JP 2004-520108 A 2004.7.8

(19) BFEHFEF(P) GERE - N ()] (1) SR HBARES
$53%2004-520108
(P2004-520108A)
@3 AFEA FRIGETHSH (2004.7.8)
(51) Int.CL." Fl F—va—F (BE)
A61B 5/05 AB1B 5/05 B
A61B 5/0408 A61B 5/04 300M
AG1B 5/0478
SEWER KWK PESEERF (£ 131 B
@l) HEEE EE2002-553083 (P2002-553983) | (71) HEEA 503236544
(86) (22) HEEE SERLL3EI2R 146 (2001.12.14) Z4=—Fvr (AFX) Ara—R
85) BIFFSCIRINE  ERRISEGA 30H (2003. 6. 30) VAT K
(86) EEHERES PCT/CA2001/001788 Z—Tech (Canada) Inc
87) EREAMES  %02002/053028 .
(87) ERRAMA FRLL4ETALLE (2002.7. 11) HFXE LLEIA 4Yz45 F
(3l) BRIEEJESE  00/749, 613 AVAM Oy h A—=Z0— ALY
(32) ®5&H FERR125E128 28 (2000.12.28) —F 2 24—}k 310
(33) BAEEEBE  KE (S (74) fKIBA 100073184

#ELT @ E®R
(74 REE A 100090468
#EL EZE [

BREICHRS
64 [RAOEM] REBEZRERUBET2LDOUBESISHEERS Y E—F AERTVER
(57)00 00
0000000000000 0000000000000000000000000000
0000000000000 0000000000000000000000000000
0000000000000 0000000000000000000000000000
0000000000000 0000000000000000000000000000
0000000000000 0000O000000000000000000000000
0000000000000 0000000000000000000000000000
0000000000000 0000000000000000000000000000
0000000000000 0000O0000000000000000O000oooon
0oooo0ooooon

10



e R ey [ s R s [y |

e e e e B

e e [ e e e e e e e s s [y [ |

e e A s e e s e e ) e e e e A s ) e e e e s s [ |

Oooooooo0o0oooooo0 oo oDooo oo oo oDoooo0oooonDoDoooo0oooDooooQgog

Oooooooo0oooooooooDooooogooooao

Oooooooo0oooDooooogogooooao

O 0Ooo0ooO0ooOoao
O 0Ooo0oooao

OooooooooooooogogQgdg

(2)

JP

2004-520108

2004.7.8

10

20

30

40

50



e R ey [ s R s [y |

D W Y Y [ e e Y Y I Y O Y Y Y O

OOoDoDoDoooo0oooDoooogogogooooao
OO0 O0DoDoooddoooDoooggogooooao
Ooooooooooooooooooooaoo
OooDoooooooooooooooooaoo
OOoDoDooooo0ooDooooooooooao

O0Ooo0oooo

O oOoooo
O 0Ooooo
O 0OoOooog
O 0Ooo0ooOoao
O Ooo0ooo
O Ooooo

OO0 o0ooooooooDooogogooooood
OO0 0o ooogg0oooDoooggogoooood
OOo0oooooooooooooooooood
OO0 oooooooDooDoooooooooodg
OOo0oooooooooDoooooooooodg

O
OJ

O
O

OOoo0oooao
O Oo0ooogoao
O 0ooo
O 0Oooo
O Oooo
O Oooo
OO oo
O 0ooo
O 0Oooo
O 0Oooo
O Oooo

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 0Oo0Oo0ooaog

O0Oo0oo0oo0oao

O0Ooo0oooao

O0Ooo0oooo

O Ooo0oooao

O0OooO0oooaog

O0Oo0oo0oo0oao

O0Ooo0oo0ooao

O0Ooo0oooo

O0Ooo0oooo

O
O
O
O
O
O
O
O

O0OoO0ooogoaog

)

O
(]

O
O
O
O
O
O

O 0Oo0oo0oo0oao

O0Ooo0oo0ooao

O
O
O

O0Ooo0oooo

O0Ooo0oooo

O 0Oo0oooao

|

OoOoo0oo0odgano

O0Ooo0oo0ooao

O

JP

u o

2004-520108

gboogooboad

2004.7.8

ugooad

10

20

30

40

50



e R ey [ s R s [y |

OooooooovYoooNvMYIOOoOoD O ooooooooooDooooooDoooooooN~™YYOoOoooooo

Oo0ooooooo0oooDoooogogooooog
OO0 o0DoDoogg4UoDooDoooggUogoooooog
Oooooooooooooooooooo.o
OoooooooooDoooooooooog
OoooooooDooDoooooooooog

OOo0o0oDooo4o0oooooooDooDoDoooogooooodg

e e s e e e e ) s R |

Ooooooooooooogod
Ooooooooooooogodg
Ooooooooooooogodg

OoOoo0oooood
Oooooooogd
Ooooooogd

O Oooo
OO oo
O 0Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0Ooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0O oo
O 0Oooo
O Oooo
O Oooo

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 Ooogooo
O O0Oo0gogo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O Ooogooo
O O0Oogoog
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooooo
O Ooogoao
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O OooOooo
O Ooogoo
O O0OoOgoogog
O O0Ooo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooogooo
O O0Oo0gogo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooooo
O OooOgooo
O Oogoo
O 0Ooo0ooOoo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooogooo
O O0Oogoo

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

O
OJ
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O
O
O
O

O
O

O Ooogogoog
OO ogogog

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)

JP

2004-520108

O
O
O
O
O
O

O
O
O
O
O
O

O
O
O

O
O
O

O
O
O
O
O

2004.7.8

10

20

30

40

50



e R ey [ s R s [y |

e e e e Y Y Y O Y

Oo0ooooo0oUoooooo00 oo oDooo LoD oDoDoDoUooooDoDooogoggogogoao
e e A e e e s e e e s Y Y O Y

Oo0ooooooggogoQg
OO0 oooDoooggogodg
Oooooooooogogoao
OoooooooooQgogooQm

O
O
O
O
O
O
O
O

OoOooooocoo0oooooooo0o oo oDooo o ooDoDoooo0oooDoooogogooao
Oooooocoo0o0 oo oooo0o0 oo oDooo oD oo oDoDooo0ooDoDooogogooao
e e e e e e e s e [ Iy

OoOoo0ooood

O O

O OooOooo
O OoOgooo
O Ooo0ooOoo
O Ooo0ooo
O OooOooo
O Ooooo
O OooOgooo

O
O
O
O
O
O
O

O
OJ
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
(]

JP

O
O
O

2004-520108

OJ

O

O

O

O

goodaao

O

2004.7.8

ugooad

10

20

30

40

50



e R ey [ s R s [y |

Ooo0ooooooovYioOovMYiIOooooooooooooooDooooooooooooNv~ovYoooooaoao

e e [ ey e e s e e e s ) e I s s [ [ |

e e A s e e s e e e e s e e e s [ |

OoOoooooooo0 oo oooo oo oDooooo0oooDoooooooDoooooooooao
OoOoooooo0ooooooo oo oDoooo o0 oo oDoDooo0DooDoDooooooooao

Ooooooooooooogoooao

Ooooooood
Oooooooodg
Oooooooog

Oooooooo0ooDooooooooooogodg

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 0o oo
I [
O 0o oo
O 0Ooogoo
O Ooogo
O 0o oo
I Y [
O 0o o0oo
O 0o oo
O Ooogo
O Ooogoo
I [ [
O 0o 0o o
O 0o oOoo
O 0o oo
O Oooo
O O oo
I ) [
O 0o oOoo
O Ooogoo
O Oooo
O O oo
O O g o
O 0o oOoo
O 0o oo
O Ooogoo
I [ [y
I Y o [
O OO 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

Oooooooogogogoao

O
O
O
O
O
O

O Oooo
OO oo
O 0ooo
O Oooo
O Oooo
O Oooo
OO oo
O 0Ooo
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

OO0Oo0oooo
O0Ooo0oo0ooao
Oo0Ooo0oooao
OoOoo0oooao
OoOoo0oooo
O0Ooo0oooao
O0Ooo0oo0ooao
Oo0Ooo0oooao
OoOoo0oooao
OoOoo0oooao
O0Ooo0oooao
O0Oo0Ooo0ooao
O0Ooo0oooao
OoOoo0oooao
OoOoo0oooao
O0Ooo0oooao
OO0Oo0oo0ooo
O0Ooo0oooao
OoOoo0oooaoo
OoOoo0ooooo
OoOoo0oooo
OO0Oo0oooo

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

(6)

O

|

JP

2004-520108

O
O
O
O
O
O

O d
[ |
[ |
[ |
O d
O d

O
O
O
O
O
O

O d
0O O
[ |
O O
O O
O d

O0Ooo0oo0ooao
O
OJ

O0Ooo0Oooao
OoOoo0oooao

O
O
O
O
O
O

O

O
(]
O

O

O

O
O
O
O
O

O
(]
O
O
O

2004.7.8

O
O
O
O

10

20

30

40

50



e R ey [ s R s [y |

Ooo0ooooovooviOoooooooooooooooooovoooNv~oooooooooooooooaoo

e e ey e e e e s e e ) e s s [y [ |

e A s e e s e e e e e s e e s e s s [ |

Oooooooo0 o0 oo oooo0 oo oo oo0o o0 oo oDoO oo o0 ooonDoD oo o0oo0 oo ooooooDoDoooQgooQgao

e e [ ey e e s [y |

e e e e s ey e e e e e [ sy |

O oOooo
O 0Ooo
O 0Oooo
O oOooo
O oOooo
O oOooo
O Oooo
O 0Oooo
O o0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0ooo
O 0Oooo
O oOooo
O Oooo
O 0Ooo
O 0Oooo
O oOooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo

O
OJ
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O
O
O
O

O
O
O
O
O

OooooogQgogoao
OO0 oooogQgogao
Oooo0oooQgoao
OooooooQgogoao
OoooooQgoao
Oooooogoggogoao
OooooogQgogao

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

O Ooooo
O 0OoOooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo

OooooogogaoQg
Ooooooggogaog
OOoo0oooOgogoao
OooooooQgogoao
OoooooQgogoao
OoooooQgogoaoQg
Ooo0ooogoggogaog

O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O

OoOooooood

OoOooooood
Oooooooodg
Ooooooood
Ooooooodg
Ooooooogod
OoOooooood
Ooooooood

O 0Oooo

O 0Ooo0ooOoo
O Ooo0ooo
O Ooooo
O Ooogoo
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooooo
O OooOgooo
O Ooogoo
I Y Y
O O0Ooo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooogoo
O Oo0gogo
O 0Ooo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooogoo
O Oo0goao
O O0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O OooOooo
OJ

O
O
O
O
O
O
O
O
O

€]

O 0O oo
O 0Oooo
O 0Oooo
O Oooo
OO oo
O 0Ooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O 0Ooo
O 0Oooo
O Oooo
O Oooo
O Oooo

O
O
O
O
O
O
O
O

O
O
O
OJ
O
O

O Oooo

O Oooo

|

|

O o0Oood

]

O 0Oooo

O Oooo

JP

O
O

O

2004-520108

gboogooboad

OJ
O
O
O
O
OJ

O
O
O
O
O
O

OJ
O
O
O
O
OJ

O

O

2004.7.8

ugooad

O oOooo
O 0Oooo

O
O
O
O

O
O
O
O

10

20

30

40

50



e R ey [ s R s [y |

OooovoOvMNMYIOOODLODOoODOoOoOoOooODoODoooooDoooooDooooooDooooov~™NyYNYMYOooOooooao
e s e ey e ) e e s s s [ [ |

e e A e e e e s e e e e e s [ e s e s s [ |

Oooooocoo0o0ooOoooo0 oo oDooo o0 oo oDoO oo o0 oo oD oo o0 oo oooo0ooooDoooQgooQgao

O 0Oooo
O o0Oooo

I e e s [ s [ s [ [ |
e s e e e e e R s s [ [ |

O 0o ogogoog
Y Y
I [y |
Iy |
I [ |
O Ooogogoog
OO ogogog
I [y |
I [y |
I |
[ Y |
OO ogogog
O 0O o0oo0oo
I [y |
I |
O 0OooQgogoog
OO ogogoog
OO ogogog
I [y |
I |
[ I |
O Ooogogoog
Y Y |
I [y |
O
O

O oo oooog

O
O
O

O
O
O

O
O
O
O
O
O
O

OO0 ooooog

Ooooooooo

OooooooooQo

O
O

Ooooooog

O oo oooog

OO0 ogooooog

OoooOoooooo

OOoo0ooood
OOoo0ooood
O0Ooo0ooood
O0Ooo0ooood
O0Oo0Oo0oood
O0Ooo0o0oood
O Ooooo
O Ooooo
O Ooooo

(8)

O 0ood

]

O
O
O

JP

O

2004-520108

gboogooboad

2004.7.8

ugooad

10

20

30

40

50



e R ey [ s R s [y |

Ooov~ovYooooovwioOoooooooooooooogooogoao
OOo0ooDoooo0ooooooo4o0UoooDoDoooooooooogd
e A s e e e e e e [ |
OoooocoooooooooooDooooooooooogod
Ooooocoo0ooooooooooDooooooooooogod
Ooooooo0oDoooooo0ooooDoDoooooooooogdg

OO0 oD oooov~oNvMYooooogogN~™oooaog

OO0 0o oDooogoooooooggogoooo
OO0 0o oDooogQgUoooDoDooogog4gQgogoooao
Ooooooooooooooogoogogoooo
Oo0oooooo o0 oo ooogogogooooo
Oo0oDooooo4o0ooDooogogogoooo

OO0 ooooogog4gogooooaog
OO0 oDoDoogog4gogooooaog

O 0Ooo0ooao
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooog

O
OJ
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

Oooooooogogogooao
OO0 ooooogogooao

O 0Oooo
O Oooo
O Oooo
O Oooo
OO oo

O0Ooo0oo0oo0ooao
OoOoo0oo0oooao
OOoo0ooooaog
OOoooooaog
OO0Oo0ooooaog
O O0Oo0ooo
O Ooo0ooOoo
O Ooo0ooo
O Ooooo
O OoOooo
O O0Oo0ooOoo
O Ooo0ooo
O Ooo0ooo
O Ooooo
O OooOooo
O Oo0goo
O Ooo0ooo
O Ooooo
O Ooooo
O OooOooo
O OoOgooo
O Ooo0ooo
O Ooo0ooo
O Ooooo
O Ooooo
O OoOooo
O 0Ooo0ooo
O Ooo0ooo
O Ooooo
O Ooooo
O OoOooo

O0Ooo0Oo0oood
OOoo0ooood
OOoo0oooodg
O0Ooo0ooood
O0Oo0ooood
O 0Oo0ooOoao
O 0Ooo0ooo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooao
O Ooooo
O Ooooo
O Ooooo
O OoOooo
O 0Ooo0ooao
O Ooooo
O Ooooo
O Ooooo
O OoOgooo
O 0Ooo0ooOoao
O 0Ooooo
O Ooooo
O Ooooo
O OooOooo
O O0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O OooOooo

O 0ooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0ooo
O 0Oooo
O Oooo
O Oooo
O Oooo
OO oo
O 0Oooo
O Oooo
O Oooo
O Oooo

O
O
O
O
O
O
O
O
O
O
OJ
O
O
O
O

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

(9

[

JP

2004-520108

O 0Oooo
O
O
O
O
O

OJ
O
O
O
O
OJ

2004.7.8

10

20

30

40

50



e R ey [ s R s [y |

OoovOoOooooooovwooviovwiovMooovoooogov~ioooooooooooooogooaoaog
e e s e e e ) s e e [ ) [

OO0 o0Dooo4dgUoooooogogooao

I [ |
O Ooogogog
s Y
Iy |
I [y |
O 0Ooogooog

OO0 oDoo40dUoooDoooUdUooDoDooogoggogoooao
Ooooocoooooooooooooooogogoooao
OoooooooooooooooDooooogoooao
Ooooooo0oooooooo0ooDooooogogoooao

Oooooooggogog
OoDoooooggogog

Ooooocooooooooogogogoooao

Ooooocooooooooogooooao

Ooooooooooooogoooao

Ooooooogooooogdg

O 0OoOooo
O 0Oo0ooOoo
O 0Ooo0ooo
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
OJ

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 OoOooo
O Ooo0ooOoo
O Ooo0ooo
O Ooooo
O Ooooo
O OoOooo

O
O
O
O
O
O

O
O
O
O
O
O

O0Ooo0Oo0oood
OOoo0ooood
OOoo0oooodg
O0Ooo0ooood
O0Oo0ooood
O 0Oo0ooOoao
O 0Ooo0ooo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooao
O Ooooo
O Ooooo
O Ooooo
O OoOooo
O 0Ooo0ooao
O Ooooo
O Ooooo
O Ooooo
O OoOgooo
O 0Ooo0ooOoao
O 0Ooooo
O Ooooo
O Ooooo
O OooOooo
O O0Oo0ooOoo
O 0Ooo0ooo
O Ooooo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O
O
O
O

O 0ooo

O
O
O
O
O
O
O
O
O
O
OJ
O
O
O
O

O O0ooo

O O0ooo

O Oooo

O Ooogo

(10)

O
(]

O 0ooo

O O0ooo

O Oooo

O Oooo

O Oooo

|

O o0ood

O

O O0ooo

JP

O

2004-520108

gboogooboad

OJ
O
O
O
O
OJ

OJ
O
O
O
O
OJ

O

O

2004.7.8

ugooad

O Ooooo
O OooOooo

O
O
O
O

O
O
O
O

10

20

30

40

50



e R ey [ s R s [y |

Ooooooooov~Yooov~oN~MoooooN~oogoao

OO oN~™OOoOoN~™OoOogao
Oo0ooooooggogooQg
OO0 oooDoooggogodg
Oooooooooogoogoao
OoooooooogogogogoQg
OooooooogoggogooQg
Oo0ooooooggogooQg
OO0 oooDoooggogog
OoOooooood
Oooooooodg
Ooooooood
Ooooooogod
OOoooooogod
OoOooooood
Oooooooodg
Oooooooodg
Ooooooogod
Ooooooogod
OoOoooOooood
Ooooooood
Ooooooood
Oooooooogod
Ooooooogod
OO0 oooood
Oooooooodg
Ooooooood
Oooooooogodg
Ooooooogod
OOo0ooooogod
Ooooooood
Oooooooodg
Oooooooodg
Ooooooogod
OOoooooogod

O 0ooo

OO ooy oOoOoNv™Ooow
Oooooooggogooao
OO0 oDoDoooggogoao
Ooooooooogoooao
Ooooooooogooao
Ooooooogoogooao
Ooooooogoggogooao

O
O
O
O
O
O

OoooooooooDooooooooDoDooogogogoooao
Oo0o0ooooUogUoooDooDoUggUoooDoDooogogooao

Ooooocooooooooogoogoao

Ooooooood
Oooooooodg
Oooooooodg
Ooooooodg
O O0Oo0ooooao
OO0Oo0oo0oooao
OOoo0ooooao
OOoo0ooooao
OO0Ooo0ooooao
O O0Oo0ooooao
O 0Oo0ooo
O 0Ooo0ooo
O 0Ooogoo
O Ooogoo
O O0OoQgoaog
O 0Ooo0oo0oo
O 0Ooo0ooo
O 0Ooo0gooo
I [
O Ooogoog
O O0OoQgogog
O 0Ooo0ooo
O 0Ooooo
O 0Ooogooo
O Ooogoog
O O0OoQgogaog

OoooooooOoooooao
Oo0ooooooooooao
Oooooooogogogoao

O
O
O

O
O
O

O

OOooooogd

O
O
O
O
O
O

O
O
O
O
O
O

O
O
O
O
O
O

O Ooogo

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

OoOoo0ooooOod

O 0Oooo

OoooooQgodg

O 0Oooo

Ooooooogdg

O 0Oooo

Ooooooogdg

O Oooo

OOooooogdg

O Ooogoo

OO0Ooo0oo0oo0ooao
OOoo0oo0oooao
OOoo0ooooao
OO0Ooo0ooooao
O Oo0ooooao
O O0Oo0oo0oo0ooao
OOoo0oo0oooao
OOoo0ooooao
OOoo0ooooao
O Ooo0ooooao
O O0Oo0OooOoooao

O 0Oooo

O

(11)

[

]

O
O
O
O

O

JP

2004-520108

OJ

O

O
O
O
O
O
O
O
O
O
O
O

O 0Ooo0gooo
O 0Ooo0ooo
O 0Ooogooo
O Ooogoog
O O0Oogogaog
O 0Ooo0ooao
O 0Ooo0ooo
O 0Ooogoo
O Ooogoo
I Y [ Y

O

O

O

goodaao

O

O
O
O
O
O
O

O
O
O
O
O

O
O
O
O
O

2004.7.8

O 0Oooo

uond

O

O Oooo

O

O Oooo

O

O Oooo

10

20

30

40

50



e R ey [ s R s [y |

OO0 o0oo0ooooDo0oooDooDoDoovoNv~iOooooNvoooDoDoooooD oo oooDooooooooooo

[ s e e e e ) ey e s s e I
e s e s e e s e e ey e e e s s e Y o

Oooooooooooooogooooao
Oooooooooooooogooooao
OooDooooooooooogooooao

OOo0ooooodg
OO0 ooooodg
Ooooooood
Oooooooodg
Oooooooog
Ooooooodg

Oo0oooooooooooooooooooao
OOo0oooooooooooooogooooao
OOo0oooooooooDoooooooooao
OOo0oooooooooDoooogogogooooao

O 0Oo0ooooao
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OoOoo0ooooao
OOoo0ooooao
O Ooo0ooooao
O Ooo0ooOoo
O 0Ooo0ooOoo
O Ooooo
O Ooooo
O OoOgoo
O O0Ooo0ooo
O Ooo0ooOoo
O Ooo0ooo
O OooOooo
O OooOooo
O O o0goaog
O Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O OoOgoao
O Ooo0ooOono
O Ooo0ooo
O Ooooo
O Ooooo
O Oogoo
O Ooo0ooo
O Ooo0ooo
O Ooooo
O Ooooo
O O0OoOgoo

Ooooooo4oooooooggdg

O

OO oo
O 0ooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0Ooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0O oo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0O oo
O 0ooo
O Oooo
O Oooo
O Oooo
OO oo

O O0Oo0ooooao
OoOoo0oo0oo0ooao
OoOoo0ooooao
OoOoo0ooooao
OOoo0ooooao
O Ooo0ooooao
OO0Ooo0oo0oo0ooaoo
OoOoo0oo0oo0ooao
OoOoooooaoo
OOoooooao
O Ooo0ooooao
OO0Oo0oo0oo0ooaoo
OoOoo0oo0oo0ooao
OoOoo0ooooaoo
OOoo0ooooao
O Ooo0ooooao
O O0Oo0ooooao
OoOoo0oo0oo0ooao
OoOoooooao
OoOoo0ooooaoo
OOoooooao
O Oo0oooogoao
OOoo0oo0oo0ooao

O 0Ooogo

O
O
O
O
O
O

O 0Oooo

O 0Oooo

O
O
O
O

O Oooo

O Oooo

O Oooo

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

O
O
O

O
O
O

(12)

O

JP

2004-520108

O 0ooo
O
O
O
(]

O 0Ooo0oooo
O 0OooQgoooo
O Ooogooo
OO ogogooao
O 0Oo0ooOooao
O 0OooO0oooo
O 0OooQoooo
O Ooogooo
O Ooogooao

O
O
O
O
O
O

O
O
O
O
O

2004.7.8

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

OoooooooooDoooooooooog

Oooooooo0oooooooDooDooooooooood

OOooooooooooooooDooDoooooooooodg

Oo0oooooooooog
Oo0ooooogogooooodg

O 0Oooo
O 0Oooo

OOo0ooDooooooooooooooDooooogooooodg

O
O
O

O
O
O

OO oo
O 0ooo
O Oooo

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

(13)

O

O
O
O
O

O
OJ
O

JP

O

2004-520108

gboogooboad

O
O
O
O
O
O

O
O
O
O
O
O

O

O

2004.7.8

ugooad

O
O
O
O

(]
O
O
O

O
O
O
O

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

(14)

OoOoo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
Ooo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
OoOoo0oood
OoOoo0ooood
OO0oOo0oooogod
O0Ooo0Oo0oood
Ooo0Ooo0o0oood
Oo0o0o0ooood
OOoo0ooood
OO0O0Oo0oooogod
OO0Oo0oooogod
O0Ooo0o0oood
Oo0oo0ooood
OoOoo0ooood
OoOoo0oooogod
OO0Oo0oooogod
O0Ooo0o0oood
Oo0oo0oood
OoOoo0ooood
OoOoo0ooood
OO0Oo0oooogd
O0Ooo0Oo0oood
OoOoo0ooood
OoOoo0ooood
OOoo0ooood

O Ooo0oooo
O Oooooao
O Oo0oooao
O 0Oo0ooO0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oooao
O Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O O0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O 0Oo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O Oo0oooo
O 0Ooo0oo0oo0oao
O 0Ooo0ooOooao
O Ooo0oooo

OooooooooooooogoQgogoaoQg
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
OJ
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ

oooooooooocooooooooao
gboooboobobogoboobobo
gboooboobobooboobooobdd
oooooooobooocooooooooao
goooboobobogoboobobno
ugboogbooboboobdooboobdd
ooooooobooooooooooao
gbooobooboobooboobobad
oooooooooocooooooooao
gboooboobobogoboobobo
gboooboooodgan
oooooooooboooooooao
obooobooboobooboobao

u

ooooooooao

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ

OoOoo0ooooo04ooooooUoo oo oDoooo U UoooDoDoDoUU Do oo oooDoDooogoggogoooao
O
O
O
O
O
O
O
O

e A e e ey e s e ) e e s e e s Y Y I Y
Ooooooooo0 oo oooo o0 oo oDooo o0 oo oDoooo0 oo oDoooo0oooDooooogooOoooao

Oooooooo0oooooo oo oooo o ooDoooogQgQg

oooooooobooocooooooooao
goooboobobogoboobobno
ugboogbooboboobdooboobdd
ooooooobooooooooooao
gboooboobooboobooan
oooooooooocooooooooao
gbooobooboobooboooboodnob
gboooboobobooboobooobdd
oco(@o)yooOooooboooooao

(bOboooooooooobboboboogoooo)o
ugbooboboobooboobooobooboadnb
goooooobooOooocoooooooboDboooo

O
O
O
O

O
O
O
O

oo ooooooodg
oo o oooooogodg
oo o0 oooooogg
OO0 o oooooogodg
OO0 o oooooogdg
oo ooooooodg
oo o oooooogog
oo o0 oooooogodg
O oo ooo x oogdg

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

O
O
O
O

2004-520108

O Ooogogoog
O O ogogog
I [ |
I [y |
I s [ |
O OoogogooQg
OO ogogog

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

OO0 o oooooogodg
oo ooooooodg
oo o oooooogog
oo o0 oooooogdg
OO0 o0 oooooogodg
OO0 o oooooogodg

OJ
O
O
O
O
OJ

O
O
O
O
O

2004.7.8

O Ooo0oooao

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

Ooooocooooooooogooooao

O Ooooo
O Ooooo
O 0OoOooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoo
O 0Ooo0ooao
O 0Ooooo
O oOoooo
O Ooooo

OoOooooooo0oooooooDooDoDooooooDoooogoQgogoaoQg

OooooogoQgoao
OooooogQgoao
OO0 ooooggogao
Oooo0oooQgoao
OooooooQgoo
OooooogoQgoao
OooooogogQgogoao
Ooooooggogao
Oooooooogoao
OooooooQgoao
OoooooogoQgoao
OooooogogQgoao
Ooooooggogao
OooOoooooogoOoao
Oooo0oooQgoao
OooooooQgoao
OooooogogQgoao
Ooooooggogoao
OO0 oooogQgogaog
OooooooQgoao
OooooooQgoao
OooooogoQgoao
OooooogQgogoao
OO0 ooooggogao
OooooooQgoao
OooooooQgoo
OooooogoQgoao
OooooogogQgogoao
Ooooooggogao
Oooo0oooogoao
OooooooQgoao
OooooooQgoao
OooooogogQgoao
Ooooooggogao

O 0Ooogooog
[ Y |
OO ogogog
I [y |
I [y |
[ |
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ |
[ Y |
OO ogogog
I [y
I [ |
I [ |
O 0OoogogooQg
O Ooogogoog
OO ogogog
I [ |

O
O
O

OooooogoQgoao
OooooogQgoao
OO0 ooooggogao
Oooo0oooQgoao
OooooooQgoo
OooooogoQgoao
OooooogogQgogoao
Ooooooggogao
Oooooooogoao
OooooooQgoao
OoooooogoQgoao
OooooogogQgoao
Ooooooggogao
OooOoooooogoOoao
Oooo0oooQgoao

O 0Ooogooog
[ Y |
OO ogogog
I [y |
I [y |

Oooooooogogogogoao
Oooooooogogoao
OO0 ooooogogoao
Ooooooooogoogooo
Ooooooooogoogogoo
Oooooooogogogogoao
Oooooooogogoao
Ooooooogogoao
OoooooooogooOooOoo
Ooooooooogogogoao
Oooooooogogogoao
Oooooooogogogoao
Ooooooogogoao
OoOoooooooOoogooOoao
Ooooooooogogogogoao
Oooooooogogooao
Oooooooogogogoao
Oooooooogogoao
OO0 ooDooogogogao
Ooooooooogogooao
Ooooooooogogooo
Oooooooogogooao
Oooooooogogoao
OOoDooooogogoao
Ooooooooogoogooao
Oooooooogogooo
Oooooooogogogoao
Oooooooogogooao
OoooDooogogooao
Ooooooooogoogooao
Ooooooooogoogooao
Oooooooogogogooao
Oooooooogogogoao

O 0Oooo
O Oooo
O Oooo
O 0Ooo
O O0ooo
O 0Oooo
O 0Oooo
OO oo
O 0o o
O 0Oooo
O O0ooo
O 0Oooo
O Oooo
OO oo
O 0Oooo
O 0Oooo
O oOooo
O 0o o X

(15)

Oooooooogod
Oooooooogd
OOoooooogd
OOo0Dooooogd
OoOooooood
Oooooooogod
Oooooooogod
OOoooooogd
O0oooooogd
Ooooooood
Oooooooogod
Oooooooogod
Ooooooogd
OOoooooogd
OoOooooood
Oooooooogod
Oooooooogod
Ooooooogd
OOoooooogd

O 0Ooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O 0Ooo
O 0Oooo
O Oooo
O Oooo
O Oooo

JP

O
O

2004-520108

O
O
O
O
O
O

O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo

O
O

2004.7.8

OO0 oooooogogdg

10

20

30

40

50



e R ey [ s R s [y |

I e e Y B R Y Y Y Y
R s ey e s e ) e e e e e s s B
e e e e e e ) e e e e e s s e O B o

OOo0oooooooooooooooooooodg
Oo0oooooooooooooooooooogodg

OoooooogogoaoQg
OooooogogoQg
Oooooogogdg
Ooooooooogoad
OooooooQogoQgQd
OoooooogogoaoQg
OooooogogoaoQg
Oooooogogodg
OoOooooooogoad
Oooo0oooOgooQgaQg
OoooooogogooQg
OooooogogaoQg
Oooooogogodg
OoOooooooOoand
OooooooQgoQgad
OooooooQgogoQg
OooooogogaoQg
Oooooogogog
OO0 ooooogogdg
OooooooOogao
OooooooQgoQgaog
OooooogoQgaoQg
OooooogogaoQg
Oooooogogodg
Oooooooogoogod
OoooooooQgoQgQd
OooooogogaoQg
OooooogogaoQg
Oooooogogog
Oooo0ooooogogoad
OooooooQogoQgQd
OoooooogogoaoQg
OooooogogoaoQg
OOooooogogdg

OoooooooooooooooooooogogoooOoao
Oooooooo0 oo oooooooDooooogooooao

OoOoo0ooood
B
OoOoo0oooogod
OooOoo0ooood
OooOoo0oood
Oo0ooood
OoOoo0oooogod
OoOoo0oooogod
Ooo0Ooo0ooood
OooOoo0oood
OoOoo0ooood
OoOoo0ooood
OoOoo0oooogod
Ooo0Ooo0Oooood
OooOoo0oood
Ooo0oood
OoOoo0ooood
OoOoo0oooogod
Oo0oo0oooogod

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 Oooo
O Oooo
OO oo
O 0ooo

OOoo0ooooaog
OOoo0ooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooaog
OOoooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooao
OOoooooaog
OO0Ooo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0oo0oooao
OoOoo0ooooao
OOoo0ooooog
OOoo0ooooaog
OO0Oo0ooooaog
OoOoo0oo0oooao
OoOoo0ooooao
OOoooooaogo
OOoooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooog
OOoo0ooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooao
OOoooooog
OOoo0ooooaog

O Oooo

O0Ooo0oooo
OOoo0oooao
O 0Oo0oooaog
O0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O 0Oo0oooao
O 0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao

O Ooogoo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O
O
O
O

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

O OoOgoo
O O0Ooo0ooo
O Ooo0ooOono
O Ooo0ooo
O OooOooo
O OooOooo
O O o0goaog
O Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O O oOgooao
O Ooo0oono
O Ooo0ooo
O Ooooo
O Ooooo
O Oogoo
O Ooo0ooo
O Ooo0ooOoo
O Ooooo
O OooOooo
O O0OoOgoo

(16)

O

|

|

O 0Ooo0oo0oo0oao
O0Ooo0oooao

JP

O

2004-520108

O
O
O
O
O
O

O
O
O
O
O
O

OJ
O
O
O
O
O

O
(]
O
O
O

O
O
O
O
O

2004.7.8

10

20

30

40

50



e R ey [ s R s [y |

OoooovwovMYioooooovwYIOOoOOoODOooooDoooooDooooooDoooooooogYNYoNMyYooao
e e e ey e e e e s s s [y [ |

e e A s e e s e e e e e e e s s [ |

Oooo0oooOoogoad
OooooooQogoQgoaQg

OOoo0oooao
O Oooooao
O Oo0oooao
O0Ooo0oo0oo0oao
O0Ooo0oooao
OOoo0oooao
O Ooo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao
OOoo0oooao
OOoo0oooao
O Ooo0oooao
O OooOoooao
O 0Oo0oo0oo0oao
O0Ooo0oo0oo0oao
OOoo0oooao
OOoo0oooao
O OooOoooao
O OoO0oooao
O0Ooo0oo0oo0oao
OOoo0oooao
OOoo0oooaoo
OOooooaoo

oo ooooooo o oo ooo o oo ooooogoogooao
OO0 o0ooOoDoooOo0 oo oDooo oo oo oooogogooo

s [y |
[ Y |
s Y
Iy |
I [y |

OooooooQgoao
OooooooQgoao
OooooogQgdg

O
O

OO0 oooooogoQgoooo
OO0 oooooogoggQgoooo
OO0 oo oDooogoggQgoooao
Oo0ooooooogogoooao
oo oooooogogoooo
oo ooooooQgoooo
OO0 oo oooogogQgoooo
OO0 oo oDooggQgogoooao
Oo0ooooooogoooao

O0Ooo0oooo
OOoo0oooao
O 0Oo0oooaog
O0Oo0oo0ooao

Oooooogogdg
O0Oo0Oooo
O0Ooo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Oo0oooao
O0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O 0Oooooaog
O0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
OOoo0oooao
O0Ooo0oooao

O Ooo0ooOoo
O Ooooo
O Ooooo
O OoOgoo
O Ooo0ooo
O Ooo0oono
O Ooooo
O Ooooo
O OoOgoo
O O0Ooo0ooo
O Ooo0ooOono
O Ooo0ooo
O OooOooo
O OooOooo
O O o0goaog
O Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O O oOgooao
O Ooo0oono
O Ooo0ooo
O Ooooo
O Ooooo
O Oogoo
O Ooo0ooo
O Ooo0ooOoo
O Ooooo
O OooOooo
O O0OoOgoo

O
O

Oooooooooooao

OoooooogoQooooao

Ooooooogogogogoooao

OO0 ooooggoooao

an

OooooooooOooOoooOoao

Oooooooogogoooao

OoooooooQooooao

OoooooogogoQgoooao

Oooooooggoooao

OoooooooogooogDo

OJ
O
O
O
O

OoooooooogooooOoao

OoooooooQooooao

JP

OoooooogoQogoooao

OoooooogQgoooao

2004-520108

OO0 ooooog4Qgoooao
OooooocooogooooOoao
Oooooooooooao
Ooooooogogogoooao
OoooooogogQgoooao
OO0 ooooog4Qgoooao

OJ
O
O
O
O
O

OooooooogoOoooOoao

2004.7.8

Ooooocooogooooao

OoooooogooQooooao

Ooooooogogogogoooao

OO0 oooogQgoooao

10

20

30

40

50



e R ey [ s R s [y |

MY OO OoODOoooooDooooooooooooogoag
Oo0oooooo0oooDoooo4ooooDoooogogogooao

Do oooooov~oov~MoOoooooooogooooogoaog

Oooooooogoogooao
OO0 ooDooogogooao

O0Ooo0oo0oo0oao
OOoo0oooao
O Ooooo
O Ooooo
O OoOgooo
O Ooo0ooOoo
O Ooo0ooOoo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooo
O Ooo0ooOoo
O Ooo0ooo
O Ooooo
O OoOooo
O O0Oo0ooOoo
O Ooo0ooo
O Ooo0ooo
O Ooooo
O Ooooo
O OoOgooo
O Ooo0ooo
O Ooooo
O Ooooo
O OooOooo
O OoOgooo
O Ooo0ooo
O Ooo0ooo
O OooOooo
O Ooooo
O OoOooo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooooo

OoooooogoQgogoooao

]
O
O
O
O
O
O
O
O

OO0 ooooodg
Ooooooood
Oooooooodg
Oooooooog
Ooooooodg
OO0 ooooodg
Oooooood
Ooooooood
Oooooooodg
Ooooooodg
OOoooooogodg
Ooooooood
Ooooooood
Oooooooodg
Ooooooodg
OOo0oooood
OoOooOoooood
Ooooooood
Oooooooodg
Oooooooog
OOooooood
OO0 oooood
Ooooooood
Oooooooodg
Ooooooodg
Ooooooodg
OO0 oooood
Ooooooood
Oooooooodg
Oooooooodg
Ooooooodg
OO0 ooooodg
Ooooooood
Oooooooodg
Oooooooodg

O
O
O

O
O
O
O
O
O
O
O
O

Oo0oDoooUUoooDoDooUooUdUooDooogogogoao
Oooooooooooooooooooooogoooao

O 0Ooo0ooOoao
O oOoooo
O 0Ooooo
O 0Ooooo
O 0OoOooo
O 0Oo0ooOoao
O oOoooo
O Ooooo
O Ooooo
O 0OooOooog
O 0Oo0ooo
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoao

Ooooooooooooooo0ooooooogoooao

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

Ooooooooogoogoao
Oooooooogogogogoao
OO0 oooooogogogaog
OooooooooogoOoao
Oooooooooogoao
Ooooooooogoogoao

O 0OooQgoooo
O OooQgooo
O O0OoQgogoao
O 0OooO0oo0ooao
O 0oo0goooo
O 0OooQoooo

2004-520108 A 2004.7.8

~
[EnN
(o]
~
(o=}
o

Ooooooodg
OO0 oooood

O O
O g
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 0Oooo
O 0Oooo
O Oooo
O Oooo
OO oo
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
OO oo
O 0Oooo
(]
O
O
O

O Ooooo
O OoOooo

ooooooooocoooooooooboooboooooooao
oooooooboocoOoOog(@uuooooooooo)ybooo
ocoooooooOoOooooOooooopboogo@@oooo
yoooooooooooooooboooooooooooDoao
gboobooogoboobooboobobobooboobaodnb
gbooboobogogbooboobouoboooobooboaadnb
goooooobooocoooouoooooboobooooooooao
gbooboooogoboobooboobooobooboobaodnb
ooooooooocoooooooooboooboooooooao
goboobooboogbooobooboobobobooboobonb
gbooooad
gboobooogoboobooboobobobooboobaodnb
gbooboobogogbooboobouoboooobooboaadnb
goooooobooocoooouoooooboobooooooooao
gbooboooogoboobooboobooobooboobaodnb
ooooooooocoooooooooboooboooooooao
gobooboooobogoboao
ooooooooocoooooooooboooooooooao
goboobooboooboooboooboooboonb
ugboobooouoboobooobooaobad
goooooboooooooao

10

20

30

40

50



e R ey [ s R s [y |

OoooovovYiooooNvMOoooooooooooooooooovw oMY iooooNv~ooooooy oY

e e e e e ey e e e e e e s s [ [ |
e A s e e s e s e e e e s e o B

O 0Oooo
O 0Oooo

OoooooooooooOgodg

oo oooOoooo oo oDoooo o0 oo oooogoQgoo

Ooooooog

OoooooooooooQgdg
OoooooogooQgooao
OoooooogQgooao
OO0 ooooggogooao
Ooooooooogooao
Ooo0ooooooQogooao
OoooooogogoQgooao
Ooooooogogogooao
OO0 ooooggogooao
Ooooooooogooao
OooooooooQogooao
OoooooogoQgooao
Ooooooogogogooao
Ooooooggogooao
OoooooooogooOoao
OoooooooQgooao
OoooooogooQgooao
OoooooogoQgooao
Oooooooggooao
OO0 oooogoQgogao
OoooooogoQgoao
Ooo0oooogoQgoo
Ooo0oooogogQgoao

OooooooooooooogogQgoao

O
O
O
O

OOoo0ooooao

OoOoo0oooaoo
OoOoo0oooao
O 0Oo0oooo
O0Ooo0oo0ooao

Ooooooog

O
O
OJ
O
O
O
O
O
O
O
O
O
O
O
O
O

OoOoo0oooao
O 0Oo0oooo
O0Ooo0oo0ooao
O0Ooo0o0ooao
OoOoo0oooaoo
OoOoo0oooao
O0Ooo0oooo
O0Oo0oo0ooao
Oo0Ooo0ooao
OoOoo0ooaoo
OoOoo0oooao
OOoo0oooao
O0Oo0oo0ooao
I o A
Oo0Ooo0oooaoo
OoOoo0oooo
OOoo0oooao
OO0Oo0oo0ooo
O0Ooo0oo0ooao
OoOoo0oooaoo
OoOoo0oooo
OoOoo0oooo
OO0Oo0oo0ooo
O0Ooo0oo0ooao
O0Ooo0oooao
OoOoo0oooaoo
OoOoo0oooo
O0Oo0oooo
O0Oo0Oo0ooao
O0Ooo0ooaoo
OoOoo0oooaoo

O oo oooog

OO0 oooooog

Ooooooooo

O Ooo0ooOoo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooo
O Ooo0ooOoo
O Ooo0ooo
O Ooooo
O OoOooo
O O0Oo0ooOoo
O Ooo0ooo
O Ooo0ooo
O Ooooo
O Ooooo
O OoOgooo
O Ooo0ooo
O Ooooo
O Ooooo
O OooOooo
O OoOgooo
O Ooo0ooo
O Ooo0ooo
O OooOooo
O Ooooo
O OoOooo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooooo
O Ooooo
O OoOooo

Oooooooog

Ooooooog

O oo ooooog

O 0O0ogooooog

OoooOoooooo

Ooooooooo

Ooooooog

Oooooooog

O O0ogooooog

(19)

OoOooOoooooo

O

Oooooooo

Ooooooog

Ooooooog

O Oo0ooooog

|

O O0Oo0gooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooo
O Oooooo
O O0Oo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O Ooo0oooo
O Ooo0oooo
O Oo0oooao

JP

O

O Ooooo
O OoOgoao
O Ooo0ooOono
O Ooo0ooo

2004-520108

goodaoad

O Ooogoo
I [ [
I [
O 0o o0oo
O 0o oo
I ) [ |
O 0o oo
I O I

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

2004.7.8

ugooad

OoOoo0oooao
O0Oo0oooo

10

20

30

40

50



e R ey [ s R s [y |

Ooooooov~oovwoov~oooNv~ooovwoooov~ooooooyYoogyw
Oo0oooooo0Uoooooooo oo oDoDooooUUoooDoDoDogoooDoDooogogog
s e A s e e e e ey s s [ Y

O0Ooo0oo0ooao
Oo0Ooo0oooao

MO oM oOooooNwoog
OoooooogoQgogoooao

OO0 ooDooogoQgogogooao
Ooo0oooooOooOooOooao

O 0Oooo
O 0Oooo
O Oooo
O Oooo
OO oo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
OO oo
O 0Ooo
O 0Oooo

Ooo0oooooooooooooooooooogooao
Ooo0oooooooo oo oooo0ooDoooogooao
Oo0oooooooooDoooooogoooao
Oooooooooooooo4gooooao

OoooooooQooooao
OooooooogoQgog
Oooooooogogg
OO0 ooooogogdg
OOooooooogogoodg
Oooooooogogogoog
OooooooogoQgog
Oooooooogogog
OOoooooogogg
OoOooooooogoOodg
OoooooooogooQgog
OooooooogoQgog
Oooooooogogg
OOoooooogogg
OoOooooooogogodg
OOooooooogoQgoog
Oooooooogogdg
OooooooogoQgg
OOoooooogogg
OO0 ooDooogogdg
OooooooogoQgodg
OooooooogoQgog

[ |

OO0 ooooooooooDooodgooooao

O 0ooo

Oo0oooooooooooooaoo
Ooooooooooooooaoo
Oo0ooooooooooooaoo
Oo0oooooogogoooooaog
OO0 oooooogoggogoooooaog
OOo0oooooooooooooaoo
Oo0ooooooooooooaoo
Oo0ooooooooooooaoo
Oo0oooooogogoooooao
OO0 oooooogogoooooaog
OOo0oooooooooooooaoo
Oooooooooooooooaoo
Oo0ooooooooooooaoo
Oo0oooooogogoooooaog
OO0 oooooogogoooooaog
OO0 oDooooogoggoooooao
Oooooooooooooooao
Oo0ooooooooooooaoo

O Ooo0oooo
O Ooo0oooao
O O0Oo0oooao
O 0Ooo0oo0oo0oao
O 0Ooo0oooao
OOoo0oooo
O Ooo0oooao

O 0Oooo

O Oooo

O Oooo

O Oooo

O 0ooo

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

O
O
O
O
O
O
O
O
OJ
O
O

(20)

|

[

JP

OoooooogQgg

OooooooQgdg

Ooooooggdg

Oo0oooogogdg

2004-520108

Oo0oooogogdg
OooooooQdgadg
Ooo0oooogoQgdg
OoooooogoQgog
OooooogQgdg
Oo0oooogogdg

Oo0oooogoogdg
OooOoooooOodg
OoooooQgdg
OooooogooQgdg
Oooooogogdg
Oo0oooogogdg

O [ R |

O
O
O
O
O
O

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

O O

O 0ooo

O
O
O
O
O

O
O
O
O
O

2004.7.8

O 0Oooo

O Oooo

O Oooo

O Oooo

10

20

30

40

50



e R ey [ s R s [y |

OO0 oooooDoooDooDoooov~ov~ooooNvoooooooooooovYwoNv~oovYoN~oooow

e e [ ey e e e e s s s [ [ |

s e A s e e e s e e e e Y Y Y

Ooo0oooooQgoao
Ooo0oooogoQgoao

O O0Oo0oooao
O 0Ooo0oo0oo0oao
O 0Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O 0Oo0oooao
O 0Ooo0ooO0oo0oao
O 0Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O Oo0oooao
O 0Oo0oo0oo0oao
Oo0Ooo0oo0ooao
O Ooo0oooo
O Ooo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao
Oo0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O 0Oo0oooao
O 0Ooo0oo0oo0oao
O 0Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O Oo0oooao
O 0Ooo0oo0oo0oao
O 0Ooo0oooao
O Ooo0oooo
O Ooo0oooo
O Oo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oo0ooOoao

O o0Oood

O 0Oooo

O
O
O
O
O
O

O
O
O
O
O
O

Ooooooooooooooogooao
Oooooooooooooogooao

OoooooooogoQgg
Oo0oooooogogg
OO0 ooooogogg
OoOoo0ooooogod

O 0Oo0oo0ooao
O 0Ooo0oooao
O 0OooOgooo
O Ooogoo
[ Y
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooogoo
O Ooogoo
O O0OoQgogog
O 0Oo0ooo
O 0Ooo0ooo
O 0Ooogooo
O Ooogoo
O OooQgoaog
O 0Oo0oo0oo
O 0Ooo0ooo
O 0Ooo0gooo
O Ooogoo
O Ooogoog
O O0OoQgogog
O 0Ooo0ooo
O 0Ooooo
O 0Ooogoo
O Ooogoog
O O0Oogogaog
O 0Ooo0gooo
O 0Ooo0ooo
O 0OooOooo
O Ooogoog
I [ Y
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0gooo
O Ooogoo
I [ Y

O Oooo

O Oooo

O Ooo0oooo
O Oooooao
O Oo0oooao
O 0Oo0ooO0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oooao
O Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O O0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O 0Oo0oooao
O 0Ooo0oo0ooao

O Oooo
O Oooo
OO oo
O 0ooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0Ooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0O oo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0O oo
O 0ooo
O Oooo
O Oooo
O Oooo
OO oo
O 0ooo
O 0Oooo
O Oooo
O Oooo
(]

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
OJ
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O
O
O
O

O Oooo

O Ooogoo

O 0ooo

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

O 0Oooo

O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O 0Oo0oooao
O0Oo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
O 0Ooo0oooao
O 0Oo0oo0oo0oao
O0Ooo0oooao
OOoo0oooao
OOoo0oooao
O0Oooooao
OO0Oo0Oo0ooao
O0Ooo0oo0ooao
OOoo0oooao
OOoo0oooo
OOoo0oooao
O0Oo0Oo0ooao
O0Ooo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O 0Oo0oooao
O0Oo0oo0ooao
O0Ooo0oooao

O Oooo

O Oooo

O Oooo

O 0ooo

O 0Oooo

O Oooo

O Oooo

O Oooo

(21)

O 0ooo

O 0Oooo

O 0Oooo

O Oooo

O Oooo

O o0Oood

|

O 0Oooo

O Oooo

I [y |
I [ I |
O Ooogogoog
OO ogogog
O 0oo0oogoo
Iy |
I [ |
O Ooogogoog
O O ogogog
I [ |
I [y |
I s [ |
O OoogogooQg
OO ogogog

O Oooo

O Oooo

2004-520108

O
O
O

O 0Ooogo
O O0ooo
O Oooo

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

O
O

O
O
O
O
O

O
O
O
O
O

2004.7.8

O 0Oooo
O Oooo
O Oooo

I ) [ |
O 0o oo
I O I

10

20

30

40

50



OO0 oo oDooogogogooo
OO0 oo oDooodgQgogooao
Oooooooogooooao
OO0 oo ooooQgoooo

O 0Ooogooog
[ Y |
OO ogogog
I [y |
I [y |
[ |
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ |
[ Y |
OO ogogog
I [y
I [ |
I [ |
O 0OoogogooQg
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ I |
O Ooogogoog
OO ogogog
O 0oo0oogoo
Iy |
I [ |
O Ooogogoog
O O ogogog
I [ |
I [y |
I s [ |
O OoogogooQg
OO ogogog

O Ooooo
O Ooooo
O 0OooOooo
O O0oo0ooOoo
O 0Ooooo
O Ooooo
O Ooooo

O Ooooo
O Ooooo
O OooOooo

O
O
O

O
O
O

(22) JP 2004-520108 A 2004.7.8

O Oooo
O 0Ooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0O oo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0O oo
O 0ooo
O Oooo
O Oooo
O Oooo
OO oo
O 0ooo
O 0Oooo
O Oooo
O Oooo
O 0Oooo
O 0ooo
O 0Oooo
O Oooo
O Oooo
O Oooo

O 0Ooo0ooo
O O
O O
O O
O O
O O
O O
O O
O O
O O
0O 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
O O
O O
O O
O O
O O
O O
O O

O

O

Ooo0oooooooooDoDoooo00ooDoooooooDooogQgogoaoQg
OoOOoooopoooooDoDoooo0 oo oooooooDoDooogQgogoaoQg

Oo0oooopooooooooogd
OO0 ooopoooooooooogd

C— — ™

N
Il

~ =

O

]
O
O

O
O
O

oo ooomooooooooooao
oo o0 oI@omoooooooooo

s [ s I |
O 0o ogogio
s I |
I [ I
I [ I |
I s [ I |
I [ s I |
O O ogogig
I [ I
I [ [ I |
I [ s I |
O Ooogoo
I [ [
O 0o 0o o
O 0o oOoo
O 0o oo
O Oooo
O O oo
I ) [
O 0o oOoo
O Ooogoo
O Oooo

O Oooo

OooooooooooooogQgg
OoooooooooooogQgg
OooDooooooooooggg
OO0 oDoooogogogogoooao
OoooooooooOoooao
Oooooooooooao

O 0Ooo0oooio
O Ooooo
O 0OoOooo

O Oooo

O 0Ooogo

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

oooooooooooooooooooooobooooooooao
ooooooooobooooOoOogOogooooooobooogooooooo

ooooooooboooooo(@ooogooooobooooooooao
yboooooooooooooooooobooooooooooo
oooooooooboooooooooooboooobooooooooao
gooboobooboboooboobooooobao

gobooboobooboooaado
oooooooboooooogano
goobooboobobooboodab
ugboboboobooboooboado
ooooooobbooooogao

gboooboobooboooboaoadab
oooooooboooooogao
gooobooboboobonb
ugbooobooboboobooadhb
oooooooboboOoooogao

OoOooogoo

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

Oo0DooogQgogao
Ooo0oooooQgoao
Ooo0oooogoQgoao
Oo0oooogoQgg

e e e e e e e e Y Y I Y
Ooo0ooooOooo o0 oo oo oo0 o0 oo o oo o oo oD oD oo o0 oo oooogoogoooo

Oo0ooooooooooooogoQgg

oo ooooooogogoo-g

O 0Ooogooog
[ Y |
OO ogogog
I [y |
I [y |
[ |
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ |
[ Y |
OO ogogog
I [y
I [ |
I [ |
O 0OoogogooQg
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ I |
O Ooogogoog
OO ogogog
O 0oo0oogoo
Iy |
I [ |
O Ooogogoog
O O ogogog
I [ |
I [y |
I s [ |

O 0OooQgoooo
O OooQgooo
O O0OoQgogoao
O 0OooO0oo0ooao
O 0oo0goooo
O 0OooQoooo
O Ooogooo
O Ooogogoao
O 0Oo0oo0ooao

O oOooo
O 0Oooo
O 0Oooo

Oo0oooooo o ooooogogoooao
O 0Ooo0ooo

O

O

0

(Dupont)O
ooooaod
ooooaod

O

O

OO0 oooooogogogooo
OO0 oDooDooogogogoao
Ooo0ooooooogogooao
oo ooooooQgogooo
OO0 ooooooQgogooo
oo oooooogogoog

Oooooogogdg

Ooooooggdg

alsl=ls
0o0Oo
0000
0o00Q
(00 D0O00)0

OooOoooooQdgdg
O 0Ooo0ooao

Oooooooogod

a
u
O
a

O

O oOooo
O 0Oooo
O 0Ooo0ooo
Ooooooood

O 0Ooo0ooo
Oooooooogod

Tyvek (O

O O
O d
O d
0O O

O

OO0 Do oDooogooooooggg
Oo0ooooooooooooooQgdg
Oo0ooooooooooooogogoQgdg
Oo0ooooooooooooogoQgg
Oo0oooooogooooooogogdg
OO0 oDooDooogogooooooggg
Oo0oooooooooooooogdg
Oo0ooooooooooooogogQgdg
Oo0ooooooooooooogoQgdg
Oo0ooooooooooooogoQgg
OO0 oo oooogogooooooggg
OO0 Do oDooogQgooooooggg
Oo0ooooooooooooogoQgdg
Oo0ooooooooooooogoQgg
Oo0ooooooooooooogoQgg
OO0 oDooooogogooooooggg
OO0 Do oDooogooooooggdg

Oooooooooogoogo-g

ogoodg

(00 O0)Oo

OoOoo0oooaoo
OoOoo0oooao
O0Ooo0oooo
O 0Oo0ooOoao

O 0Ooo0ooo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O 0OoOooo
O 0Ooo0ooao
O Ooooo
O Ooooo
O Ooooo
O O0OoOgooo
O 0Ooo0ooOoo
O Ooooo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O OooOooo
O Ooooo
O OooOooo

Ooo0oooogooQgdg

Oo0oooogoQgdg

O
g
u

(23) JP 2004-520108 A 2004.7.8

O OoogogooQg
OO ogogog

oooooobOooboooooooobooboobono
ooq@oooooooboooboouogooooooo
gboobooboobooboobooboooboad

Yo ooooooooooooooooooooao

O

gboobooobooboobooboobobooboao

o)y ooooooooooooooooooooDoao

g
a

Oo0oooogogdg

gbobooboobogoboooobogobobooboao
gboooobogan

Ooooooooo
Dooo0oooo
00000000
Dooo0oooo
(00D0O000)O
O O

Oo0oooooogoooooooggg
OO0 oDooDooogogoooooogggdg

OO0 ooooooQgogooo
oo ooooooQgogooo
OO0 oooooogogogoo
OO0 oooDooogogogoao
Ooo0ooooooogogooao
OO0 ooooooQgogooo
oo ooooooogogoo-g

Oooooogogdg
OooOoooooQgdg
OoooooogooQgdg
Oo0oooogoQgdg
Ooooooogg-g
Oooooogogg
Oo0oooogogdg
OoooooooQgdg
Oo0oooogooQgdg
Ooo0oooogogg
Oooooogogg
Oo0oooogogdg
OooooooQgdg
Ooo0oooogooQgdg
Oooooogog-g
Ooooooggg
Oooooogogdg
OooOoooooQgdg
OoooooogooQgdg
Ooo0oooogoogdg
Oo0ooooggg
Oooooogogdg

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e I s sy [ |

OOoDooooog4oooooooogoDoooogogogaog

B s s e e e e e e e Y I O

oooooooooooooooooooooooogoag,

O 0OoOooog

gooaao
oooogao
googao
goodaao
oooggao

oooooooao
gooooooooaoe.

gooaoao
oooogao
googao
goodaao
oooggao

2004-520108

gboogooboad

OOo0ooooogod
Ooooooood
Oooooooodg
Oooooooodg
Ooooooogod
OOoooooogod
OooooOooood
Oooooooodg
Oooooooodg
Ooooooogod
OOoooooogod

O Ooogo
O O0ooo
O O0ooo
O O0oogo
O O0oogo
O O oo

gooooboadg

A 2004.7.8

goodaao

O O0ooo
O O0ooo
O O0ooo
O O0oogo
O Ooogo

gooag-

(0000000 O00)0

gbooonboao
gbooonoboad

googao
gooaao

goooo.ooooao

Ooooocooooooooogoogoooao
Ooooocooooooooogooooao
OOooooooooooooogoggogoaoQg
OOo0oooooooooooogoggogoQg
OO0 ooDooo4gogogooooooggogog
OOo0oooooooooooooOoogaQg
OoooooooooooooQgogoaoQg
OOooooooooooooogQgogoaoQg
OOooooooooooooogoggogoaoQg
OO0 ooooo4oooooooggogog

U
0
g
0
g
a
O
g
U
0
g
0
g
t
O
g
U
0

(24) JP
ubobobooboobobooboobooboouoboooboad
ooooooooao
go
oooooooooooooooooboboooooao
gooobooboboogobooboooboogoboooboao
oobooboobooboboobooboooooboooboad
ooooooobooOoooouoooobobooooogoao
goooboobobooobooboooogoboooboao
ubobobooboobobooboobooboouoboooboad
ooooooobobooooouooooboboooogo
oooboobooboooboboobooboooboooboooboao
oad
gooobooboboogobooboooboogoboooboao
ocooo(@@ouooooboOo)yooooooooooooao
ooooooobooOoooouoooobobooooogoao
goooboobobooobooboooogoboooboao
gbooobooboaobaoab
oad
oooboobooboooboboobooboooboooboooboao
oooooooooooooooooboboooooao
gooobooboboogobooboooboogoboooboao
oobooboobooboboobooboooooboooboad
ooooooobooOoooouoooobobooooogoao
ooog)yoooogooooobooooogoooooooooooooooo
ubobobooboobobooboobooboouoboooboad
ooooooobobooooouooooboboooogo
oooboobooboooboboobooboooboooboooboao
oooooooooooooooooboboooooao
gooobooboboogobooboooboogoboooboao
ocoooooooOoooo.ooopboo(@o.ooog)o
ooooooobooOoooouoooobobooooogoao
goooboobobooobooboooogoboooboao
ubobobooboobobooboobooboouoboooboad
ooooooobobooooouooooboboooogo
oooboobooboooboboobooboooboooboooboao
oooooooooooooooooboboooooao
gooobooboboogobooboooboogoboooboao
oobooboobooboboobooboooooboooboad
ooooooobooOoooouoooobobooooogoao
goooboobobooobooboooogoboooboao
ubobobooboobobooboobooboouoboooboad
ooooooobobooooouooooboboooogo
go
oad

ooooooooboooooooooooboooooooao
"0ooooobOoooOoogooooboobooobooooooooo

gooaao
ooooao
googao
goodaao
ooogao

gooaao
ooooao
googao
goodaao
oooggao

OoOooogoo

gooad
oooao
ogooao
ugooad
ooogaod

gbooonoboad
ogooooao
gbooobDag
gboogooboad
gooooao

gooaao
ooogoogao
googao
goodaao
ooogao

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooooooooooooooo.o
OoooooooooDoooooooooog

O Ooooo
O Ooooo
O 0OoOooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoo
O 0Ooo0ooao
O 0Ooooo
O oOoooo
O Ooooo
O 0OoOooo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O Ooooo
O 0OoOooo
O 0Ooo0ooOoao
O 0Ooo0ooo
O oOoooo
O 0Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O 0Ooooo

Oooooooo0oooooooooDooooooooood

Oooooooo0oooooooDooDooooooooood

Oooooooogogoog
Oooooooogogog
OO0 ooooogogg
OoOooooooogogodg
Oooooooogoogog
OooooooogoQgog
Ooooooogogog
OO0 ooooogogg
OoOooooooogogod
OooooooogooQgdg
OooooooogoQgog
Oooooooogogog
OOoooooogogg
OoOooooooogooOod
OooooooogooQgodg
Oooooooogogodg
Oooooooogogog
OOoooooogogg
OO0 ooooogogog
OoooooooogoQgdg
OooooooogoQgg
Oooooooogogog
Oooooooogogg
OO0 ooooogogg
OOooooooogoQgodg
OooooooogogoQgg
OooooooogoQgog
Ooooooogogog
OO0 ooooogogg
OoOooooooogoOodg
OooooooogooQgg
OooooooogoQgg
Oooooooogogog
OOoooooogogg

OooooooogogQgogooQg
Oo0ooooooggogooQg
OO0 oooDoooggogog
Ooo0oooooooOoogoo
OooooooooQgogogoaoQo

O Ooooo

Ooooooooooooogodg
OoooDooogoooooogd
OO0 ooDoogoooooogd
Ooo0ooooooooood
Ooooooooooooogodg
Ooooooooooooogodg
OoooDooooooooogdg
OO0 ooDoogogogogooooogd
OOooooooooooood
Ooooooooooooogodg
Ooooooooooooogodg
OoooDooooooooogdg
OooDoDoogogoooooogd
OOo0ooooooooooood
Ooooooooooooogod
Ooooooooooooogodg
Ooooooooooooogodg
OoooDooogogoooooogdg
OO0 OoDoDoogogoooooogd
Ooooooooooooogod
Ooooooooooooogodg
Ooooooooooooogodg
OoooDoogogoooooogod
OO0 oDoDoogogoooooogd
Oooooooooooood
Ooooooooooooogodg

oo

OoooooogoQgogoaoQg
OoooooogQgogooQg
Oo0oooooggogog
OoooooooOooOoo
OooooooogoQoogoo
OoooooogogQgogoog
OoooooogQgogooQg
Oooooooggogaog
OoooooooOooOono
OooooooogoQooOgoo

00O
Oooo0ooo
(0D D00)Oo
Ooo0ooo
Oooo0ooo

O

O OooOgoo
O Ooo0ooo
O Ooooo
O Ooooo
O Ooogooo
O OoOgoo

~
N
ol
o/

O Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O 0Oo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O Ooo0oooo
O Ooo0oooao

oad
oad

Dooo
(0 O0)O
0Do0o0o
0o0oo

O

O Ooogo
O o0ood

0

O

O 0Oooo

O

O Oooo

O

O Ooogo

(00DD0D000DO0)0
Oo0o0O0O0oo0OoO
0ooo0Doooo

O

O 0Ooogo

2004-520108

OO ogogog

Ooo0ooooooOooOgoo
OoooooogoQoogoo
OoooooogoQgogoaoQg
Oo0ooooogogogooQg
Oo0oDooooggogog
Oo0ooooooOooOgoQo
Ooooooooogoo
Oo0ooooogoQgogooQg
Oo0ooooogQgogooQg
Oo0oooooggogog

0

0

O o oo
O O0ooo
O 0Oooo
O Ooogo
O 0Ooogo
O o oo

Oo0oooooogoQgoooo
OO0 oooooogoggoooao
OO0 oooDoooggoooao
Oo0oooooooogoOoooao
Oo0ooooooogogoooao
Oo0oooooogoooao
Oo0oooooogoggoooao
OO0 oooDooogoggoooaog

O O0ooo

2004.7.8

10

20

30

40

50



e R ey [ s R s [y |

(26) JP 2004-520108 A 2004.7.8

O 0Ooogooog
[ Y |
OO ogogog
I [y |
I [y |
[ |
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ |
[ Y |
OO ogogog
I [y
I [ |
I [ |
O 0OoogogooQg
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ I |
O Ooogogoog
OO ogogog
O 0oo0oogoo
Iy |
I [ |
O Ooogogoog
O O ogogog

O 0Ooo

O 0Oooo

O 0Oooo

O 0Oooo

O Oooo

O0Ooo0oo0ooao
O Ooo0ooooao
O 0Ooo0ooooao
O O0OoQgooooao
O O0Oo0oo0oooao
O 0Ooo0oo0oooao

OO0 ooooooogooooao
Oo0oooooogogoooao
OO0 oooDooogogoooao
OO0 oo oDooogoggogoooao
Oooooooogoooao
OO0 ooooooogogoooao
Oo0oooooogogogoooao
OO0 oooooogoggoooao
OO0 oooDooogoggogoooaog
Oooooooogogoooao
Ooooooooogogoooao

O0Oo0oo0oo0oao
oo o0ooooooogogoooooo

0o
rin(0 00O 0O )O
OoDo0oO0oooao
oooDoooooao
oooDoooooao
ooopoooooao
OoooDoooooao
-0 000o0o0D0Do0DoooDoDoooooao-0o
Oo0oDOo0DooooDOoDoooooDoooooao

e

O oooogogQgogoao

OOo0oooooooooooooQgogoaQg
Oo=—0O00oggogao

Ooo0ooDooooo0ooDoooooDooDooooQgoooao

O Oooo

=]
Oo0oooooooooooooogd
OOo0oooooooooooogd
OO0 oooooogooooooogd
Oo0oooooooooooooogod
Oo0oooooooooooooogdg
oo o0oooDoooogogoooooo
OoooDoogogoooooogdg
OO0 oooogogoooao
OoooooooooOoooao
Oooooooooooao
Oooooooogooooao
Ooooooogogooooao

OO0 oooogogooooao

-gboobo-oboooboooboogoboboboboobob

ooooooobooooooouoooobooboooooooao
ooooooooobooogooooooboboooooooaon
-oocoooooobboooboooooooboooooao

O Oooo
O 0Ooogo
O 0Oooo
O 0Oooo

gbooobooboooboobobooboooboooboobooboobaa
ooooooooooocoooooooboDoon

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

OooooooQgogoao

OoooDooooooooogodg
OO0 oDoDooog4gogooooogod
OOo0oo0ooooooooood
Ooooooooooooodg
Ooooooooooooogodg
OoooDooooooooogodg
OO0 oDoDoooogooooogod
OOo0oo0oooooooooood
OOoooooooooooodg
Ooooooooooooogodg
Ooooooooooooogodg
Oo0ooDoooogooooogodg

I e e e e I e e e e [ s [ [ |
OO0 o0DoDooogogogooooogod

e s e e s s e ) e e e s [ s [ [ |
e s e e e e e Y R [ Y |

oo o0ooooooo0 oo o oo o0 oo oDoo o o0 oo o o=

OO0 oo oooooooooooQgg

oo o0 oooooogog
OO0 o oooooogdg
OO0 o oooooogdg
oo ooooooodg
oo o oooooogog

0
(000000000 )0
D0O0o0O0O0O0O0O0oO0ao
00000000000
Do0O0O0oO0O0O0O0oo0ao
Dooooo

OOooooooooooood
Ooooooooooooodg
Ooooooooooooogodg
OoooDooogogooooogodg
OO0 oDoDoogog4gogooooogod
OOooooooooooood
Ooooooooooooodg
Ooooooooooooogodg
OoooDooooooooogodg
OO0 oDoDooogoggogooooogod
OOoo0ooooooooood
Ooooooooooooodg
Ooooooooooooogodg
OoooDooooooooogodg
OO0 ooDooogogogooooogod

gooobooouoboobooboobob-0ob0ogonb-

0
u
O
a

-uoooaoao-
oooooao
gooooboogao

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

OoOoo0oooaoo
OoOoo0oooao
O 0Oo0oooo
O0Ooo0oo0ooao
O0Ooo0o0ooao
OoOoo0oooaoo
OoOoo0oooao
O0Ooo0oooo
O0Oo0oo0ooao
Oo0Ooo0ooao
OoOoo0ooaoo
OoOoo0oooao
OOoo0oooao
O0Oo0oo0ooao
I o A
Oo0Ooo0oooaoo
OoOoo0oooo
OOoo0oooao
OO0Oo0oo0ooo
O0Ooo0oo0ooao
OoOoo0oooaoo
OoOoo0oooo
OoOoo0oooo
OO0Oo0oo0ooo
O0Ooo0oo0ooao
O0Ooo0oooao
OoOoo0oooaoo
OoOoo0oooo
O0Oo0oooo
O0Oo0Oo0ooao
O0Ooo0ooaoo
OoOoo0oooaoo
OoOoo0oooao
O0Oo0oooo

OOo0oooooooooDoooooooooao

Oooooooooooooogooooao

OO0 ooOooo4o0ooDooogogogoooo
OO0 Do oDooo4Q0ooDoooggoooao
Oooooooooooooooogoogoooao

Oooooooooooooo4gooooaog

OO0 oooooogoooooDooo4dgooooao

Oooooocoooooooogogooooao

Ooo oo oooo oo oDoooogogo/

Oo0ooooocoooooooogogooooaoo

O
~

OO0 oD oo oooo0oooooogogQgooo

Oo0oooooooooooogooooao

OO0 oo oooo4o0ooDooogogogoooo
OO0 Do oDooo4gogooDoooggoooao
Oooooooooooooooogogogoooao
Oo0oooooo o0 oo oooogoogogoooo
oo oooooo ~~oDoDooogogooooo

Ooooooog

Oo0oooooooooooo4gooooao

Oo0oooDoogogooooDooo4dgooooao

Oo0ooooooooooooogogooooao

Oooooocoooooooogogooooao

Oooooooooooooogooooao

Oooooooogogogoao
Ooooooogogoao
OoOoooooooOoogooOoano

Oooooooooooooo4gooooao

O Oo0ooooog

OOo0ooooogogoooDooo4gooooao

27)

|
O
~—

OoOooOooOooooo

Ooo0ooooooooooooogogooooao

Oooooooo o0 oo oooogoogogoooo
Oo0oD oo oooo0ooDooogogooooo
OO0 ooOooogoDooDooogogogogoooo
OO0 Do oODooo oD ooDooogogoooo

Ooooocooooooooogooooaoo
Oooooooooooooogooooao
Ooooooo0oooDooooogooooao
Oo0ooDoooo0ooooooogoggogooooaog
OO0 o0Dooo40dUooDoDoogg4gooooao
Ooooocooooooooogooooao
Oooooooooooooogooooao
OooDoooo0ooooooogooooao

Ooooooogooooogdg

00O
(0)HD

|

oo oooooo o oooooogoQgogoo
OO0 oo ooooooooooooQgdg

OoOoOoooooooooooogogoogao
OO oOooooooooOooOooboOoao

O

JP 2004-520108

gd
00

O
O

0o
O
~
O

OO0 oo oooogoooooogoggg

g
u

O

O

Oooooooooooooooogoogoooo
Oo0oooooo o0 oo ooogogogooooo
Oo0o0oooDooogo0ooDooogogooooo

OO0 0o oDooogog4gogooooog

g
U

OO0 oDoooogog4gogoooooogod
Oo0oooooooooooood
Oooooooooooooogodg
OooDooooooooooogodg
Oo0oooooooooooogod
OO0 ooooog4gogoooooogd
Oo0oooooooooooood
Ooooocooooooooogodg
OooDooooooooooogodg
Oooooooooooogdg

g
u

a
u

O

OO0 Do oooo Qoo oDooogogogogoooo
OO0 Do oDooo oo oDoooggoooo
Ooooooooooooooogoogoooao
Oo0oooooo o oooooogogogooooo
Oo0o0oooODoooo0ooDooogogogogoooo
OO0 oo oDooo4ggooooogogogoooo
OO0 Do oODooo oo oDooogogoooo

O

O

uod

g
u

2004.7.8

a
u

t
u

g
u

0o0o0O0O0Ooo0Ooooao
(00000000 0)0

O

Oo0oDooo40ooooooogog4gooooaog

10

20

30

40

50



e R ey [ s R s [y |

OO0 oooogogdg
OoooooooOgoad
OoooooooQgooQgQd
OoooooogogoaoQg
OooooogogoQg
Oooooogogdg
Ooooooooogoad
OooooooQogoQgQd
OoooooogogoaoQg
OooooogogoaoQg
Oooooogogodg
OoOooooooogoad
Oooo0oooOgooQgaQg
OoooooogogooQg
OooooogogaoQg
Oooooogogodg
OoOooooooOoand

O Ooo0ooo

Oo0ooooooogogooooao
Oo0ooooooogoooooo
OO0 oooooogoQgoooo
OO0 oooooogoggQgoooo
OO0 oo oDooogoggQgoooao
Oo0ooooooogogoooao
oo oooooogogoooo
oo ooooooQgoooo
OO0 oo oooogogQgoooo
OO0 oo oDooggQgogoooao
Oo0ooooooogoooao
OO0 oooooogogoooao
OO0 ooooooQgoooo
OO0 oooooogoQgoooo
OO0 oooDooggQgoooao
Oo0ooooooogoOoooOoao
Oo0oooooogoooao
oo ooooooQgoooo
OO0 oooooogoQgoooo
OO0 oooDooogoggoooo
OO0 oo oDooogogdgQgoooao
Oooooooogogoooao
OO0 ooooooQgoooo
OO0 ooooooQgoooo
OO0 oooooogoggQgoooo
OO0 oo oDoooggQgogoooao
Oooooooogogoooao
oo ooooooQgoooo
oo oooooogoQgoooo
OO0 oooooogoggQgoooo
OO0 oo oDooogoggQgogoooao
Oo0ooooooogoooao
oo oooooogoooo
oo oooooogoQgoooo
OO0 oooooogoggQgoooo
OO0 oooDooogoggogoooao

Ooooooooooooao
Oooooooogogoog
Oooooooogogog
OO0 ooooogogg
OoOooooooogogodg
Oooooooogoogog
OooooooogoQgog
Ooooooogogog
OO0 ooooogogg
OoOooooooogogod
OooooooogooQgdg
OooooooogoQgog
Oooooooogogog
OOoooooogogg
OoOooooooogooOod
OooooooogooQgodg
Oooooooogogodg
Oooooooogogog
OOoooooogogg
OO0 ooooogogog
OoooooooogoQgdg
OooooooogoQgg
Oooooooogogog
Oooooooogogg
OO0 ooooogogg
OOooooooogoQgodg
OooooooogogoQgg

O

e e Y Y Y Y Y O

OO0 o0ooDoogdUdoooooDoddUoDoDooUoUooooDoDoooggg

Ooooocoooooooogodg

e Y Y e e e Y
OoooooogQgogoQg
OOo0oooooggogog
OoooooooOoogoo
OooooooogoQgoo
OoooooogogoaoQg
OOoooooogd
OOooooogd
OoOoo0oo0oooogod
Oooooooogod
Oooooooogd
OOooooogd
Oooooogd
OoOoo0oooood
Oooo0ooooogod
Oooooooogd
Ooooooogd
OOoooooogd
OoOoo0oooood
Oooo0oooogod
OooooooQgoQgaog
OooooogoQgadg
Oooooogogadg
OO0 ooooogogaog
OooooooOogaoQg
OooooooQgoQgaog
OooooogoQgaodg
Oooooogogadg
Oooooogogag

O

0

O

O

O

O

O

O

O

O

O

O

(28)

O

ugbboobooboobooboobd
ooooooboboooooooood
(0O0oooooooooogooo)o

O

O

(0ooobooooooooo)o

OOoo0oooao
OOooooao
O Oooooao
O Oo0ooogoao
O 0Ooo0oo0oo0oao
O0Ooo0oooao

O

O

O

O

O

O

JP 2004-520108 A 2004.7.8

O
0
0
O
0

oo
g o
g o
ood
g o

ooooao
googao
gooaao
oooogao
googao

oo
g
oad

[
O
0
ood
O
0
O
oonf

Oooooooodg
OO0 ooooogodg

(booooobooooooao

O

goooooboboooooooooboobooooooooDboDoao

OooooooogoQgg
OoooooogoQgg
OO0 oooooggg
OoooooooQgdg
OooooooogoQgodg
OooooooogoQgg
OooooooogoQgg
Oooooooggg

gbobooboooboooaadab

ocoooooobooooooboooooboboOoooo@oooooooDboOO
goboooboooogoboooboobooboobooboboboobooboboobodan

Oooooooogdg
Oooooooodg
Oooooooodg
Ooooooodg
OO0 ooooodg
Oooooooogdg
Oooooooodg
Oooooooodg

Oooooood
OO0 ooooogodg

10

20

30

40

50



(29) JP 2004-520108 A 2004.7.8

e

Oooooooooooooo0ooooooogoooao

OoOoo0oooao
~ OO ooo-g

~ =

Oo0oooooooooDooogoQgog
OOo0oooDooo4gogoooooggg
OO0 oDooDoooggoooooggg
Oo0oooooooooooooogoQgdg
Oo0ooooooooooooogoQgg

Oo0oooooogoQgoooao
OO0 oooooogoggoooao
OO0 oooDoooggogoooaog
Oo0oooooooogoOoooao
Oo0ooooooogooooao
Oo0ooooooogogoooao
AODOoODooOoooooooogd

ugboobdooboboobobooboobooobooboboobooboouobooboboao
ooooooooooooooooooboboooooooobobobooooooooao
gbooobooboobooboobooboobooobooboboobooboooboobooboao
oooooooooobooooooooooboobooooooobooDboobooooooooao
goooboooboboobobooboboobooboboobobooboboDbDao
oboooboobobooboooboooboobooobooobaoabnn

oooooao

googoooogogano
ugboobdooboboobobooboobooobooboboobooboouobooboboao
ooooooooooooooooooboboooooooobobobooooooooao
gbooobooboobooboobooboobooobooboboobooboooboobooboao
oooooooooobooooooooooboobooooooobooDboobooooooooao
goooboooboboobobooboboobooboboobobooboboDbDao
ugbooobdoobooboobooboobooboooboobobooboobooobooboboao
ocooooooobooooooOboooooDbOo(@MoooobobDOoooboboboOoOo)YoDnoono
goooboobobooboboobobooobooboboobooboooboboDbDao
ugboobdooboboobobooboobooobooboboobooboouobooboboao
ooooooooooooooooooboboooooooobobobooooooooao
gbooobooboobooboobooboobooobooboboobooboooboobooboao
oooooooooobooooooooooboobooooooobooDboobooooooooao
goooboooboboobobooboboobooboboobobooboboDbDao
uoboooboobooboobooooboobooan

oooao

0000000000000 000000000000000000000
(000000 O0)0

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

OO0 oooogogoooao
OoooooooOooOoooao
Oooooocooooooao
Oooooooooooao
Ooooooogogogoooao
Oooooogogogoooao
OoooooooOooOoooOoao
Ooooocooogooooao
Oooooooooooao
Ooooooogogooooao
OoDooooogogogoooao
OO0 oDooogogooooao
Oooooooooooao
Ooooocooooooao
Oooooooooooao
Ooooooogogoooao

O
g
U
0
g
0
g
t
O
g
U
0
a

Ooooooooogoooao
oo ooooooQgogoooo
oo oooooogoQgoooo
Oo0oooooogogoooao
OO0 oooDooogoggoooaog
Ooo0ooooooogoOoooao
oo oooooogogoooo
oo oooooogoooo
oo oooooogogoooao
OO0 oooDooogoggoooao

ooooooooooooooog)

gboooboobooboobooobooobooboooboooboooban
oooooooobooooooooooooboobooooooooao
(bcbObooooooooooboboboboUoooooobobDbDOoOoOo
goooboobobooboooo* booboao> ooboaoad
goooooobooogoooooooboobooooooobobooboooooooao

OO oOgooo
O 0Ooo0ooOoo
O Ooo0ooo
O Oooo
O Oooo
OO oo
O 0ooo
O Oooo

10

20

30

40

50



Oooooooo0ooooooo0 oo oDooo oo oo oDoDooo0ooDoDooogoooao
OoOOoooooo0oooooooooUoDoDoDooo oo oDoDoDoooDoooDoDooogoooao
OOoo0oooo4o0UooooooUooUoDoDoDoooo oo UoooDoDoDoDoUUoooDoDooogoooao
s e A e e e e e s e e s e Y Y I
OoOoooooooo0 oo oooo oo oDoooo oo oDoDooooooDoooogoogooao
Oooooooo0o0oooooo0o oo oDooo oo oDoDoDoooo0oooDoooogogogoao

OooooogoQgoao
OooooogQgoao
OO0 ooooggogao
Oooo0oooQgoao
OooooooQgoo
OooooogoQgoao
OO x ooogogogoao
Ooooooggogao
Oooooooogoao
OooooooQgoao
OoooooogoQgoao

Oooooooogogogoo®

(30) JP 2004-520108 A 2004.7.8

(booooobOoOoooobooooo)yooooooooooOooooobobooooao
goooooboooobooooooooboboobooooooobobDboooo
ooooooooOoDU0oooooDOoooooDoooooDo(@obooooao
yoooooooooooooooooooobooooooooooo

Oo0ooooooooooao
Oo0oooooogogooao
OO0 ooooogdg
Oooooooood
Ooooooooodg
oo ooooooQgodg
OO0 oooooogdg
OO0 oooooogdg
Oooooooood
Oooooooodg
OO0 ooooooQgdg
oo oooooogdg
OO0 oooooogdg
OO0 ooooogdg
Ooooooooodg
OO0 ooooooQgodg
OO0 oooooogodg
O oo oooogdg
OO0 ooooogdg
OoooooooOodg
oo ooooooQgodg
OO0 oooooogodg
OO0 oooooogdg
OO0 oooooogdg
Oo0oooooood
oo oooooodg
oo ooooooQgodg
OO0 oooooogdg
O oo oooogdg

OO0 oooooogogg
OoOoooooooOod
OoooooooogoOog
Ooo0oooooogoogog
Oo0oooooogogdg

OO0 oo ooooQgooooo
OO0 oo oooogooooao
OO0 0o oDooog4gooooao
OOo0oooooogogooooao
OO0 oooooogooooooo
OO0 oo ooooQogooooo
OO0 oo oooogQgooooo
OO0 Do oDooogoggogoooao
OOo0ooooooOoooooao
OO0 oooooogogoooooo
OO0 oo ooooQgooooo
OO0 oo oooogooooo
OO0 oo oooogoggooooao
OOo0ooooooooooooabo
OO0 ooooooogoooooao
OO0 oo ooooQgooooo
OO0 oo ooooQgooooo
OO0 0o oooogooooao
OO0 0o oDooogogoooao
OO0 ooooooogoooooao
OO0 oo ooooQogooooo
OO0 oo oooogogooooo
OO0 oo oooogoggQgooooo
OO0 0o oDoooggogoooao
OOo0oo0oooooooooao
OoooooooOoooooaoo
OoooooooQogooooao
OoooooogQgooooaog
OO0 ooDooogog4Qgooooaog
OOo0oo0ooooOogooooaoo
Ooooooooooooaoo
OoooooooQogooooaoo
OooooooQgooooao
OO0 oDoDoogog4Qgooooaog

O 0Oooo
O OooOooo
O Ooogoo
O O0OoOgoogog
O O0Ooo0ooOoo

O 0Oooo

OooooogogQgogoao
Oo0oo0ooogQgogoao

O Ooooo
OO0 ooooggogao

O Ooogoao
O 0Ooo0ooo
O 0Ooo0ooOoo

O O
(0D O0)x (0D00)0
Ooooooooooon
ODooooooo0oaon
Oo0o0O0O0Oooo0oao - D0 e
L, 0000000000000 00O0D00O0D0000O000D0000000000
000, 0000000000000 D0000000D0000000D000000

Ooooooood
Oooooooogod
Ooooooogod
Oo0oo0ooogoggogoao
OOoooooogd
OoOooooood
Oooooooogod
Ooooooogod
Ooo~0Oo0ooogd

000000000000, 000000000, ,0000000000000
0000000000000 000O0O00O0O0DO0D0O0O0OO0O0O0DOoOO0O0OoooOonoan
Oy o.05 .0+---0p 7o)000000000000000000, 5,000
0000000000000 0O0O0OO0OO0O0DOO0OO0ONDNDOOO0O0O0DOoOO0O0oooooan
0000000000000 0000O0000O0D0O0O0O0O0O0O0O0OOONO0OoOoOoOOonoan
0000000000000 00000000D0000000000000(0O0)00
Ox 0000000000000 0000000000000000000
ooooo

0000000000000 0000D00000D0000D00000O00000Oo0oan

10

20

30

40

50



L T e T e T e B e T e T e T e T e T e T |

[

L

C

L

O
oooooao
O
O
O

(31) JP 2004-520108 A 2004.7.8

ugboobdooboboobobooboobooobooboboobooboouobooboboao
ocooooooob0oooobb0y  gpopUOO0O0OO0OO0OO0O0OD0ODODOO0OOODO0OO0OOO0ODOOO0

5 noD00000O0O0D0DOO

OoooOoo
Oo0oa0goao
I T 6
s .05 g.,.--,0p po00D000000000000000000000000000
goooboobouoobboggO0b00oU0obO0oU0ob0oU0obDo00obDbUooDboUoboUoboUobooao
Oooao
oooao
22,3 Zzlq. 22,5 Z2.16
23’4 Z3|5 Z3|6 Z3,16
Zas Zas  Zaz Zse
Zi31a Zi31s L1316
Zis1s Zaass
Z15,16
oo0ooooad
Oo0o0oooo0oob0oo0oooo0oooo0oooo0oooDoooo0oooooooooob0ooooOoodnb
goobooboobtoobtboobgoobduoobtboooboobuoUoboUgygboobd
pgooooobooooooooooDbooooooooDoooboDobDoDoUoooOoOoan
Oo0o0oooo0oob0oo0oooo0oooo0oooDo0oooDoo0oDo0oooo0oo0ooo0oob0ooobooOoondnb
godoooo0oooooooboooo0obooo0oooDo oo o oo o0ooDbooDoDboDoDooooOonOoao
Oo0o0ooo0oo0ooooooaoan
Ooo0O0oooao
goooooooooooooooDbooooDo oo oDoooDboDob0DoDooooOonOoao
oo0ooo0bOoo0ooDOoboDooDO0oo0ooDOooODOoDooODOoo0ooDOobOoooDoDbODOoDoDbDOo@DOoao
ooooboooDoboooobo0ooooo)Ybooooooooooooboooodao
pgooooobooooooooooDbooooooooDoooboDobDoDoUoooOoOoan
Oo0o0oooo0oob0oo0oooo0oooo0oooDo0oooDoo0oDo0oooo0oo0ooo0oob0ooobooOoondnb
goodooooooooooboooobooosoooo0oo0ooooDooo0ooooooonOoaoao
O00O0Ox 0000 oOooo0oooo0oooo0ooo0oobo0oo0oooooooo0oooboooobooOoaodnb
goooooooooooooooooogoguooo*xgogoooooooooogogo- o
0 e B A B A B R M A
oooo0boooDobOoooDoby, 00000 O0ODOODDODODO(E¢ x" ODbOoooaoao

o)yooooooooogy,OOoDbOOODUOoOooooooDbDOoOOoObOOoooooooboDbDOo
ugboobdooboboobobooboobooobooboboobooboouobooboboao
cooooooooooooboboooobooooobOoooobOo(@DbDOooooboDbOOo

10

20

30

40

50



T e T e T e T e T e T e T e B e B e

(32) JP 2004-520108 A 2004.7.8

ugboobdooboboobobooboobooobooboboobooboouobooboboao
ocooOo)yoOoooooOOooooooOOoooobOoooooODOODOooobDOoOoooDoODOO
coooooooOoooooOoOoooooDOo(@oOoUuoooooDOoooooDoooooDoDOd
coooooooooooobobooobobbooooobOoooobbooo)yooooao
ooooooooooooogog(@@ooogoQoooobooboooOooooboDobDoDoOoo
coooooooooooobooooooDOoooooboOogo)yogoooooooooo
oooooooooobooooooooooboobooooooooboboobooooooooao
gooobooboboobobopgpbO0obbO0obOoobobboobobooboobobDbDo
ugboobdooboboobobooboobooobooboboobooboouobooboboao
ooooooooooooooooooboboooooooobobobooooooooao
gbooobooboobooboobooboobooobooboboobooboooboobooboao
cooooooooooooboboooobobbooooobOoooobboooooboo@@mao
o)yoooooooooooob(@oo)ooooobobooooooooobboooo
ugbooobdoobooboobooboobooboooboobobooboobooobooboboao
oooooao
goooboobobooboboobobooobooboboobooboooboboDbDao
ugboobdooboboobobooboobooobooboboobooboouobooboboao
ooooooooooooooooooboboooooooobobobooooooooao
gbooobooboobooboobooboobooobooboboobooboooboobooboao
oooooooooobooooooooooboobooooooobooDboobooooooooao
goooboooboboobobooboboobooboboobobooboboDbDao
ugbooobdoobooboobooboobooboooboobobooboobooobooboboao
oooooooooobooooooooooboobooooooooboboobooooooooao
gooooooooboobooogogoooooooboogo(@@oboooogooooobooooo)o
ugboobdooboboobobooboobooobooboboobooboouobooboboao
ooooooooooooooooooboboooooooobobobooooooooao
gbooobooboobooboobooboobooobooboboobooboooboobooboao
c@ooooo)yoooooooooobOoooooooooobooooobOoo
googbad
googan
@GHoooooooogao
ooooooooo@oooboobooboboooogo«O0boroboOobobobooooobobDobooOoo
coooooooooooobooooooDOoOo)y ooooobobooooobooooooDoo
ooooooooooooooooooboboooooooobobobooooooooao
gbooobooboobooboobooboobooobooboboobooboooboobooboao
oco,o0b,0,...,000000O0OC0CCOO0OO0DO0O0OOODODOCOCOpO0OO0OODODODDOOOO
gboooboobobogobdgygbOobOoobo
ogooad

Y, |

2 I

AP

_VM_ _IM_

10

20

30

40

50



I [y |

Oooooooo0oooooogooao

Oooooo®@

(33)

ubooboboboobodoxgogbooboooobaoaodhob

ooooao

JP 2004-520108 A 2004.7.8

gboooboooobooboboobooboobooboboobooboobogoxoban

Oooao

Zu le 213 ZIM

ZZl Zzz Zzs ZZM
Z:Z31 Z32 Z33 ZBM

_ZMI ZMZ ZM3 ZMM_
Ooo00o0oao
oooooodao
Oo0o0ooao
DDDDDDDDDij(i,jDD,D,D,...,I:I)I:]DDDDDDDDDDDDDDDDD
Oo0o0oooo0ooooooaonb
Oooao
K
If
Ooo00oogao
ooo0ooooooooooooo0oooo0ooooooo0oooo0oo0ooboooboooboaoOoao
goooooooooooobooobooouoootoooo* oo oobooooOooaodao
gooooooooooobo0Dboooboooooooo0boooDooDoboDooooOgdn
I I e I I 1 I O A B B ¢
ooo0oooooooooo0booo0obooooootoooo0ooooooboooooaodan
goooooooooooboDboobooooooooobooDooDoboDooooOgdn
ooo0oooo0oooooooooo0oooooooooooooo0ooboDoobooobooOoao
go0oooooooooob0obooo0oboooooo oo o0oo0boooDoooboDoooooOdan
ooo0ooooooooooooo0oooo0ooooooo0oooo0oo0ooboooboooboaoOoao
goooooooooooob0obooo0obooo0ooooto0oooooooooooooooaodan
gooooooooooooooybbbbbbobobobobbbbbobobbbobbobobbbon
ooo0oooo0ooooooo0ooo0oo0oooooooooooooooooDoobooobooOoao
ooo0oooooooooooboooboooooobooooaoao
oooodgao
Oo0o0oo0oo0oo0ooo0oo0oodOxooooodoooooooooooooobooobooobooOoao
oooooDo@oo)yooooooo@ooH)yoooooooDoooDoooooooao
0dooo0oOodooDobOOoo0ooDOoo0ooDOoDbOOoo0ooDOooODoobDOooDoD(@oOooDoooobad

ybooooooooooooobbooooooooobDobooooooooobooDooo

gooobooooboobooboobooboobobooobooboooboobooobnn
oooooooooooooooooooobooooooooboDboOobooooooooao
ooooooooooogogogoooooooboogogoQooooobooo(@@ooooo

g)yoooooooooooooooooooooooooobobooooooboooooao

goooooooooboooooooooboobooooooooobobobooooooooao

10

20

30

40

50



00O
(0)O
Ooo
000
(0)O
00O
(0)O
00O
00O
(0)O
Ooo
000
(0)O
00O
000
(0)O

Ooooooood
Oooooooodg
Oooooooodg
Oooooood
O O0Oo0ooooao
OO0Oo0oo0oooao
OOoo0ooooao
OOoo0ooooao
O O0Ooo0ooooao

O Oooo
O Oooo

O

(00D0D000)0

g
0
U
u

0

(34) JP 2004-520108 A 2004.7.8

)
O
O
O
O
O

O 0Oo0ooo
O 0Ooo0ooo
O 0Ooo0gooo
O Ooogoo
O Ooogogaog
O 0Oo0oo0oo
O 0Ooo0gooo
O 0Ooo0gooo
O Ooogoo
O Ooogogoog
O O0Oo0gogog
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooogoo
O Ooogoo
O O0Oogogog
O 0Ooo0gooao
O 0Ooo0ooo
O 0Ooo0gooo
O 0Ooogoog
O Ooogo
O
O

0ooO00oo0oo0o0oao
0000000000000
oooooao
(0000000 O0)0O000
ooooao

O
O
O
O

gooad
oooao
gooao
gooad

OO oOgooaog
O O0Oo0ooOoo
O 0Ooo0ooOoo

O

O

Ooooooo0ooooooo0o oo oDooooDooDoDooooooooao
s [ e e e
Oo0oooo4o0dooooooo0 oo oDoDooo oo oDoDooogooooao

O

e e A e e e e ) e e e s e s [ |

Oooooooo0o0 oo oooo oo oDoooo o0 ooDoDoooo0omooo|oo0ooooao

Oooooooo0oooooooo0 oo oooooooDooogogooao

OoOoo0oooaoo
OoOoo0oooao
O 0Oo0oooo
O0Ooo0oo0ooao
O0Ooo0o0ooao
OoOoo0oooaoo
OoOoo0oooao
O0Ooo0oooo
O0Oo0oo0ooao
Oo0Ooo0ooao
OoOoo0ooaoo
OoOoo0oooao
OOoo0oooao
O0Oo0oo0ooao
I o A
Oo0Ooo0oooaoo
OoOoo0oooo
OOoo0oooao
OO0Oo0oo0ooo
O0Ooo0oo0ooao

O

OooooooogQgg

O 0o oo

Oo0oooooooooDooooooooooogdg
Oo0oooooooooDooogogooooooogdg
Oo0ooooougogoooDoooggoooooogdg

Ooo0oooooooooooooogoQgdg

0O

000000000000
(0000000000 )0
0000000000 000)0

gooboooboooodaho

0000000000
0D0O0O0O000O000
0000000000
0000000000
(0000000000000 0O0000)
00000000000
(0O0D0O0O000)0
0 0

Oooooood
Oo0ooooood
Ooooooodg
Ooooooodg
OOo0ooooodg
OO0 ooooodg
Oooooood
Oooooooodg
Ooooooodg

O Oooogo

OOoooooooooDoooooo0DooDoooogogogooao
OOo0o0ooooUog40oooDoDooUgUoooDoDooogoooao

Ooooocooooooooogoogoao
Oo0oo0ooogogQgos

Ooooooooo o ooooogogoo
Oo0ooooooooooooao
Oo0ooooooooooooogd
OO0 oooDoooggogooooooogd
Oo0ooooooooooooood
Oo0ooooooooooooogodg
Oo0ooooooooooooogodg
Oo0ooooooooooooogd
Oo0Doooooogoooooogd
Oo0ooooooooooood
Ooooocooooooooogogoao
Oooooooooooooogogogo
OooooogogogoooX

OO0 oDoooggUoooDooogogoao
Ooooocooooooooogoogoao
Ooooocooooooooogogoo
Oooooooooooooogogogo

O Ooooo
O Ooooo
O OooOooo
O OoOgooo
O Ooo0ooo
O Ooo0ooo
O OooOooo
O Ooooo
O O oO0god
O 0Ooo0ooOoo
O Ooo0ooo
O Ooooo

O
O
O

OOo0ooooooooooooogQgogoQg

(00DO0O0Ooooo0)

Oooooooo0ooDoooooooDoooogogoooao
OoooooooooDooooo0ooDoDooogogooao
Oo0ooDooooooDoDoooo0DooDooo/s Qg oose

OOo0oDooo4o0DoooDooogoggooooaog
Oo0oooooooooooogoooooao
Ooooooo0oooDooooogooooao
Ooooooo0ooDooooogooooao
Ooooooo0oooooogogogoooao:ow

O
O

ooobooooo(q@obOoOooobDOoOoooboDbODOoOoOoooOD
oooooooobooooooooobooboooooOooao

googao
ogooad

oagaod
googao

gooooooao
ooooooao

O O

O Oo0oooao
O O0Oo0oooo
O0Ooo0oooao
O Ooo0oooo
O Ooo0gooo

0ooooo)

Oo0ooooooUoooDooogUoDooDoDooogogogogooao

O Ooooo
O OoOooo

10

20

30

40

50



(35) JP 2004-520108 A 2004.7.8
Ooo0o0oo
(0)0 000000000000
00000000000 OIDDOODO0DONO0OO0OD0)OO0000O0O0O0O00OOO0Oonoao
0, 00000000000000000000000000000000000000
0000000000000 O000O0OO0O00D0OOO0O00D0OOODO0DOoOODO0OoooOooan
0000000000000 D0000O0O0O00OO0O0O0O0DO0OOODO0O0DOoODO0OoOOooan
0000000000000 D0000D00000D000000000000000000
0000000000000 D00D0OO0OO0O00D0OOO0O0O0DO0OOO0O0DOoOoO0ONOoooOooan
0000000000000 D0000D00000D00000D00O00O0D0O0O0OoOOOoan
O[00000]000000000000000000000000000000000
0000000000000 D0000O0O000O0O0O0O00OO0O0O0O0DOoOoO0ONOoooOooan
0000000000000 D0000D00000D00000D00000000 0000
» 0000000000000 O000O0OO0O0D0* 0000 000000000000
0000000000000 D0000O0O0O00OO0O0O0O0DO0OOODO0O0DOoODO0OoOOooan
0000000000000 D0000D00000D000000000000000000
0000000000000 D00D0OO0OO0O00D0OOO0O0O0DO0OOO0O0DOoOoO0ONOoooOooan
0000000000000 D0000D00000D00000D00O00O0D0O0O0OoOOOoan
0000000000000 0000D00000D00000D0000000000000
0000000000000 D0000O0O000O0O0O0O00OO0O0O0O0DOoOoO0ONOoooOooan
0000000000000 0000D00000D000000000000000000
0000000000000 O0O00OO0ODO0OOo
Ooooo0oo
0000000000000 D0000D00000D000000000000000000
0000000000000 )O0O00O0O0OO0ODO0DOOO0ONO0DO0OOO0O0O0DOoOOoooao
0000000000000 D0000D00000D00000D00O00O0D0O0O0OoOOOoan
0000000000000 0000D00000D00000D0000000000000
0000000000000 D0000O0O000O0O0O0O00OO0O0O0O0DOoOoO0ONOoooOooan
0000000000000 0000D00000D000000000000000000
0000000000000 O000O0OO0O00D0OOO0O00D0OOODO0DOoOODO0OoooOooan
0000000000000 D0000O0O0O00OO0O0O0O0DO0OOODO0O0DOoODO0OoOOooan
0000000000000 D0000D00000D000000000000000000
0000000000000 D00D0OO0OO0O00D0OOO0O0O0DO0OOO0O0DOoOoO0ONOoooOooan
0000000000000 D0OO0O0ODNONO0DOO0ONO0O0OOD0O0O0DOODONOoOOo)IONOO
0000000000000 0000D00000D00000D0000000000000
00000000 (@MO0OO0D0D0DDOO0DO0DNONOOO0ONONOOOD) 0000000 O0ONOO
0000000000000 0000D00000D000000000000000000
0000000000 [0O0O000]000000O00
Ooooo0oo
(0)0 00000000000 0000O0ooOgQ
0000000000000 D00D0OO0OO0O00D0OOO0O0O0DO0OOO0O0DOoOoO0ONOoooOooan
0000000000, 000000000000 0000D0000000000000
0000000000000 0000D00000D00000D0000000000000
0000000000000 000000Xx00000000(@OOOO)DOO0O0O0O
0000000000 (@MOD0D0O00)I0DO0DO0ONONDO0OODODONDOOODO0OOOODOOaDn
0000000000000 O000O0OO0O00D0OOO0O00D0OOODO0DOoOODO0OoooOooan
0000000000000 (@MO0)I0DOD0DO0ONONDO0DOONODONOOONONOOOODOnOoaon
0000000000000 D0000D00000D000000000000000000
0000000000000 D00D0OO0OO0O00D0OOO0O0O0DO0OOO0O0DOoOoO0ONOoooOooan
0000000000000 000O0D0(@OO0)I00OO0O0O0ONO0DO, 000000000
0000000000000 0000D00000D00000D0000000000000

10

20

30

40

50



Ooooooooooooodg
Oo0ooooooooooog

OoOooooooo0oooooo oD oo oDooooooDoooogoQgogaoQm
Oooooooo0ooDoooo oo oDoDoooo0ooooDoDoooggogaoQg
OOoooDooo4oooooooUoDooDoDooooooooDoDoooggogaoQg
OO0 o0oDooUdUoooDoooUddUooDoDooUoUoooooDoooggogao

OO0 oo oDooogogogooo

OOo0oooooggogog
OoooooooOoogoo
OooooooogoQgoo
OoooooogoQgogoaoQg

u
O
.obooobooobooobooobo.oboobooboooboobobad
gooooooooooooooooobooooooooboDbooboooooooao
gbooobobooboobogoboboboobooobooboogobobono
ugoboobooob .booboobooboboobooooboobo.oao
.0o0)oDOOO0DO0oOODOO0DO0OOODOODO0DODODDODODODDODDODODODDODDODOODDODDO
.ooooooo(@@o.ooxgoo.og)yooooogooooobobooboooo.oo

OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
Ooo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
OoOoo0oood
OoOoo0ooood
OO0oOo0oooogod
O0Ooo0Oo0oood
Ooo0Ooo0o0oood
Oo0o0o0ooood
OOoo0ooood
OO0O0Oo0oooogod
OO0Oo0oooogod
O0Ooo0o0oood
Oo0oo0ooood
OoOoo0ooood
OoOoo0oooogod
OO0Oo0oooogod
O0Ooo0o0oood
Oo0oo0oood
OoOoo0ooood
OoOoo0ooood
OO0Oo0oooogd
O0Ooo0Oo0oood
OoOoo0ooood
OoOoo0ooood
O
O

(36) JP 2004-520108 A 2004.7.8

O
O

O
O

O

O
.0
oad

g.obooobobooboboobobobogobooboboooboobonnb

ooao
gogao

ooooooooobooocooooooooobooboon
ooooooooboocooooooooboobooo

gbooaoan
goooao
gooagao

0oooo0
(0 O00O/0

OO0 oooood

.000(@.0o0o0xQOoO0 . 0oH)yoooooooooobooooooooooooao
ooooooooobooboooooooobobooooooooobooOoDoOon

OO oooooOoo0ooyYYoOOooooohoooooooooooaog

Oo0oooooooooDoooooooooodg

O

cooooooooooobooooobooooboooooooo(@oo
ocooooooooooogog)yoooogogooooboboooo.ooooodo
coooooooooooooogo(@@uooooooooooboooooDoO
yooooooooobooooooooooDbOoooobDOoooooODbDOoOono

O

Ooooooooogogog
OOooooooogoQgg
OO0 oooooogogg

Oooooooogogog
Oooooooogogog
OO0 ooooogogg

o B

g
O
g
u

OoooooooogooQgdg

OOoo0oood

goooobooboobooboboobogobooboooogobobDbao
ubooboobobouobdobobouobooboooobooboboad
ocoogoOoo)yboooooooooobOooooboooooDoao
obooobooboboooboboooboobooooobobDbao
ooooooobooooooouooooooobooocoooooooao

.ggooooboooboobobooboboobooboboobobooboo

uobooobooboobooboobobooboobooooobooboboad
oooooooboooooooooooooooocoooooooao
goooboobobooboboogobooboobooobobDbao
uon

ocooood, 00000 O0CDO0oOooooDooooo@ooDoOoO
joocooooooobOOoOooooOoboO0oooooboDbOOooobODbDO0oOonn
O

Ooooooogdg
OoOoooooogdg
OOooooogdg
OoOoo0ooooOod
Oooo0oooOodg
Oooooogdg
Ooooooogdg
OOooooogdg
OOoo0oooood
Oooo0oooOodg
Ooo0oooQgdg
Ooooooogdg
OoOooooogdg
OOooooogdg
OoOoo0oooOodg
OooooooQgdg
Oooooogdg
O Ooo0ooooao
O O0Oo0ooooao
OOoo0oo0oo0ooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
O 0Oo0ooooao
OO0Ooo0oo0oo0ooao
OOoo0oo0oooao
OOoooooao
OOoo0ooooao
O O0Oo0ooooao

(00D0)IODODODO0OODO00O

10

20

30

40



L B e B |

(37) JP 2004-520108 A 2004.7.8

Mﬁtmf'miﬁw]
EN

ooooooooooaon
oooooooDoao

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

0oooooooao
0ooooooooao
0ooooooooao
(000000 O0)0
0ooooooooao
0oooooooao

O0Ooo0oooo
OOoo0oooao
O0Oooooao
O0OoO0oooao
O0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
O0Oooooao
O0Oooooao
O0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
O0Oooooo
O0Oooooao
OO0OoO0oooo
O Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O O oOgooo
O 0Ooo0ooo
O Ooo0ooo
O Ooooo
O Ooooo
O O0OoOgooo

oooooooao
oooooooao
oooooooao
oooooooao

O 0Ooogooog
O 0Oooo
OO oo
O 0o o
O 0Oooo
O O0ooo
O 0Oooo
O Oooo
OO oo
O 0Oooo
O 0Oooo
O oOooo
O Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo

OOo0ooooooooooooogogoQg
[ Y |
OO ogogog

O
7

Do0oo@oooon)

00000000000
O(@OoOooo)oDooon
O
O

oooooooooao
oooooooooao
oooDooooooOoooobooog)

OO0 DooOooog0oooDoDoogogoooooog
Oo0oooOooooooooooooooooo
Oo0oooOoooo0ooDoooooooooog

O Ooogoo|i.
O Ooogo|im.

Oooooooood
OooooooooQgdg
oo oooooogdg
OO0 ooooogoogg
Oo0oooooogoogg
OO0 oooooogdg
OooooooooQgodg
Ooo0ooooooQgdg
Oo0ooooogg
Oo0ooooogogg
OO0 ooooogoogg
OooooooooQgodg
Ooo0ooooooQgdg
oo oooooogdg
OO0 ooooogogg
OO0 ooooogoogg
OooooooooQgodg
Ooo0oooooooQgdg
oo ooooogoogdg
OO0 oooooggg
OO0 ooooogogg

O Ooooo
O Ooooo
O OoOgooo
O Ooo0ooOoo
O Ooo0ooOoo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooo
O Ooo0ooOoo

O Oooo

O Ooogo

OoooooogogQgooao
O Ooo0ooo

|
N

OoOoo0oooogod

Ooo0o0o0oood
Oooooooodg
Ooooooogod
OOoooooogod
OooooOooood
Oooooooodg
Oooooooodg
Ooooooogod
OOoooooogod

OoOo0ooooo4o0oooooo| oo oDoDoo0 "0 o0DoDoOb Do oDoDoogLooDoooogogaog
OO0 o0DoDoooggoooDooo|oogooooao
OOo0ooooooooooooo|ooooooao
Oooooooooooooo|ooooooao
Ooooooogogig
Oooooooogoglg
OO0 ooooogoglg
OoOoo0oooooogoog|o
Oooooooogog|o
Oooooooogogig
OOoooooogogig
OOoooooogoglg
OOoo0oooooogog|d
Oooooooogoglo
OoooooQgogoao
OoooooQgogao
OooooogoQgogaog
OoOoo0oooOooOoao
Oooo0oooQgogoao
OooooooQgogoo
OoooooQgogoao
O
OO0 oooogoQgogaog
Oooo0oooQgoogoao
OooooooQgogoao
Ooooooodg
Ooooooogod
OOo0ooooogod
Ooooooood

O Oooo
O Oooo

OO oo

[ T [ [y e Y I o O R s A A |
Ooooooooooooogodg

g
O
g
u
O

O 0Ooo0ooao
O 0Ooooo
O 0Ooooo
O 0OooOooo
O 0Oo0ooOoao
O 0Ooo0ooo
O Ooooo
O oOoooo
O 0OooOooo
O 0Oo0ooao
O 0Ooo0ooao
O oOoooo
O Ooooo
O 0Ooooo
O 0OoOooo
O 0Ooo0ooao
O oOoo0ooo
O Ooooo
O Ooooo
O 0OoOooo
O 0Ooo0ooao
O o0Ooo0ooao
O Ooooo
OO x OO
O 0OoOooo
O 0Ooo0ooOoao
O 0Ooo0ooo
O 0Ooooo
O 0Ooooo
O 0OooOooo

ocooooooo)



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

OOo0o0ooodUooooooUddUooDoDooUoUoDUUoooDooDo4gooooao
Oooooocoo0oooooooooDoooooooDoooooogoooao
Ooooooo0ooooooo0o oo oDooooDooDoDooooooooao

OO0 Do oDooogoggogooooood
Oooooooooooooood
Oo0ooooooooooooodg

Oooooooog
Ooooooodg
OO0 ooooodg
Oooooood
Ooooooood
Oooooooodg
Ooooooodg
OOoooooogodg
Ooooooood
Ooooooood
Oooooooodg
Ooooooodg
OOo0oooood
OoOooOoooood
Ooooooood
Oooooooodg

(38)

JP 2004-520108 A 2004.7.8

coooooooooooobooooobboOooo@@oooboooooO
yooooooooobooooooooooobOoooboobooooooDoOOo
gooooboboooobooboobooboooooboobobodd

O
O
O

O
O
O

Oo0oooooo0oooDoooo0ooDooooooooooogdg

O

O
O
OJ
O

OO0 ooOoDooo4o0o oo oDooo oo oDoDooogooooao

OO0 0o oDooogooooooggdg

OO0 oooooogogdg
Oooooooood
Oo0ooooooogodg
OO0 oooooogoogodg
Oo0oooooogogodg
OO0 oooooogogdg
Oooooooood
Ooooooooodg
OO0 oooooogooQgog
OO0 oooooogogog
OO0 oooooogogg

OO0Oo0oo0oo0ooao
OOoo0oo0oo0ooao
OOoo0ooooao
OOoo0ooooao
O Ooo0ooooao
O 0O0o0OooOoooao
OOoo0oo0oo0ooao
OOoo0ooooao
OOoo0ooooao
O Oooooao
O O0Oo0gooao

O 0ooo

oono

O
O

Oo0oooooooooooooao
Oo0ooooooooooooaoo

oo ooooooQgooao
OO0 oooooogooao
OO0 ooooooggogogoao
Oo0oooooooOgoOooao
OoooooooQgooao
OO0 ooooooQgooao
OO0 ooooooQgooao
OO0 oooooogogogogoao
OooooooooOgoOooao
Ooooooooogooao
oo ooooooQgooo

OooooooogoQgg
OoooooogoQgg
OO0 ooooogogdg
OooooooogoQgodg

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

googao

O
(]
O

O
O
O
O
O
O
O
O
O

O

O

O Ooo0oooo
O Ooo0oooao
O 0O oo
O 0ooo
O Oooo
O Oooo
O Oooo

O

O

|

]

O

O

O 0Ooo0oooao

O

O

O

O
O

goooboobognob

O Oooo

O Oooo

ugoad
goooano
gugoaoaaod
goooao
goboboooaoao

O
O
O
O
O
O
O

gobooobooao

goboboooaoao

10

20

30

40

50



(39)

JP 2004-520108 A 2004.7.8

gbooaogboaooodghb
oooooooao
oooooaoaao
ooooooooao
gooobooboogoboonn
gbooobooodgobad
oooooao
gooooboooboao
gboouobooodoboaond
oooooooooao
oobooobooooadg
ooooao oooooao
99
\ 2 = i - _
JayhIYRES2-L 104 x4 vEVa-IN —:f_ iR bt as N
s 103 i T HH
- 1107 "7 Ol [s] |
2] AvE—522
TAFTILIY T ilg:ﬁ;» S 186 [+ 4|
«—J 'J?'?ayz,}-_l‘

&
>100 ——7)L§7v7*}\~108

121

120

iE

[0 ka#E

TNFILIY RAFILGY
avbo—3 avra-35
FEM L
[109
DO

ERUE

16 34 105
BET LA
[ mmwnmens Tuvs EPEITE

O mEmsh

Wz5—

—HEE

EIEC RIS
HREIKIEN

119 -

|~
——"\_118 123

oooooao

203 200 201 204

AVE—HR TNFILIY1 INFILIY2 |4
MrEvan | 4R ah W |28 284S n| ' ® %

—

RAFTLoY
205/ | B

116

10



goodgano

Evi:

9
:8
27
16
=5
i 4
:3
2
o1

(40)

JP 2004-520108 A 2004.7.8



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

ugbooobooodoboado

WO 02/053028 A2

(41)

{12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World 1

Property Or
Intcrnational Burcau

(43) International Publication Date

(10) International Publication Number

11 July 2002 (11.07.2002) PCT WO 02/053028 A2
(51) International Patent Classification™ AG6IB 5/05 (71) Applicant (for all designated Staies except USj: Z-TECH
(CANADA) INC. [CA/CA[; Suite 1200, 20 Adelaide
{21) International Application Number: PC1/CA01/01788 Street Bast, Toronto, Ontario M5C 2T6 (CA).
(72) Inventors; and

(22) International Filing Date:
14 December 2001 (14.12.2001)

{25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
09/749,613 28 December 2000 (28.12.2000)  US
{63) Related by CON) or il ion-in-part
(CIP) to earlier application:
us 09/749,613 (CON)
Filed on 28 December 2000 (28.12.2000)

5)

)

Iuventors/Applicants (for US onfyj: ORGAN, Leslie,
W. [CA/US]; 1837 Kempton Road, Charleston, SC 29412
(US). SMITH, Kenneth, C. [CA/CA]; 56 Torbrick Road,
Toronlo, Ontario MAT 4Z5 (CA). SAFAEE-RAD, Reza
[CA/CAT; 196 Edenbridge Drive, Etobicoke, Ontario MOA
3G8 (CA). GRAOVAC, Milan |CA/CAJ; Suite 1706,
111 Ridelle Avenue, ‘oronto, Ontario M6B 1Li7 (CA).
DARMOS, George, P. [AU/CA]; 54 Sandbourne Cres-
cenl, Willowdale, Ontario M2J 3A6 (CA). GAVRILOY,
Tlya [CA/CAT; Unit 33, 6 Leonard Strect, Richmond THll,
Ontario L4C OL6 (CA).

Agent: BERESKIN & PARR; 40 King Street West. 40th
Floor, Toronto, Ontario M5TT 372 (CA).

[Continued on next page]

{54) Title: IMPROVED ELECTRICAL IMPEDANCE METIIOD AND APPARATUS FOR DETECTING AND DIAGNOSING

DISEASES

(57) Abstract: The present invention relates to an improved method
and appararus for detecting and diagnosing discasc states in a living
organism by using a plurality of clectrical impedance measurcments.
In particular, the invention provides for an improved electrode array
for diagnosing the presence of a disease stale in the human breast,
and discloses a method of application of the array (o the breast that
cnsures that the multiplicity of impedance measurements obtained
from a first body part
5§  possible to the multiplicity of impedance measurements that are ob-
tuined from another, homologous, second body part. A number of
diagnostic methods based on homologous elecirical diflerence anal-
ysis are disclosed, including the calculation of a number of metrics
used to indicate discase states by comparison with pre-established
threshold values, and the construction of a number of graphical dis-
plays lor indicating the location of disease o a body part sector.

d as precisely and rc ibly as

JP 2004-520108 A 2004.7.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 02/053028

(42)

A2 R0 O OO

{81) Designated States (rational): AL, AG, AL, AM, AL AU,
AZ, BA, BB, BG, BR, BY, BZ
€7, DT, DK, DM. D7, TIE, TS, I, GB, GD, GTL, GH, GM,
TR, 11U, ID, IL, IN. IS, JP, KE. KG, KP. KR, KZ, LC, LK,
LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX,
MZ, NO, NZ, PL, P1, RO, RU, SD, SL, 8G, I, SK, SL,
T3,°TM, ‘TR, T'L, T, UA, UG, US, UZ, VN, YU, ZA, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KI, LS, MW, MZ, 8D, SL, SZ, 17, UG, ZM, ZW),
Furasian patent (AM, A7, BY, KG, KZ, MD, RU, T, TM),
European patent (AT, BE, CII, CY, DE, DK, ES, F, FR,

GB, GR, [}, I'l, LU, MC, NL, PT, SL, TR), OAPI patent
C1, CM, GA, GN, GQ, GW, M1, MR,

Published:
—  without international search report and to be republished
upon receipt of that report

For two-lener codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Garette.

JP 2004-520108 A 2004.7.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

20

25

30

(43)

WO 02/053028 PCT/CA01/01788
1

Title: IMPROVED ELECTRICAL IMPEDANCE METHOD AND APPARATUS FOR
DETECTING AND DIAGNOSING DISEASES

1 [o] ENTIO|
The present invention relates to an improved method and
apparatus for detecting and diagnosing disease states in a living organism by

using a plurality of electrical impedance measurements.

BACKGROUND OF THE INVENTION

Methods for screening and diagnosing diseased states within
the body are based on sensing a physical characteristic or physiological
attribute of body tissue, and then distinguishing normal from abnormal states
from changes in the characteristic or attribute. For example, X-ray techniques
measure tissue physical density, ultrasound measures acoustic density, and
thermal sensing techniques measures differences in tissue heat. Another
measurable property of tissue is its electrical impedance; i.e., the resistance
tissue offers to the flow of electrical current through it. Values of electrical
impedance of various body tissues are well known through studies on intact
humans or from excised tissue made available following therapeutic surgical
procedures. In addition, it is well documented that a decrease in electrical
impedance occurs in tissue as it undergoes cancerous changes. This finding is
consistent over many animal species and tissue types, including, for example
human breast cancers.

There have been a number of reports of attempts to detect
breast tumors using electrical impedance imaging, such as, for example, U.S.
Pat. No. 4,486,835. However, there are basic problems when trying to construct
an image from impedance data. Electrical current does not proceed in straight
lines or in a single plane; it follows the path of least resistance, which is
inevitably irregular and three-dimensional. As a result, the mathematics for
constructing the impedance image is very complex and requires simplifying
assumptions that greatly decrease image fidelity and resolution.

JP 2004-520108 A 2004.7.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

25

30

(44)

WO 02/053028 PCT/CA01/01788
2

A cancer, however, need not be “seen” to be detected; its
presence can be detected by a marker associated with it, in this case a change
in its electrical impedance, and a technique sensitive to the marker.

One technique for screening and diagnosing diseased states
within the body using electrical impedance is disclosed in U. S. Pat. No.
6,122,544. In this patent data are obtained in organized patterns from two
anatomically homologous body regions, one of which may be affected by
disease. One subset of the data so obtained is processed and analyzed by
structuring the data values as elements of an nxn impedance matrix. The
matrices can be further characterized by their eigenvalues and eigenvectors.
These matrices and/or their eigenvalues and eigenvectors can be subjected to
a pattern recognition process to match for known normal or disease matrix or
eigenvalue and eigenvectors patterns. The matrices and/or their eigenvalues
and eigenvectors derived from each homologous body region can also be
compared, respectively, to each other using various analytical methods and
then subject to criteria established for differentiating normal from diseased

states.

SUMMARY OF THE PRESENT INVENTION
The present invention is directed to an improved method and

apparatus for detecting and diagnosing disease states in a living organism by
using a plurality of electrical impedance measurements. Although the present
invention can be applied to any two homologous body regions, the application
discussed scans for the presence or absence of breast abnormalities, and
particularly benign and malignant tumors. While not intending to be bound by
any particular theory, the method of the invention may arise from the following
assumptions and hypotheses:
1. The tumor or tumors will occur either in only one breast, or if in
both, at different homologous locations;
2. Both breasts are structurally similar, and therefore can be
expected to be approximate mirror images (homologous) with

respect to their impedance characteristics;
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3. If impedance measurements are taken in a multiplicity of
directions or paths across the breast (called an impedance
scan in the present application), the presence of tumors, which
are known to have a significantly lower impedance than the
normal tissue they replace, will distort or change the
impedance in at least some of the paths of current flow;

4. The magnitude of decreased impedance is greater for
malignant tumors than for benign ones, providing a method for
differentiating between these tumor types; and

5. There will always be some differences in impedance between
breasts in a normal individual; but these differences will be
less than the differences when a cancer is present.

The methodology of the present invention is implemented by a
data acquisition and analysis apparatus that was developed for the special
requirements of the invention. An improved breast electrode array is also
provided of a design and construction that allows excellent conformability of the
array to a breast surface and precise positioning of electrodes. This ensures
that the multiplicity of positions that impedance measurements are obtained
from in a first body part correspond as precisely as possible to the multiplicity of
positions that measurements are obtained from in another, homologous,
second body part. The apparatus has a number of innovations that provide
rapid, accurate impedance measurements from a large number of electrode
combinations, and virtually immediate data analysis and display. Impedance
data are obtained in organized patterns from two anatomically homologous
body regions, one of which may be affected by disease.

In one embodiment of the invention, electrodes are selected
so that the impedance data obtained can be considered to represent elements
of an nxn impedance matrix. Then two matrix differences are calculated to
obtain a diagnostic metric from each. In one, the absolute difference between
homologous right and left matrices, on an element-by-element basis, is
calculated; in the second, the same procedure is followed except relative matrix

element difference is calculated.
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In another embodiment of the invention, the differences
between corresponding impedance readings in the two body parts are
compared in variety of ways that allow the calculation of metrics that can serve
either as an indicator of the presence of disease or localize the disease to a
specific breast quadrant or sector. Impedance differences are also displayed in
a circular pixel plot in a representation of the frontal plane of the breast in this
disclosure, although other shape plots in the same or other planes could
effectively be produced with suitable choice of electrode geometry and
positioning. The use of impedance differences subtracts out a voluminous and
complex amount of impedance data produced by irregular, three-dimensional
current paths, since under generally normal circumstances, the paths can be
expected to be substantially identical in both body parts. Remaining differences
are assumed to be due to disease states, and are much more manageable
analytically.

Whereas the illustrated example of the present invention is a
novel and improved method and apparatus for detecting and locating breast
cancers, the invention can also be applied to other diseases or conditions in
which there is a distinguishable difference in electrical impedance in the tissue
as a result of the disease or condition. The present invention can also be used
for detecting and locating diseases or conditions in any region of the body in
which the electrical impedance of the region containing the disease or condition
can be compared to an essentially identical, normal body region; for example,
right and left forearms, right and left thighs, or right and left calves. Moreover, the
present invention can be used to detect and locate diseases or conditions in
any region of the body in which the electrical impedance of the region containing
the disease or condition can be compared to another normal body region that,
while not entirely identical, is consistently and constantly different; for example,
right and left sides of the abdomen. In other words, the differences between the
two regions being compared is a known constant in a healthy person and
therefore can be subtracted out when performing a comparison.

In particular, this invention provides for an electrode array for
diagnosing the presence of a disease state in a living organism, wherein the

electrode array comprises a flexible body, a plurality of flexible arms extending
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from the body, and a plurality of electrodes provided by the plurality of flexible
arms, wherein the electrodes are arranged on the arms to obtain impedance
measurements between respective electrodes. In a preferred embodiment the
plurality of flexible arms are spaced around the flexible body and are provided
with an electrode pair.

Moreover, the flexible body of the electrode array can be
provided with a stiffening member adapted to flatten part of the tissue of the
living organism being diagnosed. In a preferred embodiment of the invention,
the stiffening member is in the form of a ring and includes adhesive for fixation
to the skin.

Further, each electrode of the electrode array can comprise an
adhesive for fixation to the skin. In a preferred embodiment the adhesive is
hydrogel. In another embodiment the adhesive is a gel foam pad, and
particularly a gel foam pad in the form of a well that is filled with hydrogel.

The electrode array can also include means extending at least
partially between the electrodes to at least partially electrically isolate the
electrodes from each other. In a preferred embodiment the means comprises a
ground conductive path. Moreover, the plurality of electrodes can comprise
electrode pairs with each electrode pair having a current electrode and a voltage
electrode. In this embodiment, the ground conductive path can extend at least
partially between the current electrode and voltage electrode. Further, each
electrode is connected to an associated terminal by a conductive path and the
ground conductive path can extend at least partially between the conductive
paths and associated terminals of respective electrodes to at least partially
electrically isolate the conductive paths and the terminals from each other.

A method of forming an electrode array from a plurality of
electrode array elements is also disclosed. Each electrode array element
comprises a body having at least one arm extending from the body with at least
one electrode provided on the arm. The method comprises:

a) overlying the plurality of electrode array elements at the

respective bodies thereof to form a main body of the electrode

array with the arms of the respective electrode array elements
extending from the main body in spaced relation; and

JP 2004-520108 A 2004.7.8
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b) clamping the plurality of electrode array elements

together.

An alignment means can be provided to ensure that the arms
of the respective electrode array elements extend around the main body of the
electrode array in spaced relation. Moreover, a retaining member is used to
clamp the plurality of electrode array elements together, and the retaining
member can comprise a stiffening member.

This invention also provides a method of confirming whether
an electrode array for use in diagnosing a part of a living organism has been
properly connected to an electronic module. The electrode array includes a
conductive path and a connector to link the conductive path to the electronic
module. The method comprises attaching the conductive path to a terminal of
the connector, connecting the electrode array to the electronic module using the
connector, and testing whether the conductive path is properly connected to the
terminals of the connector. In the embodiment disclosed the conductive path is
a ground loop.

This invention also provides for a template for positioning an
electrode array on a part of a living organism to be diagnosed for the presence
of a disease state. The template comprises a body having a plurality of spaced
parallel lines, and at least two alignment marks positioned on the plurality of
spaced parallel lines. The body can be comprised of a flexible and transparent
material. Moreover, the body can be elongate in a direction perpendicular to the
parallel lines and have at least one line extending perpendicular to the parallel
lines. The template preferably has at least two alignment marks positioned on
the line extending perpendicular to the parallel lines. The body of the template
can present an opening through which at least a portion of the part of the living
organism to be diagnosed is visible. The alignment marks can be spaced
around the opening.

A method of positioning an electrode array on a part of a living
organism using the template is also disclosed. The method comprises:

a) marking the living organism on or near the part to be

diagnosed with a line;

JP 2004-520108 A 2004.7.8
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b) placing the positioning template on the part to be
diagnosed and aligning at least one of the spaced paraliel
lines to the line marked on the living organism;

<) marking on the living organism the location of the

alignment marks of the template; and

d) positioning the electrode array on the part to be

diagnosed by aligning its corresponding alignment marks to

the markings on the living organism from the template.

The invention also discloses a connecting member for
connecting the electrode array to a connector that electrically links the electrode
array to an electronic module. The connector member comprises a retaining
member to receive the electrode array and connector in electrical contact with
respect to one another, and a clamping member to clamp the electrode array
and connector together and secure the electrical contact therebetween. The
clamping member comprises a compressive member to apply a compressive
force to the electrode array and connector. The retaining member comprises a
base and a projection extending from the base over which a portion of the
electrode array and connector can fit. The clamping member can further include
a washer to fit over the projection of the retaining member and engage the
electrode array and connector. The base of the retaining member can include at
least one ridge extending from the base to engage the electrode array and
connector on the opposite side from the washer. In the preferred embodiment
the projection is a threaded tube and the compressive member is a fastening
nut. Moreover, the base can further comprise alignment pins to ensure that the
electrode array and connector are in correct electrical contact with respect to one
another.

The washer can be provided with at least one channel adapted
to fit therewithin the respective concentric ridges extending from the base. In one
of the embodiments disclosed the washer is provided with at least two
channels with each channel adapted to fit therewithin at least one of the ridges
extending from the base. In another embodiment the washer is provided with at
least two concentric ridges spaced to fit the respective concentric ridges
extending from the base therebetween.
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A method of connecting the electrode array to the connector
that electrically links the electrode array to the electronic module is also
disclosed. The method comprises:

a) placing the electrode array and connector in electrical

contact with respect to one another; and

b) clamping the electrode array and connector together to

secure the electrical contact therebetween.

Moreover, a method of minimizing the number of connections
in a conductive path of the electrode array and the connector is disclosed. The
method comprises:

a) providing a plurality of spaced unlinked conducting

surfaces on the electrode array;

b) providing a plurality of spaced unlinked conducting

surfaces on the connector, with two of the conducting surfaces

selected to be connected to the conductive path; and

c) placing the electrode array and connector in electrical

contact with respect to one another by overlapping the spaced

unlinked conductive surfaces of the electrode array with the
spaced unlinked conductive surfaces of the connector to form

a continuous conductive path between the two selected

conducting surfaces.

In a preferred embodiment the spaced unlinked conducting
surfaces on the electrode array are spaced generally around an opening
provided by the array, and the spaced unlinked conducting surfaces on the
connector are spaced around a similar opening provided by the connector. The
two selected conducting surfaces of the connector are adjacent to one another
and a gap is provided in the spacing of the unlinked conducting surfaces of the
electrode array so that when the electrode array and connector are placed in
overlapping relation the gap is positioned with respect to the adjacent seiected
conducting surfaces of the connector so that the continuous path does not
extend directly therebetween. In the preferred embodiment an alignment means
is provided to ensure that the electrode array and connector overlie to form a

continuous conductive path between the two selected conducting surfaces.
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Moreover, in the embodiment disclosed the conductive path is a ground
conductive path.

Further, a method is disclosed for confirming an operable
electrical contact between a plurality of spaced unlinked conducting surfaces of
an electrode array and a plurality of spaced unlinked conducting surfaces of a
connector. The method comprising:

a) placing the electrode array and connector in electrical

contact with respect to one another by overlapping the spaced

unlinked conductive surfaces of the electrode array with the
spaced unlinked conductive surfaces of the connector to form

a continuous conductive path between two selected

conducting surfaces; and

b) measuring a test signal over the conductive path

between the two selected conducting surfaces to see if an

operable electrical contact has been established.

In the embodiment disclosed the conductive path is a ground
conductive path and electrical resistance is measured and compared to a pre-
established value for an operable electrical contact. Moreover, placing the
electrode array and connector in electrical contact with respect to one another
places respective terminals for electrodes of the electrode array into electrical
contact with respective conductive surfaces of the connector. The test
establishes whether proper electrical contact between the respective terminals
and conductive surfaces has been established.

Further, this invention discloses apparatus for obtaining and
processing impedance measurements from an electrode array comprising
means to connect the apparatus to the electrode array (for example, a
multiplexer), means to control the connection means to produce a sequence of
impedance measurements (for example, a multiplexer controller), computer
means to control the sequence controlling means, and means connected to the
computer means to display the impedance measurements and any analyses
thereof. In a preferred embodiment the apparatus further comprises at least one
EEPROM chip containing a selection pattern to produce the sequence of

impedance measurements and a counter to sequence the multiplexer through
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the set of impedance measurements. The display can comprise display screen
to provide monitoring of the impedance measurements and analyses thereof, or
a printer for hard copy of the impedance measurements and analyses thereof.

In the embodiment disclosed each impedance measurement
is displayed as a grid element. Means are provided to identify the corresponding
electrodes of the electrode array used to obtain the impedance measurement
represented by a given grid element. Moreover, the identifying means can be
used to provide a value of the impedance measurement represented by the grid
element. In addition, the display can be provided with means to indicate that the
value of the impedance measurement represented by the grid element does not
correspond to a predetermined expected value.

A method of testing a multiplexer of this invention using two
substantially identical multiplexers is also disclosed. The method reversely
operates one of the multiplexers. The method comprises:

a) connecting the respective outputs of the two

multiplexers to one another;

b) providing a calibration load to the input of the reversely

operating multiplexer;

c) simultaneously controlling operation of the two

multiplexers through a sequence of identical output selections;

and

d) measuring the calibration load through the input of the

normally operating multiplexer.

In particular, the measurement of the calibration load is an
impedance measurement.

This invention also provides for a number of methods for
diagnosing the possibility of a disease state in one of first and second
substantially similar parts of a living organism. One method comprises:

a) obtaining a plurality of impedance measurements

across predetermined portions of each of the parts to produce

first and second sets of impedance measurements, the first
set for the first part and the second set for the second part, and

wherein each measurement of the first set has a
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corresponding measurement in the second set when taken

across corresponding portions of each of the parts;

b) identifying the set with a lower mean impedance value;

c) creating an absolute difference set by subtracting each

measurement of the set with the lower mean impedance value

from the corresponding measurement of the other set; and

d) analyzing the absolute difference set to diagnose the

possibility of a disease state.

In the embodiment disclosed each of the first and second sets
are arranged in respective mathematical matrices, and the absolute difference
set is an absolute difference matrix. The absolute difference matrix can be used
to calculate a matrix norm that is compared to a pre-established threshold to
diagnose the possibility of a disease state. The absolute difference matrix can
also be used to calculate a matrix determinant that is compared to a pre-
established threshold to diagnose the possibility of a disease state. Moreover, a
sum of all of the elements in the absolute difference matrix can be calculated
and compared to a pre-established threshold to diagnose the possibility of a
disease state.

A visual display for diagnosing the possibility of a disease
state and its location can also be provided by obtaining a sum of the values in
each of the absolute difference matrix columns, then representing these sums
in a graph, for example, as bar heights in a 2D graph. Another visual display can
be obtained for diagnosing the possibility of a disease states and its location by
plotting the value of each element in the absolute difference matrix as a function
of the location of the value in the matrix. Such a plot can be in 3D.

Another method of diagnosing the possibility of a disease
state in one of first and second substantially similar parts of a living organism
comprises:

a) obtaining a plurality of impedance measurements

across predetermined portions of each of the parts to produce

first and second sets of impedance measurements, the first
set for the first part and the second set for the second part, and

wherein each measurement of the first set has a
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corresponding measurement in the second set when taken
across corresponding portions of each of the parts;

b) creating a relative difference set by calculating the
relative differences between each measurement from the first
set with the corresponding measurement of the second set;
and

c) analyzing the relative difference set to diagnose the
possibility of a disease state.

Again, each of the first and second sets can be arranged in

respective mathematical matrices, and the relative difference set is an relative

difference matrix. The relative difference matrix can be used in a similar manner

as the absolute difference matrix to diagnose the possibility of a disease state.

A further method comprises:

a) obtaining a plurality of impedance measurements
across predetermined portions of each of the parts to produce
first and second sets of impedance measurements, the first
set for the first part and the second set for the second part, and
wherein each measurement of the first set has a
corresponding measurement in the second set when taken
across corresponding portions of each of the parts;

b) calculating an impedance range by subtracting the
minimum impedance measurement from either of the first and
second sets from the maximum impedance measurement
from such sets;

c) creating a plurality of numbered bin by subdividing the
impedance range into smaller range sizes, then numbering
the smaller range sizes consecutively;

d) assigning a bin number to each of the impedance
measurements from the first and second sets;

e) creating a bin difference set by subtracting the bin
number of each impedance measurement from one of the first
and second sets from the bin number of each corresponding

impedance measurement of the other set; and
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f) analyzing the bin difference set to diagnose the
possibility of a disease state.

In this method, a sum of all of the bin difference values in the

bin difference set is calculated and compared to a pre-established threshold to

5 diagnose the possibility of a disease state.

10

20

25

30

A similar method comprises:

a) obtaining a plurality of impedance measurements
across predetermined portions of each of the parts to produce
first and second sets of impedance measurements, the first
set for the first part and the second set for the second part, and
wherein each measurement of the first set has a
corresponding measurement in the second set when taken
across corresponding portions of each of the parts;

b} calculating a first impedance range for the first set by
subtracting the minimum impedance measurement from the
maximum impedance measurement of that set, and
calculating a second impedance range for the second set by
subtracting the minimum impedance measurement from the
maximum impedance measurement of that set;

c) creating a plurality of first numbered bins by subdividing
the first impedance range into a first set of smaller range
sizes, then numbering the first set of smaller range sizes
consecutively, and creating a plurality of second numbered
bins by subdividing the second impedance range into a
second set of smaller of range sizes, then numbering the
second set of smaller range sizes consecutively;

d) assigning one of the first bin numbers to each of the
impedance measurements from the first set, and assigning
one of the second bin numbers to each of the impedance
measurements from the second set;

e) creating a bin difference set by subtracting the bin

number of each impedance measurement from one of the first
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and second sets from the bin number of each corresponding
impedance measurement of the other set; and

f) analyzing the bin difference set to diagnose the
possibility of a disease state.

In the embodiment disclosed a sum of all of the bin difference

values in the bin difference set is calculated and compared to a pre-established

threshold to diagnose the possibility of a disease state.

Yet a further method of diagnosing the possibility of a disease

state in one of first and second substantially similar parts of a living organism

comprises:

a) obtaining a plurality of impedance measurements taken
between a predetermined plurality of points encircling the parts
to produce first and second sets of impedance
measurements, the first set for the first part and the second set
for the second part, and wherein each measurement of the first
set has a corresponding measurement in the second set
when taken between a corresponding plurality of points;

b) assigning a bin number to each of the impedance
measurements from the first and second sets;

c) producing a bin chord plot for each of the parts by
graphically depicting the plurality of points as nodes on an
encircling path for each part and the impedance
measurements taken between the plurality of points as a
chord extending between the respective nodes;

c) dividing each graphical depiction encircling each part
into sectors; and

d) analyzing the bin chords that converge on a given node
within a sector to diagnose the possibility of a disease state.

In the embodiment disclosed each sector graphically displays

the total number of bin chords that converge on all the nodes included within

that sector. Moreover, in the preferred embodiment the difference between

corresponding bin chords for each part is plotted as a bin difference chord on

the graphical depiction for the part having a lower bin number. The calculation of
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the number of bin difference chords that converge on a given node is then
weighted depending on the differences between bin numbers from the first set
and corresponding bin numbers from the second set.

Yet a further method of diagnosing the possibility of a disease
state in one of first and second substantially similar parts of a living organism is
disclosed. The method comprises:

a) obtaining a plurality of impedance measurements taken
between a predetermined plurality of points encircling the parts
to produce first and second sets of impedance
measurements, the first set for the first part and the second set
for the second part, and wherein each measurement of the first
set has a corresponding measurement in the second set
when taken between a corresponding plurality of points;

b) producing a pixel grid from a chord plot produced by the

impedance measurements taken between the plurality of

points; and

c) analyzing the pixel grid to diagnose the possibility of a

disease state.

For this method the intensity of a pixel in the pixe! grid is
determined from the chords that pass through the pixel, i.e., by the number of
chords that pass through the pixel, the size of the segments of the chords that
pass through the pixels, and the impedance values of the chords that pass
through the pixels. The intensity of the pixels can be equalized to account for
differences in the number of chords that can pass through the various pixels
and the size of the segments of the chords that pass through the pixels. Once
equalized the pixel intensity indicates only impedance value.

Moreover, a pixel difference set can be created by subtracting
the pixel impedance value from one of the first and second sets from the pixel
impedance value of each corresponding pixel of the other set. In this method, a
sum of all of the difference values in the pixel difference set is calculated and
compared to a pre-established threshold to diagnose the possibility of a

disease state.
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The intensity of the pixels is displayed visually and can be
generated by a computer to produce a plurality of levels that represent different
impedance values. In a preferred embodiment the visual display generated by
the computer has 256 intensity levels for representing different impedance
values.

The pixel grid can be a pixel algebraic difference plot derived by
subtracting corresponding impedance pixel measurements taken between the
plurality of points of the first part and the second part. Further, the pixel grid can
be a pixel relative difference plot derived by calculating the relative difference
between corresponding impedance pixels from the plurality of points of the first
and second part.

Further, for either pixel algebraic difference plots or for pixel
relative difference plots the range of pixel impedance intensity can be scaled
with a scale factor, derived for algebraic difference plots and for relative
difference plots, pre-established such that the scale factor for the respective plot
types, when applied to a subject having maximum observed pixel difference,
would result in the maximum pixel intensity level of 256.

Yet further, for either pixel algebraic difference plots or for pixe!
relative difference plots the pixel grid can be divided into sectors with each
sector graphically displaying the sum of the impedance values for all pixels that

are within the sector.

BRIEF DESCRIPTION OF THE DRAWING FIGURES

For a better understanding of the present invention and to
show more clearly how it may be carried into effect, reference will now be made,
by way of example, to the accompanying drawings, which show a preferred
embodiment of the present invention and in which:

FIG. 1 is an illustration of a four electrode impedance
measurement technique;

FIG. 2 is an illustration of one embodiment of a breast
electrode array;

FIG. 3 is an illustration of a positioning template for a breast

electrode array;
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FIG. 4 shows a modification of the breast electrode array of Fig.
2, and an implementation of lead wiring;

FIG. 5 is an illustration of an alternative embodiment of the
breast electrode array of the invention;

FIG. 5A is a cross-sectional view of the breast electrode array
taken along the lines A-A of FIG. 5;

FiG. 6 illustrates electrical wiring of the breast electrode array
of Fig. 5;

FIG. 7A is an illustration of a flexible ribbon cable for electrical
connection to the breast electrode array of Fig. 5;

FIG. 7B provides detail of the electrical wiring of the flexible
ribbon cable of Fig. 7A;

FIG. 8 is an illustration of a three-part cable retainer used for
attaching the breast electrode array of Fig. 5 to the flexible ribbon cable of Fig.
TA;

FIG. 9A-1 provides detail of a base part of the cable retainer of
Fig. 8;

FIG. 9A-2 is a cross-sectional view of the base part taken along
the lines A-A of FIG. 9A-1;

FIG. 9B-1 provides detail of the washer part of the cable
retainer of Fig. 8;

FIG. 9B-2 is a cross-sectional view of the washer part taken
along the lines B-B of FIG. 9B-1;

FIG. 9C-1 provides detail of another embodiment of the washer
part of the cable retainer of Fig. 8;

FIG. 9C-2 is a cross-sectional view of the washer part of FIG.
9C-1 taken along the lines C-C;

FIG. 9D is a sectional view of the breast electrode array
connected to the flexible ribbon cable using the three-part cable retainer;

FIG. 9E is an enlarged sectional view of the area indicated as
9E in FIG 9D, illustrating the compressive action of the base and washer parts
of the cable retainer of FIG. 8 against the flexible ribbon cable of FIG. 7A and the
breast electrode array of FIG. 5;
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FIG. 10 is an illustration of a modification of the breast
electrode array of Fig. 5 showing alternative electrical wiring;

FIGS. 11A and 11B illustrate further aiternative multi-arm
electrode arrays;

FIG. 12 is a block diagram of a data acquisition and analysis
apparatus used in the invention;

FIG. 12A illustrates a method of testing the data acquisition
and analysis apparatus used in the invention;

FIG. 13A is an illustration of a display screen of the apparatus

of FIG. 12;

FIG. 13B provides further detail about the impedance display of
FIG. 13A;

FIG. 14 is an illustration of a bin difference chord plot and node
counts;

FIG. 15A is an illustration of a tissue impedance distribution
shown as a pixel plot, where all tissue impedances have been idealized as
being equal;

FIG. 15B is a numerical representation of the pixel values of
the plot of FIG. 15A;

FIG. 16A is a pixel impedance difference plot obtained from the
same data as used in FIG. 14; and

FIG. 16B is a pixel equalized version of the plot of FIG. 16A.

DESCRIPTION OF PREFERRED EMBODIMENT

ELECTRICAL IMPEDANCE AND THE FOUR ELECTRODE MEASUREMENT TECHNIQUE

Electrical impedance is measured by using four electrodes as
shown in FIG. 1. The outer pair of electrodes 1 is used for the application of
current |, and the inner pair of electrodes 2 is used to measure the voltage V that
is produced across a material, such as tissue 3, by the current. The current |
flowing between electrodes 1 is indicated by the arrows 4. The impedance Z is
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the ratio of Vto I; i.e., Z=¥. By using separate electrode pairs for current

injection and voltage measurement polarization effects at the voltage
measurement electrodes are minimized and a more accurate measurement of
impedance can be produced.

Impedance consists of two components, resistance and
capacitive reactance (or equivalently, the magnitude of impedance and its
phase angle). Both components are measured, displayed, and analyzed in the
present invention. However, for the purpose of explanation of the invention, only
resistance will be used and will interchangeably be referred to as either

resistance or the more general term impedance.
BREAST ELECTRODE ARRAYS

FIG. 2 discloses a breast electrode array 5 of the invention that
has sixteen electrode pairs, each pair consisting of an outer electrode 8 for
current injection and an inner electrode 9 for voltage measurement. To simplify
the figure, conductive pathways and electrical connectors are not shown. The
illustrated implementation of the array has a main section 6 and a tail section 7.
Sixteen pairs of rectangular electrodes in circular orientation are shown, but
there are many alternatives that could be advantageously used with the present
invention: more or fewer electrode pairs; different electrode shapes and sizes;
other shapes for the main body and tail sections of the array; and other
geometrical arrangements of the electrodes, e.g., radial sectors with three or
more electrodes. Regardless of the electrode arrangement, four electrodes
must be used for each impedance measurement, two electrodes between
which current is injected, and two electrodes across which voltage is measured.
They need not necessarily be physically inner and outer as shown in FIG. 2.

The electrodes 8 and 9 are made of an electrically conductive,
self-adhesive material such as a hydrogel so that when the array is positioned
on the skin and pressed against it, the adhesive quality of the electrodes
assures good skin fixation. Alternatively, adhesive material can be used at

various positions on the main section 6 and/or the tail section 7 of the array for
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fixation of the array. In order to assure impedance is measured in all regions of
the breast, electrode arrays 5 are made in different sizes for use in women with
different breast cup sizes.

The backing material of breast electrode array 5 must be
flexible in all directions (for purposes of illustration a material flexible in all
directions is, for example, cotton but not, for example, a material like polyester
which when flexed in one direction becomes rigid in the transverse direction) in
order to conform to the breast surface and ensure good electrode contact. The
backing material must also allow for the deposition of conductive ink to provide
the electrical pathways for the electrodes. An example of a material that meets
all these requirements is Tyvek® Dupont polyethylene fibre. Shape conformity is
further aided by cutouts or darts 11. The darts 11 can be placed at various
positions at the inner edge of the main section 6, or the outer edge, or
combinations thereof.

More accurate and consistently identical placement of
electrode arrays on both breasts is aided by positioning the alignment marks 10
shown at four locations on the inner edge of the main section 6 of breast
electrode array 5 over alignment marks put on the skin using positioning
template 12 having a body made of flexible, transparent material 13, shown in
FIG. 3. Placement of these marks is uniquely identified by one point (the centre
of the nipple) and one angle or equivalently one axis (the vertical axis of the
body). This axis can be identified by using a plumb line while the subject is
standing or sitting erect, and marking a vertical axial line on the skin. Template
12 is positioned on the breast with central cutout 16 centered about the nipple.
The template is then rotated so that lines 15 are parallel to the marked vertical
axis of the body. Providing template 12 with several lines 15 facilitates vertically
aligning lines 15 and the marked vertical axis of the body by using one or mare
of the lines 15 closest to the marked vertical axis of the body. The transparency
of template 12 allows its reversal for use on both sides of the body. There are
four small holes 18, two on vertical axis 14 and two on horizontal axis 17 which
correspond exactly to the alignment marks 10 of breast electrode array 5. An ink
or other mark is made on the skin surface through the holes 18 of the
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positioning template 12. The template is then removed and the electrode array
is applied with its alignment marks 10 aligned with the ink marks on the skin.

FIG. 4 discloses breast electrode array 19, which is a
modification of breast electrode array 5 of FIG. 2. FIG. 4 also shows an
implementation of electrode lead wiring 20 (conductive paths) and connectors
21, the latter for insertion into a cable attached to the front end electronic module
of the invention, to be described later. The darts 11 of breast electrode array 5
are not shown in breast electrode array 19, but they can be beneficially used in
the breast electrode array of FIG. 4. The tail section 23 of the breast electrode
array 19 can be made angular as shown in FIG. 4 to point inwards toward the
body midline in order to facilitate connection to the cable of the front end module
that is positioned centrally on the subject or close to the upper mid-chest. Right
and left side arrays differ in that their tails 23 are mirror images, each angled
appropriately toward the body midline. )

Breast electrode array 19 includes a special conductive path,
terminating at connectors 25 and 26, to form an electrical ground loop 24.
Ground loop 24 improves the isolation of current injection electrodes 28 from
voltage measurement electrodes 29. Moreover, ground loop 24 allows for an
electrical test to confirm that right and left side arrays have been applied to the
correct side. One limb of the ground loop 24 attaches to a terminal for connector
25 on arrays intended for the right breast; this same limb is removed from
connector 256 and is attached to a terminal of one of the unused connectors 27
on arrays intended for the left breast. Testing for expected right or left side
continuity of the ground loop 24 identifies right and left side arrays.

The array tail 23 may be longer or shorter, angled or straight, of
various shapes (e.g., hour glass), and made narrower by reducing the
separation of the conductive paths 20 or double-sided printing of the paths 20
with corresponding use of a double sided electrical connector. Alignment marks
30 are used identically to their counterparts 10 in breast electrode array § as
shown in FIG. 2.

FIGS. 5 and 5A disclose an alternative, preferred breast
electrode array 31 of the invention. Sixteen array arms 32 are shown (see FIG.

5), spaced around a body 32’. Each array arm 32 is provided with a current
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injection electrode 33 and voltage measurement electrode 34. Other
embodiments could have fewer arms, or more, narrower arms. The backing
material 35 for electrode array 31 is thin, typically about .005 inch, is
preferentially transparent, and when flexed in one direction becomes relatively
inflexible in all other directions. The surface of this material must be printable
with conductive ink and accept self-adhesive electrode material such as
hydrogels. An example of such a material suitable for this invention is polyester
film. The backing material 35 has a central cutout 36 through which cable
retainer 62, to be described later, fits, Breast electrode array 31 has a stiffening
ring 37, concentric with cutout 36, attached to it. Stiffening ring 37 is flat, about
0.08 inch thick, and is 16-sided. Each of its sides is aligned with the base of an
array arm 32. Although not illustrated, the sharp junction 38 between each array
arm is preferentially replaced by a small radius cutout to prevent tearing of
backing material 35 at that point. Stiffening ring 37 is attached using a suitable
adhesive or other means to breast electrode array 31 on the side meant to face
the subject's skin. The free side of stiffening ring 37 has an adhesive applied to
it so that it, in turn, will attach to the skin. There are a number of alignment
marks 39 printed on breast electrode array 31. These marks are matched to
erasable markings applied to the breast, using, for example, template 12 as
illustrated and discussed in FIG. 3 above, to ensure accurate positioning of the
array to each breast. One of the alignment marks 39 has an arrow 40
associated with it to indicate that the axis defined by arrow 40 is to be parallel to
the vertical axis of the body. Backing material 35 can also be provided with
alignment holes 41 to accept pins of a cable retainer, in a manner to be
described.

As illustrated in FIG. 5A current injection electrode 33 and
voltage measurement electrode 34 are comprised of two components: a base
layer of conductive ink 33’ and a conductive adhesive layer 33”. One common
conductive adhesive is hydrogel, used in applications such as
electrocardiography. The hydrogel, which is liquid before it is cured, can be
applied to the conductive ink electrode base layer in several ways. One method
is to use a hydrogel whose surface tension properties cause it to have a
relatively high affinity to conductive ink and low affinity to polyester. As such, the
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hydrogel can be applied in liquid form where it will distribute evenly over the
conductive base layer made the exact size and shape of the electrode.
Following application, the hydrogel is cured to solidify. Another method uses
adhesive gel foam pads with a cutout of the size and shape of the electrodes.
The gel foam pads are applied to the polyester to form a well with the conductive
layer as its base. The well is filled with hydrogel, which is then cured. Another
method uses solidified, cured sheets of hydrogel that are cut to proper electrode
size and shape and applied to the conductive layer base. The non-skin side of
backing material 35 has a thin, transparent layer of insulation, covering all of
that side of breast electrode array 31 except for an inner circular portion
corresponding to the inner diameter 47 (shown as dashed lines) of stiffening
ring 37 as shown in FIG. 6, The insulation shields the conductive paths from
accidental contact with the subject’s skin. The adhesive surfaces of stiffening
ring 37 and electrodes 33 and 34 are protected before use by a removable
covering with a release liner.

FIG. 6 shows one example of electrical wiring of breast
electrode array 31. Conductive paths 42, 43 and 44 are printed on the side of
backing material 35 away from the subject's skin (non-skin side). Conductive
paths 42 and 43 extend through through-holes (not illustrated) to the side of
backing material 35 toward the subject's skin (skin side) to form electrical
connections with a generally identical conductive ink that forms the base layer of
current injection electrodes 33 and voltage measurement electrodes 34
respectively.

Conductive paths 42 and 43 connect on their other ends to
connector tabs 45. There are also 16 ground conductive paths 44, one each
positioned between current injection electrodes 33 and voltage measurement
electrodes 34 and their conductive paths 42 and 43, to enhance electrical
isolation and reduce cross-talk between these circuit elements. Ground
conductive paths 44 connect to connector tabs 46. Note the repeating sequence
of two adjacent current paths 42 connected to two adjacent connector tabs 45,
an intervening ground path 44 connected to its connector tab 46, then two
adjacent voltage paths 43 connected to two adjacent connector tabs 45, with the

insertion of a ground path between all current and voltage connector tabs 45,
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results in further reduction of cross-talk between current and voltage circuit
sides. The trapezoidal shape of connector tabs 46 serve a special function, as
will be described in the following section.

FIG. 7A discloses a flexible, flat ribbon cable pair 48
constructed of separate ribbons 49 and 50 each of which contain 34 conductive
paths, not shown in the figure, that terminate on one end at connector tabs 51
and 5§2 of the circular connector rings §3. These rings have a central cutout 54
whose diameter is identical to substantially that of central cutout 36 of breast
electrode array 31. The conductive paths of ribbons 49 and 50 terminate at their
other end at separate rows of a standard two-row, 72-pin connector 55, which in
turn attaches to a mating connector of a front-end electronic module of the
invention, to be described later. As is standard practice for the manufacture of
flexible circuits, the ribbons 49 and 50 are polyimide material, copper is used for
the conductive paths, and connector tabs 51 and 52 are copper with a tin/lead
coating. Each ribbon 49 and 50 has its thirty four conductive paths printed in
standard double-sided manner. Sixteen of the conductive paths serve current
injection electrodes, sixteen serve voltage measurement electrodes, and two
conductive paths connect to electrical ground, although in general more ground
connections could be used. Both surfaces of ribbons 49 and 50 are insulated
with a thin polyimide layer 56 except for an inner uninsulated portion of
connector rings 53 defined by a diameter 57 at the outside edge of connector
tabs 51.

FIG. 7B provides detail of the electrical wiring of connector ring
53 and the adjacent portion of ribbon 49 or §0. Double-sided printing of
conductive paths is indicated by solid lines §8 for one side and dashed lines §9
for the other side. One conductive path terminates in each connector tab 51.
However, there are only two connections 60 made by conductive paths with
ground connector tabs 52, leaving the remaining 14 ground connector tabs 562
to be connected in a manner to be described in the following section. Ribbons
49 and 50 can also be provided with alignment holes 61, as indicated in the
figure, to accept alignment pins of a cable retainer, as described below. Two
alignment holes 61 are indicated in FIG. 7B but more could be used. The
position of such alignment holes could be different for ribbons 49 and 50 to
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provide a method of detection and/or prevention of reversal of an electrode array,
or right-left electrode array interchange.

A connector member is disclosed for attaching the breast
electrode array 31 to each of the flexible ribbons 49 and 5§0. The connecting
member comprises a retaining member to receive the electrode array and the
flexible ribbons in electrical contact with respect to one another, and a clamping
member to clamp the electrode array and flexible ribbons together and secure
the electrical contact therebetween. In the embodiment illustrated in FIG. 8 the
connector member is cable retainer 62. Cable retainer 62 has three
components: a base part 63, a washer 64, and a fastening nut 65. These
components are fabricated from a material such as, for example, Delrin®
Dupont acetyl copolymer because of its strength, stiffness, hardness,
dimensional stability, and electrically non-conductive properties. Other
materials, with a similar combination of properties, could also be used. Base
part 63 consists of a flat annular flange 66 and a central, hollow, threaded
cylindrical tube 67. Annular flange 66 has, on its surface, two concentric ridges
68 and two alignment pins 69. These pins can be fabricated from a material
such as Delrin® or a metal such as stainless steel. More detail of base part 63
is shown in FIGS. 9A-1 and 9A-2 where the same identification numbers as in
FIG. 8 apply. As particularly shown in FIG, 9A-2 ridges 68 have tapered sides
that facilitate alignment with matching and preferably tapered channels, such as
channels 70 of washer 64 as illustrated in FIG. 9B-2.

Washer 64, as illustrated in FIGS. 9B-1 and 9B-2 has two
circular channels 70 and two alignment holes 71. An alternative embodiment of
washer 64 is washer 72, illustrated in FIGS. 9C-1 and 9C-2. In this embodiment
washer 72 has two circular ridges 73 and 74 that form with the main body of
washer 72 a channel-like formation, and two alignment holes 75. As illustrated
in FIG. 9C-1 the outer ridge, ridge 73, is higher than the inner ridge, ridge 74.

The third component of cable retainer 62 of FIG. 8 is fastening
nut 65. It has a knurled knob 76, flange 77, and interior thread 78.

FIG. 9D shows an assembled breast electrode array 31,
flexible ribbon cable 48, and cable retainer 62 with its base part 63, washer 72,
and fastening nut 65.
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In operation, breast electrode array 31 is connected to the
flexible ribbon cable pair 48 as follows. The threaded cylindrical tube 67 of base
part 683 of cable retainer 62 is inserted into the central cutout 36 of breast
electrode array 31 from the skin side of the array, the side that has the attached
stiffening ring 37, with alignment pins 69 of base part 63 inserted through
alignment holes 41 of breast electrode array 31. The diameter of annular flange
66 of base part 63 is slightly less than that of the inner diameter of stiffening ring
37 and the height of annular flange 66 is less than that of the stiffening ring in
order to ensure that stiffening ring 37 makes contact with the skin of the breast.
At this point, the protective adhesive covering of stiffening ring 37 can be
removed and breast electrode array 31, containing base part 63 within it, is
centered about the nipple. Before stiffening ring 37 is pressed into firm contact
with the skin, breast electrode array 31 is brought into correct rotational
alignment. This is accomplished by directing arrow 40 of alignment mark 39
(see FIG. 5) upward toward the head, then superimposing all alignment marks
39 directly over the skin markings previously applied with the aid of a positioning
template such as template 12 described in FIG. 3. Optionally, the assembly of
the breast electrode array to the flexible ribbon cable can be completed before
the array is attached to the breast. .

Connector ring 53 of flexible ribbon cable 48 is then slipped
onto cylindrical tube 67 of base part 63 so that the following conditions are
satisfied: (1) the exposed electrode tabs 51 and 52 of connector ring 53 face
electrode tabs 45 and 46 of breast electrode array 31; (2) alignment holes 61 of
the connector ring 53 engage alignment pins 69 of base part 63; and (3) flexible
ribbon cable 48 is oriented such that 72-pin connector 55 is directed toward the
subject's head. Satisfying these conditions will cause electrode tabs 51 of
connector ring 53 to fully overly electrode tabs 45 of breast electrode array 31
and cause trapezoidal electrode tabs 52 of connector ring 83 to be staggered
with and slightly overlap trapezoidal electrode tabs 46 of breast electrode array
31 making a continuous electrical path. This aspect of the invention has two
features. Firstly, since electrode tabs 46 and 52 form a continuous electrical
path between the two ground connections 60, shown in FIG. 7B, only two ground

conductive paths are required. Secondly, it provides an electrical test of proper
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application of connector ring 53 to breast electrode array 31 because any
application other than the correct one, will cause a break (open circuit) in the
continuous electrical path and indicate, as well, that electrode tabs 51 of
connector ring 53 are not aligned correctly with electrode tabs 45 of breast
electrode array 31. Choice of size, shape, and degree of overlap of mating
electrodes tabs 46 and 52 establishes the desired degree of rotational
misalignment sensitivity, and measuring the resistance of the conductive paths
serving these electrode tabs could also be used to provide an indication of the
degree of misalignment and the contact pressure. Other implementations of
this technique are possible by varying the number and pattern of missing
connections to ground electrode tabs, then relying on establishing a ground
connection circuit that requires correct rotationally staggered alignment of
ground electrode tabs on connector ring 53 and breast electrode array 31.
Following the attachment of connector ring 53 to cylindrical
tube 67 of base part 63, washer 72 and fastening nut 65 are, in turn, applied to
cylindrical tube 67. Washer 72 is rotated so that its alignment holes 71 engage
into alignment pins 69 of base part 63, thereby preventing rotation of washer 72.
Moreover, washer 72 (or washer 64) alone, or in combination with flexible ribbon
cable 48 and breast electrode array 31, is of a height at least as great as that of
alignment pins 69, as shown in FIGS. 9D and 9E. Fastening nut 65 can then be
turned to bring washer 72 firmly into contact with connector ring 53. In this
manner, electrode tabs 51 and 52 of connector ring 53 are brought in contact
with electrode tabs 45 and 46 of breast electrode array 31. This contact is
secured by the effects of the compressive force against the flexible polyimide
material of connector ring §3 and the flexible polyester of breast electrode array
31 as they are clamped between the ridges 68 of base part 63 and the
complementary ridges 73 and 74 of washer 72, or alternatively the
complementary channels 70 of washer 64. The compressive force bends the
flexible substrates causing them to act in the manner of a dish spring in which
the ridges 68 of base part 63 are the fulcrum points of a circular bent beam as
illustrated in FIG. 9E. This action also produces a desirable contact wiping
action of the electrode tabs as the flexible substrates assume a slight dish

shape under compression. The contacting surfaces of the washer and the
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fastening nut of cable retainer 62 can be designed with matching bumps on one
part and holes on the other, or staggered bumps on both surfaces, to provide
tactile and audible guides to the degree of compression. Locking of bumps into
holes, or abutment of surface bumps, could also provide additional assurance
against unscrewing.

Once breast electrode array 31 is connected to the flexible
ribbon cable 48 in a correct orientation, and attached to the breast by the
adhesive material on stiffening ring 37, attachment of all electrodes 33 and 34
can proceed accurately and reproducibly. In particular, the action of stiffening
ring 37, which is flat, is to force the skin of the attached breast into the same, flat
plane. Therefore, each array arm 32, as it originates from a straight side of
stiffening ring 37 will, as it is gently pressed radially outward, easily flex and
conform to the contour of the breast surface, while at the same time the arm
becomes rigid and inflexible along any other direction but its radial contour
because of the nature of the polyester film, as previously described. The
application process is completed by pressing and attaching self-adhesive
electrodes 33 or 34 at the end of each array arm 32 (once their protective
covering has been removed) to the skin in a true radial position. The
combination of these features—the flattening of the skin by the stiffening ring,
the design of a many sided stiffening ring to provide each array arm with a
straight axis around which to flex, the preferred bending of the array material in
its initial direction of flexing as the array arm conforms to the breast surface, and
conversely its rigidity in all other directions—all ensure consistent inter-
electrode spacing (equal in the example used), and reproducible, accurate
side-to-side electrode positioning, all necessary conditions for the meaningful
use of homologous electrical impedance analysis as described in this
invention.

FIG. 10 discloses breast electrode array 79, a modification of
breast electrode array 31, that shows alternative electrical wiring. In this
modification one of the array arms has been widened and elongated to form a
connecting tail section 80 similar to that of breast electrode array 19 of FIG. 4.
The positions of current injection electrode 81 and voltage measurement

electrode 82 have not been changed to maintain, in this instance, the identical
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geometrical pattern of all electrodes as in breast electrode array 31. Widening of
the array arm allows conductive paths 83 and 84, from the remaining fifteen
pairs of current injection electrodes 85 and voltage measurement electrodes 86
respectively, to be routed in connecting tail 80 along with conductive paths
serving electrodes 81 and 82. Double-sided printing of conductive paths is
indicated by solid lines for one side and dashed lines for the other side. All
conductive paths terminate at connectors 86 and, in general, all the features
attributed to tail section 23 of FIG. 4, such as the use of ground connectors 87
for confirmation of correct right and left side breast electrode array placement,
are equally applicable here. The use of ground conductive paths for improved
isolation of current injection and voltage measurement circuit sides, although
not shown, could be implemented either as intervening conductive paths and/or
areas of conductive ink.

FIGS. 11A and 11B disclose an alternative method of effecting
multi-arm electrode arrays. In particular FIG. 11A discloses a basic four-arm
electrode array 88. It has conventional adhesive hydrogel current injection
electrodes 89 and voltage measurement electrodes 80 on thin, transparent
polyester film. Each arm 91 of the array has alignment marks 92 and alignment
holes 93. There is a central cutout 94 that in use is centered about the nipple.
For simplicity of illustration, electrical wiring is not shown. Other basic
arrangements, with fewer or more arms, combinations of different length arms,
and arms equally or unequally rotated from one another, could be used to
create various sized and shaped electrode arrays. In addition, there could be
three or more electrodes on each arm 91 to measure impedance radially or in
other geometric configurations.

FIG. 11B shows a plan view, electrode side, of the assembly of
four of the four-arm electrode arrays 88 into a sixteen-arm electrode array 95.
Electrode arrays 88 are held together by engaging their cutouts 94 over the
threaded hollow cylinder 97 (bottom only can be seen) of array retainer 96,
rotating them into predetermined positions by further engagement of their
alignment holes 93 with alignment pins 98 (bottom only can be seen) of array
retainer 96, followed by clamping with a washer and nut over threaded hollow

cylinder 97. The bottom of array retainer 96 is similar to stiffening ring 37 in that
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its bottom surface is generally flat and stiff with an adhesive covering for
providing initial attachment of the assembly to the skin. For reasons stated for
stiffening ring 37 of breast electrode array 31, array retainer 96 forces the skin
surface attached to it into a flat plane. Correct positioning of electrode array 95
on the breast is obtained by overlying its alignment marks 92 with ink marks
placed on the skin with a positioning template, as previously described.

In general, electrodes in various disclosures herein have been
depicted as rectangular, and electrode pairs positioned side-by-side. A number
of other configurations could beneficially be used, including electrodes of
various shapes including but not limited to circular, ovoid, annular, and C-
shaped. Current injection and voltage measurement electrodes need not be of
similar shape, nor be the same size or be side by side. For example, a C-
shaped voltage measurement electrode and a small, circular current injection
electrode positioned between the open ends of the C-shaped voltage

measurement electrode may have advantages of size and effectiveness.
IMPEDANCE DATA ACQUISITION

FIG. 12 discloses a block diagram of the data acquisition and
analysis apparatus 99 for automatically measuring, processing and analyzing
impedance data. For the purposes of illustration, the apparatus 99 will be
described as employed for screening, locating and diagnosing breast cancer.
However, it should be recognized that the method and apparatus of the
invention could be employed in a similar manner for screening or diagnosis at
other body sites and for other conditions and diseases. Breast electrode arrays
100 have, for this example, sixteen pairs of electrodes as in the preferred breast
electrode array 31 of FIG. 5. As previously described, the four electrode
technique is used to measure electrical impedance (or its reciprocal,
admittance). A continuous 50 kilohertz sine wave current of constant amplitude |
is applied between two current injection electrodes in the outer circumference
101 of an electrode array, and the resultant voltage V is measured between two
voltage measurement electrodes in the inner circumference 102 of the

electrode array. The positioning of current electrodes in an outer circumference,
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and voltage electrodes in an inner circumference is not exclusive for the
invention; many other arrangements and configurations of electrodes could be
used. Use of a 50 kilohertz sine wave is standard practice for many
bioimpedance applications, but there is an extended range of useable
frequencies and, to a lesser degree, other waveforms. Impedance Z is

calculated from ¥ As will be described later, with the illustrated embodiment,

three hundred and thirty such impedance values are obtained (scanned) for
each breast.

Apparatus 99 has as its major components front-end module
103, main module 104, and laptop PC 105. There is also a printer 106 for a
hard copy of reports and results. Within front-end module 103 there is a right
multiplexer 107 and a left multiplexer 108. These multiplexers provide
connections to the right and left breast electrode arrays respectively. For each
measurement, four connections are made at a time, two to current injection
electrodes in outer circumference 101 of a breast electrode array and two to
voltage measurement electrodes in inner circumference 102 of the same array.
As presently performed, all three hundred and thirty measurements are
completed on one side before the measurement process begins on the other
side. There are many other possibilities so long as only one side is activated at
a time; for example, a routine could be followed that alternated between a single
measurement on one side, then the homologous measurement on the other
side. The selections of the four connections for measurement are given by
multiplexer controller for the front-end module (multiplexer controller FEM) 109
that provides digital address control to right and left multiplexers 107 and 108.

There are five sub-modules 110 to 114 within main module
104. The current invention discloses a multiplexer controller main module
(multiplexer controller MM) 110 with a 12-bit counter and three EEPROM chips
that contain blocks of words (i.e, “memorized” electrode selection patterns, such
as, for the illustrated embodiment, the sequence and pattern illustrated in FIG.
13, as discussed below) used primarily for front-end module multiplexer
electrode selection and control. Using a multiplicity of words from the EEPROM
chips activated rapidly by the 12-bit counter, multiplexer controller MM enables
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the three hundred and thirty impedance measurements to be completed quickly
(less than thirty seconds in the present invention). Operation of impedance
measuring module 111 is controlled generally by laptop PC 105 by RS232
signals through its serial port. PC interface board 112 connects to both the
serial and parallel ports of laptop PC 105. The parallel port is used for general
control of power supplies and communication with multiplexer controller MM
110. In the example provided both the serial and parallel ports of laptop PC 106
are used. Consequently, PC interface board 112 has a serial port duplicator to
provide connection to printer 106. Regulated power to the various sub-modules
is supplied by power supply 113 and regulators 114. Electrical isolation is
obtained at isolation interfaces 115 by optocouplers and, at power supply 113,
by dc-to-dc voltage conversion.

The present invention discloses a method by which two
identical multiplexers can be tested by reversely operating one of them. FIG. 12A
shows an example of two identical multiplexers, multiplexer 200 and multiplexer
201, generally functioning to switch four wires at their inputs to a multiplicity of
combinations of four of the thirty two wires available at their outputs. To perform
the test, the outputs of the multiplexers are connected together. Multiplexer 201,
which is reversely operated, has its four inputs connected to calibration load
204, here a simple RC network. As multiplexer controller 205 simultaneously
controls the multiplicity of output selections of the multiplexers, the impedance
of calibration load 204 is read by impedance measuring module 203 at the
input of multiplexer 200. For proper multiplexer operation, the load value
measured must remain constant and equal to the calibration load for all
multiplexer output combinations. If this is not so, then at least one of the
multiplexers is not functioning properly and needs repair. Since front end
module 103 of the present invention contains identical right and left
multiplexers, apparatus 99 can be configured and switched as required into a
multiplexer test mode as described.

An electrode array numbering convention has been
established in which electrode pairs are numbered clockwise one to sixteen for
the right breast, with the uppermost electrode pair numbered one, and

counterclockwise in similar fashion for the left breast so that mirror-imaged
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electrode pairs will always be compared. Current and voltage electrode pairs
are functionally single electrodes, so if each pair is considered as one of n
electrodes, then the number of impedance measurements required between
such electrodes to obtain a matrix of impedance values is(n—1)x(n—1).
Therefore, a set of 15 x 15 = 225 measurements are required for a sixteen (pair)
electrode array. This set is obtained as follows: Current is applied between the
outer electrodes of electrode pairs 1 and 2 and then, in turn, the voltage
between the inner electrode of electrode pair 1 and all other inner electrodes
are measured, i.e., Vi, V3 ... Vq 1. Dividing each of these voltages by 1, ,, the
current between outer the electrodes of electrode pairs one and two, gives the
first fifteen impedance values. Current is next applied between the outer
electrodes of electrode pairs one and three, 11_3, which will create a new pattern
of electric field potentials. Then, the voltage is again measured between the

inner electrode of electrode pair 1 and all other inner electrodes (V,,‘Z, Vig--
V 1¢)- Dividing each of the voltages by 1, ; gives the next fifteen impedance

values. This process is repeated for current applied between the outer
electrodes of electrode pairs one and four, one and five, ..., one and sixteen, to
produce, finally, fifteen sets of fifteen impedance values. Placing these
impedance values (elements) in a fifteen-row by fifteen-column grid results in
an impedance matrix.

There is a special subset of fifteen impedance values in the
225 element set — those that use the same pair of electrodes for current
injection and voltage measurement; for example, current I, ;; applied between

the outer electrodes of electrode pairs 1 and 13, and voltage V, ;3 measured

between inner electrodes of the same electrode pairs gives impedance

Impedances in this subset are called Z type impedances.

'same

They are indicated by Z;,, Z 5, . Z4 4. There is additional value, as will be
disclosed later under Data Analysis, in measuring all other possible Z, ..

impedances, as listed below:
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22,3 22,4 Z2,5 T Z2,16
23.4 23,5 Z3,6 e 23.15
24.5 Z4.6 24.7 T 24,16

243,14 Z1315 L1316
Z1415 Z1a 6

Z15,1G

Therefore, a complete set of impedance measurements for one
breast, when a sixteen pair electrode array is used, consists of two hundred and
twenty five measurements for the impedance matrix, and another one hundred

and five measurements to obtain all values for Z, resulting in a total of three

same*
hundred and thirty impedance measurements for each breast. This number will,
of course, change as electrode number changes. The process of selecting lead
sets and obtaining these measurements is called an impedance scan.

FIG. 13A discloses a method in a single display screen 116 of
laptop PC 105 of real-time monitoring of acquisition of impedance data,
reviewing any of the 660 impedance values obtained (i.e., 330 measurements
for each breast), and displaying the occurrence of measurement errors. Each of
the 330 impedance measurements for the right and left breasts is represented
by a pixel 117, here depicted as a square, but not limited to this form. As further
illustrated by the outline square 119’ of FIG. 13B, the bottom 15 x 15 pixels on
either side are the two hundred and twenty five measurements used to form the
impedance matrix. Included in this, on the diagonal of the square, are fifteen
Z,.me Measurements, indicated at 117’ by squares with an “X.” The sloping top
section 117"’ represents the remaining one hundred and five Z
measurements (filled with an"X") needed to complement the fifteen Z_, . values

within the impedance matrix. Initially, all pixels in FIG. 13A are blank. As each
value is obtained, first for the right breast, pixels fill in starting at the lower right
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corner pixel 118, and then continue to fill in the bottom row from right to left (this
row represents current injected between electrodes one and two, and voltage
measured between one and two, one and three, ..., one and sixteen). Pixel 119,
at the next row higher is filled next, then the process continues as this row is
filled from right to left (this row represents current injected between electrodes
one and three, and voltage measured between one and two, one and three, ...,
one and sixteen). The process is repeated until the fifteenth row, starting with
pixel 120, has been completed (this row represents current injected between
electrodes one and sixteen, and voltage measured between one and two, one
and three, ..., one and sixteen). These two hundred and twenty five pixels, as
noted above, represent the impedance matrix. Filling in continues in similar

manner for the remaining one hundred and five Z., . measurements, starting

with pixel 121, filling in from right to left, until the 330t pixel 122 is filled. Real
time error checking of measurement is performed for factors such as
consistency and fit within a range of expected values, and errors are indicated
dynamically at their associated pixels during the filling process. Shading or
color coding is used to differentiate those pixels (measurements) with
successful measurements from those detected with errors. The entire process,
including error checking, takes less than 30 seconds.

Since both breast electrode arrays are applied before testing,
impedance measurement and consequently pixel filling begins for the left
breast virtually immediately after the right breast is completed. Filling proceeds
in a mirror image of the sequence for the right breast, starting at pixel 123 in the
lower left corner, then running along rows from left to right. The display is made
to unfold in this manner to convey a sense of homologous side-to-side
measurement. Upon completion of the impedance scan, any measurement can
be reviewed in window 124 by bringing the arrow cursor over its corresponding
pixel and clicking. The window indicates the current injection and voltage
measurement electrodes used, and displays the values of resistance and
reactance. Pixels corresponding to any measurements that, according to the
error-detecting algorithms of the invention are inconsistent or outside of
expected limits for either normal or diseased tissue (generally determined by
clinical data), are indicated by color or shading, here as black. Bringing the
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arrow cursor over such a pixel and clicking will display a window with a text

message indicating the electrode(s) likely responsible for the problem.

DATA ANALYSIS

(a) THE DiFFERENCE IMPEDANCE MATRIX

The breast can be considered as a non-homogeneous, electrically

conducting object with M+ 1 electrode pairs (to be referred to in this discussion

10 simply as an “electrode,” one that can be used for both current injection and
voltage measurement without electrode polarization). One electrode is
assigned as the reference electrode with zero potential. The current at the
reference electrode is the sum of the currents that are applied to the other M

electrodes. The impedance matrix Z relates the currents I, the current through

15 the ith electrode, and the voltages V;, the potential difference between the ith

electrode and the reference electrode, where i=1,2,3, ..., M, is as follows:
Vl Il
VZ 12
V. 1
3 =7 % 3
VM IM

which can be condensed as V=Zx1.
20 For an object with M+ 1 electrodes as described above, the

impedance matrix Z is defined as an M xM matrix:
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Zl 1 ZI 2 Zl 3t ZIM
ZZI Z7.2 213 Z’ZM
Z - ZZ 1 le Z:‘ 3 N Z3M
Z, 2, Z . Z

Each matrix element Z,(i,j=1,2,3,...,,M) is equal to % when all
1

currents except the current at the jth electrode are equal to zero. In a
given subject, the impedance matrix Z is unique for a given pattern of breast
electrodes and therefore represents the "signature” of the breast. Associated
with certain types of matrices, including the impedance matrices as structured
in the present invention, are characteristic values called eigenvalues, and
characteristic vectors called eigenvectors. They are characteristic in the sense
that by mathematical analysis each 15 x 15 impedance matrix, in the present
example, can be represented by a set of fifteen numbers, i.e., fifteen
eigenvalues, that are unique to that matrix. Furthermore, associated with each
eigenvalue is a unique 15D vector, its eigenvector. Since the eigenvalues and
eigenvectors characterize the matrix, and impedance is sensitive to tissue
changes resulting from disease, the present invention uses eigenvalues and
eigenvectors as a means of detecting and diagnosing disease states. This is
applicable to either a Z matrix, or R and X, matrices, if Z is resolved into its
resistive and capacitive reactive components respectively. The number of
eigenvalues and eigenvectors available for this purpose will vary with the size of
the impedance matrix, increasing as the number of electrodes used in the array
becomes larger.

A method of using the 15 x 15 impedance matrix for diagnosis is
now disclosed. It is based on homologous matrix comparison between the right
and left breasts by obtaining an Absolute Difference Matrix (ADM) and a Relative
Difference Matrix (RDM). In order to calculate the ADM, the matrix with lower
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mean impedance (or Ror X ) value is identified, as it is the side more likely to

have malignant cells. The ADM is obtained by subtracting element-by-element
the impedance matrix with the lower mean value from the matrix with the higher
mean value. The Relative Difference Matrix is obtained by calculating relative
differences between the two matrices element-by-element. The resulting
matrices (ADM and RDM) can be characterized and used in the following ways
for diagnosis assuming that clinical studies using these methods have
established statistically significant norms and thresholds:

(1) By calculating the ADM and RDM matrix norm (a standard
mathematical method of characterizing magnitude of matrix
elements with a single number). A norm higher than a pre-
established threshold is an indicator of a malignant tumor in the
breast with the lower mean impedance value.

(2) By calculating the ADM and RDM matrix determinant. A determinant
higher than a pre-established threshold is an indicator of a
malignant tumor in the breast with the lower mean impedance
value.

(3) By obtaining the sum of all the elements in an ADM and RDM. A
sum higher than a pre-established threshold is an indicator of the
malignant tumor in the breast with the lower mean impedance
value.

(4)  With a 2D plot showing sums of elements in ADM (or RDM)
columns. This will provide information regarding the location of the
tumor because columns with higher values indicate a higher
probability of the tumor being in the vicinity of the corresponding
electrode.

(5)  With a 3D matrix plot showing the absolute (in the case of ADM) or
relative (in the case of RDM) difference magnitudes as a function
of the location of the element in the matrix.

(8) Sum oF ALGEBRAIC BIN DIFFERENCES

JP 2004-520108 A 2004.7.8
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The present invention can also use the special set of impedance

values, referred to previously as Z as a means of detecting and diagnosing

same'
disease states. This set, for a sixteen pair electrode array, has 120 elements

(see FIG. 13). Homologous Z impedance measurements (and all other 2

same
measurements) for normal subjects have some minor differences because
there are always small anatomic or physiologic side-to-side differences. These
normal variations, however, do not mask larger differences that result when one
side is affected by a disease that changes its electrical properties. One method
of analysis in the present invention uses a metric, known herein as Sum of
Algebraic Bin Differences (SABiID). The SABID is obtained as follows. The

minimum and maximum values of the two hundred and forty Z . impedance

measurements (one hundred and twenty per side) are used to define the
impedance range for that subject, then the range is subdivided into twelve (or
other number of) equal, smaller sized ranges called bins. Bins for the present
invention are numbered one to twelve, and the two hundred and forty impedance
values are assigned the bin number into whose range they fall. The numbering
system is specified such that bin one contains the lowest impedance values,
proceeding through to bin twelve that contains the highest impedance values.
The algebraic bin difference is then taken between each of the one hundred and

twenty homologous Z sites. Since the location of a cancer will not, in

same
general, be known, a convention is established wherein the left bin number is
subtracted from the right bin number. The one hundred and twenty algebraic bin
difference values are added to give SABID. The presence of a cancer in a breast

will cause a decrease in impedance of some quantity of Z measurements

same
on that side. This will manifest as correspondingly lower bin numbers for that
side and therefore greater bin differences. Greater bin differences will add to
give a larger SABID value. A SABID value higher than a pre-established
threshold is an indicator of a malignant tumor. The pre-established threshold is
generally determined by clinical data comparing the ranges of SABID values
from subjects with no breast disease to the range of SABID values from
subjects with diagnosed breast disease. Expressing impedance values by their

bin number normalizes them and validates intersubject comparison of SABID.

JP 2004-520108 A 2004.7.8
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Using the convention for subtraction indicated, the SABID value will be negative
for tumors in the right breast, and positive for tumors in the left breast.

An alternative method of bin allocation is the use of minimum and
maximum of the one hundred and twenty Z_, . impedance values for each side,
thereby defining the impedance range, and the limits of each bin, separately for
each side. Bins are again numbered one to twelve in our example, and the one
hundred and twenty impedance values on each side are assigned the
appropriate bin numbers related to their side. Calculation of SABID then

proceeds as before.
(c) Sector Nope Counts

Breasts can be represented as circles (or other encircling loci) in
the frontal plane, and the Z ., impedances between electrode pairs drawn as
chords of the circle at the positions of the electrode pairs. Impedance
magnitudes are assigned bin numbers. However, since a basis of the detection
method disclosed herein is homologous comparison between right and left
breasts, a preferred plot would indicate these differences. Therefore bin
numbers for homologous chords are compared, subtracting the bin number of
the chord from the right breast from the bin number of its homologous match in
the left breast. If the bin numbers are equal, no chord is plotted; if they are
different, the chord is plotted on the side that has the lower bin number. The bin
differences will be negative for plots in the right breast, and positive for plots in
the left breast, according to the right side minus the left side convention
adopted. A bin difference chord plot 125 for a sixteen-pair electrode array is
shown in FIG. 14. Bin differences 126 are color coded in shades of grey with the
smallest difference, labelled “Bin Diff.: 1", the lightest shade and the largest bin
difference, labelled “Bin Diff.: 8", shown as black. The data used to construct this
plot are representative of changes occurring with a cancer in the upper inner
quadrant of the right breast. As indicated above, by following increasingly darker
shades, the eye is led to areas of larger bin differences that are produced by the
lower impedance of neoplastic cells; in this case, the upper inner quadrant. It is

again emphasized that this is not an image of the structure of the underlying
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breast, and indeed the complexity and impracticality of attempting to construct
impedance images are purposely avoided. Instead, a multiplicity of impedance
measurements are obtained from precisely homologous sites in the left and
right breasts, and differences only are graphically represented using the
concept of bin difference chords.

The present invention discloses the use of sector node counts
(displayed at 127), as a numerical indicator of breast cancer location that
improves upon the visualization offered by chord plots. This method of analysis
starts with a bin difference chord plot and considers each electrode
voltage/current pair as a node that has a given number of chords converging on
it. Counting the total number of chord convergences at a node is weighted in the
following manner. A count of one is added at the node for all its convergent
chords with bin difference one, a count of two is added at the node for all its
convergent chords with bin difference two, and so on for higher bin difference
chords, to give a final sum as the count of weighted convergences at that node.
In the example of FIG. 14 the circular breast representation is divided into
quadrants, although the number of sectors could be increased for greater
spatial definition. For a 16 pair array, there are five nodes per quadrant,
including the border nodes (border nodes appear twice in the count, i.e., in
adjacent quadrants). Adding the node counts for the five included nodes gives a
total node count for that quadrant (for example, —178 for quadrant 128). The
quadrant with the highest node count indicates the tumor location, here the
upper inner quadrant of the right breast. Node count sign is according to the
right minus left side subtraction convention noted above.

{D) PixeL IMPEDANCE DisPLAYS AND PiXEL EQUALIZATION

Another disclosure of the present invention reveals an effective and
reliable method for displaying the distribution of tissue impedance, in the
described example, in the fronta! plane from data such as the one hundred and
twenty Z . . values obtained from sixteen pairs of electrodes uniformly
distributed along the circumference of a circle. The display method is based on
digitization of the circular region into a 17 x 17 pixel grid (spatial resolution) as
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shown in FIGS. 15A and 15B. Eight-bit (256 levels) shading or coloring is used
for intensity resolution. Assuming equal distribution of the measured
impedance along each chord, and recognizing that there will be different lengths
of a chord (chord segment) within various pixels, and different numbers of
chords through various pixels, the impedance intensity or value for a pixel can
be calculated. A display of all such pixels is a pixel impedance plot. Pixel

impedance plot (PIP) 129 of FIG. 15A is a special case in which all Z values

same
have been made identical. The large variation in pixel intensity in PIP 129
demonstrates that since the total contribution of chords to various pixels is not
uniform, a method for pixel equalization is necessary. As noted, a chord
segment is the length of a chord within the boundaries of a pixel. For example,
chord 130 of PIP 129, between electrode pairs three and eleven, passes
through thirteen pixels, of which the first and last pixels have small chord
segments and the other 11 pixels have equal and larger segments. The larger
cord segments are, in fact, the diagonals of the pixels, which is the longest
possible length within the square. If a unit square is assumed, then the
diagonal segment is the square root of 2 = 1.414. Therefore chord 130
contributes 1.414 chord segments to each of the eleven pixels through which it
passes. Other chords, to varying degrees, pass through these same eleven
pixels, contributing chord segments to each pixel to give the total chord
segments for a given pixel. With the sixteen pair electrode model the maximum
total chord segments for any pixel is 12.44 and the minimum is 0.014. These
values are derived from equations that give, for each chord, its chord segment
contribution to each pixel, then summing the total chord segments for each
pixel. For digital 8-bit visualization a scale factor of 20.50 (255/12.44) is used to
map the range of 0 to 12.44 to 0 to 255. This changes the value for the
maximum total chord segments from 12.44 to 255 (12.44 X 20.50) and the
minimum from 0.014 to 0.287 (0.014 X 20.50). In FIG 15A a grey scale is used,
with 0 total chord segments assigned black and 255 total chord segments
assigned white.

FIG. 15B gives a numerical version 134 of PIP 129 in which the
value of each pixel is shown (recall that impedance values are equal). The
values in FIG. 15B have had the scale factor of 20.50 applied to them. If the
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boundary pixels (the pixels that are partially inside and partially outside of the
circle) are not considered, then the maximum total chord segments occur at

pixel 131 at the centre of PIP 129, and equals for this example where all Z_

values are identical, 187. The minimum occurs at the four pixels 132 beside
centre pixel 131, each with value of 53. The highest pixel total chord segment
value (255) occurs at the eight boundary pixels 133 that are partially inside and
partially outside the circle. The reason for this relates to the large number of
chords passing through the eight boundary pixels and the relatively long chord
segments falling inside them. Even allowing for the fact that 10.5% of boundary
pixels 133 lie outside the circle, the adjusted value of 228 remains the largest
one. Dividing a pixel impedance plot by the data of FIG. 15B results in an
equalized pixel impedance plot. Equalizing PIP 129 produces equally shaded
pixels throughout, thereby reflecting the true pixel impedance values.

Since the present invention uses side-to-side homologous
comparison of Z_, . data to diagnose disease, pixel difference impedance
plots can be constructed by subtracting homologous pixel values, right side
minus left side (maintaining the convention previously used) then plotting the
pixel difference on the side with the lower pixel value. This is termed an
algebraic difference PIP. An unequalized algebraic difference PIP 135 is shown
in FIG. 16A. This plot is of the right side only, and was obtained using the same
data as for FIG. 14, i.e., data reflecting a cancer in the upper inner quadrant of
the right breast. In pixel difference plots, the grey scale is coded so that zero
pixel difference is assigned white and maximum pixel difference, which is
scaled to 255, is assigned black. FIG. 16B shows a pixel equalized version 136
of the algebraic difference PIP 135, to demonstrate the resultant improvement in
clarity with which homologous impedance differences can be delineated and
localized.

As an alternative to subtracting homologous pixel difference
(algebraic difference), a relative homologous pixel difference such as:

(value right side — value left side )
(smaller value)
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can be calculated, equalized, and plotted, as previously described, and is
referred to as a relative difference PIP.

The range of pixel impedance difference can be scaled with a scale
factor, derived separately for algebraic difference PIPs and for relative difference
PIPs. The respective scale factors are derived from the greatest observed pixel
difference (algebraic or relative) observed in a large sample population, such
that the difference when scaled would have the maximum intensity level of 255.
Therefore, any other subject’s pixel differences would have lesser levels when
scaled, thereby allowing valid, consistent intersubject comparison of
impedance differences.

Even though the foregoing development used 2-dimensional
plotting of equalized pixel difference impedance plots, a strength of the
technology is that 3-dimensional impedance differences are revealed because
of the natural 3-dimensional flow of current in volume conductors. it is as if each
pixel is a window to localized impedance changes in a volume of tissue
extending beyond its plane.

(€) Sum oF ALGEBRAIC PIXEL DIFFERENCES (SAPID)

Two metrics, sum of algebraic pixel differences (SAPID) and sector
pixel counts, analogous to SABID and sector node counts from the impedance
bin difference method, can be obtained. SAPID is the sum of homologous
algebraic pixel differences of equalized right and left PIPs, pixel by
corresponding homologous pixel, and serves the same function as SABID; i.e.,
a SAPID value higher than a pre-established threshold (generally determined by
clinical data) is an indicator of a malignant tumor and, using the convention for
subtraction indicated previously, the SAPID value will be negative for tumors in
the right breast, and positive for tumors in the left breast. The dynamic range,
and therefore the probable diagnostic usefulness, of the SAPID metric is much
larger than that of SABID. The latter generally uses up to a 16-level bin; for
SAPID, 256 levels are easily used.

(F) SECTOR PixeL CouNTs

JP 2004-520108 A 2004.7.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

20

25

87)

WO 02/053028 PCT/CA01/01788
45

An indication of tumor location is provided by using either algebraic
difference or relative difference PIPs, and summing pixel values in each sector,
usually quadrants of a circle in conformity with mammography practice. For
purposes of this application, this is called the sector pixel count. The quadrant
with the highest sector pixel count gives the probable location of the tumor,
given that SAPID exceeds a pre-established threshold. Sector pixel counts use
equalized data, and therefore can be expected to more accurately locate a tumor
than sector node counts. Sector pixel counting may be performed in delineated
areas of the circle other than its sectors to “focus in” on a suspicious area,
much in the same way magnification views of suspicious areas are taken in X-
ray mammography.

The concepts of pixel impedance plots, pixel equalization, pixel
difference impedance plots, sum of algebraic or relative pixel differences, and
sector pixel counts have been disclosed using as illustration impedance data
obtained from 16 pairs of electrodes uniformly distributed in a circle, and
digitization of the circular region into a 17 x 17 pixel grid. These disclosures
apply as well to data obtained from greater (or lesser) numbers of electrodes,
the use of larger number of pixels for greater spatial resolution, more levels of
pixel shading or coloring (e.g., 12-bit or 16-bit) for higher intensity resolution,
and to non-uniformly distributed electrodes that may be arranged in circular or
other geometrical configurations.

It can appreciated that variations to this invention would be readily
apparent to those skilled in the art, and this invention is intended to include
those alternatives.
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WE CLAIM:

1. An electrade array for diagnosing the presence of a disease state in

a living organism, said electrode array comprising:
a) a flexible body;
b) a plurality of flexible arms extending from the body; and
c) a plurality of electrodes provided by the plurality of flexible arms,
wherein the electrodes are arranged on the arms to obtain

impedance measurements between respective electrodes.

2. An electrode array according to claim 1 wherein the plurality of

flexible arms are spaced around the flexible body.

3. An electrode array according to claim 2 wherein each of the plurality

of flexible arms is provided with an electrode pair.

4. An electrode array according to claim 3 wherein the flexible body is
provided with a stiffening member adapted to flatten part of the tissue of the
living organism being diagnosed.

5. An electrode array according to claim 4 wherein the stiffening

member is in the form of a ring.

6. An electrode array according to claim 4 wherein the stiffening

member includes adhesive for fixation to the skin.

7. An electrode array according to claim 1 wherein each electrode

comprises an adhesive for fixation to the skin.

8. An electrode array according to claim 7 wherein the adhesive is
hydrogel.
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9. An electrode array according to claim 7 wherein the adhesive is a

gel foam pad.

10. An electrode array according to claim 9 wherein the gel foam pad
forms a well that is filled with hydrogel.

11. An electrode array according to claim 1 wherein the flexible body

and the flexible arms are comprised of a polyester film.

12. An electrode array according to claim 1 further comprising means
extending at least partially between the electrodes to at least partially electrically
isolate the electrodes from each other.

13. An electrode array according to claim 12 wherein said means

comprises a ground conductive path.

14. An electrode array according to claim 13 wherein each of the
plurality of flexible arms is provided with an electrode pair and each electrode

pair is comprised of a current electrode and a voltage electrode.

15. An electrode array according to claim 14 wherein the ground
conductive path extends at least partially between the current electrode and

voltage electrode.

16. An electrode array according to claim 15 wherein each electrode is

connected to an associated terminal by a conductive path.

17. An electrode array according to claim 16 wherein the ground
conductive path extends at least partially between the conductive paths of
respective electrodes to at least partially electrically isolate the conductive paths
from each other.
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18. An electrode array according to claim 17 wherein the ground
conductive path extends at least partially between the terminals of respective
electrodes to at least partially electrically isolate the terminals from each other.

19. An electrede array for diagnosing the presence of a disease state in
a living organism, said electrode array comprising:
a) a flexible backing material;
b) a plurality of electrodes spaced around the backing material;
and
c) means extending at least partially between the electrodes to at
least partially electrically isolate the electrodes from each other.

20. An electrode array according to claim 19 wherein said means
comprises a ground conductive path.

21. An electrode array according to claim 20 wherein the plurality of
electrodes comprise electrode pairs spaced around the backing material, and
each electrode pair comprising a current electrode and a voltage electrode.

22. An electrode array according to claim 21 wherein the ground
conductive path extends at least partially between the current electrode and

voltage electrode.

23. An electrode array according to claim 22 wherein each electrode is

connected to an associated terminal by a conductive path.

24. An electrode array according to claim 23 wherein the ground
conductive path extends at least partially between the conductive paths of
respective electrodes to at least partially electrically isolate the conductive paths
from each other.
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25, An electrode array according to claim 24 wherein the ground
conductive path extends at least partially between the terminals of respective
electrodes to at least partially electrically isolate the terminals from each other.

26. A method of confirming whether an electrode array for use in
diagnosing a part of a living organism has been properly connected to an
electronic module, the electrode array comprising a conductive path and a
connector to link the conductive path to the electronic module, the method
comprising:

a) attaching the conductive path to a terminal of the connector;

b) connecting the electrode array to the electronic module using

the connector; and

c) testing whether the conductive path is properly connected to the

terminal of the connector.

27. A method according to claim 26 wherein the conductive path

comprises a ground loop.

28. A method according to claim 27 wherein the terminal can be

selected from a plurality of terminals of the connector.

29. A method according to claim 28 wherein the part of the living
organism to be diagnosed is a breast of a person, and the conductive path is

attached to a connector representing either the right or left breast.

30. A template for positioning an electrode array on a part of a living
organism to be diagnosed for the presence of a disease state, the template
comprising:

a) a body having a plurality of spaced parallel lines; and

b) at least two alignment marks positioned on the plurality of

spaced parallel lines.
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31. A template according to claim 30 wherein the body is elongate in a
direction perpendicular to the parallel lines.

32. A template according to claim 31 wherein the body has at least one

line extending perpendicular to the parallel lines.

33. A template according to claim 32 further comprising at least two
alignment marks positioned on the line extending perpendicular to the parallel
lines.

34. A template according to claim 33 wherein the body presents an
opening through which at least a portion of the part of the living organism to be
diagnosed is visible.

35. A template according to claim 34 wherein the alignment marks are

spaced around the opening.

36. A template according to claim 35 wherein the body is comprised of

a flexible and transparent material.

37. A method of positioning an electrode array on a part of a living
organism to be diagnosed for the presence of a disease state, the electrode
array positioned using a template, the template comprising a body having a
plurality of spaced parallel lines and at least two alignment marks positioned on
the plurality of spaced parallel lines, and the electrode array having at least two
alignment marks corresponding to the alignment marks presented by the
template, the method comprising:

a) marking the living organism on or near the part to be diagnosed

with a line;

b) placing the positioning template on the part to be diagnosed

and aligning at least one of the spaced parallel lines to the line

marked on the living organism;
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c) marking on the living organism the location of the alignment
marks of the template; and

d) positioning the electrode array on the part to be diagnosed by
aligning its corresponding alignment marks to the markings on the
living organism from the template.

38. A method according to claim 37 wherein the template body has at
least one line extending perpendicular to the parallel lines and at least two
alignment marks positioned on such line.

39. A method according to claim 38 wherein the template body presents
an apening through which at least a portion of the part of the living organism to
be diagnosed is visible.

40. A method according to claim 39 wherein the alignment marks are
spaced around the opening.

41. A method according to claim 40 wherein the line marked on the

living organism is a vertical axis of the living organism.

42, A connecting member for connecting an electrode array for
diagnosing the presence of a disease state in a living organism to a connector
that electrically links the electrode array to an electronic module, the connector
member comprising:

a) a retaining member to receive the electrode array and connector

in electrical contact with respect to one another; and

b) a clamping member to clamp the electrode array and connector

together and secure the electrical contact therebetween.

43. A connecting member according to claim 42 wherein said clamping
member comprises a compressive member to apply a compressive force to the

electrode array and connector.
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44, A connecting member according to claim 43 wherein the retaining
member comprises a base and a projection extending from the base over

which a portion of the electrode array and connector fit.

45, A connecting member according to claim 44 wherein the clamping
member further comprises a washer to be positioned over the projection
extending from the base of the retaining member to engage the electrode array

and connector.

46. A connecting member according to claim 45 wherein the base of the
retaining member comprises at least one ridge extending from the base to

engage the electrode array and connector on an opposite side from the washer.

47. A connecting member according to claim 45 wherein the projection

is a threaded tube and the compressive member is a fastening nut.

48. A connecting member according to claim 47 wherein the base of the
retaining member comprises at least two concentric ridges extending from the
base to engage the electrode array and connector on an opposite side from the

washer.

49, A connecting member according to claim 48 wherein the base
further comprises alignment pins to ensure that the electrode array and

connector are in correct electrical contact with respect to one another.

50. A connecting member according to claim 48 wherein the washer is
provided with at least one channel adapted to fit therewithin the respective

concentric ridges extending from the base.

51. A connecting member according to claim 48 wherein the washer is
provided with at least two channels with each channel adapted to fit therewithin

at least one of the ridges extending from the base.

JP 2004-520108 A 2004.7.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(95)

‘WO 02/053028 PCT/CA01/01788
53

52. A connecting member according to claim 48 wherein the washer is
provided with at least two concentric ridges spaced to fit the respective
concentric ridges extending from the base therebetween.

53. A method of connecting an electrode array for diagnosing the
presence of a disease state in a living organism to a connector that electrically
links the electrode array to an electronic module, the method comprising:
a) placing the electrode array and connector in electrical contact
with respect to one another; and
b) clamping the electrode array and connector together to secure
the electrical contact therebetween.

54. A method according to claim 53 wherein placing of the electrode
array and connector in electrical contact with respect to one another is aided by
a retaining member comprising a base and a projection extending from the

base over which a portion of the electrode array and connector fit.

55. A method according to claim 54 wherein a clamping member is
used to clamp the electrical array and connector together, the clamping member
comprising a washer positioned over the projection extending from the base of
the retaining member and to engage the electrode array and connector, and a

compressive member to apply compressive force to the washer.

56. A method according to claim 55 wherein the base of the retaining
member comprises at least one ridge extending from the base to engage the

electrode array and connector on an opposite side from the washer.

57. A method according to claim 56 wherein the projection is a threaded

tube and the compressive member is a fastening nut.

58. A method according to claim 57 wherein the base further comprises
alignment pins to ensure that the electrode array and connector are in correct

electrical contact with respect to one another.
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59. A method of minimizing the number of connections in a conductive
path of an electrode array for diagnosing the presence of a disease state in a
living organism and a connector that electrically links the electrode array to an
electronic module, the method comprising:
a) providing a plurality of spaced unlinked conducting surfaces on
the electrode array;
b) providing a plurality of spaced unlinked conducting surfaces on
the connector, with two of the conducting surfaces selected to be
connected to the conductive path; and
¢) placing the electrode array and connector in electrical contact
with respect to one another by overlapping the spaced unlinked
conductive surfaces of the electrode array with the spaced unlinked
conductive surfaces of the connector to form a continuous

conductive path between the two selected conducting surfaces.

60. A method according to claim 59 wherein the spaced unlinked
conducting surfaces on the electrode array are spaced generally around an
opening provided by the array, and the spaced unlinked conducting surfaces on

the connector are spaced around a similar opening provided by the connector.

61. A method according to claim 60 wherein the two selected
conducting surfaces of the connector are adjacent to one another.

62. A method according to claim 61 wherein a gap is provided in the
spacing of the unlinked conducting surfaces of the electrode array so that when
the electrode array and connector are placed in overlapping relation the gap is
positioned with respect to the adjacent selected conducting surfaces of the
connector so that the continuous conductive path does not extend directly
therebetween.
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63. A method according to claim 62 wherein an alignment means is
provided to ensure that the electrode array and connector overlie to form a
continuous conductive path between the two selected conducting surfaces.

64. A method according to claim 63 wherein the conductive path is a
ground conductive path.

65. A method of confirming an operable electrical contact between a
plurality of spaced unlinked conducting surfaces of an electrode array and a
plurality of spaced unlinked conducting surfaces of a connector, the method
comprising:
a) placing the electrode array and connector in electrical contact
with respect to one another by overlapping the spaced unlinked
conductive surfaces of the electrode array with the spaced unlinked
conductive surfaces of the connector to form a continuous
conductive path between two selected conducting surfaces; and
b) measuring a test signal over the conductive path between the
two. selected conducting surface to see if an operable electrical
contact has been established.

66. A method according to claim 65 wherein the conductive path is a
ground conductive path.

67. A method according to claim 66 wherein electrical resistance is
measured and compared to a pre-established value for an operable electrical

contact.

68. A method according to claim 67 wherein placing the electrode array
and connector in electrical contact with respect to one another places respective
terminals for electrodes of the electrode array into electrical contact with
respective conductive surfaces of the connector and the test establishes
whether proper electrical contact between the respective terminals and

conductive surfaces has been established.
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69, A method of forming an electrode array for diagnosing the presence
of a disease state in a living organism from a plurality of electrode array
elements, wherein each electrode array element comprises a body having at
least one arm extending from the body with at least one electrode provided on
the arm, the method comprising:
a) overlying the plurality of electrode array elements at the
respective bodies thereof to form a main body of the electrode array
with the arms of the respective electrode array elements extending
from the main body in spaced relation; and
b) clamping the plurality of electrode array elements together.

70. A method according to claim 69 wherein alignment means is
provided to ensure that the arms of the respective electrode array elements

extend around the main body of the electrode array in spaced relation.

71. A method according to claim 70 wherein a retaining member is
used in clamping the plurality of electrode array elements together, and the
retaining member comprises a stiffening member adapted to flatten part of the
tissue of the living organism being diagnosed.

72. A method according to claim 71 wherein the stiffening member is in

the form of a ring.

73. Apparatus for obtaining and processing impedance measurements
from an electrode array for diagnosing the presence of a disease state in a
living organism, the apparatus comprising:

a) means to connect the apparatus to the electrode array;

b) means to control the connection means to produce a set of

impedance measurements;

¢} computer means to operate the control means; and

d) means connected to the computer means to display the

impedance measurements and any analysis thereof.
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74. Apparatus according to claim 73 wherein the connection means
comprises a multiplexer.

75. Apparatus according to claim 74 further comprising at least one
EEPROM chip containing a selection pattern for producing the set of impedance

measurements.

76. Apparatus according to claim 75 further comprising a counter to

sequence the multiplexer through the set of impedance measurements.

77. Apparatus according to claim 73 wherein the display means

comprises a printer.

78. Apparatus according to claim 73 wherein the display means
comprises a display screen.

79. Apparatus according to claim 78 wherein each impedance

measurement is displayed as a grid element.

80. Apparatus according to claim 79 wherein means are provided to
identify the corresponding electrodes of the electrode array used to obtain the

impedance measurement represented by a given grid element.

81. Apparatus according to claim 80 wherein the identifying means can
be used to provide a value of the impedance measurement represented by the

grid element.

82. Apparatus according to claim 81 wherein means can be provided
on the display to indicate that the value of the impedance measurement
represented by the grid element does not correspond to a predetermined

expected value.
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83. A method of testing a multiplexer using two substantially identical
multiplexers, wherein one of the multiplexers will be reversely operated, the
method comprising:
a) connecting the respective outputs of the two multiplexers to one
another;
b) providing a calibration load to the input of the reversely operating
multiplexer;
¢) simultaneously controlling operation of the two multiplexers
through a sequence of identical output selections; and
d) measuring the calibration load at the input of the normally
operating multiplexer.

84. A method according to claim 83 wherein the measurement of the

calibration load is an impedance measurement.

85. A method of diagnosing the possibility of a disease state in one of
first and second substantially similar parts of a living organism, the method
comprising:
a) obtaining a plurality of impedance measurements across
predetermined portions of each of the parts to produce first and
second sets of impedance measurements, the first set for the first
part and the second set for the second part, and wherein each
measurement of the first set has a corresponding measurement in
the second set when taken across corresponding portions of each
of the parts;
b) identifying the set with a lower mean impedance value;
c) creating an absolute difference set by subtracting each
measurement of the set with the lower mean impedance value from
the corresponding measurement of the other set; and
d) analyzing the absolute difference set to diagnose the possibility
of a disease state.
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86. A method according to claim 85 wherein each of the first and
second sets are arranged in respective mathematical matrices, and the
absolute difference set is an absolute difference matrix.

87. A method according to claim 86 wherein the absolute difference
matrix is used to calculate a matrix norm that is compared to a pre-established

threshold to diagnose the possibility of a disease state.

88. A method according to claim 86 wherein the absolute difference
matrix is used to calculate a matrix determinant that is compared to a pre-

established threshold to diagnose the possibility of a disease state.

89. A method according to claim 86 wherein a sum of all of the values in
the absolute difference matrix is calculated and compared to a pre-established
threshold to diagnose the possibility of a disease state.

90. A method according to claim 86 wherein a visual display for
diagnosing the location of a disease state is provided by summing the values in
each of the absolute difference matrix columns and representing these sums in

a bar graph.

91. A method according to claim 86 wherein a visual display for
diagnosing the possibility of a disease state and its location is provided by
plotting the value of each element in the absolute difference matrix as a function
of the location of the element in the matrix.

92. A method of diagnosing the possibility of a disease state in one of
first and second substantially similar parts of a living organism, the method
comprising:
a) obtaining a plurality of impedance measurements across
predetermined portions of each of the parts to produce first and
second sets of impedance measurements, the first set for the first

part and the second set for the second part, and wherein each
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measurement of the first set has a corresponding measurement in
the second set when taken across corresponding portions of each
of the parts;

b) creating a relative difference set by calculating the relative
differences between each measurement from the first set with the
corresponding measurement of the second set; and

c) analyzing the relative difference set to diagnose the possibility of
a disease state.

93. A method according to claim 92 wherein each of the first and
second sets are arranged in respective mathematical matrices, and the relative

difference set is an relative difference matrix.

94. A method according to claim 93 wherein the relative difference
matrix is used to calculate a matrix norm that is compared to a pre-established
threshold to diagnose the possibility of a disease state.

95. A method according to claim 93 wherein the relative difference
matrix is used to calculate a matrix determinant that is compared to a pre-

established threshold to diagnose the possibility of a disease state.

96. A method according to claim 93 wherein a sum of all of the values in
the relative difference matrix is calculated and compared to a pre-established
threshold to diagnose the possibility of a disease state.

97. A method according to claim 93 wherein a visual display for
diagnosing the location of a disease state is provided by summing the values in
each of the relative difference matrix columns and representing these sums in a

bar graph.

98. A methed according to claim 93 wherein a visual display for

diagnosing the possibility of a disease state and its location is provided by
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plotting the value of each element in the relative difference matrix as a function

of the location of the element in the matrix.

99. A method of diagnosing the possibility of a disease state in one of
first and second substantially similar parts of a living organism, the method
comprising:
a) obtaining a plurality of impedance measurements across
predetermined portions of each of the parts to produce first and
second sets of impedance measurements, the first set for the first
part and the second set for the second part, and wherein each
measurement of the first set has a corresponding measurement in
the second set when taken across corresponding portions of each
of the parts;
b) calculating an impedance range by subtracting the minimum
impedance measurement from either of the first and second sets
from the maximum impedance measurement from such sets;
c) creating a plurality of numbered bins by subdividing the
impedance range into smaller range sizes then numbering the
smaller range sizes consecutively;
d) assigning a bin number to each of the impedance
measurements from the first and second sets;
e) creating a bin difference set by subtracting the bin number of
each impedance measurement from one of the first and second
sets from the bin number of each corresponding impedance
measurement of the other set; and
f) analyzing the bin difference set to diagnose the possibility of a
disease state.

100. A method according to claim 99 wherein a sum of all of the bin
difference values in the bin difference set is calculated and compared to a pre-

established threshold to diagnose the possibility of a disease state.
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101. A method of diagnosing the possibility of a disease state in one of
first and second substantially similar parts of a living organism, the method
comprising:
a) obtaining a plurality of impedance measurements across
predetermined portions of each of the parts to produce first and
second sets of impedance measurements, the first set for the first
part and the second set for the second part, and wherein each
measurement of the first set has a corresponding measurement in
the second set when taken across corresponding portions of each
of the parts;
b) calculating a first impedance range for the first set by
subtracting the minimum impedance measurement from the
maximum impedance measurement of that set, and calculating a
second impedance range for the second set by subtracting the
minimum impedance measurement from the maximum impedance
measurement of that set;
c) creating a plurality of first numbered bins by subdividing the first
impedance range into a first set of smaller range sizes then
numbering the first set of smaller range sizes consecutively, and
creating a plurality of second numbered bins by subdividing the
second impedance range into a second set of smaller range sizes
then numbering the second set of smaller range sizes
consecutively;
d) assigning one of the first bin numbers to each of the impedance
measurements from the first set, and assigning one of the second
bin numbers to each of the impedance measurements from the
second set;
e) creating a bin difference set by subtracting the bin number of
each impedance measurement from one of the first and second
sets from the bin number of each corresponding impedance
measurement of the other set; and
f) analyzing the bin difference set to diagnose the possibility of a
disease state.
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102. A method according to claim 101 wherein a sum of all of the bin
difference values in the bin difference set is calculated and compared to a pre-

established threshold to diagnose the possibility of a disease state.

103. A method of diagnosing the possibility of a disease state in one of
first and second substantially similar parts of a living organism, the method
comprising:
a) obtaining a plurality of impedance measurements taken
between a predetermined plurality of points encircling the parts to
produce first and second sets of impedance measurements, the
first set for the first part and the second set for the second part, and
wherein each measurement of the first set has a corresponding
measurement in the second set when taken between a
corresponding plurality of points;
b) assigning a bin number to each of the impedance
measurements from the first and second sets;
c) producing a bin chord plot for each of the parts by graphically
depicting the plurality of points as nodes as an encircling path for
each part and the impedance measurements taken between the
plurality of points as a bin chord extending between the respective
nodes;
d} dividing each graphical depiction into sectors; and
e) analyzing the bin chords that converge on a given node within a
sector to diagnose the possibility of a disease state.

104. A method according to claim 103 wherein each sector graphically
displays the total number of bin chords that converge on all the nodes included
within that sector.

105. A method according to claim 103 wherein the difference between
corresponding bin chords for each part is plotted as a bin difference chord on
the graphical depiction for the part having a lower bin number.
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106. A method according to claim 105 wherein the calculation of the
number of bin difference chords that converge on a given node is weighted
depending on the differences between bin numbers from the first set and
corresponding bin numbers from the second set.

107. A method according to claim 106 wherein each sector graphically
displays the total number of bin difference chords that converge on all the nodes
included within that sector.

108. A method according to claim 103 wherein the bin numbers are
created by subdividing an impedance range obtained by subtracting the
minimum impedance measurement from either of the first and second sets
from the maximum impedance measurement from such sets into smaller

range sizes then numbering the smaller range sizes consecutively.

109. A method according to claim 103 wherein the bin numbers are
created by subdividing a first impedance range obtained by subtracting the
minimum impedance measurement from the maximum impedance
measurement of the first set of impedance measurements into a first set of
smaller range sizes then numbering the first set of smaller range sizes
consecutively, and by subdividing a second impedance range obtained by
subtracting the minimum impedance measurement from the maximum
impedance measurement of the second set of impedance measurements into
a second set of smaller range sizes then numbering the second set of smaller

range sizes consecutively.

110. A method of diagnosing the possibility of a disease state in one of
first and second substantially similar parts of a living organism, the method
comprising:
a) obtaining a plurality of impedance measurements taken
between a predetermined plurality of points encircling the parts to

produce first and second sets of impedance measurements, the
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first set for the first part and the second set for the second part, and
wherein each measurement of the first set has a corresponding
measurement in the second set when taken between a
corresponding plurality of points;

b) producing a pixel grid from a chord plot produced by the
impedance measurements taken between the plurality of points;
and

¢) analyzing the pixel grid to diagnose the possibility of a disease
state.

111. A method according to claim 110 wherein the intensity of a pixel in
the pixel grid is determined from the chords that pass through the pixel.

112. A method according to claim 111 wherein the number of chords, the
impedance value of a chord, and the size of a chord segment that passes

through the pixel are used in determining the intensity of the pixel.

113. A method according to claim 112 wherein the intensity of the pixels
in the pixel grid is equalized to account for differences in the number of chords
and the size of chord segments that pass through the various pixels to produce

a pixel grid wherein pixel intensity indicates impedance value only.

114. A method according to claim 113 wherein the impedance intensity
of the pixels is displayed visually.

115. A method according to claim 114 wherein the visual display of the
impedance intensity of the pixels is generated by a computer to produce a

plurality of levels to represent different levels of intensity.

116. A method according to claim 115 wherein the visual display
generated by the computer has 256 levels to represent different levels of
intensity.
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117. A method according to claim 115 wherein the pixel grid is a pixel
difference plot derived by subtracting corresponding impedance pixels from the
plurality of points of the first part and the second part.

118. A method according to claim 115 wherein the pixel grid is a pixel
difference plot derived by calculating the relative difference between
corresponding impedance pixels from the plurality of points of the first part and
the second part.

119. A method according to claims 117 or 118 wherein a constant, pre-
established scale factor is applied to the impedance intensity of the pixels.

120. A method according to claims 117 or 118 wherein the pixel grid is
divided into sectors and each sector graphically displays the sum of the

impedance intensities for all pixels that are within the sector.

121. A method according to claim 113 wherein a pixe! difference set is
obtained by subtracting the pixel impedance value from one of the first and
second sets from the pixel impedance value from each corresponding
impedance measurement of the other set and the pixel difference set is

analyzed to diagnose the possibility of a disease state.

122. A method according to claim 121 wherein a sum of all of the pixel
difference values in the pixel difference set is calculated and compared to a pre-
established threshold to diagnose the possibility of a disease state.

123. A method according to claim 121 wherein the pixel difference set is
a pixel algebraic difference grid obtained by subtracting corresponding pixel
impedance values taken between the plurality of points of the first part and the
second part.

124, A method according to claim 121 wherein the pixel difference set is
a pixel relative difference grid derived by calculating the relative difference
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between corresponding impedance values taken from the plurality of points of
the first part and the second part.

125. A method according to claims 123 or 124 wherein the pixel grid is
divided into sectors with each sector graphically displaying a sum of the

impedance values for all pixels within that sector.
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