ooo0oooogooQgg

O 0Oooo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
(]
(]
O
O

OooooooogQgdg
OooooooogoQgdg
OooooooogQg-g
OooooooogQgQg
OooooooogoQgoQg
OooooooogoQgdg
OooooooogoQgdg
OooooooogQgdg
OooooooogoQgdg
OooooooogoQgodg
OooooooogoQgdg
OooooooogoQodg
OooooooogoQodg
OooooooogoQgdg
OooooooogQgdg
OooooooogoQodg
OooooooogoQgodg
OooooooogooQgdg
OooooooogoQgodg
OooooooogooQodg
OooooooogoQgdg
OooooooogoQgdg
OooooooogQgdg

OoooooogoQgdg

Ooo0oooogoQgdg

Ooo0oooogoQgdg

Ooo0oooogoQgdg

Ooo0oooogoQgdg

Ooo0oooogoQgdg

OoooooogoQgdg

Ooo0oooogoQgdg

Ooo0oooogoQgQg

OoooooogoQgQg

Ooo0oooooQgdg

Ooo0ooooQgdg

OooooooQgdg

OoooooogoQgdg

OooooooQgdg

Ooo0ooooogoQgdg

OooooooQgdg

OoooooogoQgdg

OoooooogoQgdg

OoooooogoQgdg

JP 2007-181705 A 2007.7.19

uoboooboad

OooooooQgdg
OooooooQgdg
OoooooogoQgdg
OoooooogoQgdg
OooooooQgdg
Ooooooodgdg
OooooooQgdg
OooooooQdgdg
Ooooooodgdg
Ooooooodgdg
OooOoo0oooodgg
OooooooQdgdg
OooOooooodgdg

O
O
O
O
O
O
O
O
O
O
O
O
O

Oooooooo
Ooooooooo
Oooooooo
Oooooooo
Oooooooo
Oooooooo
Ooooooooo
Ooooooooo
Ooooooooo
Ooooooooo
Ooooooooo

10

20

30

40

50



e R ey [ s R s [y |

e e ey e ey sy [ |

Oooooooooooooo0ooooooogoooao

Oo0oooooooooodg
Oo0oooooooooodg
Oo0ooocooooooodg

Ooooooooooooooo0oooooogooooao
Ooooooooooooooo0oooooooooao
Ooooooooooooooo0ooDoooogooooao
Ooooooooooooooo0oooooogooooao

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo
O 0Oooo
O 0Oooo
O 0ooo

OooooooogogoQgg
OooooooogoQgg
OooooooogogoQgg

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo
O 0ooo
T Oood

O 0Ooooo

OOoo0oood
OoOoo0oood
OOoo0o0oood
OOoo0oood
OOoo0oood
OoOoo0oood
OoOoo0oood
Oo0Ooo0oood
I B
OOoo0oood
OoOoo0oood
OOoo0oood
OoOoo0o0oood
OoOoo0oood
OoOoo0o0oood
OoOoo0oood
OO0Ooo0oood
OoO0oo0o0oood
Ooo0Ooo0o0oood
OoOoo0oood
OoOoo0oood
OoO0oo0oood
OoOoo0oood
OoOoo0oood
OoOoo0oood
Iy A

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo
O 0ooo

O oOooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo

O O

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo

O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo
O 0ooo
O 0ooo
O 0ooo
O 0ooo
O 0ooo
O

O

(6)

JP 2007-181705 A 2007.

O 0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O 0Oo0oo0oo0oao

O
O
O

O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O

O
O

O
O

O 0Ooo
O 0Oooo

O
O

.19

10

20

30

40

50



e R ey [ s R s [y |

e e ey e ey sy [ |

e e ey e s [y |

e [ sy |

e [ ey e [ s [y [ |

e [ ey e e sy |

OoooooooOoooooao
Ooooooooooooaono
Ooooooooooooao
Ooooooooooooano
OoooooooOoooooano
Oo0ooooooooooao
Oo0ooooooooooano
Ooooooooooooao

OooooooogoQoogoo
OooooooogogoQoogoo
OooooooogogoQoogoo
OooooooogogoQoogoo
OooooooogooOoogoo

oo o oooooogog
oo o oooooogog
oo o oooooogog
oo o oooooogodg
oo ooooooogog

oo ooooooogodg
oo ooooooogodg
oo ooooooogodg
oo ooooooogodg
oo ooooooogodg
oo ooooooogodg
oo ooooooogodg
oo ooooooogodg
oo ooooooogodg
oo ooooooogodg
oo ooooooogodg
Ooooooooogodg
oo ooooooogodg
oo ooooooogodg
Ooooooooogodg
oo ooooooogodg
oo ooooooogodg
Oooooooooogodg
Oooooooooogodg
oo ooooooogodg
Oooooooooogodg
Oooooooooogodg
Oooooooooogodg
Oooooooooogodg
Oooooooooogodg
Oooooooooogodg
Oooooooooodg

OooooooQgooQgQg
OooooooQgooQgQd
Oooo0oooQogogoQd
Oooo0oooQgoQgQg
Oooo0oooQgoQgQd
Oooo0oooOooQgoQd
OooooooOoogoQd
OooooooOgoogod
OooooooOgoogoad
Oooo0oooOgooQgQd
Oooo0oooOogoQgo
Oooo0oooOooQgad
OooooooOoogoaQd
OooooooQgoQgad
OooooooOogoQgad
OooooooOgoogoQd
OooooooOoQgaQd
OooooooOoogod
Oooo0ooooOoQgd
OooooooOoQgQd
OooooooOoQgd
Oooooooogogad
Oooo0ooooogod
Oooooooogoogoad
OooooooOogoad
OooooooOgoogad
Oooo0oooOoogoaQd
Oooo0oooogoad
Oooo0oooOoogoad

OooooooQgogoao
OooooooQgogoao
OooooooQgogoao
Oooo0oooQgogoao
Oooo0oooQgogoao
OooooooQoogoao

OooooooooQgooao
Oooooooooogooao
Ooooooooogooao
Ooooooooogooao
OooooooooQgooao
OooooooooQgooao
Ooooooooogooao
OooooooooQgooao
Ooooooooogooao
OooooooooQgooao
Ooooooooogooao
Ooooooooogooao
Ooooooooogooao
Ooooooooogooao
Ooooooooogooao
Ooooooooogooao
Ooooooooogooao
Ooooooooogooao
Ooooooooogooao
Ooooooooogooao
Ooooooooogooao
Ooooooooogooao
Ooooooooogooao
Ooooooooogooao
Ooooooooogooao
Ooooooooogooao

R [ R o |
OooooooQogogoao
OooooooQgogoao
OooooooQgogoao
OooooooQogogoao
Oooo0oooQgogoao
Oooo0oooOoogoao
Oooo0oooQgogoao
Oooo0oooOgoQgao
Oooo0oooOgoQgao
Oooo0oooOooQgoao
Oooo0oooQogogoao
Oooo0oooQgogoao
Oooo0oooQgoogoao
Oooo0oooQgogoao
Oooo0oooQgogoao
Oooo0oooOgogoao
Oooo0oooOoogoao
Oooo0oooOogogoao
OooooooOoogoao
Oooo0oooOogogoao
OooooooOoogoao
Oooo0oooOooOgoao

O O

)

JP 2007-181705 A 2007.

OooooooQgoao
Oooo0oooQgogoao
Oooo0oooQgoao
OooooooQgoao
OooooooQgoao
Oooo0oooQgoao
Oooo0oooQgoao

.19

10

20

30

40

50



e R ey [ s R s [y |

e e ey e ey sy [ |

e e ey e s [y |

e [ sy |

e [ ey e [ s [y [ |

OoOooooocooo0oooooo0o oo oDooooD oo oDoooo0oooDoDooogogooao

OoooooooQgoao
Ooo0oooogooQgoo
Ooo0oooogoQgoo
Ooo0oooogoQgoo
Ooo0ooooQgoo
OooooooQgoo
OoooooogoQgoo
Ooo0ooooogoQgoo
Ooo0ooooogoQgoo
Ooo0oooogoQgoo
OoooooogooQgoo
Ooooooogoogoo
Ooooooogogoo
OoooooogoQgoo
Ooo0oooogoQgoo
Ooooooogoo
Ooo0ooooQgoo
OoooooogoQgoo
Ooo0ooooogoQgoao
OoooooogoQgoao
Ooooooogoogoo
Ooo0ooooogoogoo
OoooooogoQgoo
Ooo0oooooQgoo
OooooooQgoao
OoooooogoQgoo
Ooo0ooooogoao
OooooooQgoao
Oooooooogoao
OooooooQgoao
Ooooooogoo
Ooooooogoogoao
OooooooQgoao
OooooooQgoao

OooooooooQgogooQg

OOoo0oood
OoOoo0oood
OOoo0o0oood
OOoo0oood
OOoo0oood
OoOoo0oood
OoOoo0oood
Oo0Ooo0oood
I B
OOoo0oood
OoOoo0oood
OOoo0oood
OoOoo0o0oood
OoOoo0oood
OoOoo0o0oood
OoOoo0oood
OO0Ooo0oood
OoO0oo0o0oood
Ooo0Ooo0o0oood
OoOoo0oood
OoOoo0oood
OoO0oo0oood
OoOoo0oood
OoOoo0oood

O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O

OooooooogQgdg
OooooooogoQgdg
OooooooogQg-g
OooooooogQgQg
OooooooogoQgoQg
OooooooogoQgdg
OooooooogoQgdg
OooooooogQgdg
OooooooogoQgdg
OooooooogoQgodg
OooooooogoQgdg
OooooooogoQodg
OooooooogoQodg
OooooooogoQgdg
OooooooogQgdg
OooooooogoQodg
OooooooogoQgodg
OooooooogooQgdg
OooooooogoQgodg
OooooooogooQodg
OooooooogoQgdg
OooooooogoQgdg
OooooooogQgdg
OooooooogoQgodg
OooooooogoQgdg
OooooooogoQgodg
OooooooogoQgod
OooooooogoQgodg

OooooooQgdg

Oooooooodg
Oooooooodg
Oooooooodg
Oooooooodg
Ooooooooodg
Ooooooood
Ooooooooodg
Ooooooood
Ooooooood
Ooooooood
Ooooooood
Ooooooood
Ooooooood

OoooooQgdg

OooooooQgdg

OoooooQgdg

OooooooQgdg

OooooooQodg

OooooooQgdg

OooooooQgodg

OooooooQgdg

OooooooQgdg

OooooooQgodg

OoOoo0oo0oooao
OoOoo0oo0oooao
OoOoo0oo0oooao
OOoo0oo0oo0ooao
OoOoo0oo0oo0ooao
OoOoo0oo0oo0ooaoo
OoOoo0oo0oo0ooao
OoOoo0oo0oo0ooao
OoOoo0oo0oo0ooao
OOoo0oo0oo0ooao
OoOoo0oo0oo0ooao
OOoo0oo0oo0ooaoo
OoOoo0oo0oo0ooao
OoOoo0oo0oo0ooao
OoOoo0oo0oo0ooao
OoOoo0oo0oo0ooao
OOoo0oo0oo0ooao
OoOoo0oo0oo0ooao
OOoo0oo0oo0ooao
OOoo0oo0oo0ooaoo
OO0Ooo0oo0oo0ooao
OOoo0oo0oo0ooao
OOoo0oo0oo0ooao

(8)

O O
O O

OoOoo0oood
OoOoo0o0oood
OoOoo0oood
OO0Ooo0oood
OoO0oo0o0oood
Ooo0Ooo0o0oood
OoOoo0oood
OoOoo0oood
OoO0oo0oood
OoOoo0oood
OoOoo0oood
OoOoo0oood
Iy A
I A
OoOoo0ooood
Ooo0Ooo0oo0oood
OO0Ooo0o0oood
Iy A
Oo0Ooo0o0oood
OO0Ooo0o0oood
O0Ooo0o0oood

O
O
O
O
O
O
O
O
O

O
O
(]
(]
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

JP 2007-181705 A 2007.

O 0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O 0Oo0oo0oo0oao

Oooooooo

Ooooooooo

Ooooooooo

Ooooooooo

Ooooooooo

Ooooooooo

10

20

30

40

50



e R ey [ s R s [y |

e e ey e ey sy [ |

e e ey e s [y |

e [ sy |

Ooooocooooooooogooooao

OoOooooooo0oooooooDooDoDooooooDoooogoQgogoaoQg
OoOoooooooo0oooooooDooDoooooooDoooogoQgogoaoQo

OooooooQgdg

Ooooocooooooooogooooao
Ooooocooooooooogogogoao
Ooooocooooooooogoogoao
Ooooocooooooooogoogoao
Ooooocooooooooogoogoao
Ooooocooooooooogoogoao
Ooooocooooooooogoogogoao
Ooooocooooooooogogogoao
Ooooocooooooooogogogoao
Ooooocooooooooogoogoao
Ooooocooooooooogoogoao
Ooooocooooooooogogogogoao
Ooooocooooooooogoogoao
Ooooocooooooooogogogoao
Ooooocooooooooogoogoao
Ooooocooooooooogoogogoao
Ooooocooooooooogoogoao
Ooooocooooooooogogoao
Ooooocooooooooogoogoao
Ooooocooooooooogogogoao
Ooooocooooooooogogogoao
Ooooocooooooooogoogoao
Ooooocooooooooogoogoao
Ooooocooooooooogoogoao
Ooooocooooooooogoogoao
Ooooocooooooooogogogoao
Ooooocooooooooogoogoao
Ooooocooooooooogoogoao
Ooooocooooooooogoogoao
Ooooocooooooooogoogoao
Ooooocooooooooogoogoao
Ooooocooooooooogoogoao
Ooooocooooooooogoogoao
Ooooocooooooooogoogoao
Ooooocooooooooogoogoao

Oo0oooooooooDoooooooooodg
Oo0oooooooooDoooooooooodg
OOo0oooooooooDoooooooooodg
OOo0oooooooooDoooooooooodg
OOo0oooooooooDoooooooooodg
OOo0oooooooooDoooooooooodg
OOo0oooooooooDoooooooooodg
OOo0oooooooooDoooooooooodg
OOo0oooooooooDooooooooood
OOo0oooooooooDoooooooooodg
OO0 oooooooooDoooooooooodg

OoooooQgdg

OooooooQgdg

OoooooQgdg

OooooooQgdg

OooooooQodg

OooooooQgdg

OooooooQgodg

OooooooQgdg

OooooooQgdg

OooooooQgodg

oo o0oooooo oo o oooooQgoooo
OO0 o0ooooooo oo oooooQgoooo
OO0 o0 oo oooo oo oooooQgoooo
OO0 o oo oooo oo oDooooQgoooo
OO0 o0ooooooo oo oooooQgoooo
OO0 o0 oo oooo oo oDooooQgoooo
oo o0ooooooo oo oooooQgoooo
OO0 o0 oo oooo oo oooooQgoooo
OO0 o0ooooooo oo oooooQgoooo
OO0 oooooo oo ooooooQgoooo
oo o0ooooooo oo oDooooQgoooo
OO0 oooooo oo o oooooQgoooo
oo oooooo oo o oooooQgoooo
oo oooooo oo o ooooogoooo
OO0 ooooooo o oooooogoooo
OO0 ooooooo oo ooooogoooo
OO0 ooooooo o oooooogoooao
OO0 ooooooo oo ooooogoooao
OO0 ooooooo oo ooooogoooao
OO0 ooooooo o ooooooQgoooao
OO0 oooooooooooooogoooao
Ooo0ooooooooooooooogoooao
Oo0ooooooooooooooogoooao

OooooooQgodg

Oooo0oooQgdg

~
©
o

OoooooQgdg

OooooooQgodg

OooooooOodg

OooooooQgodg

OooooooOodg

Oooo0oooQgdg

OooooooQgodg

Oooo0ooooQgdg

JP 2007-181705 A 2007.

Oooo0oooQgodg
OooOooOooo= O
Oooo0oooQgodg
Oooo0oooQgdg
OooooooQgdg
OooooooOodg
Oooo0ooooQOodg
OooOoo0oooOodg
OoOoo0oooQgodg
OooooooQgodg
Ooooooogodg

OooOoooooOodg

(AN
©

OooOooooodgdg

10

20

30

40

50



e R ey [ s R s [y |

e e ey e ey sy [ |

e e ey e s [y |

e [ sy |

e [ ey e [ s [y [ |

e [ ey e e sy |

Ooooooooooooooao
Ooooooooooooooaogo
Ooooooooooooooao
Ooooooooooooooao
Ooooooooooooooaono
Ooooooooooooooao
Ooooooooooooooaogo
Ooooooooooooooaogo
Ooooooooooooooo
Ooooooooooooooao
Ooooooooooooooo
Ooooooooooooooao
Ooooooooooooooao
Ooooooooooooooao
Ooooooooooooooao
Ooooooooooooooao

OooooooogQgg
OooooooogoQgg

Oooooooooooooogooao
Oooooooooooooogooao
Ooooooooooooooogooao
Ooooooooooooooogooao
Ooooooooooooooogooao
Ooooooooooooooogogooao
Ooooooooooooooogooao
Ooooooooooooooogooao
Ooooooooooooooogooao
Ooooooooooooooogooao
Ooooooooooooooogogooao
Ooooooooooooooogogooao
Oooooooooooooogogooao
Ooooooooooooooogogooao
Ooooooooooooooogogooao
Ooooooooooooooogogooao
Ooooooooooooooogooao
Ooooooooooooooogogooao
Ooooooooooooooogogooao
Ooooooocoooooooogogooao
Ooooooocoooooooogogooao
Ooooooocoooooooogooao
Ooooooooooooooogogooao
Ooooooocoooooooogogooao
Ooooooocoooooooogogooao
Ooooooooooooooogogooao
Ooooooooooooooogogooao
Ooooooooooooooogooao
Ooooooooooooooogogooao
Ooooooooooooooogogooao
Ooooooooooooooogogooao
Ooooooooooooooogogooao
Ooooooooooooooogogooao
Ooooooooooooooogogogoao

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

S I R [ |

OooooooogoQgodg
OooooooogooQgodg
OooooooogooQgodg
OooooooogooQgodg
OooooooogooQodg
OooooooogQgdg
OooooooogooQodg
OooooooogoQodg
OooooooogogoQodg
OooooooogooQodg
OooooooogoQodg
OooooooogooQodg
OoooooooQgodg
OooooooogoQodg
OooooooogoQodg
OooooooogoQodg
OooooooogoQgdg
Oooooooogoodg
OoooooooQgodg

O 0Ooo0ooo

(10)

Oo0ooooooogoooooao

Oo0ooooooogoooooano

Oo0ooooooogoooooao

Oo0oooooooooooao

Oo0oooooooogoooooa.o

JP 2007-181705 A 2007.

Oo0ooooooogoooooao
Oo0ooooooogoooooao
Oo0oooooooooooao
Oo0ooooooogoooooao
Oo0oooooooogoooooao
Oo0oooooooogoooooao
OOo0ooooooogoooooao
Oo0ooooooogoooooao.o
Oo0oooooooooooao
Oo0ooooooooooooao
Oooooooooooooao

O

o

OooooooQgdg
O0Ooo0oo0ooao

OoooooogoQgdg
OooooooQgdg
Ooooooodgdg
OooooooQgdg
OooooooQdgdg
Ooooooodgdg
Ooooooodgdg
OooOoo0oooodgg

O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O

Oo0ooooooooooooao

OooooooQdgdg

O
O

O
O

.19

Oo0ooooooooooooao

OooOooooodgdg

10

20

30

40

50



e R ey [ s R s [y |

e e ey e ey sy [ |

e e ey e s [y |

e [ sy |

e [ ey e [ s [y [ |
OoOooooooo0oooooooooDoDoooooooooaono

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo

OOo0oooooooooDoooooooooodg

O
O
O

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo

OOoo0oood
OOoo0ooood
OOoo0ooood
OoOoo0oood
OOoo0oood
OOoo0ooood

O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao

O
O
O

OoooooooQogoQgQg
OoooooooQgoQgao
OooooooQgooQgQg
OooooooQogoQgao
Oooo0ooooQgooQgQg
OooooooQgooQgQg
OooooooQgooQgQd
Oooo0oooQogogoQd
Oooo0oooQgoQgQg
Oooo0oooQgoQgQd
Oooo0oooOooQgoQd
OooooooOoogoQd
OooooooOgoogod
OooooooOgoogoad
Oooo0oooOgooQgQd
Oooo0oooOogoQgo
Oooo0oooOooQgad
OooooooOoogoaQd
OooooooQgoQgad
OooooooOogoQgad
OooooooOgoogoQd
OooooooOoQgaQd

O 0Ooooo
O Ooooo
O 0Ooooo
O 0Ooooo
O 0Ooooo
O Ooooo

I [ |
I [y |
I [y |
I [ Iy |
I [ |
Iy |
I [ |
I [y |
I [y |
I [ |
I [ Iy |
I [y |
I [y |

O 0Ooo0ooao
O 0Ooo0ooao
O o0Ooo0ooao
O o0Ooo0ooao
O o0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooo
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooo
O 0Ooo0ooao
OoooOoox
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooo
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooOoao
O 0Ooo0ooao
O 0Ooo0ooOoao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooOoao

O 0Ooo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0ooOooao
OoooOooT ™o

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo
O 0ooo
O 0ooo
O 0ooo
O 0ooo
O 0ooo
O 0ooo
O 0ooo
O 0ooo

(11)

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo
O 0ooo
O 0ooo
O 0Ooo
O 0Oooo

O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao

JP 2007-181705 A 2007.

O
O

°c OO o g
O 0Ooo0ooOooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0ooOooao

O

Ooooooood
Ooooooood
Ooooooood
Ooooooood
Ooooooood
Ooooooood
Oooooood
Ooooooood
Ooooooood
Oooooood
Ooooooood
Oooooood

O
O
O
O
O
O
O
O
O
O
O

O
O

O
O

.19

10

20

30

40

50



e R ey [ s R s [y |

Oooooooo0ooDoooooooooog
OoooooooooDoooooooooog
Oooooooo0ooDoooooooooog
OoooooooooDoooooooooog
Oooooooo0ooDoooooooooog

OoooooooQgoao
Ooo0oooogooQgoo
Ooo0oooogoQgoo
Ooo0oooogoQgoo
Ooo0ooooQgoo
OooooooQgoo
OoooooogoQgoo
Ooo0ooooogoQgoo
Ooo0ooooogoQgoo
Ooo0oooogoQgoo
OoooooogooQgoo
Ooooooogoogoo
Ooooooogogoo
OoooooogoQgoo
Ooo0oooogoQgoo
Ooooooogoo
Ooo0ooooQgoo
OoooooogoQgoo
Ooo0ooooogoQgoao
OoooooogoQgoao
Ooooooogoogoo
Ooo0ooooogoogoo
OoooooogoQgoo
Ooo0oooooQgoo
OooooooQgoao
OoooooogoQgoo
Ooo0ooooogoao
OooooooQgoao
Oooooooogoao
OooooooQgoao
Ooooooogoo
Ooooooogoogoao
OooooooQgoao
OooooooQgoao

OooDooooo0ooooooo0DooDooooooooood

Oooooooo0oooooooDooDooooooooood

OooDooooo0oooooooDooDoooooooooodg

OooDooooo0oooooooooDo xooooooood

Oooooooo0oooooooDooDoooooooooodg

OOoo0oood
OOoo0ooood
OOoo0ooood
OoOoo0oood
OOoo0oood
OOoo0ooood
OOoo0oood
OOoo0oood
OOoo0ooood
OOoo0oood
OOoo0o0oood
OOoo0o0oood
OoOoo0o0oood
OoOoo0oood
OoOoo0oo0oood
O0Ooo0oo0oood
OoOoo0o0oood
OoOoo0o0oood
OoOoo0o0oood
O0Ooo0oo0oood
OOoo0o0oood
OoOoo0oo0oood
Oo0Ooo0oo0oood
Oo0Ooo0o0oood
OoOoo0o0oood
O0Ooo0o0oood
O0Ooo0o0oood
O0Ooo0oo0oood
O0Ooo0oo0oood
O0Ooo0o0oood
O0Ooo0o0oood
O0Ooo0o0oood
O0Ooo0Oo0oood
O0Ooo0Oo0oood

O
O
O
O
O
O

O
O
O
O
O
O

O 0Ooo0ooo

OooooooQgogoao
OooooooQogogoao
OooooooQgogoao
OooooooQgogoao
OooooooQgogoao
OooooooQgogoao
OooooooQgogoao
OooooooQgogoao
Oooo0oooQgogoao
Oooo0oooQgogoao
OooooooQoogoao
OooooooQgogoao

oo ooooooogodg
oo ooooooogodg
oo ooooooogodg
oo ooooooogodg
oo ooooooogodg
oo ooooooogodg
oo ooooooogodg
oo ooooooogodg
oo ooooooogodg
oo ooooooogodg
oo ooooooogodg
Ooooooooogodg
oo ooooooogodg
oo ooooooogodg
Ooooooooogodg
oo ooooooogodg
oo ooooooogodg
Oooooooooogodg
Oooooooooogodg
oo ooooooogodg
Oooooooooogodg
Oooooooooogodg
Oooooooooogodg
Oooooooooogodg
Oooooooooogodg
Oooooooooogodg
Oooooooooodg
Oooooooooodg
Ooooooooodg
Oooooooooogodg

O 0Oooo

1
o

O oOoo0ooo
O o0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao

ooooogoad
ooooooo
ooooooad

ooooooad
ooooooad
oobooobooobooboobao

coouooboooooooooooa,

(12)

ooooooooao
ooooooooao
ooooooooao

ooooooooao
ooooooooao

ooooooooao

Ooooooood
Oooooooodg
Oooooooodg
Ooooooood
Ooooooood
Ooooooood
Ooooooood
Ooooooood
OoOooooood
Ooooooood
Ooooooood
oo ooooQgoxE

O
O
O

O
O
O

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo

Ooooooood
Ooooooood
Ooooooood
Ooooooood
Ooooooood
Ooooooood
Ooooooood
Ooooooood
Ooooooood
Ooooooood

OooooooQgoao
OooooooQgoao
Oooo0oooQgoao
Oooo0oooQgoao

JP 2007-181705 A 2007.

.19

10

20

30

40

50



e R ey [ s R s [y |

e e ey e ey sy [ |

e e ey e s [y |
e vy e s e R [ A B
e ey e e ey A e e [ A B
[ R ey e [ ) ey e R e [ A B

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O o0ooo
O 0Oooo
O 0Oooo

O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O 0Ooo0oooao
O0Ooo0oooao
OOoo0oooao

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo

O 0Ooooo
O 0Ooo0ooo
O 0Ooooo
O Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo.o
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooOoo
O 0Ooo0ooOoo

O 0Ooo0ooo
O o0Ooo0ooao
O 0Ooo0ooo
O 0Ooo0ooao
O 0Ooo0ooao
O o0Ooo0ooao
O o0Ooo0ooao
O o0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooo
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooo
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao

OO0 ooooooQgoooo
OO0 ooooooQgoooo
OO0 ooooooQgooooo
oo oooooogogoooo
oo ooooooQgoooo
oo ooooooQgooooo
OO0 ooooooQgoooo
OO0 oooooogogoooo
Oo0oooooogoooao
oo oooooogogoooao
Oo0ooooooQgooooao
OO0 oooooogoooao
OO0 oooooogogoooao
Oo0ooooooQgooooao
Oo0oooooogogoooao
Oo0oooooogogoooao
Oooooooogogoooao
Oooooooogoooao
Oo0oooooogoooao

O 0Oooo
O 0Oooo
O 0o oo
O O0ooo
O Oooo
O 0o oo
O 0o oo
I [ [y
O 0o oo
I [ [y
O 0o oo
O 0o oo
O 0o oo
O 0o oo
O 0o oo
O 0o oOoo
O 0o oo
O 0o oOoo
O 0o oOoo
O 0o oo
O 0o ogoo
O 0o oOoo
O 0o oo
O 0o oOo o
O 0o oo
O 0o ogoo

O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0gooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooo
O 0Ooo0oogoo

(13)

O

O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo
O 0Oooo
O 0Oooo
O 0ooo

OoooocooogooooOoao

OoooocooogogoooOoao

JP 2007-181705 A 2007.

ugobobooboobodad

O O0ooo

Oooooooogogoooao

O 0Oooo

Oooooocooogooooao

O 0Oooo

Oooooooogogoooao

O 0Oooo

Oooooocooogooooao

O 0ooo

Ooooooooooooao

O
O
O
O
O
O
O
O

O 0Oooo

OoooooooooooOoao

O
O
O
O
O
O
O
O

O O0ooo

OoooooooogooooOoao

O 0ooo

OoooooooogooooOoao

O 0ooo

OooooooogooooOoao

O 0ooo

OooooooogooooOoao

O 0Oooo

OoooocooogooooOoao

O 0Oooo

OooooooogooooOoao

.19

O 0Oooo

OooooooogogoooOoao

10

20

30

40

50



O OooooooooooooDoDooooooDoooogogoQgogoaoQg
O Ooo0ooDoooooooDoooooooDoooogogoQgogoaoQg
OoOOoo0oooooo oo ooDooooooDoooogogoQgogoaoQg
O OooooDoooooDoooooooooDoooogogoQgogogoaoQg

P
E
0
A

.)ya\/Z

FIG. 1

Ooooooooooooooo0ooDoooogooooao
Ooooooooooooooo0oooooogooooao

O O
O

OoOoo0ooooaoo

OoOoo0oo0oooao

O OO
O OO

O0Ooo0oooao

O

O O

O OO

ugoodaoan
O

(14) JP 2007-181705 A 2007.7.19

oooooooooooooboboboboooboobooooao
oooooooooooooooooobbDboDbDOoao

ogooooan

ooogad

|
-
g

AT =H>

20
KT ree|
X

'/29

19

Inghds
26

Mk
HR
[l

ooooand

FIG. 2B

7 AR b

A1

10

20



(15) JP 2007-181705 A 2007.7.19

gobogooaon

G1)Int.CI. ad gobooooooon
oooo  2/4 (2006.01) oooo 2744 ooon ooooggd
gooo ooog  27/00 gooo gooood

(72000 0000000000000000
0000000000000000000000000000000000000000

(7000 0000000
00000000000000000000000000000000000000000

(7000 0000000000
0000000000000000000000000000000000000000

0000 (D0) 4C081 ABO3 ABO4 ABOS ACO3 BBOS BBO9 CF122 CF132 CF142 CF152

oooo 0o CF22 CG02 CGO3 CG04 CGO5 CGO8 DAOL DCO3 EAO4 EA06

oooo 0o EA12

0000 OO 4C097 AAO3 AAO5 AAO6 AAO7 AAL0 BBO1 CCO3 DDO6 DDO9 DD10

oooo 0o FFO4



(16) JP 2007-181705 A 2007.7.19

gooaoodadd

—m —m —m @ @ @ @ @ @ @ @ @ @ @ ™@ @ ™@ ™@ @A & & & & & /& /& /& /&, M/, /s o/, /e o/ /e o/ /e /e /e o/ /e e /e e e

O

1. Title of Invention

HIGH VELOCITY SPRAY TECHNIQUE FOR MEDICAL IMPLANT COMPONENTS

2. Detailed Explanation of the Invention
FIELD OF INVENTION

[0001] The present invention relates to technique for spraying
a desired material onto a component and, more particularly, to
such technique for spraying a desired material at a relatively

high velocity onto a medical implant type component.

BACKGROUND OF THE INVENTION

[0002] A material may be added to a component (such as a
medical implant component) by a number of different
techniques. One such technique is spraying. Spraying may be

performed by a number of different methods including thermal
spraying methods such as plasma spraying, high velocity oxygen
fuel (HVOF) spraying, and so forth. Generally, in performing
such thermal spraying methods, particles or powder of the
material to be sprayed may be injected into a gas (such as
helium, argon, nitrogen, hydrogen, or the like) and the gas

and material may be projected from a spray nozzle at a

relatively high velocity. Further, in thermal type spray
methods, a high temperature plasma or gas flame may be
utilized. Such flame temperature may be over 2000 degrees
Centigrade. Additionally, during such spraying methods,

particles of the material may be heated to a relatively high
temperature and the component itself may be pre-heated.

[0003] Thus, during a thermal spray process, particles of a
desired spray material may be sprayed at a relatively high
velocity toward the surface of the medical implant component.
Additionally, such particles may have a relatively high
temperature.

[0004] After the spraying operation 1is completed, the
medical implant component may be subjected to a post thermal

spray consolidation or heat treatment process, such as vacuum
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sintering, hot isostatic pressing, and so forth. Such heat
treatment or post thermal spray consolidation process may be
performed to improve the density of the coated medical implant
component.

[0005] As previously indicated, the above-mentioned thermal
spraying methods may be utilized to add a coating of a desired
material to a desired portion of a medical implant component.
A material that i1s commonly added to or coated onto a medical
implant component is titanium or a titanium alloy. Since
titanium may readily react or oxidize when exposed to oxygen
which may cause 1t to burn or result 1in a spontaneous
combustion or formation of undesirable Dbrittle phases,
titanium may be considered a reactive type material or metal.
Due to such reactive nature of titanium or an alloy thereof,
thermal spraying of such material is typically performed in a
closed chamber at relatively low pressure which may be close
to or at a vacuum. As 1s to be appreciated, the cost of such
chamber and of performing such spraying in a vacuum or near
vacuum conditions is relatively high.

[0006] Furthermore and as previously indicated, in thermal
spraying, particles of the material may be heated to a
relatively high temperature and the medical implant component
may be pre-heated and afterwards the component may be heat
treated. Such heating, along with the impacting of the
particles on the surface of the medical implant component at a
high velocity, may cause an alteration of the metallurgical
properties of the particles and/or the medical implant
component. Such alteration may adversely affect the desired
properties of the coated medical implant component. As an
example, heating of the particles and/or the medical implant
device during the spraying operation and/or during the heat
treatment operation may cause the grain size of the particles
cof the coating material and/or of the substrate of the medical

implant component to be significantly increased as compared to
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the grain size thereof prior to such heating. Such increased
grain growth may adversely affect material properties of the
coated medical implant component. For example, the increased
grain growth may lower the fatigue properties, lower the
ductility, and lower the toughness of the respective materials
of the coated medical implant component.

[0007] Accordingly, it would be advantageous to provide a
technique for enabling a desired material, such as a reactive
type material, an alloy thereof, or a composite containing a
reactive material or alloy, to be sprayed onto a surface of a
medical implant component so as to provide an acceptable
density wvalue which would not result in a substantial
reduction of properties such as grain size of the respective

material (s) and which would be cost efficient.
SUMMARY OF THE INVENTION

[0008] In accordance with an aspect of the present
invention, a method of providing a reactive material on at
least one portion of a surface of a substrate of a medical
implant component is provided. Such method may comprise the
steps of arranging the medical implant component in a holding
fixture in which the holding fixture is capable of holding the
medical implant component at atmospheric or substantially
atmospheric pressure, and spraying particles of the reactive
material at a predetermined high velocity toward the at least
one portion of the surface of the substrate of the medical
implant component so as to enable a layer of the reactive
material to accumulate on the at least one portion of the
surface of the medical implant component, wherein the spraying
step is performed at atmospheric or substantially atmospheric
pressure.

[0009] The spraying operation may be performed at atmospheric

or near atmospheric conditions, that is, atmospheric pressure
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and temperature. As such, present spraying operation may not
be performed in a wvacuum or a near vacuum condition.
Additionally, the ©predetermined high velocity may be at
subsonic, sonic, and/or supersonic level(s). As an example,
such high velocity may have a value of at least approximately
200 meters/second.

[0010] By use of the present method, the grain size
associated with the particles may be only slightly changed due
to the impact of the particles onto the surface of the medical
implant component. More specifically, the grain size of the
particles after impacting the outer surface of the medical
implant component may be within approximately 25% or less of
the grain size of the particles prior to impacting the outer
surface of the substrate of the medical implant component.
[0011] Furthermore, Dby wuse of the present method, the
reactive material may be provided on at least one portion of
the surface of the substrate of the medical implant component
with a relatively high density without the use of a post spray
thermal consolidation process. Such density may have a value
of approximately 99% or higher, in which the density is the
percentage of the amount of reactive material per unit volume.
[0012] In accordance with another aspect of the present
invention, a medical implant component is provided which may
comprise a substrate formed from a first material and having
an outer layer formed from a second material over at least a
portion thereof. The outer layer may have a density of
approximately 99% or higher, in which the density is equal to
the percentage of the amount of the second material per unit
volume and the outer layer has a thickness of at least
approximately 25 microns.

[0013] The medical implant component may be any cne of a
femoral knee component, a tibial tray, a patella button, a
femoral stem, a femoral head, an acetabular cup, a

glenoid/humeral component, or a spinal implant.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014] A more complete appreciation of the subject matter
of the present invention and the various advantages thereof
can be realized by reference to the following detailed
description in which reference is made to the accompanying
drawings wherein like reference numbers or characters refer to
similar elements.

[0015] Figure 1 is a diagram of a spray apparatus to which
reference will be made in explaining an embodiment of the
present invention; and

[0016] Figure 2 is a diagram of a medical implant component

in accordance with an embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0017] A technique for enabling a component, such as a
medical implant component, to be sprayed with a desired
material in accordance with an embodiment of the present
invention will now be described initially with reference to
system 10 illustrated in Figure 1. As shown therein, such
system may generally include a spray nozzle or gun 12, a

control device 18, and a holding fixture 22.

[0018] The spray gun 12 may include two inlets, a gas inlet
15 and a powder feed inlet 17. The gas inlet 15 may be
adapted to receive a gas from a gas supply 14 under relatively
high pressure. Such gas may be a low density gas such as
helium which may enable higher gas velocities as compared to
lower density gases. The powder feed inlet 17 may be adapted
to receive material to be sprayed in a powder or small
particle form from a powder supply 16 under relatively high
pressure. The spray gun 12 may include one or more internal
chambers for receiving the gas and the spray material and for
directing the spray material toward an outlet 19 from which

the powder or particles 28 may be supplied. Additionally, the
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chamber or chambers may be configured so as to accelerate the
material. As a result, the powder or particles 28 may be
supplied or propelled from the outlet 19 at a predetermined
relatively high velocity. Such predetermined velocity may
have a wvalue in the range Dbetween approximately 200
meters/second and up to but not over sonic velocity.
Alternatively, the predetermined velocity may be equal to
sonic velocity and/or may be over sonic velocity so as to be
at supersonic velocity. The actual predetermined velocity may
be determined based on the density and/or mass of the spray

material.

[0019] Instead of a single spray gun 12, the system may
have two or more spray guns each operable to spray a different
material. For example, one spray gun may be adapted to spray
a ceramic material and another spray gun may be adapted to
spray a metal material. As is to be appreciated, such
arrangement may include two or more powder supplies 16, and
may include two or more gas supplies 14. Alternatively,
instead of two or more separate spray guns, the present system
may have a single spray gun which is adapted to receive two or
more different materials and to propel the same therefrom. In
this arrangement, the spray gun may include separate inlets,
chambers, and outlet for each material. The use of such
arrangements may enable a homogeneous coating containing two

or more materials to be applied to the desired surface.

[0020] Accordingly, the spray material may be merely
propelled from the outlet 19 of the spray gun 12 without the
use of a high temperature flame or the like and/or without
being subjected to relatively high temperature. As a result,
the material which is supplied or propelled from the spray gun
12 may be at a relatively low temperature. That is, unlike in
a thermal type spray process wherein a high temperature flame
(which may be over 2000 degrees Centigrade) may be utilized

which may exit the spray gun and/or wherein the spray material
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may exit the spray gun at a relatively high temperature, the
material which may exit the spray gun 12 of the present system
10 is at a relatively low temperature, such as less than
approximately 150-200 degrees Fahrenheit. Further, the
temperature of the spray material from the time which it exits
the outlet 19 to just prior to impact may be less than the
melting point of the spray material. Furthermore, the spray
material may remain completely or substantially completely in
a solid state from the time of being sprayed to the time prior

to impact.

[0021] A component, such as a medical implant component 20,
may be positioned or held in place by the holding fixture 22.
The medical implant component 20 may be any one of a femoral
knee component, & tibial tray, a patella button, a femoral
stem, a femoral head, an acerabular cup, a glenoid/humeral
component, or a spinal implant. As is to be appreciated, the
medical implant component 20 may be generally arranged such
that the surface of the medical implant component to be
sprayed faces the spray gun 12. Such spray surface may be a
so-called bearing surface, that 1is, a surface operable to
engage or mate with a corresponding surface in another or
mating component or with a bone, cartilage and so forth of a
patient. Additionally, the holding fixture 22 may be
positioned within the system 10 such that the medical implant
component 20 (when held by the heolding fixture) is positioned
at a distance D from the spray gun 12. Such distance D may

have a value of approximately 1 to 4 inches.

[0022] One or both of the spray gun 12 and the holding
fixture 22 may be operable to move and/or rotate. For example,
the spray gun 12 may be operable to rotate about one or both
of the Y and 7 axes, and/or the holding fixture 22 with the
medical implant component 20 held therein may be operable to
rotate about one or more of the Y and Z axes as illustrated in

Figure 1. Additionally, the spray gun 12 and/or the holding
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fixture 22 (with the medical implant component 20 held
therein) may be operable to move in a direction along any one
or ones of the X-axis (i.e., toward or away from each other),

the Y-axis, and/or the Z-axis.

[0023] As a result of the above-described rotation and/or
movement, the stream of particles 28 may be moved relative to
the component 20. Accordingly, the spray gun 12 may be able
to spray particles 28 at the entire desired surface or portion

of the medical implant component 20 during a spray operation.

[0024] The gas utilized in the spraying process, and/or the
powder or particles 28 to be sprayed, and/or the medical
implant component 20 may be heated during the spray operation.
In this regard, heaters 25 may be arranged on or near the gas
supply 14 or the exit thereof so as to cause the gas to be
heated, heaters 24 may be arranged on or adjacent to the spray
gun 12 so as to cause the powder or particles 28 to be heated,
and heaters 26 may be arranged on or adjacent to the fixture
22 and/or the medical implant component 20 so as to cause such
component to be heated. Additionally, the particles 28 may be
electrically charged by use of a charging device 41. Such
charging device 41 may be located within the spray gun 12 and
may be adapted to impart an electrical charge to the particles

as they pass by.

[0025] The control device 18 may include a memory 32 and a
processor 33. The memory 32 may have stored therein a number
of programs or algorithms usable to operate the system 10.
Such programs or algorithms may be operating programs for
running the system 10 and/or may include look-up tables or the
like usable for generating control signals. The processor 33
may be operable to generate a control signal or signals and to
supply such signal(s) to the appropriate one or ones of the
devices within the system 10, as herein below more fully

described.
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[0026] The control device 18 may be coupled to an input 30.
Such input 30 may include a keyboard type unit and may also
include or may be coupled to a display 31. The input unit 31
may be operable to enable an operator to enter a desired
command and/or operational information. The control device 18
may be further coupled to a number of or all of the devices in
the system 10. Such connection(s) may be provided by a wire,
cable, data bus, or the 1like coupled between the control
device 18 and the device(s) of the system 10. Alternatively,

such connection(s) may be provided by a wireless means.

[0027] As previcusly indicated, the processor 33 of the
control device 18 may be operable to generate one or more
control signals and to supply the same to the appropriate one
or ones of the devices. More specifically, the control device
18 may be coupled to one or more of the spray gun 12, the gas
supply 14, the powder supply 16, the holding fixture 22, the
heater 24, the heater 25, and the heater 26; and may be
operable to generate and supply control signals thereto so as
to control the operation of the same. That is, in response to
an input or command from an operator by way of input 30, the
processor 33 of the control device 18 may generate an
appropriate control signal or signals and cause the same to be
supplied to the respective one or ones of the devices of the
system 10. For example, in response to an input command from
the operator to initiate a spray operation, the control device
18 may generate a gas supply signal and may supply the same to
the gas supply 14 so as to control the supply of gas
therefrom, and may generate a particle or powder supply signal
and may supply the same to the powder supply 16 so as to
control the supply of powder therefrom. Such control signals
may control the amount of particles 28 supplied from the spray
gun 12 and the velocity at which such particles are supplied
therefrom. Additionally, the control device 18 may generate

movement and/or rotational control signals and may supply the
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same to the appropriate one or ones of the spray gun 12 and/or
the holding fixture 22, Such movement and/or rotational
control signals may cause the spray gun 12 and/or the holding
fixture 22 (with the medical implant component 20) to be
moved/rotated accordingly during the spray operation.
Furthermore, if requested by the operator or if appropriate,
the control device 18 may generate heating control signals and
may supply the same to the appropriate one or ones of the
heaters 24, 25, and/or 26. Such heating control signals may
cause the heaters 24, 25, and/or 26 to be activated, set to a
desired temperature(s), and/or maintained thereat for a
predetermined or specified time interval. As a result
thereof, the particles 28 and/or the medical implant component
20 may be pre-heated to a desired temperature or temperatures.
Additionally, the processor 33 may be operable to receive a
feed back type signal or signals regarding the operation of
any one or ones of the devices and to use the information
therefrom to adjust the appropriate control signal(s). For
example, the processor 33 may receive a feed back type signal
indicating that the fixture 22 has been rotated too far about
the Z-axis. In response thereto, the processor 33 may adjust

the control signal for the fixture 22 accordingly.

[0028] The material to Dbe sprayed may be in powder-like
form or may have particles with less than a predetermined
size, such as less than approximately 100um. Such spray
material may be a reactive material, that is, a material which
may readily react or oxidize when exposed to oxygen. Examples
of such reactive material may include titanium (Ti), zirconium
(Zr), aluminium (Al), or an alloy thereof. Alternatively, the
spray material may be a composite material such as a so-called
cermet or ceramic metal composite type material having a
reactive material or an alloy thereof. Furthermore, the spray

material may be a mixture of any two or more types of
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materials, such as a mixture of any two or more of the

materials described herein.

[0029] Furthermore, the material to be sprayed may be same
material as that of the substrate of the medical implant
component 20. That is, and with reference to Figures 2a and
2b, the medical implant component 20 may include a part or
substrate portion 101 and a coating layer 102 formed on an
inside surface of the substrate portion. In such situation,
the material of the substrate 101 may be the same as the
material used for the coating layer 102. Alternatively, the
coating material may be different from the material of the
substrate portion 101. For example, the substrate portion may
be formed from any biocompatible metal or an alloy thereof
such as cobalt chromium (CoCr) or an alloy thereof, titanium
(Ti) or an alloy thereof, zirconium (Zr) or an alloy thereof,
tantalum (Ta) or an alloy thereof, niobium (Nb) or an alloy
thereof, or stainless steel; and the coating material may be a
ceramic type material or a so-called cermet or ceramic metal
composite type material. For instance, the ceramic type
material may be an oxide, carbide, nitride, or nitro-carbide
of any of the following elements: silicon (Si), titanium (Ti),
tantalum (Ta), tungsten (W), =zirconium (Zr), niobium (Nb),
chromium (Cry, and aluminium (Al); and the cermet type
material may be any of the previously mentioned materials and
Ti and its alloys, cobalt chrome and its alloys, Zr metal and
its alloys, stainless steel, and Ta and its alloys.
Furthermore, materials, such as silver (Ag) or silver oxide,
may be added to the metal or material for the substrate
portion or to the sprayed material so as to enhance certain

properties thereof such as anti-microbial properties.

[0030] Thus, the materials which may be used as the spray
material and/or the material for the substrate may be a metal
type material, a ceramic type material, a polymer and/or

filled polymer type material, and/or a cermet material. An
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example of a polymer may be a polyetheretherketone (PEEK) and
an example of a filled polymer type material may be a carbon
fiber reinforced polyetheretherketone (PEEK). Examples of the
other materials may include all biomaterials, including Ti and
alloys, CoCr alloys, stainless steel alloys, Ta and alloys, Nb
and alloys, zirconium and alloys (for metal type materials):;
alumina, zirconia, alumina-zirconia composites, silicon
carbide & nitride, chrome oxide & carbides, synthetic diamond,
and pyrolytic carbon (for ceramic type materials); and chrome
carbide—cobalt chrome, chrome oxide-cobalt chrome, zirconium-
zirconium carbide, titanium-titanium carbide, and stainless
steel-titanium carbide for metal-ceramic composites or
cermets. Accordingly, a metal material may be sprayed onto a
ceramic or metallic substrate, and a cermet material may be
sprayed onto a metallic substrate. However, the present
technique is not limited to these particular combinations of

materials.

[0031] Additionally, the temperature of the material may be
relatively low (e.g., 150-200 degrees Fahrenheit or less)
throughout most, if not all, of the spray operation. That 1is,
as previously indicated the temperature of the material
exiting the spray gun 12 may be approximately 150-200 degrees
Fahrenheit or less. Except for a possible brief temperature
spike that may occur at the time of impact of the material
onto the surface of the substrate, the temperature of the
material may not exceed the exit temperature. As a result of
such low temperatures, a so-called amorphous type material may
also be used. Such amorphous type material may be obtained by
cooling a material from a relatively high temperature fast
enough so as to prohibit or substantially prohibit the
formation of a lattice of crystals. The obtained phase of the
material may be maintained as long as the material 1is not

subjected to high temperatures.
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[0032] During operation, a component (such as the medical
implant component 20) may be properly arranged within the
fixture 22. The gas supply 14 and the powder supply 16 may be
supplied with the appropriate gas and material, respectively.
As an example, such gas may be helium and such material may be
titanium. By use of the input 30, the operator may input
commands or parameters pertaining to the spray operation.
Such commands or parameters may identify the desired portion
or portions of the component 20 to be sprayed, may indicate
the desired thickness of the coating layer, may indicate
whether or not the component, the powder, and/or the gas
should be heated, and/or may indicate when the operation
should commence. As a result of the inputted commands or
parameters, the processor 33 may generate the appropriate
control signal or signals and may cause the same to be
supplied to the appropriate one or ones of the devices within
the system 10. As an example, the processor 33 may generate
movement and/or rotation control signals and may cause the
same to be supplied to the fixture 22 and/or spray gun 12 to
enable the movement and/or rotation therecf so as to permit
the desired portion(s) of the component 20 to be sprayed with
the spray material. Alternatively, processor 33 may select
one or more program(s), algorithm(s), and/or look-up table(s)
pertaining to the desired movement(s) and/or rotation(s) of
the fixture 22 and/or spray gun 12 from among those previously
stored in the memory 32 and may utilized the same to control

the movement (s) and/or rotation(s) of the fixture and/or spray

gun.
[0033] After the commands have been inputted, the spray
operation may be initiated. The spray operation may cause the

spray material (titanium) to be propelled at a relatively high
velocity (such between approximately 200 meters/second and
sonic velocity) without being subjected to high temperatures.

As an example, the present spray gun may not produce a high
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temperature flame at the exit therecf, unlike in at least one
thermal type spraying process. Even 1if the gas, material,
and/or component are heated during the spray operation, the
associated temperatures may be relatively low. As such, the
present spraying process may be considered a cold temperature
spray process. Furthermore, and as is to be appreciated, the
present spray operation may not take place 1in a vacuum.
Instead, such spray operation may take place in air at

atmospheric pressure and/or temperature.

[0034] The spray operation may continue until the entire
desired portion(s) is coated with the desired thickness of
material. Such desired thickness may have a value of 25
microns or more. Afterwards, the spray operation may be
terminated and the component 20 removed from the fixture 22.
Since the temperatures during the spray operation are
relatively low, the temperature of the component 20 after the
spray operation 1is completed may be relatively low. For
example, such component temperature may be less than
approximately 150 to 200 degrees Fahrenheit. After removal,
the component 20 may be machined and/or polished to the

desired size or shape or surface roughness.

[0035] The present spray operation may be utilized to
provide a coating layer having a desired thickness (such as 25
microns or more) on the desired surface of the substrate of
the medical implant component 20. Alternatively, the present
spray operation may be utilized to provide a relatively thick
layer of the spray material on the desired surface of the
substrate of the medical implant component 20. The thickness
of such layer may be 1, 2, 3, 4, 5 millimeters or more. In

fact, there may be no limit as to the thickness of such layer.

[0036] Examples of several applications for the present
invention will now be described. It should be noted that

these applications are provided as examples and are not
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intended to 1limit the use of the present invention to any

specific situation.

[0037] For example, a metal type material (such as titanium
or an alloy therecf) may be sprayed ontc a substrate formed of
a ceramic type material. In one situation, an acetabular
ceramic insert may be sprayed with titanium or a titanium
alloy on an outer surface thereof so as to form an ongrowth
surface on a so-called monoblock acetabular cup. In another
situation, a ceramic insert may be sprayed with titanium or a
titanium alloy along with a salt (or other such material) on
an outer surface thereof after which the salt may be removed
so as to form a porous three dimensional ingrowth surface on a
monoblock acetabular cup. In yet another situation, a ceramic
insert may have its outer surface sprayed with titanium or an
alloy thereof and afterwards such surface may be machined so
as to Dbe couplable to a mating modular component for

attachment to a bone of a patient.

[0038] As another example, a ceramic, a cermet type
material or a composite type material that has at least a
predetermined amount of a metal material (such as
approximately 5% or more) may be sprayed onto a surface (suéh
surface may be an outside surface or an inner or concave type
surface) of a substrate formed of a metal type material.
Afterwards, such surface may be machined and/or polished so as

to form a so-called bearing surface.

[0039] Additionally, prior to spraying the material onto
the substrate a pre-spray process may be performed. For
example, prior to spraying a metal type material (e.qg.,
titanium or an alloy thereof) onto a substrate formed of a
ceramic type material, the surface to be sprayed may be
metalized. The metallization may be achieved by use of a

number of processes such as 1on implantation, plating,
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physical vapor deposition (PVD), or chemical vapor deposition
(CVD) .

[0040] Further, the spray material may be sprayed onto an
sacrificial expendable substrate. For example, the substrate
may be formed of a sacrificial material (e.g., salt, wax,
sugar, a polymer which may be soluble, a metal which may be
machined away or dissolved with acid, and so forth) which may
be removed after the spraying process is completed so as to
leave a component formed only or substantially only from the

spray material.

[0041] Furthermore, the spray material may be utilized to
encapsulate or isolate a material which is non-biocompatible.
As 1is to be appreciated, such situation may be beneficial in
order to encapsulate a part of a medical implant component

formed from a non-biocompatible material.

[0042] Additionally, as previously indicated, the present
invention may enable one or more materials to be added or
sprayed onto a substrate formed of a different material. With
regard to the different materials, the sprayed material or
materials may have a thermal coefficient of expansion which
may be different even substantially different from that of the
substrate material. For example, the difference between the
thermal ccefficient of expansion of the coating material (TCE.)
and the thermal coefficient of expansion of the substrate
material (TCE,) may be equal to or more than approximately 1.0

X 107® /C, (where C is degrees Centigrade).

[0043] Therefore, the present invention provides a spray
technique wherein particles having a relatively small size
(such as 1less than approximately 100pum) may be propelled at a
relatively low temperature by use of a high velocity gas (such
as helium) to speeds of approximately 200 meters/second or
higher onto a substrate of a component, such as a medical

implant component. Due to the high impact velocity of the
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particles onto the substrate, the particles may undergo a
deformation with the substrate and form a relatively strong
mechanical or metallurgical bond therewith. Depending on the
material of the particles and/or substrate, such deformation
may break up an oxide layer on the surface of the particles
and/or the substrate, forming what may be considered an
explosion weld. For example, 1if the particles and/or
substrate are a metal material or materials, then the
deformation may break up any oxide layer on the surface(s) of
the particles and/or the substrate.

[0044] Due to the relatively low temperature of the spray
material during the spraying operation and the relatively high
velocity at which the material is propelled, the present
technique enables reactive type materials (such as titanium or
an alloy thereof or a composite containing such material) to
be sprayed onto a medical implant component without having to
be performed in a vacuum. Instead, the present technique
enables such reactive type materials to be sprayed onto the
medical implant component in air at atmospheric conditions,
that is, at atmospheric pressure and temperature. As is to be
appreciated, performing the spraying operation in air at
atmospheric conditions may result in a lower operation cost as
compared to performing such spraying operation in a vacuum.
[0045] Further, by use of the present method, a reactive
type material may be sprayed or provided on a desired portion
of the surface of the substrate of the medical implant
component with a relatively high density and/or with a
relatively low porosity without the use of &a post spray
thermal consolidation or heat treating process. Such density
may have a value of approximately 99% or higher, in which the
density is the percentage of the amount of reactive material
per unit volume. The porosity may have a value of
approximately 1% or less, in which the porosity is 100 -

density. Such density and/or porosity values may be better
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than those obtained from other spray methods without a post
spray thermal consolidation or heat treating process. For
example, the porosity obtained with a HVOF or plasma spray
method without a post spray thermal consolidation process may
be between 3-5%. As 1is to be appreciated, by enabling a
coating to be provided with a high density and low porosity
without performing a post spray thermal consolidation process
may result in a cost savings.

[0046] Furthermore, by use of the present method, the
particles may not be subjected to relatively high temperatures
during the actual spray operation (with the exception of a
brief temperature spike which may occur upon impact‘ as
previously described). Additionally, since the present spray
technique provides a coating with very acceptable density and
poroéity values and/or other material properties without
performing a post spray thermal consolidation or heat treating
process, the component with the coating layer may not be
subjected to a heat treating process and, as such, may not be
subjected to the prolonged or long period of heat associated
therewith. As a result, the grain size associated with the
particles may be only slightly changed after the impact of the
particles onto the surface of the medical implant component.
More specifically, the grain size of the particles after
impacting the outer surface of the medical implant device may
be within approximately 25% or less of the grain size of the
particles prior to impacting the outer surface of the
substrate of the medical implant component. Additionally, the
grain may be refined and/or actually smaller in size after
impact.

[0047] As a result of the small grain size change of the
particles, the present spray technique may provide a coating
which has improved material properties as compared to that
obtained by HVOF or plasma type spray techniques with heat

treating. For example, the present spray technique may result
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in a coating layer having hicgher fatigue properties, higher
ductility, and/or higher toughness as compared to that
obtained by HVOF or plasma spray techniques along with a post

spray thermal consolidation or heat treating process.

[0048] The present spray technique may provide a number of
other advantages over other techniques. For example, the
present technique may reduce or eliminate thermal stress
between the substrate and the sprayed layer. Also, the
present technique may reduce or eliminate thermal effects on
the substrate. Further, the present spray process may be

faster than thermal type spray processes.

[0049] Although 1in the above description, helium was
described as the gas wused during the spray operation, the
present technique is not so limited. TInstead, other gases may
be used during the present spray operation. For example, in
addition to helium, gases such as argon, nitrogen, hydrogen,
or the like may be used. Furthermore, a mixture of any
combination of these gases, or a blend which contains one or

more of such gases may also be used.

[0050] Additionally, although in parts of the above
description the predetermined velocity at which the powder or
particles 28 may be supplied or propelled from the outlet 19
was indicated to have a value in the range between
approximately 200 meters/second and 3just less than sonic
velocity, the present invention is not so limited. That is,
the present invention may also be used at other predetermined
velocities. For example, the powder or particles 28 may be
supplied or propelled from the outlet 19 at velocities less
than 200 meters/second and/or at sonic velocity and/or at

supersonic velocities.

[0051] Further, although the present technique was
described has Dbeing performed without any post thermal

consolidation or heat treating, the present invention is not
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so limited. That is, 1f desired, a pcst thermal consolidation
or heat treating may be performed. For example, a so-called
hot isostatic pressing (HIPing) process or a so-called vacuum
sintering process may be performed after the spraying
operation. For more details on these and other heat treating
processes and other information, see application serial number
, filed January 5, 2006, entitled "METHOD FOR
FABRICATING A MEDICAL IMPLANT COMPONENT AND SUCH COMPONENT"

with inventors Daniel E. Lawrynowicz and Aiguo Wang, and
application serial number , filed January 5, 2006,
entitled "METHOD FOR FABRICATING A MEDICAL IMPLANT COMPONENT
AND SUCH COMPONENT" with inventors Daniel E. Lawrynowicz,

Aiguo Wang and Zongtao Zhang, both of which are hereby

incorporated by reference.

[0052] Furthermore, although the present technique was
described has being performed on a component such as a medical
implant component, the present invention is not so limited.
That 1is, the present spray technique may be usable on other
types of medical components. For example, the present spray
technigue may Dbe wusable with cardiovascular components.
Additionally, the present spray technique may be usable with

non-medical type components.

[0053] Although the invention herein has been described
with reference to ©particular embodiments, it is to Dbe
understood that these embodiments are merely illustrative of
the principles and applications of the present invention. It
is therefore to be understood that numerous modifications may
be made to the illustrative embodiments and that other
arrangements may be devised without departing from the spirit
and scope cf the present invention as defined by the appended

claims.
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1. Method of providing a reactive material on at least
one portion of a surface of a substrate of a medical implant
component, said method comprising the steps of:

arranging the medical implant component 1in a holding
fixture, said holding fixture capable of holding the medical
implant component at atmospheric or substantially atmospheric
pressure; and

spraying particles of the reactive material at a
predetermined high velocity toward the at least one portion of
the surface of the substrate of the medical implant component
so as to enable a layer of the reactive material to accumulate
on the at least one portion of the surface of the medical
implant component,

wherein the spraying step is performed at atmospheric or

substantially atmospheric pressure.

2. The method according to claim 1, wherein the
spraying step is performed in air at atmospheric or

substantially atmospheric conditions.

3. The method according to claim 1, wherein the
predetermined high wvelocity has a wvalue of at least

approximately 200 meters/second but less than sonic velocity.

4, The method according to claim 1, wherein the
reactive material is provided on the at least one portion of
the surface of the substrate of the medical implant component
with é relatively high density without the use of a post spray

thermal consolidation process.

5. The method according to claim 4, wherein the
reactive material provided on the at least one portion of the
surface of the substrate of the medical implant component has

a density value of approximately 99% or higher, in which the
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density is the percentage of the amount of reactive material

per unit volume.

6. The method according to <c¢laim 1, wherein the
particles have a grain size associated therewith, and wherein
the grain size of the particles after impacting the surface of
the substrate of the medical implant component 1is within
approximately 25% of the grain size of the particles prior to

impact.

7. The method according to c¢laim 1, wherein the
reactive material 1is a ceramic material or a ceramic metal

(cermet) composite material.

8. The method according to claim 7, wherein the ceramic
material is any one of an oxide, carbide, nitride, or nitro-
carbide of any of the following elements: silicon (8i),
titanium (Ti), tantalum (Ta), tungsten (W), zirconium (Zr),
niobium (Nb), chromium (Cr), or aluminium (Al); and wherein
the cermet composite material 1is formed from any (i) oxide,
carbide, nitride, or nitro-carbide of any of the following
elements: Si, Ti, Ta, W, Zr, Nb, Cr, or Al, and (ii) any of Ti
or an alloy thereof, cobalt chrome or an alloy therecf, Zr
metal or an alloy thereof, Ta or an alloy thereof, or

stainless steel.

9. The method according to «c¢laim 1, wherein the
substrate is formed from a biocompatible metal or an alloy

thereof.

10. The method according to claim 1, wherein the medical
implant component is any one of a femoral knee component, a

tibial tray, a patella button, a femoral stem, a femoral head,
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an acetabular cup, a glenoid/humeral component, or a spinal

implant.

11. Method of providing a desired material on at least
one portion of a surface of a substrate of a medical implant
component, said method comprising the steps of:

arranging the medical implant component in a holding
fixture, said holding fixture capable of holding the medical
implant component at atmospheric or substantially pressure;
and

spraying particles of the desired material at a
predetermined high velocity toward the at least one portion of
the surface of the substrate of the medical implant component
so as to enable a layer of the desired material to accumulate
on the at least one portion of the surface of the substrate of
the medical implant component,

wherein the spraying step is performed at atmospheric or
substantially atmospheric pressure, and

wherein the particles have a grain size associated
therewith, in which the grain size of the particles after
impacting the surface of the substrate of the medical implant
component is within approximately 25% of the grain size of the

particles prior to impact.

12. The method according to claim 11, wherein the
spraying step 1is performed in air at atmospheric or

substantially atmospheric conditions.

13. The method according to claim 11, wherein the
predetermined high velocity has a value of at least

approximately 200 meters/second but less than sonic velocity.

14. The method according to claim 11, wherein the

desired material is provided on the at least one portion of
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the surface of the substrate of the medical implant component
with a relatively high density without the use of a post spray

thermal consolidation process.

15. The method according to «claim 14, wherein the
desired material provided on the at least one portion of the
surface of the substrate of the medical implant component has
a density value of approximately 99% or higher, in which the
density is the percentage of the amount of desired material

per unit volume.

16. The method according to <c¢laim 11, wherein the
desired material 1is a ceramic material or a ceramic metal

(cermet) composite material.

17. The method according to <c¢laim 16, wherein the
ceramic material is any one of an oxide, carbide, nitride, or
nitro-carbide of any of the following elements: silicon (Si),
titanium (Ti), tantalum (Ta), tungsten (W), zirconium (Zr),
niobium (Nb), chromium (Cr), or aluminium (Al); and wherein
the cermet composite material is formed from any (i) oxide,
carbide, nitride, or nitro-carbide of any of the following
elements: Si, Ti, Ta, W, Zr, Nb, Cr, or Al, and (ii) any of Ti
or an alloy thereof, cobalt chrome or an alloy thereof, Zr
metal or an alloy thereof, Ta or an alloy thereof, or

stainless steel.

18. The method according to «claim 11, wherein the
substrate 1is formed from a biocompatible metal or an alloy

thereof.

19. The method according to claim 11, wherein the
medical implant component is any one of a femoral knee

component, a tibial tray, a patella button, a femoral stem, a



L T e T e T e T e T e T e T e R T e T e T e T e T e T e, T e T e, T e, O e T e, IO e, T e T e O e T e R e T e R e B = B e e T e T e T e T s T e T e T e B e B s R e

O

(40) JP 2007-181705 A 2007.7.19

femoral head, an acetabular cup, a glenoid/humeral component,

or a spinal implant.

20. Methed of providing a material on at least one
portion of a surface of a substrate of a medical implant
component, said method comprising the steps of:

arranging the medical implant device in a holding fixture
of a spray apparatus, said holding fixture capable of holding
the medical implant component at atmospheric or substantially
atmospheric pressure and temperature; and

spraying particles of titanium or a titanium alloy at a
velocity of at least approximately 200 meters/second toward
the surface of the substrate of the medical implant component
so as to impact the same and enable a layer of the titanium or
titanium alloy to accumulate to a desired thickness on the at
least one portion of the surface of the substrate of the
medical implant component, said particles having a grain size
associated therewith which changes only approximately 25% or
less after impacting the surface of the substrate of the
medical implant component;

wherein the spraying step is performed at atmospheric or
near atmospheric pressure, and

wherein said method enables the layer of titanium or
titanium alloy to be provided on the at least one portion of
the surface of the substrate of the medical implant component
with a density value of approximately 99% or higher, in which
the density is the percentage of the amount of reactive
material per unit volume, without performing a post spray

thermal consolidation process.

21. The method according to <claim 20, wherein the
medical implant component 1is any one of a femoral knee

component, a tibial tray, a patella button, a femoral stem, a
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femoral head, an acetabular cup, a glenoid/humeral component,

or a spinal implant.

22. A medical implant component comprising a substrate
formed from a first material and having an outer layer formed
from a seccnd material over at least a portion thereof, said
outer layer having a density of approximately 99% or higher in
which the density is equal to the percentage of the amount of
the second material per unit volume, and said outer layer

having a thickness of at least approximately 25 microns.

23. The medical implant component according to claim 22,

wherein the first material is the same as the second material.

24, 'The medical implant component according to claim 22,
wherein the first material 1is different from the second

material.

25. The medical implant component according to claim 24,
wherein the first material i1s a biocompatible metal or an

alloy thereof.

26. The medical implant component according to claim 25,
wherein the second material 1s a ceramic material or a ceramic

metal (cermet) composite material.

27. The medical implant component according to claim 26,
wherein the ceramic material is any one of an oxide, carbide,
nitride, or nitro-carbide of any of the following elements:
silicon (Si), titanium (Ti), tantalum (Ta), tungsten (W),
zirconium (Zr), niobium (Nb), chromium (Cr), or aluminium
(Al); and wherein the cermet composite material is formed from
any (i) oxide, carbide, nitride, or nitro-carbide of any of

the following elements: Si, Ti, Ta, W, Zr, Nb, Cr, or Al, and
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(ii) any of Ti or an alloy thereof, cobalt chrome or an alloy
thereof, Zr metal or an alloy thereof, Ta or an alloy thereof,

or stainless steel.

28. The medical implant component according to claim 22,
wherein the medical implant component is any one of a femoral
knee component, a tibial tray, a patella button, a femoral
stem, a femoral head, an acetabular cup, a glenoid/humeral

component, or a spinal implant.

29. The method according to claim 1, wherein the
predetermined high velocity has a value of approximately sonic

velocity.

30. The method according to claim 1, wherein the

predetermined high velocity is a supersonic velocity.

31. The method according to c¢laim 1, wherein the

substrate is formed from a ceramic material.

32. The method according to «claim 11, wherein the
predetermined high velocity has a value of approximately sonic

velocity.

33. The method aécording to claim 11, wherein the

predetermined high velocity is a supersonic velocity.

34. The method according to c¢laim 11, wherein the

substrate is formed from a ceramic material.

35. The method according to claim 20, wherein the

substrate is formed from a ceramic material.
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1l. Abstract

Method of providing a desired material on at least a
portion of a surface of a substrate of a component, such as a
medical implant component. The method may comprise the steps
of arranging the component in a holding fixture which is
capable of holding the component at atmospheric or
substantially atmospheric pressure, and spraying particles of
the desired material at a predetermined high velocity toward
the at least one portion of the surface of the substrate so as
to enable a layer of the material to be accumulated thereon.
The spraying may be performed at atmospheric or substantially
atmospheric pressure. The desired material may be a reactive
type material, such as titanium or an alloy thereof. The
method may enable a high density coating or layer of the
material to be provided without the use of a post spray

thermal consolidation process.
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