JP 2004-512896 A 2004.4.30

(19) B EEHEFT (UP) 2 R T L HA) (I SHFLELAESS
155R2004-512896
(P2004-512896A)
43 AEH  FRI65EAH30H (2004, 4. 30)
(51) Int.CL." Fl F—7a—F (%)
A61B 17/28 AB81B 17/28 4C0O60
A61B 18/00 AB81B 17/36 330

EHRR RER FHREEZFRR A &E 4R

21) HEES $5E2002-540647 (P2002-540647) | (71) B A 500340820

(86) (22) HEEE FR13E108 178 (2001.10.17) YT RAEA - VaY TR —
(85) BRRRCIRIE  FRISF4ALTH (2003.4.17) AEYAE, F4—Fa2—13-79x4
86) HEEHEESES  PCT/GB2001/004632 IyZ A YO A-FHRY, T¥an—h
B7) EHRELMES  W02002/038057 P A TN R N 4 YN R A 7 i S
87 BELHME R 14458 160 (2002. 5. 16) (B2 L)

(31) BEIEERE S  0025427.6 (71) HEBEA 500340853

(32) (®5tH SEEL124E10A 178 (2000, 10.17) Yo ATFA=TF w5 FEY

(33) WEEBEXRE ¥V ZAGB -
AEYVZAE, F4—Fa2—13-7¥zA
IwZ A, BUA-FRY, T¥asrn—|
YTV w Y LAY wY NS A
(Hm L)

(74) {RIE A 100058479
#EL ®HII RE

B R ICRE <

(54) [READER] HARARREORIE

GHOOO0O
000000000000
0000000000000000000000000 =
0000000000000000000000000 A S .
0000000000000000000000000 =
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000000000000000
oooooooo




e R e [ [ A [
e e e e e e e A [
e e e e ) [ |
e e e e e ) e e e e e [ B s [ |

OO0 oooooogogdg
OOo0ooooooood
Oo0ooooooodg

I e e ) e e I B
o ooOoooOhooc oo o oo o oo o0 O oocoOoooOoooOoooOoooooOoogooand

O 0Ooo0ooo

Oooooooodg
Ooooooood
Ooooooodg
Ooooooogod
OOo0Dooooogod
Ooooooood
Oooooooodg
Oooooooodg
Oooooood

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

O Ooo0ooo
O Ooooo
O Ooooo
O OoOooo
O O o0goo
O Ooo0ooo
O Ooo0ooo
O Ooooo
O Ooooo
O Oogooo
O O o0gogaog
O Ooo0oono
O Ooooo
O Ooooo
O Ooooo
O OoOgoo
O O0Ooo0ooo
O Ooo0ooOoo
O Ooo0ooo
O OooOooo
O OooOooo
O Oogoo
O O0Oo0ooo
O Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O OoOgoo
O O0Ooo0ooo
O 0Ooo0ooOoo
O Ooooo
O Ooooo
O Ooooo
O O o0goo

O
O
O
OJ
O
O
O

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

O

O

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

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

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

O
O
O
O

|

(2)

JP 2004-512896 A 2004.

O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
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

.30

10

20

30

40

50



e R e [ [ A [
e e e e e e e A [
e e e e ) [ |
e e e e e ) e e e e e [ B s [ |

N ) e ) ) ) ) A I I
OoooOooobhooohoooOooooooooooooooobogooOoO

OO0 oDoDooogogoooooogd
OOo0ooooooooooooood
Ooooooooooooogodg

O
O

O

O

O Ooo0ooo
O Ooooo
O Ooooo
O OooOooo
O OoOgooo
O Ooo0ooOoo
O Ooo0ooo
O Ooooo
O Ooooo
O OoOooo
OO oOgoo
O Ooo0ooOoo

O

O

O
O

O
O

oad

O
O
O

O
O
O

goao

O
O

O
O

oad

O
O

O
O

od

)

O d
[ |
[ |
O O
O O

O Oooo
O Oooo
O Oooo

O O
O O
O O
O O
O O

ooogoao

O
O

O Ooogo
O 0ooo

oad

JP 2004-512896 A 2004.4.

oooooooobooooogod

O
O
O
O
O

O O0ooo
O O0ooo
O Oooo
O Oooo
O Ooogo

ooogogao

O
O

O 0Oooo
O O0ooo

od

O
O

O O0ooo
O Oooo

od

O

O Oooo
O O oo
O O0ooo

ogoao

O O0ooo
O 0Oooo

oad

O Oooo
O Oooo

od

30

O Ooogo

0

oboooboooboooboooboooboooboooboooooboooboooboaodnb

ooooooobooooooooooooboooooooooobobooon

goooboooboobogobooboobooboooboobooobooDbonb
oooobooboaoahnb

goooboooboboobooboooboogoboooboobooobooDbodnb
ugbobooboobooboboobooboboboobooboooboooboooboadnb
ooooooooboooooooooobboooooooooobobooobod
oboooboooboooboooboooboooboooboooooboooboooboaodnb

10

20

30

40

50



e R e [ [ A [

Oooooooooooooogooooaoo

Oooooooo o0 ooooogogoo
Oooooooooooooogogoao
Oooooooooooooogogoao
OO0 oDoooogog4gogooDooogogogoao
Ooooooooooooooogogogoao

Ooo0oooooogoQgodg

Oo0oooooogogog

Oo0ooooooooooooogooooao

OOo0oooooogogg

OOo0oooDooooooooogooooaog

OooDoOooodgood

OoOoooooDoooDooobooooogooogao

Oooooooooodg

O 0Oooo
O Oooo
O Oooo
O Oooo
O 0O oo
O 0ooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0O oo
O 0ooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0oo o
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0ooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0ooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0O oo

Oooooooooooooogodg

O O

O

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

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

Oooooooogdg

OOoo0ooooao
OO0Ooo0ooooao
O 0Oo0ooooao
O O0Oo0OooOoooao
OO0Ooo0oo0oooao
OO0o0o0ooooao
OOo0o0ooooao
OO0Oo0ooooao
O O0Oo0ooooao
O 0O0o0ooooao
O0Ooo0oo0oooao
OOoo0ooooao
OOo0oo0ooooao
OOoo0ooooao
O O0Oo0ooooao
OO0Oo0oo0oooao
OO0Ooo0oo0oooao
OO0Ooo0ooooao
OOo0o0ooooao
O Ooo0ooooao
O O0Oo0Oooooao
OO0Oo0oo0oo0ooao
OOoo0oo0oooao
OO0O0o0ooooao
OOoo0ooooao
OO0Oo0ooooao
O O0Oo0Oooooao
OO0Oo0oo0oo0ooao
OO0Ooo0oo0oooao
OOoo0ooooao
O Ooo0ooooao
O O0Oo0ooooao
O O0Oo0Oooooao

|

[

4)

O
O

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

JP 2004-512896 A 2004.

goao

O

O

O

ooooooao

O

O

O

0

O

O

O

.30

10

20

30

40

50



e R e [ [ A [
e e e e e e e A [
e e e e ) [ |
e e e e e ) e e e e e [ B s [ |
e e e e e e e e e s [ |
) R [ R e e [ A B [

O o0Oooo
O 0Oooo

O
O
O
O
O

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

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

O 0Oooo
O Oooo
O Oooo
O Oooo
O 0O oo
O 0ooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0O oo
O 0ooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0oo o
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0ooo
O 0Oooo

O
O
O
O
O
O
O
O
O
O
O

[

O
O
O
O
O

O

(]
O

%)

O
O

O
O

O
O

O
O

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

O
O
O
O
O
O
O
O
O
O
O
O
O
O
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 2004-512896 A 2004.

ooooooooooan

O
O
O
O
O
O
O
O
O
O

.30

10

20

30

40

50



e R e [ [ A [
e e e e e e e A [

Oooooooooooooogogoao
Oooooooooooooogogoao
OO0 oDoooogog4gogooDooogogogoao
Ooooooooooooooogogogoao

e e e e s [

OO0 oooooogoggQgoooo
OO0 oo oDoooggQgoooao
Oo0ooooooogogoooao

Oooooooodg
Oooooooodg
Ooooooodg
OOo0ooooodg
OO0 oooood
Ooooooood
Ooooooooodg
Oooooooodg
Ooooooodg
Ooooooodg
OO0 oooood
Ooooooood
Oooooooodg
Oooooooodg
Ooooooodg
OO0 ooooodg
Ooooooood
Ooooooood
Oooooooodg
Oooooooodg
Ooooooodg
OO0 ooooodg
Ooooooood
Oooooood
Oooooooodg
Oooooooodg
Ooooooodg
OO0 ooooogodg
Ooooooood
Oooooood
Oooooooodg
Ooooooodg
Ooooooodg
OO0 ooooodg

Oooooooogogoao
OO0 ooDooogogogao
Ooooooooogoogooo

O Ooooo
O 0OoOooog
O 0Ooo0ooao
O 0Oooo
O 0Oooo
O oOooo
O oOooo
O 0Ooo
O o0Oooo
O o0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Ooo
O o0Oooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O o0ooo
O o0Oooo
O 0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O o0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo

O 0Ooo0oooao
O 0Ooo0oooo
O Oooooao
O OooQgooao
O O0Oo0gogoao
O 0Ooo0oo0ooao

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 Ooooo
O Ooooo
O Ooooo
O Ooooo
O 0OoOooo
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O Ooooo
O 0Ooooo
O 0O oOooo
O 0Ooo0ooo
O 0Ooooo
O 0Ooooo

O0Ooo0oo0ooao
O 0Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O 0Oo0oooao
O 0Ooo0oo0oo0oao
O 0Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O Oo0oooao
O 0Oo0oooao
O 0Ooo0oo0oo0oao
O 0Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O Ooo0oooo
O Ooo0oooo
O O0Oo0oooo
O 0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O Oo0oooao

O
O
O
O
O
O

|

|

|

(6) JP 2004-512896 A 2004.4.30

oboooboobobobooboooboooooboobooboag
oooooooooboooooooooooooooooooao
ooooboobobooboobooooboobooboo
uoboobooboobooboooboobooooobooboobooag

oooooooooooooooooooboboooooooao
ooooboobobond

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O oOooo O
O 0Ooo O

O O
O O
O O
O O
O O
O 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 Oooo
O Oooo
O 0oo o
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0ooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0ooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0O oo

O 0O o0ooo
I [ [ Iy |
I [ |
[ |
O Ooogogog
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

10

20

30

40

50



e R e [ [ A [
e e e e e e e A [
e e e e ) [ |

OO0 oooooo4oooooooogogogogogoooao
OO0 Do oooogogggoooooogooooao
Oo0ooooooooooooooooooao

O Ooo0ooOoo
O Ooooo
O Ooooo
O Ooogoo
OO o0gogog
O 0Ooo0ooo

OO0 o0ooODooo4o0 oo oDoDooo oo UoOooDoDooogooooao
e s e e s e Y I o A
oo ooooooo oo o ooo o0 oo oDoooo0oooooo

Ooooooog

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

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

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

Ooo0ooooQodg

OOoo0oo0oooaoo
OoOoooooao
OOoooooao
OOooOooooao
O O0Oo0ooooao
O0Ooo0oo0oo0ooao
OoOoo0oo0oooao
OoOoooooaoo
OOoooooao
O Ooo0ooooao
O O0Oo0ooooao
OOoo0oo0oo0ooao
OoOoo0ooooaoo
OoOoooooao
OOoo0ooooao
O Ooo0ooooao
OO0Oo0oo0oo0ooaoo
OoOoo0oo0oo0ooao
OoOoo0ooooaoo
OoOoo0ooooaoo
OOoooooao
O Oo0ooooao
OO0Ooo0oo0oo0ooao
OoOoo0oo0oo0ooaoo
OoOoo0ooooaoo
OOoooooao
OOoo0ooooao
O0Oo0ooooao
OO0Ooo0oo0oo0ooao
OoOoo0oo0oooao
OoOoo0ooooaoo
OOoooooao
OOoo0ooooaog
O 0Oo0ooooao

I [y |
I [ |
O Ooogogoog
OO ogogog
Y Y
I [y |
Iy |
I [ |
I [ O |
O Ooogogog
OO oQgogog
I [y |
I [y |
[ |
O Ooogogoog
|
I [y |
I [ [ |
I [ |
I [ |
O Ooogogoog
OO ogogog
O 0Oo0oo0oo
I [y |
I |
I [ |
O Ooogogoog
OO ogogog
O 0O o0ooo
I [ [ Iy |
I [ |
[ |
O Ooogogog
OO ogogog

Ooooooogdg

Ooooooog

Ooooooogdg

O oo oooog

OOooooogdg

O Oo0oooooog

Oooo0oogoood

Oooo0ogoooogo

OOoo0oooOod

Ooooooooo

Ooo0oooQgodg

Ooooooooog

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

Ooooooogdg

Ooooooog

Ooooooogdg

O oo oooog

OOooooogdg

O O0ooooog

OoOooogoood

Oooo0ooogo

OOoo0oooOod

Ooooooooo

Ooo0ooooQgodg

Ooooooog

Oooooogdg

Ooooooog

Ooooooogdg

OOoooooog

O
O
O
O
O
O

O 0Ooo0ooooao
OO0Oo0oo0oo0ooao
OOoo0oo0oo0ooao
OOoo0ooooao
OOoo0ooooao
OOoooooao
O O0Oo0ooooao
OO0Ooo0ooO0oo0ooao
O0Ooo0oo0oooao
OOoo0ooooao
OOoo0ooooao
O Ooo0ooooao
O 0Oo0ooooao
OO0Oo0oo0oo0ooao
OOoo0oo0oooao
OOoo0ooooao
OOoo0ooooao
O Ooo0ooooao
OO0Oo0ooooao

O Oo0ogooooog

OoOooOoooooo

Oooooooo

Ooooooog

Ooooooog

OoOoooooog

JP 2004-512896 A 2004.

O
O
O
O
O
O
O
O
O
O
O

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

O 0O0ogooooog
OoooOoooooo
Oooooooo
Ooooooog
Oooooooog
O oo oooog
O Oo0oooooog
Oooooooo
Oooooooo
Ooooooog
OOooooooog

O
O

O Ooooooog

.30

OO0 ooooog

10

20

30

40

50



e R e [ [ A [
e e e e e e e A [

Ooooooood
Ooooooogod
OO0 ooooogod
Ooooooood

Ooooooo0ooooooo0ooooDoDoooo oD oooDoDoDooooDoooDoDooooooooao
[ s e e e e ey e s s e I o
s e e e s s e Y
OoOoooooooo0oooooooDooDoooooooDoooooooDoooooooooao

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

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

Oooooooogod
Oooooooogod
Ooooooogd
OOoooooogd
Oo0oooooogd
Ooooooood
Oooooooogod
Oooooooogod
Ooooooogd
OOoooooogd
O0o0Dooooogd
Ooooooood
Oooooooogod
Oooooooogod
Ooooooogd
OOoooooogd
OoOooooood
Ooooooood
Oooooooogod
Oooooooogd
Ooooooogod
OOoooooogd
OoOooooood
Ooooooood
Oooooooogod
Oooooooogd
OOoooooogd
OOoooooogd
OoOooooood
Oooooooogod
Oooooooogod
Oooooooogd
OOoooooogd

Oooo0oooQgdg

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

O
O
O
O
OJ
O
O
O
O
O
OJ

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

O0Ooo0oo0ooao
OoOoo0oooaoo
OoOoo0oooao
OO0Oo0oooao
O 0Oo0Oooo
O0Ooo0oo0ooao
Oo0Ooo0oo0ooao
OoOoo0oooao
OoOoo0oooao
OOoo0oooao
OO0Oo0oooo
O0Ooo0oo0ooao
Oo0Ooo0Oooaoo
OoOoo0oooao
OoOoo0oooao
OOoo0oooo
O0Oo0oo0ooao
O0Ooo0oo0ooao

OoooooQgdg

OooooogoQgdg

Oooooogogdg

Oooooogoood

Oooo0oooOodg

OooooooQgdg

OoooooQgdg

OooooogoQgdg

Oooooogogdg

Oooooogoood

OooooooOodg

O
O

O
O

OoooooQgdg

(8)

[ |
O d

OoOoooooao
OOoo0ooooao
O Ooo0ooooao
OO0Oo0oo0oo0ooaoo
OoOoo0oo0oo0ooao
OoOoo0ooooaoo
OoOoo0ooooaoo
OOoooooao
O Oo0ooooao
OO0Ooo0oo0oo0ooao
OoOoo0oo0oo0ooaoo
OoOoo0ooooaoo
OOoooooao
OOoo0ooooao
O0Oo0ooooao
OO0Ooo0oo0oo0ooao
OoOoo0oo0oooao
OoOoo0ooooaoo
OOoooooao
OOoo0ooooaog
O 0Oo0ooooao

O
O

O
O

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

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

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

O
O
O
O
O
O
O
O
O
O
O

O Ooooo
O Ooooo
O OooOooo
O OoOgooo
O O0Oo0ooo
O 0Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O OoOooo
O O0Oo0ooOoo
O Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O OoOgooo

JP 2004-512896 A 2004.

O
O
O

.30

O 0O0gooooao

10

20

30

40

50



e R e [ [ A [
e e e e e e e A [
e e e e ) [ |
e e e e e ) e e e e e [ B s [ |
e e e e e e e e e s [ |
) R [ R e e [ A B [

Oooooooodg
Ooooooood
Ooooooodg
Ooooooogod
OOo0Dooooogod
Ooooooood
Oooooooodg
Oooooooodg
Oooooood
OOoooooogod
Oo0Dooooogod
Oooooooodg
Oooooooodg
Oooooooodg
Ooooooogod
OOoooooogod
OoOooOooOooood
Oooooood
Ooooooood
Oooooooodg
Ooooooogod
OOoooooogod
OoOooooood
Ooooooood
Oooooooodg
Ooooooodg
Ooooooogod
OOoooooogod
OoOooooood
Ooooooood
Oooooooodg
Oooooooodg
OoOoooooogod
OO0 ooooogod

O Ooo0ooo
O Ooooo
O Ooooo
O OoOooo
O O o0goo
O Ooo0ooo

O Ooooo
O Ooooo
O Ooooo
O OooOooo
O 0OoOgooo
O 0Ooo0ooOoo
O Ooooo
O Ooooo
O Ooooo
O OooOooo
OO oOgoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O OooOooo

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

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

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

O
O
O
O
O
O
O
O
O

O Ooo0ooOoo
O Ooooo

Ooo0ooooQodg

O 0Ooo0ooo

Ooooooogdg

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

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

Ooooooogdg

OOooooogdg

Oooo0oogoood

OOoo0oooOod

O 0o oo
O Ooogoo
O Ooogo
O O oo
I Y
O 0o oo
O 0Ooogoo
I [
O Ooogoo
I ) [
O 0o oo
O 0o oOoo
O Ooogoo
O Ooogoo
I [ [
O O oo
O 0o 0o o
O 0o oo
O Ooogoo
O Ooogoo
I [ [y
O O ogo
O 0o oOo o
O 0o oOoo
O 0o oo
O Ooogo
O 0o oo
O O ogo

OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
O O0Oo0ooooao
O O0O0o0ooooao
O0Ooo0oo0oooao
OOoo0ooooao
OOoo0ooooao
OO0Ooo0ooooao
O 0Ooo0ooooao
OO0Oo0oo0oo0ooao
OOoo0oo0oo0ooao

€))

O O
O O

O
O
O
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

JP 2004-512896 A 2004.

O

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

O 0ooo

O 0Oooo

O Oooo

O Oooo

O Oooo

O Ooogo

O 0ooo

O 0Oooo

O Oooo

O Oooo

O Oooo

O Ooogo

10

20

30

40

50



e R e [ [ A [
e e e e e e e A [
e e e e ) [ |
e e e e e ) e e e e e [ B s [ |

Ooooooo4oooogooogoo

Ooooooooooogooogoog
OooooooooooooOoood

O 0Oogogaog O
OooooooooQgodg

O O

O Ooo0ooo
O Ooooo
O Ooooo
O OoOooo
O O o0goo
O Ooo0ooo
O Ooo0ooo
O Ooooo
O Ooooo
O Oogooo

OoOoooooao
OOoooooao
OOooOooooao
O O0Oo0ooooao
O0Ooo0oo0oo0ooao
OoOoo0oo0oooao
OoOoooooaoo
OOoooooao
O Ooo0ooooao
O O0Oo0ooooao
OOoo0oo0oo0ooao
OoOoo0ooooaoo
OoOoooooao
OOoo0ooooao
O Ooo0ooooao
OO0Oo0oo0oo0ooaoo
OoOoo0oo0oo0ooao
OoOoo0ooooaoo
OoOoo0ooooaoo
OOoooooao
O Oo0ooooao
OO0Ooo0oo0oo0ooao
OoOoo0oo0oo0ooaoo
OoOoo0ooooaoo
OOoooooao
OOoo0ooooao
O0Oo0ooooao
OO0Ooo0oo0oo0ooao
OoOoo0oo0oooao
OoOoo0ooooaoo
OOoooooao
OOoo0ooooaog
O 0Oo0ooooao

I Y
O 0o oo
O 0Ooogoo
I [
O Ooogoo
I ) [
O 0o oo
O 0o oOoo
O Ooogoo
O Ooogoo
I [ [
O O oo
O 0o 0o o
O 0o oo
O Ooogoo
O Ooogoo
I [ [y
O O ogo
O 0o oOo o
O 0o oOoo
O 0o oo
O Ooogo

(10)

JP 2004-512896 A 2004.4.

O 0o oo
O O ogo

oooooooboooao

ooooooobooooano

goooobooobooooadg

10

20

30

40

50



Oo0oooooooo0 oo ooooooooooogodg

OO0 ooooooQgogooo
OO0 oooooogogooo
OO0 oooooogogoao
OO0 oDooDooogogogoao
Ooo0ooooooogogooao

O Ooooo
O Ooooo
O OooOooo
O O o0goo

O

O Oooo

O Oooo

O Oooo

O Oood

O

O 0ooo

13

11

1

QA

(11

ugoaodg

JP 2004-512896 A 2004

N\

NS

4.

30

10

20



(12) JP 2004-512896 A 2004.4.30

ooogao ggooao

v
15
15
Ooooao
v /wq
i \ 1 oy
[ —
C 1 7§
& )é[ oY )
é 20 12
O0o0oano o000
M~
//T\
J .
~
S~ I N
Lo (S




(13) JP 2004-512896 A 2004.4.30

ooagogao goooao

googao

gooogano

gooooad

gooagao




(14) JP 2004-512896 A 2004.4.30

O0o0o0gao goooooad
~ 66 g5
n R —
" o/
& ) o
\n

A TN

|

I/‘rr\& —

v

_ 55
7

Y | B

o DoDoooo

NS

/\(/"Z o

// @] ¢ so
o . /

67

- — [ —r

)l
)

S )
N 1 ey,
I
o
\ S
S
googobao gooooad
> 65
51 193
% 52 ,_4_‘ e e
%m —
O s6 e
59
53 €8
googobao gooooaod

——
57




(15) JP 2004-512896 A 2004.4.30

oooooo ooooon
s0 50 =t 2
- N s7
— ! et
Y
59
53

oooooao

617




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

oooooooooooano

y—
«
~
o
=
®
@
a3
=
@]

=

(19) World Intellectual Property Or

(16)

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

International Bureau

(43) International Publication Date

L

(10) International Publication Number

16 May 2002 (16.05.2002) PCT WO 02/38057 Al

(51) International Patent Classification” A61B 17/28,

17032, 18/14

(21) International Application Number: PCT/GB01/04632
(22) International Filing Date: 17 October 2001 (17.10.2001)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

0025427.6 17 October 2000 (17.102000) GB

(71) Applicants and
(72) Inventors: YOUNG, Michael, John, Radley [GB/GB];

House, hi South Devon
TQI13 7IX (GB). YOUNG, Stephen, Michael, Radley
[GB/GB); Bremridge House, Bremridge, Ashburton,
South Devon TQ13 71X (GB).

(74) Agent: GREGORY, Timothy, Mark; 26 Cyril Street,

Northampton NN1 5EL (GB).

(81) Desiguated States (ational): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR, BY, BZ,CA, CH, CN, CO, CR, CU,
Cz, DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM,
HR,HU, ID, IL, IN, IS, IR, KE, KG, KP, KR, KZ,LC, LK,
LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX,
MZ, NO, NZ, PL, PT, RO, RU, D, SE, SG, SI, SK, SL,
TITM, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW.

{84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, 8D, SL, SZ, TZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, T1, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF,
CG, €I, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD,
TG).

Published:
—  with international search report

For two-letter 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 Gazette.

(54) Title: SURGICAL TOOL MECHANISM

(57) Abstract: The mechanism is applicable fo a surgical tool which has a jaw (57) pivotably mounted 1o a distal end of a Jongi-
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SURGICAL TOOL MECHANISM

The present invention relates to a surgical tool, and to a mechanism for its operation. More
particularly, but not exclusively, it relates to an improved mechanism for operating an

ultrasonic cutting and coagulating tool.

The mechanism is applicable to any surgical tool, particularly a laparoscopic tool where the
surgeon may use a scissors-type, a pistol or trigger type grip outside the body to operate a
manipulative, gripping or clamping mechanism at a distal end of‘the tool within the body. It
is particularly, but not exclusively, useful for use with ultrasonically operated haemostatic

cutting tools.

The invention will be described herein, for convenience, with respect to a preferred use with

a haemostatic cutting tool, but its use is not limited thereto.

CONFIRMATION COPY

JP 2004-512896 A 2004.4.30



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(18)

WO 02/38057 PCT/GB01/04632

2

Such haemostatic cutting tools are known from British Patent Number 2333709B,
International Patent Applications Numbers PCT/GB99/00162 and PCT/GB00/01580, and US

Patent Number 5322055.

Each of the above identified patents and patent applications describes a surgical tool
comprising means to generate ulirasonic vibrations and a waveguide, operatively connected
at a proximal end to said generating means, and provided at a distal end with cutting and/or
céagulan‘ng means. Bach tool is provided with a jaw to hold tissue to be treated in contact

with the ultrasonically vibrating cutting and/or coagulating means.

‘While several different actuating mechanisms have been employed fo operate said jaw, they
all amount 10 a reciprocable actuating member pushing or pul}ing on a part of the jaw to
mave it about a pivot, the actuating member being controlled by manual movements of a user
of the tool. This has i)eeri found not to give sufficiently precise and subtle control over the
movement of the jaw. These mechanisms focus very much on being able to clamp tissue
hard against the cutting and/or coagulating means, rather than achieving any delicacy in

handling soft tissues.

It is therefore an object of the present invention to provide an ultrasonic surgical tool,

comprising a jaw and an ultrasonically active cutting and/or coagulating means, wherein the °

motion of the jaw relative to the cutting and/or coagulating means may be accurately and

precisely controlled.

According to the present invention, there is provided a surgjcal tool comprising a

longitudinally extending support means defining a longitudinal axis of said tool, an elongate

JP 2004-512896 A 2004.4.30
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centre member having a first jaw member at a distal end thereof, a longitudinally extending
actuating means rotatable about said longitudinal axis, a second jaw m(;.mber pivotably
mounted to a distal end of said support means, and operating means for said second jaw
member including rearwardly facing cam follower means, wherein a distal end of the
actuating means is adapted to bear on said cam follower means, and is so configured that
rotation of said actuating means causes pivoting of said second jaw member into and out of

operative relationship with said first jaw member

Preferably, the actuating means comprises an actuating tube concentrically surrounding said

waveguide and said support means.

Preferably, said distal end of the actuating tube has an undulating profile with at least one

lobe disposed to bear on the opposing surface of the operating means.

Said distal end of the actuating tube may be provided with an odd number of lobes, ideally

three.

The two rearwardly facing cam follower protrusions may extend from diametrically opposed
points of the operating means and be so disposed that the action of a lobe of the actuating
tube on one said protrusion acts to pivot the jaw means into operative relationship with the
cutting and/or coagulating means, and the action of a lobe on the other said protrusion acts to

pivat the jaw means away from said operative relationship.

JP 2004-512896 A 2004.4.30
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Optionally, said distal end of the actuating tube and the opposing surface of the operating

means are configured to be co-operable to produce a smooth transition between successive

dispositions of the jaw means.

The distal end of the actuating tube may be so configured that in a first orientation of said
tube, one lobe is disposed to bear on a first profrusion of the collar means and the second said

protrusion is disposed in a recess between lobes of the activating tube.

Said lobes and said protrusions may be so shaped as to co-operate to produce a controllable

pivoting movement for a given rotational movement of the actuating tube.

In this case, said protrusions may be so spaced, with an intermediate curved zone between
said protrusions, that the curved zone may cooperate with a lobe to move the jaw means
between open and closed dispositions by ‘a rotational movement of the lobe of between 20

and 60 degrees.

In an alternative embodiment, the distal end of the actuating tube may be provided with one

actuating lobe.

In this case said protrusions may be so spaced, with an intermediate curved zone between
said protrusions, that the curved zone may cooperate with said one lobe to move the jaw
means between open and closed dispositions by a rotational movement of the lobe of between
60 and 180 degrees, preferably between 90 and 150 degrees, optionally in the region of 120

degrees.

JP 2004-512896 A 2004.4.30
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The curved zone may be so shaped that the jaw means is caused to move comparatively

slowly over a part of its travel and comparatively fast over another part of its travel.

The comparatively slow part of the travel of the jaw means may define a coagulation step.
The comparatively fast part of the travel of the jaw means may define a cutting step.

In another embodiment, there may be only a single protrusion acted upon by two lobes, there
being an interlobal zone of such curvature as to control the movement of the jaw means
between open and closed dispositions by a rotational movement of the lobes of between 90

and 120 degrees, preferably about 120 degrees.

The actuating tube may be operatively connected to a manually operated control means.

. The control means may include means to ensure substantially continuous contact between the

lobe or lobes and the operating or collar means, whatever the rotational disposition.

Advantageously, said manually operable control means comprises a trigger type mechanism

or a scissors-like mechanism.

Such a trigger-type mechanism may be so mounted pivotably to a housing that it engages in a
part helical slot of a turning means integral with or operatively associated with said actuating
tube, whereby longitudinal movement of the trigger means causes rotation of the turning

means and the actuating tube.

JP 2004-512896 A 2004.4.30
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The turning means may be journalled by means of a part cylindrical extension member
engaging in a part cylindrical slot, said slot being defined within bulkhead means of said
housing between the main body thereof and a peninsular inner annulus thereof, said annulus

being connected to the support means.

Preferably, said cutting and/or coagulating means has a profile adapted to cut, separate and/or
coagulate tissue, as appropriate to the purpose of the tool, and the jaw means comprises a
surface facing said cutting andfor coagulating means which has a complementary shape

thereto.
Preferably, the distal end of said support means is outwardly shaped as a portion of a sphere.

The operating means may be so complementarily shaped that said spherical portion may act

as a guide to the movement thereof.

The tool may comprise a means of generating ultrasonic vibrations and a wave guide
operatively connected thereto at a proximal end of the tool and provided at a distal end with

cutting and/or coagulating means.

In a preferred embodiment, the means of generating ultrasonic vibrations is adapted to

generate torsional mode ultrasonic vibrations.

Alternatively, the means of generating ultrasonic vibrations is adapted to generate

longitudinal mode ultrasonic vibrations.

JP 2004-512896 A 2004.4.30
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Embodiments of the present invention will now be more particularly described by way of

example, and with reference to the accompanying drawings, in which:

Figure 1 is a cross-sectional view of a distal end of a support means of the tbol;
Figure 2 is an elevation of a distal end of an actuating tube of the tool;

Figures 3A and 3B are cross-sectional Views of the distal end of the actuating tube of
Figure 2; v
Figure 4 is an elevation of a distal end of a jaw mechanism in open condition, with
the jaw dispoged away from the longitudinal axis of the tool;

Figure 5 is a plan view of the jaw mechanism of Figure 4;

Figure 6 is an elevation of the jaw fnecham‘sm in closed condition, with the jaw
disposed towards the longitudinal axis of the tool;

Figure 7 is a plan view of the jaw mechanism of Figure 6;

Figure 8 is an elevation of a distal end of another embodiment of jaw mechanism in
open condition;

Figure 9 is a plan view of the jaw mechanism of Figure 8;

Figure 10 is a scrap view of a possible contact area between the actuating tube and
the operating collar;

Figure 11 is a scrap view of a further possible contact area between the actuating tube
and the operating collar;

Figure 12 is a scrap perspective view of one possible jaw member and a cutting and
coagulating tool particularly suitable for use with the present invention;

Figure 13 is a longitudinal section through a proximal end of the tool;

Figure 14 isa Plan view of a proximal end housing with the generator and waveguide

removed;
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Figures 15 and 15A are a cross-section taken along the line A-A’ of Figure 14 with

the turning element shown separately in Fig. 15A for clarity;

Figure 16 is a schematic longjtudinal section of a preferred embodiment of the tool;
Figure 17A is a scrap elevation of a tuming member of the tool of Figure 16 when
the jaw member is in an intermediate disposition;

Figqre 178 is a scrap elevation of a compensating cam arrangement when the jaw
member is in an intermediate disposition;

Figure 17C is a scrap elevation of a distal end of the tool of Figure 16 when the jaw
mermber is in an intermediate disposition; A
Figure 18A is a scrap elevation of a turning member of the tool of Figure 16 when
the jaw member is in an open disposition; ‘
Figure 18B is a scrap elevation of a compensating cam arrangement when the jaw
member is in an open disposition;

Figure 18C is a scrap elevation of a distal end of the tool of Figure 16 when the jaw
member is in an open disposition;

Figure 19A is a scrap elevation of a turning member of the tool of Figure 16 when
the jaw member is in a closed disposition;

Figure 19B is a scrap elevation of a compensating cam arrangement when the jaw
member is in a closed disposition; and

Figure 19C is a scrap elevation of a distal end of the tool of Figure 16 when the jaw

‘member is in a closed disposition.

Referring now to the drawings and to Figure 1 in particular there is shown a support tube 1,
which in this embodiment comprises an elongate hollow cylinder 2 dimensioned to accept a

waveguide (not shown) for ultrasonic vibrations, or other elongate member. The support tube
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1 is insulated from the ultrasonic vibrations by spacers (not shown) along its length. In the
preferred embodiment, torsional mode ultrasonic vibration is used, but the tool could equally

well utilise longitudinal mode vibrations.

The distal end 4 of the support tube 1 is provided with a thickening 5 of the cylinder wall, the
outer surface of the thickening 5 comprising a portion of a spherical surface. Pivot points 6
are provided at diametrically opposed locations of the thickening 5 for pivotable attachment

of a jaw assembly (not shown in this Figure).

Figures 2,:3A and 3B show an actuating tube 7, which comprises an elongate hollow cylinder
8 dimensioned to accept the cylinder 2 of the support tube 1. The actuating tube 7 is rotatable
with respect to the support 1 under the conirol of manually operable trigger means at the
proximal end of the tube 7, and a distal end 10 of the actuating tube 7 bears three

symmetrically-disposed lobes 11, 12, 13.

A jaw mechanism 14 and its operating components are shown in Figures 4 to 7. The fixed

" and active part of the jaw mechanism. comprises the distal end of the waveguide terminating

in a shaped cutting and coagulating member which is located along the longitudinal axis 15

of the tool.

A movable and passive part of the mechanism comprises a jaw assembly 16 in which a jaw
arm 17 is mounted, away from a longitudinal axis 15 of the tool, to an operating collar 18,
which is itself mounted to the support tube 1 at diametrically opposed pivot points 6, so it can
oscillate or rack between two end points. The collar 18 is shaped internally to correspond to

a portion of the surface of the spherical thickening 5 of the support tube 1. The collar 18

JP 2004-512896 A 2004.4.30
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bears two rearwardly or proximally facing cam follower protrusions 19, 20, arranged at one
bundred and eighty degtrees separation and each at ninety degrees to the pivot points 6, and
adapted to coact with the lobes 11,12 and 13 and with the interlobal spaces of the actuating

tube 7.

In the disposition shown in Figures 4 and 3, the second lobe 12 of the actuating tube 7 is
bearing on a second protrusion 20 of the collar 18, urging the adjacent part of the collar 18
distally, and thereby rocking the jaw assembly 16 about the pivot points 6 such that the jaw
arm 17 is angled away from the longitudinal axis 15. As is clear from Figure 5, a first

protrusidh 19 is disposed between the first and third lobes 11, 13 of the actuating tube 7.

When the actuating tube 7 is rotated in a clockwise sense by approximately 60°, the
disposition shown in Figures 6 and 7 is achieved. The first lobe 11 of the actuating tube 7
engages with the first protrusion 19 of the collar 18, and thereby displaces the adjacent
portion of the collar 18 distally. The jaw assembly 16 thus rocks about the pivot points 6,
such that the jaw arm 17 approaches the longitudinal axis 15. The forms of the cutting and
coagulating tool disposed along the axis 15 and a contact surface attached to the jaw arm 17

are such that they are in contact, or close thereto, in this disposition.

The lobe 12 of the actuating tube 7 has moved clear of the second protrusion 20 of the collar

18, which now lies between the second and third lobes 12, 13.

‘When the actuating tube 7 is then rotated in an anticlockwise sense by approximately 60°, the
disposition shown in Figures 4 and 5 is regained, and the jaw arm 17 is angled away in an

“open” position.

JP 2004-512896 A 2004.4.30
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In an alternative operating system, the actuating tube 7 may be further rotated in the same
clockwise sense. Such action would move the first lobe 11 clear of the first protrusion 19,
and the third lobe 13 will bear on the second protrusion 20, pivoting the jaw assembly 16

back towards the “open” disposition as shown in Figures 4 and 5.

(jbviously, given that there are three equiangularly spaced lobes, any rotation of the actuating
tube through 60° in either a clockwise or an anticlockwise sense will rock the collar from one

end positiop to the other and thereby either close or open the jaw.

As can be seen, the exact rate of pivotal movement of the jaw assembly 16 depends not only
on the rate of rotation of the actuating tube 7, butalso on the profile of the lobes 11, 12, 13.

Suitable choices of this profile can produce relatively slow and controlled movement when

close to the disposition of Figures 4 and 5, at which point soft tissue may be gripped between

the jaw and the cutting and coagulating tool. More rapid movement is preferable when close
to the disposition shown in Figures 6 and 7, when the jaw is about to cut the vessel, having
already coagulated the areas either side of the proposed cut. It is advantageous to have a

longer dwell time during the coagulation phase, followed by a short shatp cutting phase.

An alternative embodiment of Jjaw assembly is shown in Figure 8 to 10. In this case, a single
lobe 44 of the actuating tube 7 is adapted to act on a collar having two protrusions 45 and 46
separated by an angle no more than 180°. Indeed, the spacing of the protrusions 45 and 46
may be such that the actuating tube 7 need only Totate through as little as 20° for it to act on
the collar to move the jaw from open to closed or vice versa. The preferred degree of

rotation is between 25° and 35°. This arrangement is shown in Figures 8 and ¢ where the

JP 2004-512896 A 2004.4.30
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single lobe 44 so acts on the protrusion 45 that the jaw is open at approximately 45° to the
longitudinal axis 15 and it can be moved rotationally to contact protrusion 46 where the jaw

is pivoted about peint 47 to be closed.

However, the curved surface of the collar between the protrusions may be shaped to
determine the speed of contact between the elements of the jaw and the force applied to the
jaw movetnent. Piguré 8 shows a straightforward circular contact area where rotaﬁor; of the
actuating tube 7 will effect a substantially linear correlation between rotation and jaw
movement. That is to say, at the mid point of the rotational movement of the actuating tube 7,
the jaw member 17 is midway between open and closed — at 22.5° to the longitudinal axis.
This symmetry may be varied, as may be seen in Pigures 10 and 11. In Figure 10, the collar
has a parabalic curve, which gives a longer dwell time at an intermediate point in the coming

together of the jaw members.

Figuie 11 shows a preferred arrangement in which the lobe 44 at first contacts protrusion 45
with the jaw 17 at approximately 45° to the longitudinal axis. Rotational movement of the
lobe 44 then causes rapid movement of t};e collar so that the jaw is at approximately 22.5° to
the longitudinal axis 15. After that, the collar’s surface is so curved that the jaw closes only

very, slowly during a coagulation phase until a final sharp closure caused by the protrusion

46.

Thus, coagulation of a blood vessel can be accomplished comparatively gradually, on either

side of a projected cufting point, until suddenly and quickly - the cut is then made. The
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system then retracts 1o a more relaxed form of release. The surgeon does not have to concern
himself with differential pressure at the handgrip since a simple pull on the trigger will cause

variable preselected degrees of pressure at the workplace.

As can be seen from Figure 12, the jaw 17 is shaped to cooperate with a static first jaw
member or anvil 21, which in this case is ultrasonically vibrated. This anvil 21 comprises a
comparatively sharp central ridge 23 and, on either side thereon, comparatively rounded

coagulating edges 24.

Referring’uow to Figures 13 to 15, there is shown a preferred form of manual operation for
the tool. A trigger-type handle 27 is mounted to a proximal end housing 28 at a pivot point 29
adjacent an opening in the wall of the housing 28. The handle 27 extends beyond the pivot
point 29connected to a pin 30 which is engaged in a part-helical slot 31 in a turning element
32. The cylindrical turning element 32 is supported for rotation by means of a part-
cylindrical extension 33 thereof which is adapted to co-act in a paﬁ-pylindrical slot 35in a
butkhead 34 of the housing 28. The bulkhead also has a central apémxr'e 36 to accommodate

the waveguide 42.

The extension 33 of the turning element is connected at 37 to the outer actuating tube 7,
while the inner support tube 2 is connected directly to tﬂe bulkhead 34 at a part-isolated
portion 38, separated from the main body thereof by the part cylindrical slot 35. The part
cylindrical slot 35 between the inner portion 38 and the main body of the bulkhead 34 is
dimensioned to allow the part-cylindrical extension 33 to move rotationally through an angle

of up to sixty degrees from one end to the other of the slot 35. As stated above, in some
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embodiments, the actuating tube 7 needs to move through 60°, while in others the rotation

may be as little as 20°, in which case the slot may be shorter.

Movement of the trigger 27 causes the pin 30 to move within the part-helical slot 31,
generally from one end towards the other, thereby turning the turning element 32 and the
actuating tube 7, with effects at the distal end as described above. Obviously, the return

movement of the trigger 27 reverses the rotational movement of the actuating tube 7.

The housing 28 and the sleeves 2 and 7 may be disconnected at point 40 from the ultrasonic
vibration generator 41, its housing 43 and the waveguide 42 so that they may be discarded

after each use, if so desired.

A variety of configurations of jaw and cutting and coagulating tool are suitable for use in
conjunction with the jaw mechanism of the present invention, some of which are described in
our British Patent Number 2333709B. One particular form, prefexred herein, will be

described in more detail with reference to Figure 12.

An end of the waveguide is configured as a cutting and/or coagulating tool 21 which has an
operating surface 22 having a profile which comprises a central acutely-angled cutting

element 23, flanked by two relatively rounded coagulating elements 24,

The jaw atm 17 has a contact surface 25 which has a complementary shape to that of the

operating surface 22.
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The contact surface 25 may be brought down towards the operating surface 22 by Operadon
of the jaw mechanism described above, such that soft tissue, for example a blood vessel, may
be held betv.veen the surfaces 22, 25. Transmission of torsional mode ultrasonic vibrations to
the tool 21 causes the element 23 to act against the corresponding part of the contact surface
25 to sever the blood vessel, while the rounded elements 24 act against the contact surface
25, coagulating the tissue and sealing the blood vessel on either side of the point at which the

element 23 is severing it.

As has been described above, the arrangements shown in Figures § to 11 enable the two
surfaces 22, 25 to be brought together in a controlled manner, to avoid damaging the blood
vessel before it can be sealed. The jaw mechanism described in relation to Figure 11 shows
that the operating collar may be so shaped as to cause a comparatively long period of
coagulation while the two surfaces are slowly brought towards one another and a short period

of cutting when the two surfaces are in contact.

Referring now to Figure 16, there is shown a preferred embodiment of the invention in which
the actuating tube is provided with only a single lobe. The single lobe 51, integral with
actuating tube or sleeve 50, can act on either one of two rearwardly facing cam following
protrusions 52 and 53, to operate the second jaw member 57. This is pivoted about point 56

to an end member 58 of the suppart tube.

Referring now to Figures 17C, 18C and 19C, it can be scen that the lobe 51 at the
intermediate position shown in Figure 17C lies in contact with the curved surface 59

separating the protrusions 52 and 53. For clarity of illustration of the drawings, a small gap
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is indicated between the lobe 51 and the surface 59. In fact, it is important that the Jobe 51

remains in coritact with the surface 59 at all times.

As can be seen from Figure 18C, clockwise (looking from the proximal to the distal end)
rotation of the actuating tube 50 causes the lobe 51 to contact protrusion 53 causing the jaw

57 to pivot about point 56 into an open position.

Similarly, as shown in Figure 19C, anti-clockwise rotation of the actuating sleeve 50 causes

the lobe 51 to contact the other protrusion 52 and pivot the jaw 57 into a closed disposition.

In these three drawings referred to above, a first jaw member or anvil is not shown, since this
may take any one of several forms which are not relevant to the operation of the second jaw

57.

Rotation of the actuating tube 50 is achieved by movement of a trigger 60 which is so pivoted
about a pivot point 61 that a proximally directed pull on the trigger 60 will cause anti-
clockwise rotation of tube 50, thereby closing the jaw 57 while a distally directed push on the
trigger 60 will cause clockwise rotation of the tube 50 and open the jaw 37. This rotation is
achieved by means of an actuating serew 62 engaging in a part helical slot 63 in a rotatable
barrel 64. The slot 63 extends around approximately 120 degrees of the circumnference of the

barrel 64.

As can be seen from Figures 17A, 18A and 19A, a pivoting movement of the actuating screw
(not shown in these figures) caused by longitudinal movement of the trigger 60 causes the

barrel 64 to rotate as shown. The barrel 64 is connected to the a,étuating tube 50 for rotation,
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but the actuating tube 50 is capable of a small degree of longitudinal movement with respect

to the barrel 64 as described below.

As stated above, i; is important for smooth operation of the too} that the lobe 51 remains in
contact with the curved surface 59 and/or the protrusions 52 and 53 at all times. Given that
the lobe 51 and the curved surface 59 are both additionally curved about the axis of the tube
50, the locus of the point of contact between them is a gentle curve of amplitude between
0.25 and 1 mm, and that jaw member 57 is pivoted about a point 56 spaced from the point of
action of the lobe 51, this cannot be achieved by straightforward rotation of the activating
tube 50. A;cordingly, there is provided a compensating cam collar 65 at a proximal end of
the actuating tube 50. This has a rearwardly facing pair of cam followers 66 and is shown in

more detail in figures 178, 18B and 19B. The actuating tube 50, connected for rotation to the

barrel 64, passes through a cylindrical aperture in a fixed member 67. The fixed mentber 67 )

has a distally facing cam surface 68, and the degree of curvature between the cam surface 68
and the cam followers 66 of the collar 65 is such that longitudinal movement of the actuating
tube 50 of between 0.25 and Imm may be achieved between each rotational end position and
the intermediate position of the actuating tube 50.

At an intermediate position, as shown in Figure 178, there is in fact, no gap between surfaces
66 and 68 (although ope is shown for the purpose of clarity). As the actuating tube 50 is
rotated by rotation of the barrel 64, the collar 65 which is fixed to the tube 50 causes ecither
one of the cam followers 66 to contact the fixed curved surface 68 and urge the actuating
tube 50 distally. This ensures that the lobe 51 at the distal end of the actﬁaﬁng tube 50
remains in contact with either of the protrusions 52 or 53 during the final stages of opening or
closing the jaw 57. This ensures smooth operation of the jaw 57 without sticking in any

position.
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CLAIMS

1.

A surgical tool comprising a longitudinally extending support means defining a
longitudinal axis of said tool, anvelongate centre member having a first jaw member at
a distal end thereof, a longitudinally extending actuating means rotatable about said
longitudinal axis, a second jaw member pivotably mounted to a distal end of said
support means, and operating means for said second jaw member including
rearwar(ily facing cam follower means, wherein a distal end of the actnating means is
adapted to bear on said cam follower means, and is so configured that rotation of said
actuatiné means causes pivoting of said second jaw member into and out of operative

relationship with said first jaw member.

A tool as claimed in claim 1, wherein the actuating means comprises an actuating

tube concentrically surrounding said support means.

A tool as claimed in either claim 1 or claim 2, wherein said distal end of the actuating
means has an undulating profile with at least one lobe disposed to bear on the

opposing surface of the operating means.

A tool as claimed in claim 3, wherein the rearwardly facing cam follower means
comprises two protrusions extending from substantially diametrically opposed points
of the operating means and so disposed that the action of a lobe of the actuating

means on one said profrusion acts to pivot the second jaw member into operative
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relationship with the first jaw member, and the action of a lobe on the other said

protrusion acts to pivot the jaw means away from said operative relationship.

A tool as claimed in either claim 3 or claim 4, wherein the distal end of the actuating

tube is provided with three lobes.

A tool as claimed in claim 5, wherein the dista]l end of the actuating tube is so
configured that in a first orientation of said tube, one lobe is disposed to bear on a first
protrusion of the operating means and the second said protrusion is disposed in a

recess between other lobes of the activating tube.

A tool as claimed in either claim 5 or claim 6, wherein the protrusions are so spaced

« and separated by an intermediate curved zone that the second jaw member moves

between open and closed dispositions by a rotational movement of the lobe of

between 20 and 60 degrees.

A tool as claimed in any one of claims 3 or claim 4, wherein the distal end of the

actuating tube is provided with a single lobe.

A tool as claimed in claim 8, wherein the protrusions are so spaced and separated by
an intermediate curved zone that the second jaw member moves between open and
closed dispositions by a rotational movement of the lobe of between 60 and 180

degrees.
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A 1ol as claimed in claim 9, wherein the rotational movement is between 90 and 150

degrees, preferably in the region of 120 degrees.

A tool as claimed in any one of the preceding claims, wherein the actuating means is
operatively connected to a manually operable control means, preferably a trigger type

mechanism.

A tool as claimed in claim il, wherein the control mechanism is so mounted
pivotably to a housing that it engages in a part helical slot of a turning means integral
with or operatively associated with said actuating means, whereby longitudinally
directed movement of the control mechanism causes rotation of the turning means and

the actuating means.

A tool as claimed in claim 12, further comprising compensation means so that during
said rotational movement, longitudinal movement of the actuating means occurs,
whereby the lobe remains always in contact with the rearwardly facing surface of the

operating means.

A tool as claimed in any one of the preceding claims, further comprising means of

generating ultrasonic vibrations and a waveguide operationally connected thereto at a

proximal end.

A tool as claimed in claim 14, wherein the means of generating ultrasonic vibrations

is adapted to generate ultrasonic vibrations in a torsional mode.
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A tool as claimed in either claim 14 or claim 15, wherein the waveguide is provided

at its distal end with cutting and/or coagulating means.

A tool as claimed in any one of claims 4 to 16, wherein the curved zone is so shaped
that the jaw means is caused to move comparatively slowly over a part of its travel

and comparatively fast over another part of its travel.

A tool as claimed in claim 17, wherein the comparatively slow part of the travel of the

Jjaw means defines a coagulation step.

A too] as claimed in either claim 17 or claim 18, wherein the comparatively fast part

of the travel of the jaw means defines a cutting step.

A surgical tool substantially as described herein with reference to the Figures of the

accompanying drawings.
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