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(57) ABSTRACT

A cable attachment arrangement for attaching a cable to a
surgical instrument component. In various embodiments, the
cable attachment arrangement comprises a wedge-shaped
slug that is attached to a portion of the cable and shaped to be
received in a complementary shaped pocket in the surgical
instrument component. In various embodiments, the slug
may be wedge-shaped or conical in shape. In other embodi-
ments, an end portion of the cable is folded over adjacent
another portion of the cable and attached thereto by clamps or
adhesive to form a loop sized to receive a portion of a surgical
instrument component therein. Other embodiments comprise
an endless cable formed from woven material wherein the
ends of the cable are woven together.




US 2008/0308603 A1

Dec. 18,2008 Sheet 1 of 71

Patent Application Publication

_

Ol




Patent Application Publication  Dec. 18, 2008 Sheet 2 of 71 US 2008/0308603 A1

24

O
o
o~




Patent Application Publication  Dec. 18, 2008 Sheet 3 of 71 US 2008/0308603 A1

O
o
N



US 2008/0308603 A1

Dec. 18,2008 Sheet 4 of 71

Patent Application Publication

AN

||||||| z 4/,‘

=

TATTIT

mig s

UL DUy eyl 1

7




Patent Application Publication  Dec. 18, 2008 Sheet 5 of 71 US 2008/0308603 A1

FIG. ©




Patent Application Publication  Dec. 18, 2008 Sheet 6 of 71 US 2008/0308603 A1

-

FIG.




US 2008/0308603 A1

Dec. 18,2008 Sheet 7 of 71

Patent Application Publication

_ BN oy e oy 6 O

KN NS S YOS OTSNT TN NN N NAN NN

1

77771 _\\\\\/\//y//////////// ’///////J4A////////////Vr
N R ZECZET m Z\Z\Z ///%v%

R

1) ___N
IN

/ . \I‘
I/N:

A LT X AN P DTG

oi\ omT\ /mm_ ﬂN: %:_

lG1l

GGl

LG




Patent Application Publication  Dec. 18, 2008 Sheet 8 of 71 US 2008/0308603 A1




Patent Application Publication  Dec. 18, 2008 Sheet 9 of 71 US 2008/0308603 A1

o
¢
ve)
5 L/
~N
o
o \
~ s s
a
00 S W
~
© o o —
N 3 \ 15
—— —_—
)
— \ - Y
©
// \ ~ @)
W— O el —
o) ™~ —
98 - o S
0
M 00
0
y S H
O
( 35
0 o
o ~
~ N ©
— — \
o~
. )
@)
L R
0
N
-
LC\I
o
o0




US 2008/0308603 A1

Dec. 18,2008 Sheet 10 of 71

Patent Application Publication

oN_/.u - --m: - o_...g. -

___j Ay’ CeEIN 0ce F/ 82/|_

\__ N ] ©)'

| v | LeL

} oog—" ocer” 05 SD\ 92\ ovn_\ _//\nﬁ

Gl
0¢e FJ

Ol

Nomr!\\
oonrl\\

0Zgl'ole P\

0GlL

=)




US 2008/0308603 A1

Dec. 18,2008 Sheet 11 of 71

Patent Application Publication

val 9Ol
0LSI~_ 08¢L | T are. |
L :
omnﬂf P | zesl 2TEIN 0T8I 0981~ "
¢wm_ ] / N — ©) ;
inTNF N 0 _ ®
0S¢l . ) S
| pecl”  oogi—" .,.Fﬁ.umm_ B 5\ o_n_\ oi:\

~ad 4@~ oﬁ\\ £Cl

vel "Ol4
08¢l 0€SL
Al A
o )
oo ﬂo%_.onn_ 4 \omn_.o_n_\ o
,00€L \
051



Patent Application Publication  Dec. 18, 2008 Sheet 12 of 71 US 2008/0308603 A1




Patent Application Publication  Dec. 18, 2008 Sheet 13 of 71 US 2008/0308603 A1

1170 _1168

1114
1134 7 1000
1014 IQ 1160

11
01112

< 1102
£=2-1100
L]

[l
L
i

Wi
i

\

5 o
o N >
ES 7
Wigh !
T el
P




Patent Application Publication  Dec. 18, 2008 Sheet 14 of 71 US 2008/0308603 A1

FIG. 19



Patent Application Publication  Dec. 18, 2008 Sheet 15 of 71 US 2008/0308603 A1

1170\ 1000
AN

1010
1168

140 O N 1166 eg 4
4 1134

4

——1014
— 1102 LT T ~/%///
= AR

N\
N
1O

/ @W > Q 1136
1162 — = 11113220
7200 N 130
1090-—— 1100—\§ 2 N E 1180
] T~—1190
/ 111?\ \ %
10807 00—"H s I \_%
1200—| NL 1200
1250~ N
1230~ [ § 11?38
' N
\
NN

|
77,2277

FIG. 20



Patent Application Publication  Dec. 18, 2008 Sheet 16 of 71 US 2008/0308603 A1

1170
1014/
1050 “68’\\ 1166 1110
w 1112 "7 A—1134
(11130
1080 ”OZ\X_Q 1160///
A— y AT 1180
1066 1100 . 75 |
1162 —f— S N V=)
1090 ‘ L
»\B = [
1062 < -
107 ‘
070 P
1060 ,
1052 /B
/ | FE
1006
1140 —
1040 7 1200
1424
1426 1422 l;1012’
~1420
1425

/( 1004
PD /<DD

FIG. 21



US 2008/0308603 A1

Dec. 18,2008 Sheet 17 of 71

Patent Application Publication

vZ 914 ¢ Ol

\im_ —0¥SL 0LSL \ —~ ] i

ANDO - W_ﬁ/ %J
575 | oo A@l _ /7 IO 111,
/ e - _ - ) ’ W_H_[E%r@r@i
\ A SVayd MwLU\ T m

zi51—"
2261 ¢¢ 9l 9/G1
0251~ 0£G 1~ o%_/ wmm_?m_/ ek
{7 \__ Y 1 . — I o_.ﬂOWl Jﬂmm%\_ = M
E‘FE\ s Z Z =+ Y % Z
o_m_\ ¢N£.\. /82 oBf\. NB_\

NBT\\



Patent Application Publication  Dec. 18, 2008 Sheet 18 of 71 US 2008/0308603 A1

(@) 0
(@) N
©
T\
(@)
N
L4 AN N
R \\g o
N ©
VG777 NN o
@ L
o (@)
(@) (@]
© ©
~ )
2 T3 &
ve}
E—O- LD —- O O I
o N ~ LN | el [ ©
o /) N_J_*]) Lh\_ %C\l
i . |
g\::é:: % § OO\\ CD.
— i A
i i o
BN
na L d| U
1IHE Lo
= S 9
o@] 0




Patent Application Publication  Dec. 18, 2008 Sheet 19 of 71 US 2008/0308603 A1




US 2008/0308603 A1

Dec. 18, 2008 Sheet 20 of 71

Patent Application Publication

081 \//

CZL— T~

208l

)
[

/| ad
. moowﬁ/ I

N _
/oo_.mm_.om_ 0z8lL

tF

8081
108 T\\

ngﬁiiii-!_ﬂyj 0081~ 0% "0l
| & !

_ 9081 s08l

g D — s\ ()
zo8l— — o — G ]

gzt 82l 0T L3+ 0911051 €081 1og1. 8081



Patent Application Publication  Dec. 18, 2008 Sheet 21 of 71 US 2008/0308603 A1

S _
0
A
4
!
[l M)
3 N
©
©
L
3




Patent Application Publication

(o]
o
(9))

Dec. 18, 2008 Sheet 22 of 71

FIG. 34

1903

US 2008/0308603 A1

v‘v‘w.""‘!‘v J
i
i
A
A
i
O
i,
i
A
i
bt&“&“&ﬂﬂﬁ&
OAREXRD
AL
OO
ALK
MR
ALK
v “ “““’ "“0.,
Nt
i
RN
i
i

~--1904

FIG. 33

|

o>

RN

.......




Patent Application Publication  Dec. 18, 2008 Sheet 23 of 71 US 2008/0308603 A1

zooo\\

FIG. 36

2004

2002

2010




Patent Application Publication  Dec. 18, 2008 Sheet 24 of 71 US 2008/0308603 A1

2100 2130

2110
\

(

L

2112/

2120

FIG. 39

2240
2210\ 2214
4 N
L
2212
" 2200/ 2220f

FIG. 40



Patent Application Publication  Dec. 18, 2008 Sheet 25 of 71 US 2008/0308603 A1




Patent Application Publication  Dec. 18, 2008 Sheet 26 of 71 US 2008/0308603 A1




Patent Application Publication  Dec. 18, 2008 Sheet 27 of 71 US 2008/0308603 A1

2314

FIG. 44A

1

10

FIG. 45



Patent Application Publication  Dec. 18, 2008 Sheet 28 of 71 US 2008/0308603 A1




US 2008/0308603 A1

Dec. 18, 2008 Sheet 29 of 71

Patent Application Publication

019¢

9162,

Gl1G¢ _

LY Ol

OENW




US 2008/0308603 A1

Dec. 18, 2008 Sheet 30 of 71

Patent Application Publication

I L 77 I 7 7 =T =rts

mﬁmmg
| 9657 Y162 L

iﬁ:nmmw | 86s¢ \\\ _
_ 567 0L ,001
L 4 ) _ } } ) ) } ) _ _ _ _
¥252 0252
2252
0962 ¥9GZ oloz
2952 ,// 016z |
M’\ //\ \\\\\\\\\\\\/\/\\\\\\\V\\\\_//

B > -

~

LI 7T 7 7777 777777777774

ﬁ\oomm




Patent Application Publication  Dec. 18, 2008 Sheet 31 of 71 US 2008/0308603 A1

2
MR/ -

o
N
Te]
N
(]
@) o
O A 2t
ip)
« ~ |

—z




US 2008/0308603 A1

Dec. 18, 2008 Sheet 32 of 71

Patent Application Publication

GlGce .
OLGZ~ @@@N/&ﬂi: s Om O_h_

i @_mmumy
a3

hﬁmmx
!
L _ _ 3
yZSZ 0z5Z T
2252 )
09Gc¢ ¥9GC
i ,/J Nmmw//,// o_mm/// 9192
= \\\\\\4\”7 1 17777777777 777777777779

~__
T~

'
(

L L L L7 T 7777 777777777

K\oomm




US 2008/0308603 A1

Sheet 33 of 71

Dec. 18, 2008

Patent Application Publication

919¢

LG "9l
n/// \m_mm///

N7 7777 7 AR PP IRY

L TR A

N Y

/

I

oLt

NONCN NN N AN

o_mN\\\\\ mmmm\\\\ ummmx\\\\¢mmm\\\\

T N

QQU||;



Patent Application Publication  Dec. 18, 2008 Sheet 34 of 71 US 2008/0308603 A1




US 2008/0308603 A1

Dec. 18, 2008 Sheet 35 of 71

Patent Application Publication

S Ol

8¥LC
0cLC AR
9¢LC ho¢mw4

, NS SSIANNANINSY

i

,—08LC v/

z8.2~ (o)

4

.

11

NNNN@W\

GZLT A,

V&4
09/2



US 2008/0308603 A1

Sheet 36 of 71

, 2008

Dec. 18

Patent Application Publication

GG Ol
O¢®N///

,0Z1
///l_/l////////////////_ I

//(oo_



Patent Application Publication  Dec. 18, 2008 Sheet 37 of 71 US 2008/0308603 A1

(@] N
2 8
N 8 3
00
N
o
N
[ve] ,
o — VQ/ l\
T H Te
1/4/// \\\
Y Yo
z21Q) ¢} .
\)
N\ e\ J/ O
o ~IER =
\
@ L
N O
ve)]
[ve)
N
N
00)
o0
N
w
w

FIG.




US 2008/0308603 A1

85 'Ol

: 268
8962~ \\\ S . onmm///
) .
\\\\ oy NSNS .
— oy \L = TR N < /I

Patent Application Publication  Dec. 18, 2008 Sheet 38 of 71

(i

N
tl
9c62
ommm\\\\ os6z—" w\\
0962
0L62 \\V
0062 ,/// |
0162

e
0¢6c

N
~~zz62
8Y62



US 2008/0308603 A1

Dec. 18, 2008 Sheet 39 of 71

Patent Application Publication




Patent Application Publication  Dec. 18, 2008 Sheet 40 of 71 US 2008/0308603 A1

2954

2956

[T

Il




US 2008/0308603 A1

Sheet 41 of 71

Dec. 18, 2008

Patent Application Publication

¢9

Ol

14°101% 0s
\\\\ \\\ 0¢

RO A S SSNY T

e _nrr

—9G0¢




US 2008/0308603 A1

Dec. 18, 2008 Sheet 42 of 71

Patent Application Publication




US 2008/0308603 A1

Sheet 43 of 71

, 2008

Dec. 18

Patent Application Publication

- G9 "9l4

vglg  ~0%0%

VA 2

T

/V/WA////////A//////////_

I D, NIl
>

> | ozis

~ 9G|¢
[~ -glI¢

/tvm,on
0 FMI_I\\ 0cle




Patent Application Publication  Dec. 18, 2008 Sheet 44 of 71 US 2008/0308603 A1

FIG. 67




US 2008/0308603 A1

Patent Application Publication  Dec. 18, 2008 Sheet 45 of 71

89 "Ol4

oLzZ¢ 00v¢ GlLZe FAYAS
( \D\imm Yo 2008

NN NN SN N NN

AN
\oomn

A,

)

/

¢FNmAAAHHHH“

—~——90¢¢

%

Kmmwmmmmmmmmmmmmmmu oLes v0gE

7u////u//////uwmuww 80¢¢
A0 2%

)
¢_NmJNM\
G1z¢e 0zce
N—0d
aqg—’

/oomm






US 2008/0308603 A1

Sheet 47 of 71

Dec. 18, 2008

Patent Application Publication




Patent Application Publication  Dec. 18, 2008 Sheet 48 of 71 US 2008/0308603 A1

¢/l "9Ol4
mm@m 229¢
— cv9¢
ﬂ/:xi\\\\\\\\\\\\ \\ OO
\\, x@m 298 _ogog /
/ ///T//g
\ ( ONONONONON NN
../wls

o] NNNSNNN

A1y \\\\\
0l19¢
0G9¢
////l\oomn



US 2008/0308603 A1

Dec. 18, 2008 Sheet 49 of 71

Patent Application Publication

moo¢///
v as
YO-VO
G/ 010G _ nnom//ﬂx 1230}
.._|vv 2.0  _¥60S
250G~ 0206 900§ omo¢ﬂm¢om 0s0Y  oc- ¢10¥
(T TR O qhhhhnn-hhth@. _.n _-=l—_ [[/] @ .—v O ¢ /
\\ f _ | —-—cF§====
NNO.V — |®mO\\““ﬁHHHHH\\
We=ETT
--=-== = — _ 1 _ O
L7606 _
4l SvLov
1Z0%
005 060G 14454 rwmvNO¢ 920+
\\xm( 0v0¥  “Sz+0¥ 4
\\\ /00b a4 0Z0%
100G \\\
900%
N 2
N / C
;/Aw: 001l
ad 7
N 00¥ /Amww A N
[4 0107 /( 000+



US 2008/0308603 A1

Dec. 18, 2008 Sheet 50 of 71

Patent Application Publication

LL 9/
| 120G nmmoo%m @NN@ 1S — ~0LS
$91 ¥Z1G
W L meﬁx s [ W\w/\v e
—— S O\ o O \P=
. ﬂ//////\/c\/// /////////A/_///A/ﬂmﬂ//ﬁ,//ﬂf/ﬁ NN NN /%\ Amwwmmu
. IQ % | HANN AALEANARRRANA RN AN V//MMV/M vvvw/ AW e
02265 — = o 5705
002S %_ _ / @NO@ 090¢
I

—

2274

. ]
2
7 N ¢

Tt st N

e
S LN

7

XA AFLFAERNANNAATARRAN ANV AARRNARARER R =
SE\\ TR
N ~ 960G

S\
H

lNSRRRRRRRRNNRRInN

/ @omm\\\ 2916”7 )\ gzis— / N nncw
0L 100G
| Noﬁ\@m%m v915 ¢m%%§mv Noglg o 0008
0125 9¢1S 091G . L/l @M
POYS 0205
N\
ooov\\ b\lw
aa / N ¥00¥
Qd— L 8007

/p N
c00v



US 2008/0308603 A1

Dec. 18, 2008 Sheet 51 of 71

Patent Application Publication

-

G/

Vv, "Ol4
vh cLOY
0106 _ 0,0V

280G, Noom/

UL A A I T T T T

(9005 050

ﬁ..:

¢®OD!// N@O@J 050S~.2Z0G~ LYOV-

SAUNUVITARIR IRV I INEMEGY

7906-Z 7 \\\\\\\§\ 7
d—— .EE:_EEE;_E;;;,C;;_E

_/

0c0S
hl&‘@w 777

% _

AAANVNANNVVARNRRRABANNANNY

¢wom\\omom\\

0+r0S—0¢0¢% 7

290V~ P

LY

t
2 I

(VRN ERRRNSRRRRRRNRNRRRRRERNERRNERIRIRIRRPADNRNNI]

\ .
000s—" _ £L00v—"goog—Jji| “—¥00S /um ¢S0¥ \geop \_
zLOY

nY

/p¢oo¢

”,\ ¢mo¢%////ﬁwuu

e S OSNR B

N \N¢ov

B,

, L4204 Ze0%
| \>-z¢£05 0¥0%
VN vLO0b
o :
K F
aa— _ 90 70

N

/pmogu

~~v



US 2008/0308603 A1

Dec. 18, 2008 Sheet 52 of 71

Patent Application Publication

av.,. 'O

|

800¥

\

LL 9L

| _ ¥Z1S

i\l 7777777, 7777
= Awwxvzwyuxy S MMMW,@\\AmmmmWwaxmmww NY | [or80s
= ZZZ2 NN\ NN
ot =S

L

,;;;;;;;;;ﬁuw\omom
=\

ZN SISO

ALl L L Ll YD VINIIN I,

0¢S 01vs” ) 9916~

00+S
ZE 1S ¢0¥S 8915

8218
9C\S
ooo,v

. ~ NI////// RS V_E///é/////////v? NS Y _ 0206
W o e N ?Tmlwom

SIS~ v // \_=0005
0Z15 4 1SS
Ll SLeos

0C LG S80S _ ¢Cls

// 9/




Patent Application Publication  Dec. 18, 2008 Sheet 53 of 71 US 2008/0308603 A1

UA
|
| 5000
4070
5030
5092 5090
5084 g 9052
5027 02 5080

5024
509277 5050 NX5090

0A— c = §§§> » 5| — -[+-0A
5060) /2092

5090 5084
50524 €5024
5090 Sum 5027

5092
|
UA

FIG. 75



Patent Application Publication  Dec. 18, 2008 Sheet 54 of 71 US 2008/0308603 A1

AN

:\
\ 5020

' //// 5050

5104 5024

_________

TN R 50

5024 \\\\

5104 NN 5052

,r—- | |
5092~ \: § |
|



Patent Application Publication  Dec. 18, 2008 Sheet 55 of 71 US 2008/0308603 A1




US 2008/0308603 A1

Dec. 18, 2008 Sheet 56 of 71

Patent Application Publication

000¥ ¢00t
\Al: N \IU/ pJ
022% 916~ 291G €Z0S noom/rE |
\ % § %\ A~ $71G I/;: [T TTTIT]
-1
/§ 7= ——L //////A_ /_Aﬂ{ _////m/m/mVZ/////////// ////////ﬂ///%J\ €605
7, o A T
W/ j —.Nomll\x_ u' r;;;;;_f’;;;;;;;;;;;_f_”;\/\Ow%mom
= _ 020%
§ V 9025~} = ozt L, __—+zos

S Ay

J ﬂvﬂ?////////én////////////////,///// / R ///% \Il/w/L.\r 2606
SO0 wnwo_m/mmom -

, 14013
oomm\ / 002§ p//FNmB 9205 \pzig 0SS 000G
0L¥S SIEEING ST 2005 —* 9/ o4
\ONN@ .vm_‘m/ ~C9LS ¢60S
& NSNS W
AN mr\\ ﬂ/%\_ //&/\//«\&M \ N| /////%
] Saies {
— —ccc6 — )
1 = Y¢S
S +90ZS i ZAVSEN _
7= . o?m -
& //////V/\> q @ O — @i\‘q‘ /////////%%
g\\& \\I}MI%N—‘@ 801lS \ﬁ::\/::\t\ [T
00$G ~0LrG 0Z 1S ¢9lG $Z1G ¢01\G 2606
00ZS ¥9LG PN 061§ 0006 |

pl
C

Jpoog wo?\\

Noov\vw

T



US 2008/0308603 A1

Dec. 18, 2008 Sheet 57 of 71

Patent Application Publication

000+ ¢00¥ .
) ya YN 18 "9l
J ~/ - p)
990G~ woem 911G
= : @@@ﬁ S\ \kl_ #Orm /%I/OO_‘@
= N /MWWMW/ N /ﬁd? // 7608
0Z7ZS mWW\ \“\PUV\ ﬂ%?%ﬁ%%%%%%ﬁ%?faé?%éV Illllﬂh\/
p === == T~+708
WWWWWWWWWMWM o o, - P e 090S
0025 o »§ Z
Omrm e Z .lTMM%M%é%ZZZ%?é%&Z%Z; - 208
S ) e e N
bZ1C _,ﬁ::::\:: II7I17)
Cooce— Xows PAIs{  Nezig €005 “_pgoc
0clLg QZ1S
moom/ Om Q_In_
7 YT
s taeaq ] o= N NN—0s
26086
vmmmAWNV‘ \\L — ﬂ?&%ﬁé&é&%@%&%ﬁ%ﬁé? w
990G~ [ )
=== 600G~/
00ZS 2
09lo — A ~Z05

0l¥S ompm\ 90¢S

191S

ém_mmo_m ¢o_m
N No0¢\\\w¢m_m

- 224322%2%%2234&2923. Nl =
=S 18015 %
00— e DI 505 ) N 0

3
)ﬂooo¢



US 2008/0308603 A1

Dec. 18, 2008 Sheet 58 of 71

Patent Application Publication

166G

¢0LS

¢8 "Old




Patent Application Publication  Dec. 18, 2008 Sheet 59 of 71 US 2008/0308603 A1

N\ 5160

FIG. 83




US 2008/0308603 A1

Dec. 18, 2008 Sheet 60 of 71

Patent Application Publication

00GS

80G¢
89946
999G

Y996

¥G96

099G

v8 'Ol



Patent Application Publication  Dec. 18, 2008 Sheet 61 of 71 US 2008/0308603 A1

o
D
(@
0

6040

6102

6112™~6100

(A
V)
A

6094

/
6130




US 2008/0308603 A1

Dec. 18, 2008 Sheet 62 of 71

Patent Application Publication




Patent Application Publication  Dec. 18, 2008 Sheet 63 of 71 US 2008/0308603 A1

y~ 6010

6130—t | R
6132 6048 - 6046
6098~~_ _.6064 /\6010

6092\54_ ;

2 6052
6000—" Cogo ﬂ:‘ﬁﬁeow




Patent Application Publication  Dec. 18, 2008 Sheet 64 of 71 US 2008/0308603 A1




US 2008/0308603 A1

Dec. 18, 2008 Sheet 65 of 71

Patent Application Publication

Z20/ N m _mu _||_ ad / DQQI'
1202 1GOL
0v0L J ¥c0L 10,
~ 0\ \ [/ _—evor
0N //__ NN NN A \ B
| | _ ]
L
= T E—
_ S0/—1| o
| Z107 e
A 0S0Z | 010Z \ N
: n\q/ wf/P % N < <z | \/4
osor” h Nezor | Nepior  Neotoz 0zoL
ce0L $Z0/ Z00/




US 2008/0308603 A1

Dec. 18, 2008 Sheet 66 of 71

Patent Application Publication

220/ 148 ol on_H aa—
N¢on/¢ §ﬁww\\\ioN 0Z0L
N /7 /Au\ g I 1 _ /\\w_
|||| ¥G0/L—] m
W 0G0Z voos—| U o, 0107 /
7 B WWr |
L1 ! ™\
i \ \ \ V|: | - w
A

7 @77//
050/
0v02” 1202 h ¢

ﬁmom///
zzoL
I —~ J a//—

*O@ON vC0L

t 1)

g% ]

) Y1I0/—
0¢0L o¢om\\ ¥GOL

ooom\\




US 2008/0308603 A1

Dec. 18, 2008 Sheet 67 of 71

Patent Application Publication




Patent Application Publication  Dec. 18, 2008 Sheet 68 of 71 US 2008/0308603 A1

157
7140\/@~159 \<
_—150

155a 155

7130 {~7112
7110 >

{/7132
152

FIG. 96
159 ﬂ\\\\1<;—
+—130
155a 155
7130
Lo
é;//7132
FIG. 97 =152
‘\\\4<;—157

135

% 7132
152




Patent Application Publication  Dec. 18, 2008 Sheet 69 of 71 US 2008/0308603 A1

7172

7170

150

FIG. 100



Patent Application Publication  Dec. 18, 2008 Sheet 70 of 71 US 2008/0308603 A1

159
/5

7190//’*gi§ ‘-\-\\\
155
7180—///

»—150
151
O cls
FIG. 101 N
/,459’ 4157
%fi::Tf—~7zoo ‘\\\‘\\\
T s |1
103 103
151 150
| o clz
FIG. 102 .
1597
: 7200 157
| przzzz2z2222
' 7200

FIG. 103



Patent Application Publication  Dec. 18, 2008 Sheet 71 of 71 US 2008/0308603 A1

4024’

N heEr S \ F Al R
\
il
- \ ||l \8 il
S 1 2 !
i; \ k\ :
Nl . hiﬁ
rf)
=
~ <t \\ Te)
N - O 8 o
< N 8 — < \ —
~
A4 : .
v O N N O
2 L L
N

////—4024’
_ =
=
[
G,

//,4020/
<i4012’
l/f4020’
\:1012’




US 2008/0308603 Al

CABLE DRIVEN SURGICAL STAPLING AND
CUTTING INSTRUMENT WITH IMPROVED
CABLE ATTACHMENT ARRANGEMENTS

[0001] The present application is related to the following
commonly-owned U.S. patent applications filed on even date
herewith, the disclosures of which are hereby incorporated by
reference in their entirety:

[0002] (1) U.S. patent application entitled “Surgical Sta-
pling and Cutting Instrument With Improved Firing System”
to Richard W. Timm, Frederick E. Shelton, IV, Eugene L.
Timperman, and Leslie M. Fugikawa, (Docket No.
END6094/KLG No. 070064);

[0003] (2) U.S. patent application entitled “Surgical Sta-
pling and Cutting Instrument With Improved Closure Sys-
tem” to Richard W. Timm and Frederick E. Shelton, IV,
Eugene L. Timperman, and Leslie M. Fugikawa, (Docket No.
END6095USNP/KLG. No. 070065);

[0004] (3) U.S. patent application entitled “Cable Driven
Surgical Stapling and Cutting Instrument With Apparatus For
Preventing Inadvertent Cable Disengagement” to Richard W.
Timm and Frederick E. Shelton, IV, (Docket No.
END6096USNP/KLG. No. 070066);

[0005] (4) U.S. patent application entitled “Surgical Sta-
pling and Cutting Instrument With Improved Anvil Opening
Features” to Richard W. Timm, Frederick E. Shelton, IV, and
Jeffrey S. Swayze, (Docket No. END6097USNP/KLG. No.
070068); and

[0006] (5) U.S. patent application entitled “Surgical Sta-
pling and Cutting Instruments” to Richard W. Timm, Freder-
ick E. Shelton, IV, Charles J. Scheib, Christopher J. Schall,
Glen A. Armstrong, Eugene L. Timperman, and Leslie M.
Fugikawa, (Docket No. END6102USNP/KLG. No. 070071).

FIELD OF THE INVENTION

[0007] The present invention relates in general to endo-
scopic surgical instruments including, but not limited to, sur-
gical stapler instruments that are capable of applying lines of
staples to tissue while cutting the tissue between those staple
lines and, more particularly, to improvements relating to fir-
ing and drive systems therefor.

BACKGROUND

[0008] Endoscopic surgical instruments are often preferred
over traditional open surgical devices since a smaller incision
tends to reduce the post-operative recovery time and compli-
cations. Consequently, significant development has gone into
a range of endoscopic surgical instruments that are suitable
for precise placement of a distal end effector at a desired
surgical site through a cannula of a trocar. These distal end
effectors engage the tissue in a number of ways to achieve a
diagnostic or therapeutic effect (e.g., endocutter, grasper, cut-
ter, staplers, clip applier, access device, drug/gene therapy
delivery device, and energy device using ultrasound, RF,
laser, etc.).

[0009] Known surgical staplers include an end effector that
simultaneously makes a longitudinal incision in tissue and
applies lines of staples on opposing sides of the incision. The
end effector includes a pair of cooperating jaw members that,
if the instrument is intended for endoscopic or laparoscopic
applications, are capable of passing through a cannula pas-
sageway. One of the jaw members receives a staple cartridge
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having at least two laterally spaced rows of staples. The other
jaw member defines an anvil having staple-forming pockets
aligned with the rows of staples in the cartridge. The instru-
ment commonly includes a plurality of wedges that, when
driven distally, pass through openings in the staple cartridge
and engage drivers supporting the staples to effect the firing of
the staples toward the anvil.

[0010] An example of such surgical staplers is disclosed in
U.S. Patent Publication No. US 2006/0011699 A1 to Olson et
al., the disclosure of which is herein incorporated by refer-
ence. The stapling devices disclosed therein employs a cable
or cables that are positioned around distally located pins or
pulleys and are fixed to the knife. The ends of the cables are
pulled in a proximal direction. Such system, however, suffers
from a low mechanical advantage and tends to require rela-
tively high forces to pull the knife through its stroke.

[0011] Thus, there is a need for an improved drive and firing
system for use with cable driven surgical staplers.

[0012] Another challenge commonly encountered when
employing cable fired surgical instrument systems is connect-
ing the ends of the cable so that it can transmit force. Loads
from two cables that act on the same body must generally be
equal. For example, in those surgical instruments that have
two cables attached to the knife or dynamic clamping mem-
ber, if the two cable forces are different, the knife/dynamic
clamping member could cock in its slot and lock in place
disabling the device.

[0013] Thus, there is a need for cable attachment arrange-
ments for effectively attaching the ends of cables used in
cable driven surgical instruments.

SUMMARY

[0014] In one aspect of the invention, there is provided a
cable attachment arrangement for attaching a cable to a sur-
gical instrument component. In various embodiments, the
cable attachment arrangement comprises a wedge-shaped
slug that is attached to a portion of the cable and is shaped to
be received in a complementary shaped pocket in the surgical
instrument component.

[0015] Inanother general aspect of various embodiments of
the present invention, there is provided a cable attachment
arrangement for attaching a cable to a surgical instrument
component. In various embodiments, the cable attachment
arrangement comprises an attachment member that is com-
pressed onto the cable. The attachment member may have a
size and shape that is configured to be received in a comple-
mentary-shaped pocket in the surgical instrument component
such that as tension is applied to the cable in a first direction
away from the attachment member, the attachment member is
further compressed onto the cable.

[0016] In still another general aspect of various embodi-
ments of the present invention, there is provided a method for
attaching a cable to a surgical instrument component. In vari-
ous embodiments, the method comprises positioning an end
portion of the cable adjacent another portion of the cable to
form a loop that is sized to receive at least a portion of the
surgical instrument component therein. The method may fur-
ther comprise affixing the end portion of the cable to the
another portion of the cable.

[0017] Inanother general aspect of various embodiments of
the present invention, there is provided a drive member for
driving a movable component of a surgical instrument. In
various embodiments, the drive member comprises a cable
that is fabricated from woven material. The cable has two
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ends that are interwoven together to form an endless cable
assembly sized to extend over at least a driven member and at
least a portion of the movable component.

[0018] Inanother general aspect of various embodiments of
the present invention, there is provided a surgical instrument
that comprises an elongate channel assembly that is con-
structed to operably support a staple cartridge assembly
therein. A knife assembly may be oriented for travel within
the elongate channel assembly. The instrument may further
include a cable drive system and a drive cable that interfaces
with the cable drive system. A wedge-shaped slug may be
attached to a portion of the drive cable and be shaped to be
received in a complementary shaped pocket in the knife
assembly.

[0019] Inanother general aspect of various embodiments of
the present invention, there is provided a surgical instrument
that comprises an elongate channel assembly that is con-
structed to operably support a staple cartridge assembly
therein. A knife assembly may be oriented for travel within
the elongate channel assembly. The instrument may further
comprise a cable drive system and a drive cable that has a
proximal portion that interfaces with the cable drive system.
The drive cable may also have a distal end portion that is
oriented adjacent another portion of the drive cable and is
affixed thereto to form a loop sized to receive at least a portion
of the knife assembly therein.

[0020] In yet another general aspect of various embodi-
ments of the present invention there is provided a surgical
instrument that comprises an elongate channel assembly that
is constructed to operably support a staple cartridge assembly
therein. A knife assembly is oriented for travel within the
elongate channel assembly. The instrument may further
include a driven pulley and an endless drive cable that is
fabricated from woven material. The drive cable may have
two ends that are interwoven together to form an endless cable
assembly sized to extend over the driven pulley and interface
with the knife assembly.

[0021] These and other objects and advantages of the
present invention shall be made apparent from the accompa-
nying drawings and the description thereof.

BRIEF DESCRIPTION OF THE FIGURES

[0022] The accompanying drawings, which are incorpo-
rated in and constitute a part of this specification, illustrate
embodiments of the invention, and, together with the general
description of the invention given above, and the detailed
description of the embodiments given below, serve to explain
various principles of the present invention.

[0023] FIG. 1 is a perspective view of a surgical stapling
and severing instrument of various embodiments of the
present invention.

[0024] FIG. 2 is an exploded perspective view of a tool
assembly depicted in FIG. 1.

[0025] FIG. 3 is a right perspective view of the tool assem-
bly of FIG. 1 with some components thereof shown in cross-
section.

[0026] FIG. 4 is a left side partial cross-sectional view of
the tool assembly depicted in FIGS. 2 and 3.

[0027] FIG. 5 is abottom perspective view with some parts
separated therefrom of a cartridge assembly of various
embodiments of the present invention.

[0028] FIG. 6 is an exploded assembly view of a sled,
staples and staple pushers of various embodiments of the
present invention.
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[0029] FIG. 7 is a perspective view of an anvil assembly of
various embodiments of the present invention.

[0030] FIG. 8 is a perspective view of a dynamic clamping
member of various embodiments of the present invention.
[0031] FIG. 9 is a side cross-sectional view of the tool
assembly depicted in FIGS. 1-4 with tissue clamped therein.
[0032] FIG. 10 is a bottom perspective view of an elongate
channel assembly of various embodiments of the present
invention.

[0033] FIG. 11 is a perspective view of a proximal portion
of the elongate channel assembly of FIG. 10.

[0034] FIG. 12 is a perspective view of distal portion of the
elongate channel assembly of FIGS. 10 and 11.

[0035] FIG. 13 is a cross-sectional elevational view of a
distal portion of the elongate channel assembly of FIGS.
10-12 with the dynamic clamping member supported therein.
[0036] FIG. 14 is another bottom view ofthe elongate chan-
nel assembly of FIGS. 10-13.

[0037] FIG. 15 is a diagrammatic side view of a firing
system of various embodiments of the present invention.
[0038] FIG. 15A is a diagrammatic view of another firing
system of various embodiments of the present invention.
[0039] FIG. 16 is a diagrammatic top view of the firing
system of FIG. 15.

[0040] FIG. 16A is a diagrammatic view of the firing sys-
tem of FIG. 15A.

[0041] FIG. 17 is a front perspective view of a winch
assembly of various embodiments of the present invention.
[0042] FIG. 18 is a rear perspective view of the winch
assembly embodiment of FIG. 17.

[0043] FIG. 19 is a right side elevational view of the winch
assembly embodiment of FIGS. 17 and 18.

[0044] FIG. 20 is a cross-sectional view of the winch
assembly embodiment of FIGS. 17-19 in a neutral position.
[0045] FIG. 21 is a perspective view of a drive system
embodiment of the present invention.

[0046] FIG. 22 is a partial cross-sectional view of another
embodiment of the present invention that employs an articu-
lation joint.

[0047] FIG. 23 is an enlarged partial cross-sectional view
of the articulation joint depicted in FIG. 22.

[0048] FIG. 24 is an enlarged cross-sectional view of a
portion of the instrument depicted in FIG. 22.

[0049] FIG. 25 is a bottom view of another elongate chan-
nel assembly embodiment of the present invention.

[0050] FIG. 26 is an enlarged view of a distal end portion of
the elongate channel assembly of FIG. 25.

[0051] FIG. 27 is a cross-sectional view of a portion of the
distal end of the elongate channel assembly of FIG. 26 taken
along line 27-27 in FIG. 26.

[0052] FIG. 28 is a portion of a bottom view of a distal end
of another elongate channel assembly embodiment of the
present invention with some components shown in cross-
section.

[0053] FIG.29isacross-sectional view of the portion of the
elongate channel assembly depicted in FIG. 28 taken along
line 29-29 in FIG. 28.

[0054] FIG. 30 is a diagrammatical top view of another
cable arrangement that employs a cable tensioning joint of
various embodiments of the present invention.

[0055] FIG. 31 is another diagrammatical top view of the
cable arrangement of FIG. 30 with the cable tensioning joint
in a fully expanded position.
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[0056] FIG. 32 is another diagrammatical top view of the
cable arrangement of FIGS. 30 and 31 in an articulated posi-
tion.

[0057] FIG. 33 is an enlarged partial view of the cable
tensioning joint depicted in FIGS. 30-32.

[0058] FIG.34isaperspective view of a cable embodiment
of the present invention.

[0059] FIG. 35 is an enlarged view of a cable attachment
joint embodiment of the present invention.

[0060] FIG. 36 is a cross-sectional view of a cable anchor
joint embodiment of the present invention attached to a
dynamic clamping assembly.

[0061] FIG. 37 is a perspective view of the cable anchor
joint of FIG. 36.

[0062] FIG. 38 is a cross-sectional view of another cable
anchor joint embodiment of the present invention attached to
a dynamic clamping assembly.

[0063] FIG.39isapartial view of another cable attachment
embodiment of the present invention.

[0064] FIG.40isapartial view of another cable attachment
embodiment of the present invention.

[0065] FIG. 41 is a partial perspective view of an articula-
tion joint arrangement.

[0066] FIG. 42 is a perspective view of a closure tube joint
assembly embodiment of the present invention.

[0067] FIG. 43 is a cross-sectional view of the closure tube
joint assembly embodiment of FIG. 42 taken along line
43-43.

[0068] FIG. 44 is a perspective view of the closure tube
joint assembly of FIGS. 42 and 43 installed over the articu-
lation joint depicted in FIG. 41.

[0069] FIG. 44A is a perspective view of another closure
tube joint assembly embodiment of the present invention
installed over the articulation joint of FIG. 41.

[0070] FIG. 45 is a perspective view of another anvil assem-
bly embodiment of the present invention.

[0071] FIG. 46 is an exploded perspective view of a handle
assembly and a closure tube actuation arrangement of an
embodiment of the present invention.

[0072] FIG. 47 is a partial cross-sectional view of a handle
assembly and tool assembly of an embodiment of the present
invention, with some components thereof shown in solid view
and the anvil assembly in a closed or clamped position.
[0073] FIG. 48 is a partial cross-sectional view of a closure
tube assembly and a tool assembly of an embodiment of the
present invention with the anvil assembly in a closed or
clamped position.

[0074] FIG. 49 is another partial cross-sectional view of the
handle assembly and tool assembly of FIG. 47 with the anvil
assembly thereof in an open position.

[0075] FIG.50is another partial cross-sectional view of the
closure tube assembly and tool assembly of FIG. 48 with the
anvil assembly thereof in an open position.

[0076] FIG.51 is a partial cross-sectional view of a closure
tube and a closure ring of another embodiment of the present
invention.

[0077] FIG. 52 is a partial perspective cross-sectional view
of a universal articulation joint arrangement of another
embodiment of the present invention.

[0078] FIG. 53 is a cross-sectional view of a tool assembly
and articulation joint of FIG. 52.

[0079] FIG. 54 is a top view of the tool assembly and
articulation joint of FIG. 53.
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[0080] FIG. 55 is a cross-sectional view of another univer-
sal articulation joint of another embodiment of the present
invention.

[0081] FIG. 56 is a perspective view of a cable controlled
lockable articulation joint embodiment of the present inven-
tion.

[0082] FIG. 57 is an end view of the cable controlled lock-
able articulation joint embodiment of FIG. 56.

[0083] FIG. 58 is a cross-sectional view of another cable
controlled lockable articulation joint of another embodiment
of the present invention.

[0084] FIG. 59 is a partial perspective end view of a proxi-
mal spine segment of the cable-controlled lockable articula-
tion joint of FIG. 58.

[0085] FIG. 60 is an end view of the proximal spine seg-
ment of FIG. 59.

[0086] FIG. 61 is a partial side view of the proximal spine
segment of FIGS. 59 and 60.

[0087] FIG. 62 a cross-sectional view of another lockable
articulation joint of another embodiment ofthe present inven-
tion.

[0088] FIG. 63 is a partial perspective end view of a proxi-
mal spine segment of the lockable articulation joint of FIG.
62.

[0089] FIG. 64 is an end view of the proximal spine seg-
ment of FIG. 63.

[0090] FIG. 65 a cross-sectional view of another lockable
articulation joint of another embodiment ofthe present inven-
tion.

[0091] FIG. 66 is a partial perspective end view of a proxi-
mal spine segment of the lockable articulation joint of FIG.

[0092] FIG. 67 is an end view of the proximal spine seg-
ment of FIG. 66.

[0093] FIG. 68 a cross-sectional view of another lockable
articulation joint of another embodiment ofthe present inven-
tion.

[0094] FIG. 69 is a partial perspective end view of a proxi-
mal spine segment of the lockable articulation joint of FIG.

[0095] FIG. 70 is an end view of the proximal spine seg-
ment of FIG. 69.

[0096] FIG. 71 a cross-sectional view of another lockable
articulation joint of another embodiment ofthe present inven-
tion.

[0097] FIG. 72 a cross-sectional view of another lockable
articulation joint of another embodiment ofthe present inven-
tion.

[0098] FIG. 73A is a partial cross-sectional view of a tool
assembly and articulation joint of another surgical instrument
embodiment of the present invention.

[0099] FIG. 73B is a partial cross-sectional view of the
closure tube assembly of the surgical instrument of FIG. 73A.
[0100] FIG. 74A is another partial cross-sectional view of a
tool assembly and articulation joint of the surgical instrument
of FIGS. 73A and 73B.

[0101] FIG. 74B is another partial cross-sectional view of
the closure tube assembly of the surgical instrument of FIGS.
73A and 73B.

[0102] FIG. 75 is a cross-sectional view through the closure
tube assembly depicted in F1G. 74 A taken along line 75-75 in
FIG. 74A.
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[0103] FIG. 76 is another cross-sectional view of the clo-
sure tube assembly depicted in FIG. 74B taken along line
76-76 in FIG. 74B.

[0104] FIG. 77 is another cross-sectional view of the clo-
sure tube assembly depicted in FIG. 74B taken along line
77-77 in FIG. 74B.

[0105] FIG. 78 is a partial exploded assembly view of a
quick disconnect joint of an embodiment of the present inven-
tion with the components thereof shown in cross-section.
[0106] FIG. 79 is another partial exploded assembly view
of the quick disconnect joint of FIG. 78.

[0107] FIG. 80 is another partial exploded assembly view
of the quick disconnect joint of FIGS. 78 and 79.

[0108] FIG. 81 is another partial exploded assembly view
of the quick disconnect joint of FIGS. 78-80.

[0109] FIG. 82 is a cross-sectional view of another handle
assembly embodiment of the present invention.

[0110] FIG. 83 is a diagrammatic end view of a drive sys-
tem of various embodiments of the present invention.
[0111] FIG. 84 is a partial perspective view of a brake
release mechanism of various embodiments of the present
invention.

[0112] FIG. 85 is a partial perspective view of another
articulation joint embodiment of various embodiments of the
present invention.

[0113] FIG. 86 is an exploded assembly view of the articu-
lation joint of FIG. 85.

[0114] FIG. 87 is a partial side elevational view of the
articulation joint of FIGS. 85 and 86.

[0115] FIG. 88is atop view of the articulation joint of FIG.
87.
[0116] FIG. 89 is another top view of the articulation joint

of FIGS. 87 and 88 in an articulated position.

[0117] FIG. 90 is a partial perspective view of another tool
assembly and closure tube arrangement of various embodi-
ments of the present invention with a portion of the closure
tube shown in cross-section.

[0118] FIG. 91 is a cross-sectional elevational view of the
tool assembly and closure tube arrangement of FIG. 90 with
the trunnion lock bar in a locked position retaining the trun-
nions in their respective slots.

[0119] FIG.921is apartial top view ofthe tool assembly and
closure tube arrangement of FIG. 91 with portions thereof
shown in cross-section.

[0120] FIG. 93 is a cross-sectional elevational view of the
tool assembly and closure tube arrangement of FIGS. 90-92
with the trunnion lock bar in an unlocked position.

[0121] FIG.94 is a partial top view ofthe tool assembly and
closure tube arrangement of FIG. 93 with portions thereof
shown in cross-section.

[0122] FIG. 95 is a cross-sectional elevational view of the
tool assembly and closure tube arrangement of FIGS. 90-92
with the trunnion lock bar in an unlocked position and the
trunnions moved out of the trunnion slots in the elongate
channel assembly.

[0123] FIG. 96 is a side elevational view of a dynamic
clamping assembly of various embodiments of the present
invention.

[0124] FIG. 97 is a side elevational view of another
dynamic clamping assembly of various embodiments of the
present invention.

[0125] FIG. 98 is a side elevational view of another
dynamic clamping assembly of various embodiments of the
present invention.
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[0126] FIG. 99 is a side elevational view of another
dynamic clamping assembly of various embodiments of the
present invention.

[0127] FIG. 100 is another side elevational view of the
dynamic clamping assembly of FIG. 99 after the slothas been
opened and the pin removed.

[0128] FIG. 101 is a side elevational view of another
dynamic clamping assembly of various embodiments of the
present invention.

[0129] FIG. 102 is a side elevational view of another
dynamic clamping assembly of various embodiments of the
present invention.

[0130] FIG. 103 is a partial cross-sectional view of the
dynamic clamping assembly of FIG. 102 taken along line
1030-103 in FIG. 102.

[0131] FIG. 104 is a side elevational view of a portion of
another surgical instrument embodiment of the present inven-
tion with a closure ring moved in its distal-most position and
with some components thereof shown in cross-section.
[0132] FIG. 105 is a side elevational view of the surgical
instrument embodiment of FIG. 104 with the closure ring
moved in its proximal-most position and with some compo-
nents thereof shown in cross-section.

DETAILED DESCRIPTION

[0133] Certain exemplary embodiments will now be
described to provide an overall understanding of the prin-
ciples of the structure, function, manufacture, and use of the
devices and methods disclosed herein. One or more examples
of these embodiments are illustrated in the accompanying
drawings. Those of ordinary skill in the art will understand
that the devices and methods specifically described herein
and illustrated in the accompanying drawings are non-limit-
ing exemplary embodiments and that the scope of the various
embodiments of the present invention is defined solely by the
claims. The features illustrated or described in connection
with one exemplary embodiment may be combined with the
features of other embodiments. Such modifications and varia-
tions are intended to be included within the scope of the
present invention.

[0134] Turning to the Drawings, wherein like numerals
denote like components throughout the several views, FIG. 1
depicts a surgical instrument, which in the illustrative ver-
sions is more particularly a surgical stapling and severing
instrument 1, capable of practicing certain unique benefits of
the present invention. Instrument 1 may essentially comprise
a surgical stapler of the form and construction disclosed in the
previously cited U.S. Patent Publication No. 2006/0011699
A1, which has been herein incorporated by reference in its
entirety, with one or more of the improvements described
below. As the present Detailed Description proceeds, how-
ever, those of ordinary skill in the art will appreciate that the
various embodiments and improvements described herein
may be incorporated in connection with other surgical stapler
constructions without departing from the spirit and scope of
the present invention.

[0135] As shownin FIG. 1, the instrument 1 may include a
housing 3 that has distal and proximal ends 4 and 6, respec-
tively, an elongated shaft 20 mounted to housing 3, preferably
to its distal end 4, and a handle assembly generally designated
as 5. Shaft 20 may have a distal end 20a to which may be
operatively attached by attachment mechanism 205 to a dis-
posable loading unit 10. As also shown in FIG. 1, disposable
loading unit (DLU) 10 may comprise a tool assembly 100 and
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a shaft connector portion 20¢ which may be pivotally and
operatively attached to each other through connector mecha-
nism C.

[0136] It is within the scope of this disclosure that tool
assembly 100 may be pivotally, operatively, or integrally
attached, for example, through a connection mechanism such
as C permanently and directly to distal end 20a of shaft 20 of
a disposable surgical stapler. As is known, a used or spent
disposable loading unit 10 can be removed from shaft 20 of a
reusable or disposable open, endoscopic or laparoscopic sur-
gical stapler, and replaced with an unused disposable unit. In
various embodiments, it is contemplated that shaft 20 with or
without an integral or removably attached disposable loading
unit can be selectively removable from the housing 3.
[0137] Shaftconnector portion 20c¢ includes a proximal end
24 and a distal end 22. As mentioned above, the proximal end
24 can be permanently or removably associated with a handle
or other actuating assemblies of a manually (or other, e.g.,
robotic or computer) operated open or endoscopic surgical
stapler 1. Distal end 22 of shaft connector portion 20c¢ is
operatively connected to tool assembly 100. Tool assembly
100, in general, may include an elongate channel assembly
120, an anvil assembly 110, and a staple cartridge assembly
200. Tool assembly 100 may also preferably include an actua-
tor, preferably a dynamic clamping member 150, a sled 160,
as well as staple pushers 228 and staples 350 once an unspent
or unused cartridge 200 is mounted in elongate channel
assembly 120. See FIGS. 2, 5, and 6.

[0138] It will be appreciated that the terms “proximal” and
“distal” are used herein with reference to a clinician gripping
a handle of an instrument. Thus, the tool assembly 100 is
distal with respect to the more proximal handle assembly 5. It
will be further appreciated that, for convenience and clarity,
spatial terms such as “vertical” and “horizontal” are used
herein with respect to the drawings. However, surgical instru-
ments are used in many orientations and positions, and these
terms are not intended to be limiting and absolute.

[0139] Shaft connector portion 20¢ may be cylindrical in
shape and define an internal channel 25 which may be dimen-
sioned to receive a tube adapter 40. See FIG. 2. Shaft connec-
tor portion 20c may also receive or house actuators for actu-
ating tool assembly 100. Tool assembly 100 may mount to
distal end 22 of shaft connector 20c¢ (or the distal end 20a of
shaft 20). In various embodiments, tool assembly 100 may be
mounted onto tube adapter 40 which includes an outer cylin-
drical surface 47 that may be slidingly received in friction-fit
engagement with the internal channel 25 of shaft connector
20c¢ (or, again, to shaft 20). Herein, the description of the
proximal connection or attachment of tool assembly 100 to
shaft connector 20¢ may also apply to its connection to shaft
20. The outer surface 47 of the tube adapter 40 may further
include at least one mechanical interface, e.g., a cutout or
notch 45, oriented to mate with a corresponding mechanical
interface, e.g., a radially inwardly extending protrusion or
detent (not shown), disposed on the inner periphery of inter-
nal channel 25 to lock the tube adapter 40 to the shaft con-
nector 20c.

[0140] In various embodiments, the distal end of tube
adapter 40 may include a pair of opposing flanges 42a and
425 which define a cavity 41 for pivotably receiving a pivot
block 50 therein. Each flange 42a and 426 may include an
aperture 44a and 445 oriented to receive a pivot pin 57 that
extends through an aperture in pivot block 50 to allow pivot-
able movement of pivot block 50 about a “Z” axis defined as
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perpendicular to longitudinal axis “X” of tool assembly 100.
See FIG. 3. As will be explained in more detail below, the
channel assembly may be formed with two upwardly extend-
ing flanges 121a, 1215 that have an aperture 122qa, 1225,
respectively, which are dimensioned to receive a pivot pin 59.
In turn, pivot pin 59 mounts through apertures 53a, 536 of
pivot block 50 to permit rotation of the tool assembly 100
about the “Y” axis as needed during a given surgical proce-
dure. Rotation of pivot block 50 about pin 57 along “Z” axis
rotates tool assembly 100 about the “Z” axis. Other methods
of fastening the channel 120 to the pivot block and of fasten-
ing the anvil to the channel may be effectively employed
without departing from the spirit and scope of the present
invention.

[0141] Invarious embodiments, an actuator or a plurality of
actuators (not shown) preferably pass through shaft connec-
tor portion 20c, tube adapter 40, and pivot block 50 and
operably connect to tool assembly 100 to permit the surgeon
to articulate tool assembly 100 about the “Y” and “Z” axes as
needed during a surgical procedure. In addition, shaft 20 of
surgical stapler 1 may be rotatable 360° by the rotation of
knob “K”. As aresult, tool assembly 100 may be articulatable
at least 90° in all directions. Various actuators, hand assem-
blies, and pivot blocks are envisioned which can be utilized to
accomplish this task some of which are identified in U.S. Pat.
Nos. 6,250,532 and 6,330,965, the entire contents of which
are each hereby incorporated by reference herein.

[0142] As mentioned above, in various embodiments, tool
assembly 100 may include anvil assembly 110 and elongate
channel assembly 120. See FIG. 2. Elongate channel assem-
bly 120 may support the staple cartridge assembly 200, an
actuator, e.g., a dynamic clamping member 150, and a sled
160. As such, these various assemblies and their respective
internal components, when assembled, cooperate to allow the
tool assembly to manipulate, grasp, clamp, fasten and, pref-
erably, sever tissue during a given surgical procedure as
explained below. Elongate channel assembly 120 may
include a bottom surface 128 having upwardly extending side
walls or flanges 1214 and 1215 which define elongated sup-
port channel 125 which, in turn, is dimensioned to mount-
ingly receive staple cartridge assembly 200 therein. Flongate
channel assembly 120 may also include a plurality of
mechanical interfaces 127a, 127b, 127¢, 127d oriented to
receive a corresponding plurality of mechanical interfaces
235a, 2355, 235¢, and 235d disposed in the outer-facing
surfaces of staple cartridge assembly 200. See FIGS. 2 and 6.

[0143] Staple cartridge assembly 200 mounts within the
elongate channel assembly 120 and includes an upper tissue
contacting or facing surface 231 which, as will become fur-
ther apparent as the present Detailed Description proceeds,
opposes a tissue contacting or facing bottom anvil surface
11454 of anvil assembly 110. Staple cartridge assembly 200
can be assembled and mounted within elongate channel
assembly 120 during the manufacturing or assembly process
and sold as part of overall tool assembly 100, or staple car-
tridge assembly 200 may be designed for selective mounting
to channel assembly 120 as needed and sold separately, e.g.,
as a single use replacement, replaceable or disposable staple
cartridge assembly 200. For example, staple cartridge assem-
bly 200 may be manufactured to include sled 160 and
dynamic clamping member 150. Alternatively dynamic
clamping member 150 with a knife 155 may be sold as part of
the replaceable staple cartridge assembly 200 without a knife
blade 155a (but preferably with a knife blade 1554) to
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enhance and/or insure accurate cutting of tissue after staple
formation. Tool assembly 100 may also be sold as a kit that
includes a variety of staple cartridges 200 containing surgical
fasteners 350 of different sizes, and/or arranged to be ejected
in different patterns, any of which may be selectively-coupled
to the elongate channel assembly 120 as desired for use dur-
ing a particular operation.

[0144] As best seen in FIG. 6, sled 160 may include a pair
of upwardly-extending cam wedges 161a and 1615 which,
when actuated to move by the user, cam a series of surgical
fasteners 350 or staples into and through the tissue and against
staple forming pockets 111 (shown in FIG. 9) of anvil assem-
bly 110 to form the fasteners 350 and fasten tissue therewith.
Dynamic clamping member 150 is associated with, e.g.,
mounted on and rides on, or with or is connected to or integral
with and/or rides behind sled 160. It is envisioned that
dynamic clamping member 150 can have cam wedges or cam
surfaces attached or integrally formed or be pushed by a
leading distal surface thereof.

[0145] In various embodiments, dynamic clamping mem-
ber 150 may include an upper portion 157 having a transverse
aperture 154 with a pin 159 mountable or mounted therein, a
central support or upward extension 151 and substantially
T-shaped bottom flange 152 which cooperate to slidingly
retain dynamic clamping member 150 along an ideal cutting
path during longitudinal, distal movement of sled 160. See
FIG. 8. The leading cutting edge 155, here, knife blade 155a,
is dimensioned to ride within slot 282 of staple cartridge
assembly 200 and separate tissue 400 once stapled. It is
envisioned that leading edge 1534 of the dynamic clamping
member 150 may be serrated, beveled or notched to facilitate
tissue cutting. In some embodiments, for example, the upper
camming member need not be a pin but can be any integral or
removable suitable outwardly protruding cam surface(s). The
same applies to bottom flange 152 which can be any suitable
camming surface, including a pin or a removable pin, a button
to facilitate mounting of the dynamic clamping member into
the sled 160 or elongate channel assembly 120. As used
herein, the term “knife assembly” 170 may include the afore-
mentioned dynamic clamping member 150, knife 155, and
sled 160 or other knife/beam/sled drive arrangements. In
addition, the various embodiments of the present invention
may be employed with knife assembly arrangements that may
be entirely supported in the staple cartridge or partially sup-
ported in the staple cartridge and elongate channel assembly
or entirely supported within the elongate channel assembly.
[0146] As best shown in FIG. 10, the elongate channel
assembly 120 has a distal end 123 and proximal end 123'. The
bottom surface 128 of the elongate channel assembly 120 also
includes an elongated longitudinal slot 126 which includes
and communicates at its proximal end with a cut out or notch
129. Notch 129 is dimensioned to allow bottom flange 152 of
dynamic clamping member 150 to pass therethrough. The
narrower portion of slot 126 is dimensioned to slidingly
receive and allow upward support or extension 151 to pass
therethrough. See FIG. 13. Other dynamic clamping mem-
bers 150, channel slots, and sled configurations may be
employed.

[0147] Whentool assembly 100 is assembled, sled 160 may
be slidingly positioned between the staple cartridge assembly
200 and the elongate channel assembly 120 (See FIG. 3). Sled
160 and the inner-working components of staple cartridge
assembly 200 detailed above operatively cooperate to deform
staples 350. More particularly, as indicated above, sled 160
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may include upwardly extending, bifurcated cam wedges
161a and 1615 which engage and cooperate with a series of
staple pushers 228 to drive staples 350 through slots 225 from
cartridge assembly 200 and deform against staple forming
pockets 11 of anvil assembly 100. Further details of a sled
160, dynamic clamping member 150 and the staple cartridge
assembly 200 of various embodiments are further described
in U.S. Publication No. US 2006/0011699 Al.

[0148] AsshowninFIGS. 2 and 7, anvil assembly 110 may
be elongated and include a proximal end 116, a distal end 118,
and top and bottom surfaces 114a and 1145, respectively. A
pair of trunnions 119a and 1196 may be disposed near proxi-
mal end 116 and are designed for pivotable engagement with
corresponding pair of notches 123a and 1235 provided in the
sidewalls 121qa, 1215 near the proximal end of the elongate
channel assembly 120. It is contemplated that actuation by
conventional means (e.g., activated remotely, e.g., by ahandle
assembly 5 will cause clamping collar 140 to move in a distal
direction and engage forward cam surface 115 of anvil assem-
bly 110. This will cause the anvil assembly 110 to pivot from
an open first position wherein the anvil assembly 110 and the
elongate channel assembly 120 are disposed in spaced rela-
tion relative to one another to a second closed position
wherein anvil assembly 110 and staple cartridge assembly
200 cooperate to grasp tissue therebetween, i.e., pre-clamp
the tissue between tissue engaging surface 1145 of anvil
assembly 110 and opposing tissue engaging surface 231 of
staple cartridge assembly 200. However, other anvil assembly
arrangements may be successfully employed.

[0149] In various embodiments, anvil assembly 110 may
include an elongated cross or T-shaped channel or slot gen-
erally designated 112 having a depending central portion or
leg 112a and a transverse upper portion 1125. See FIG. 7. Slot
112 preferably extends longitudinally from proximal end 113
of upper portion 114a of the anvil assembly 110 to the distal
end 118 thereof. Leg 112a starts from or enters proximal end
113 of anvil assembly 110 and extends to distal end 118 and
upper transverse portion 1125 starts proximal cam 115 and
extends to distal end 118. See FIG. 7. Preferably, upper por-
tion 1125 is dimensioned to slidingly receive transverse pin
159 that extends within aperture 154 in upper portion 157 of
central support or extension 157 of dynamic clamping mem-
ber 150 (see FIG. 9). Pin 159 is dimensioned to slidingly lock
the upper portion 157 of dynamic clamping member 150
within the T-shaped slot 112 such that the dynamic clamping
member 150 is longitudinally-reciprocatable within slot 112.
[0150] In various embodiments, pre-clamping collar 140
may be designed to encompass and clamp or pre-clamp the
channel assembly 120 and the anvil assembly 110 together in
an approximated and clamped position prior to tissue fasten-
ing. By moving pre-clamping collar 140 distally, the user can
actuate/move the anvil assembly 110 from an open, first posi-
tion toward channel assembly 120 to approximate the jaws,
i.e., the anvil assembly 110 and staple cartridge 200, to a
second, closed position to grasp tissue therebetween. The sled
160 can be actuated by the user to staple and subsequently
incise the tissue.

[0151] Asbestillustrated by FIGS. 4, 8, and 9, during distal
translation of the dynamic clamping member 150 through
tissue 400, the combination of the heavy gauge material of the
anvil assembly 110 and the substantially vertical alignment of
the flange 152, knife edge 155, and camming pin 159 operate
to further proximate (i.e., further clamp) the opposing tissue
engaging surfaces (i.e., anvil bottom surface 1145 and upper



US 2008/0308603 Al

facing surface 231 of staple cartridge assembly 200) at a
moving point which is distal to the leading edge 155 of the
knife 155a. The further clamping of the tissue 400 distally
relative to the translating dynamic clamping member 150 acts
to maintain a maximum acceptable gap between the opposing
surfaces 1144 and 231 and forces fluid from the tissue 400
which may enhance stapling and reduce the likelihood of
hydraulically displacing the staples 350 during deformation.
It is contemplated that the combination of the enhanced clo-
sure force as a result of the heavy gauge material of the anvil
assembly 110, together with the above described dynamic
clamping member 150, permits relatively accurate cutting of
tissue 400 when leading edge 155 is advanced through tissue
400.

[0152] From the foregoing and with reference to the various
Figures, those skilled in the art will appreciate that certain
modifications can also be made to the present disclosure
without departing from the scope of the present disclosure.
For example, the above-described tool assembly 100 may be
part of or incorporated into a disposable loading unit (DLU)
such as disclosed in U.S. Pat. No. 6,330,965 or attached
directly to the distal end of any known surgical stapling
device. A handle assembly for actuating the approximation
member(s) can be selected from a variety of actuating mecha-
nisms including toggles, rotatable and slideable knobs, piv-
otable levers or triggers, and any combination thereof. The
use of the above-described tool assembly 100 as part of a
robotic system is also envisioned.

[0153] FIGS. 10-18 illustrate a single use tool assembly
arrangement. As can be seen in those Figures, a pair of cables,
ropes, threads, bands or belts 800, 820 may be supported by
the channel assembly 120. As can be seen in FIGS. 11 and 12,
a first cable 800 may include an anchor segment 802 that is
fixed to a first point of attachment 803 on the bottom 128 of
the elongate channel assembly 120 at the distal end 123
thereof, an activation portion 804 that extends to the drive
system (not shown) located in the housing portion 5, and a
moving portion 805. As can be most particularly seen in FIG.
12, the first cable 800 is operably supported on a first distal
cable transition support 830 that may comprise, for example,
a pulley, rod, capstan, etc. mounted to the bottom 128 at the
distal end 123 of the elongate channel assembly 120. The first
cable 800 may also be operably supported on a second cable
transition support 840, which may comprise, for example, a
double pulley 840 mounted to the knife assembly 170. In one
embodiment, for example, the second cable transition support
is mounted to the bottom flange portion 152 of the dynamic
clamping member 150. See FIGS. 12 and 13. The first cable
800 may pass through a longitudinally extending first groove
806 provided in the bottom 128 of the elongate channel
assembly 120. The moving portion 805 may move freely back
and forth axially adjacent the slot 126. The activation portion
804 may pass through a first transition passage 808 in the
bottom 128 of the elongate channel assembly 120 as shown in
FIG. 11.

[0154] Also in this embodiment, a second cable 820 may
have an anchor portion 822 that is fixed to the bottom 128 of
the elongate channel assembly 120 at the distal end 123
thereof at a second point of attachment 803", an activation
portion 824 that extends to the drive system located in the
handle housing 5, and a moving portion 825. The second
cable 820 may be operably supported on a second distal cable
transition support 850 which may, for example, comprise a
second pulley, rod, capstan, etc. that is attached to the distal
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end 123 of the elongate channel assembly 120 and is also
operably supported on the second cable transition support
840. The second cable 820 may pass through a longitudinally
extending second groove 826 provided in the bottom 128 of
the elongate channel assembly 120. The moving portion 825
may freely move back and forth axially adjacent the slot 126.
The activation portion 824 may pass through a second tran-
sition passage 828 in the bottom 128 of the elongate channel
assembly 120. See FIG. 11. Those of ordinary skill in the art
will appreciate that such arrangement may provide improved
mechanical advantages over prior cable arrangements and
thereby reduce the amount of firing forces that must be gen-
erated to advance the knife assembly 170 in the form of the
dynamic clamping member 150, knife 155, and sled 160 to
fire the staples 350.

[0155] Asindicated above, the advancement and retraction
of the knife assembly 170 (i.e., dynamic clamping assembly
150, knife 155, and sled 160) is controlled by the cables 800,
820 that each have proximal ends which may be attached, for
example, to a cable drive system which may include, for
example, a rotatable take up drum or drums (not shown)
operably supported in the handle 5. The take up drum or
drums may be mechanically or manually rotated or powered
by a motor to rotate the cables 800, 820 thereon. As the cables
800, 820 are taken up on those drums, the knife assembly 170
(dynamic clamping assembly 150/sled 160 are driven from
the proximal end of the elongate channel 120 to the distal end
thereof to complete the severing and stapling operations. In
various embodiments no means are provided to retract the
knife assembly 170 back to the proximal end of the channel
120, so the tool assembly may not be reused.

[0156] An alternative firing system 1300 embodiment is
disclosed in FIGS. 15-20. As can be seen in FIGS. 15-17, this
embodiment employs an advance cable 1302 that is bifur-
cated into a pair of advance cable portions 1310, 1320 and a
retract cable 1330 which are illustrated in diagrammatic form.
As can be most particularly seen in FIG. 16, a first advance
cable portion 1310 may be operably supported on a first distal
cable transition support 1340 which may comprise, for
example, a pulley, rod, capstan, etc. that is attached to the
distal end 123 of the elongate channel assembly 120 as was
described above. A distal end 1312 of the first advance cable
portion 1310 may be affixed to the knife assembly 170 (dy-
namic clamping assembly 150). The second advance cable
portion 1320 may be operably supported on a second distal
cable transition support 1360 which may, for example, com-
prise a pulley, rod, capstan etc. that is mounted to the distal
end 123 of the elongate channel assembly 120. A distal end
1322 of'the second advance cable portion 1320 is attached to
the knife assembly 170 (dynamic clamping assembly 150).
Also in these embodiments, a retract cable 1330 is employed.
In one embodiment, the retract cable 1330 may be formed in
a loop such that the distal looped end 1332 is fixedly attached
(swaged, etc.) to the dynamic clamping assembly 150.

[0157] In various embodiments, the advance cable 1302
and the retract cable 1330 may be driven by, for example, a
cable drive system 1000 which, for example, may comprise a
manually actuatable winch assembly 1001 mounted in or
otherwise supported by the handle assembly 5. See FIGS.
17-20. The winch assembly 1000 may include, for example,
an actuator 1002 in the form of a firing trigger 1004 that is
pivotally supported by the handle assembly 5. While this
embodiment employs a grippable trigger 1004, those of ordi-
nary skill in the art will appreciate that the actuator 1002 may
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comprise a push button, lever, slide, etc. without departing
from the spirit and scope of the present invention. In the
embodiment depicted in FIGS. 17-20, the winch assembly
1001 may include a transmission 1010 and first and second
rotatable spools 1250, 1260, respectively, that are supported
on a frame assembly 1012.

[0158] In various embodiments, a handle gear segment
1006 may be formed or otherwise provided on the firing
trigger 1004. The handle gear segment 1006 is mounted in
meshing engagement with a primary drive gear 1040 that is
mounted to a shaft 1042 attached to a first ratchet clutch plate
1052 of a clutch assembly 1050. See FIG. 18. A second
ratchet clutch plate 1060 is supported on a clutch shaft 1062
that is rotatably supported within the handle assembly 5. The
clutch shaft 1062 may be provided with a shoulder portion
1064 and have a clutch spring 1066 journaled thereon and in
contact with a portion of the housing 3 to bias the second
ratchet clutch plate 1060 into meshing engagement with the
first ratchet clutch plate 1052. As can also be seen in FIG. 18,
asecond drive gear 1070 is journaled on the clutch shaft 1062
and is in meshing engagement with a third drive gear 1080
that is attached to a first transmission shaft 1090 that is rotat-
ably supported by a first transmission bearing or sleeve 1092
mounted in the frame assembly 1012. See FIG. 18. The first
transmission shaft 1090 may have a first pinion gear portion
1100 and a series of first gear teeth 1102 formed thereon for
selective meshing engagement with a series of primary gear
teeth 1112 on an axially and rotatably movable shaft spool
1110. As can be seen in FIG. 20, the shaft spool 1110 is
received on a splined shaft 1120 that is rotatably received
within the first transmission shaft 1090 and a second pinion
gear 1130. The second pinion gear 1130 has a second pinion
gear portion 1132 and a series of second gear teeth 1134 for
selective meshing engagement with secondary gear teeth
1114 on the shaft spool 1110. The second pinion gear 1130
may be rotatably supported by a second bearing 1136
mounted 1136 in the frame assembly 1012 as shown. As can
be seen in FIGS. 18 and 20, a reversing bevel gear 1140 is
supported by the frame assembly 1012 in meshing engage-
ment with the first and second pinion gears 1100, 1130,
respectively.

[0159] As can also be seen in FIGS. 18 and 20, the shaft
spool 1110 may have a collar portion 1150 formed thereon for
receiving two opposing pins 1162 extending from a yoke
1160 formed on a bottom portion of a switch bar 1166. The
switch bar 1166 may have a shaft portion 1168 that is pivot-
ally pinned to a crossbar portion 1014 of the frame assembly
1012. A portion of the shaft 1168 protrudes out through an
opening in the handle case (not shown) and a switch button
1170 may be attached to the end of the shaft 1168 to enable the
user to shift the shaft 1168 axially back and forth to reverse
the transmission 1010 as will be further discussed below.
Those of ordinary skill in the art will appreciate that the yoke
arrangement 1160 enables the shaft spool 1110 to freely
rotate relative to the yoke 1160 while enabling the yoke 1160
to shift the shaft spool 1110 axially on the splined shaft 1120.
[0160] AscanbeseeninFIG. 20, a shifter output gear 1180
is keyed or otherwise attached to the splined shaft 1120 for
rotation therewith. The shifter output gear 1180 is arranged in
meshing engagement with a first spool gear 1190 that is
attached to the shaft 1200 of the first rotatable spool 1250.
Attached to the other end of the first rotatable spool shaft 1200
is a first spool transfer gear 1220. The first spool transfer gear
1220 is in meshing engagement with a reversing gear 1230
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which is meshing engagement with a second spool drive gear
1240 that is attached to the shaft 1252 of the second rotatable
spool 1260. See FIG. 17. In various embodiments, the
advance cable 1302 may be received on second (bottom)
rotatable spool 1260 and the retraction cable 1330 may be
received on the first rotatable spool 1250.

[0161] A method of operating the winch 1000 will now be
described with reference to FIGS. 17-20. Turning to FIG. 20
first, in that Figure, the shaft spool 1110 is in the neutral
position. Thus, actuation of the firing trigger 1004 will not
result in any movement of the dynamic clamping member
150, knife 155 or sled 160. To fire the device (advance the
dynamic clamping member 150, knife 155, and sled 160 from
the proximal end of the elongate channel assembly 120 to the
distal end ofthe elongate channel assembly 120), the clinician
shifts the shifter button 1170 to the position shown in FIG. 18.
In doing so, the primary gear teeth 1112 of the shaft spool
1110 are brought into meshing engagement with the first gear
teeth 1102 of the first pinion gear 1100. After the shaft spool
1110 has been moved to that position, the clinician may begin
to pull/pivot the firing trigger 1004 to cause the handle gear
segmental 006 to move in the direction represented by arrow
“A” in FIG. 18. As the firing trigger 1004 continues to pivot,
the gear segment 1006 rotates the primary drive gear 1040 as
well as the clutch assembly 1050 and the second drive gear
1070 in the “B” direction. As the second drive gear 1070
rotates in that direction, the third drive gear 1080 is rotated in
the opposite “A” direction which also causes the first pinion
gear 1100 to rotate in that direction. Because the first teeth
1102 of'the first pinion gear 1100 are in meshing engagement
with the primary teeth 1112 of the shaft spool 1110, the shaft
spool 1110 also rotates in the “A” direction. As the shaft spool
1110 rotates in the “A” direction, the splined shaft 1120 and
the shifter output gear 1180 also rotate in that direction. The
shifter output gear 1180 is in meshing engagement with the
first spool gear 1190 that is attached to the shaft 1200 of the
first payout spool 1250. As the shifter output gear is rotated in
the “A” direction, the first spool gear 1190 is rotated in the
“B” direction. The first spool transfer gear 1220 is attached to
the shaft 1200 and also rotates in the “B” direction. As the first
spool 1250 rotates in the “B” direction, the retract cable 1330
is paid off of the first spool 1250. As the first spool rotates
1250, the first spool transfer gear 1220 rotates in the same
direction. The first spool transfer gear 1220, reversing gear
1230, and second spool drive gear 1240 cause the second
spool 1260 to wind up the advance cable 1302 thereon.

[0162] After the firing trigger 1004 has been depressed as
far as it can go (to the end of its stroke), the clinician releases
the firing trigger 1004 and a spring (not shown) or other
suitable arrangement supported by the handle assembly 5
biases the firing trigger back 1004 to the starting (unfired
position). As the firing trigger 1004 returns to the starting
position, the first clutch plate 1052 rotates backwards (“A”
direction) relative to the second clutch plate 1060 while the
second clutch plate 1060 remains stationary and does not
move. The user can then depress the firing trigger 1004 again
until the dynamic clamping member 150, knife 155, and sled
160 have been completely advanced to the end distal position
within the channel assembly 120 by the advance cable 1302.
[0163] To retract (move the knife assembly 170 in the
proximal direction “PD” to a starting position) the dynamic
clamping assembly 150, the knife 155, and the sled 160 (knife
assembly 170), the clinician shifts the shifter button 1170 to
bring the secondary gear teeth 1114 of the shaft spool 1110



US 2008/0308603 Al

into meshing engagement with the second gear teeth 1134 on
the second pinion gear 1130. After the shaft spool 1110 has
been moved to that position, the clinician may begin to pull/
pivot the firing trigger 1004 in the manner described above.
As the firing trigger 1004 continues to pivot, the gear segment
1006 rotates the primary drive gear 1040 as well as the clutch
assembly 1050 and the second drive gear 1070 in the “B”
direction. As the second drive gear 1070 rotates in that direc-
tion, the third drive gear 1080 is rotated in the opposite “A”
direction which also causes the first pinion gear 1100 to rotate
in that direction. As the first pinion gear 1100 rotates, it causes
the reversing bevel gear 1140 to rotate and cause the second
pinion gear 1130 to rotate in the “B” direction. Because the
secondary teeth 1114 of the shaft spool 1110 are in meshing
engagement with the second teeth 1134 of the second pinion
gear 1130, the shaft spool 1110 and the splined shaft 1120
rotate in the “B” direction. The shift output gear 1180 causes
the first spool transfer gear 1220 to rotate in the “A” direction.
As the first spool transfer gear 1220 rotates in the “A” direc-
tion, the retract cable 1330 is wound onto the first spool 1250.
As the first spool rotates 1250, the first spool transfer gear
1220 rotates in the same direction. The first spool transfer
gear 1220, reversing gear 1230 and second spool drive gear
1240 cause the second spool 1260 to rotate to payout the
advance cable 1302 therefrom.

[0164] After the firing trigger 1004 has been depressed as
far as it can go (to the end of its stroke), the user releases the
firing trigger 1004 and a spring (not shown) supported by the
handle assembly 5 biases the firing trigger back 1004 to the
staring (unfired position). As the firing trigger 1004 returns to
the starting position, the first clutch plate 1052 rotates back-
wards relative to the second clutch plate 1060 while the sec-
ond clutch plate 1060 remains stationary and does not move.
The user can then depress the firing trigger 1004 again until
the dynamic clamping member 150, knife 155, and sled 160
have been completely retracted into a starting position within
the elongate channel assembly 120 by the retract cable 1330.

[0165] Inan embodiment depicted in FIGS. 18 and 20, the
first rotatable spool 1250 and the second rotatable spool 1260
are tapered. That is, they have a decreasing diameter along
their respective axial directions. Thus, the winch assembly
1001 has the ability to change the mechanical advantage as it
takes up cable. In this embodiment, the advance cable 1302 is
attached to spool 1260 and the retract cable 1330 is attached
to spool 1250 such that the greatest take up force is generated
at the beginning of the firing process. If the winch assembly
1001 is turned at a constant torque, cable is taken up on the
spool and the change in the spool’s diameter would change
the force transmitted to the cable. Such arrangement is par-
ticularly advantageous when the largest frictional or resistive
forces that must be overcome during the firing process occur
atthe beginning of the firing sequence. If, however, the largest
frictional and resistive forces are expected to be encountered
toward the end of the firing process, the cables 1302, 1330
could be attached to the other ends (the smaller ends) of their
respective spools 1260, 1250. In still other embodiments, if
the largest resistive and friction forces are encountered mid-
way during the firing process, each of the spools 1250, 1260
may have a central portion that has a larger diameter than the
diameters of the end portions of the spools. Such unique and
novel spool configurations, along with the unique and novel
pulley arrangements describe above, enable the device to be
designed to address different frictional and resistive forces
encountered during the firing sequence and represent a vast
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improvement over prior cable related drive systems employed
in connection with surgical stapling instruments.

[0166] While the cable drive system 1000 described above
comprises a manually actuatable drive system, other contem-
plated embodiments of the present invention may employ a
battery powered motor or motors, alternating current pow-
ered motor or motors or pneumatically powered motors to
power the cable drive systems. Thus, the protection afforded
to the various embodiments of the present invention should
not solely be limited to surgical instruments that are manually
actuatable.

[0167] FIGS.15A,16A, and 21 illustrate another improved
firing system embodiment 1300’ of the present invention. As
canbe seen in FIGS. 15A and 16 A, this embodiment employs
apair of advance cables 1310', 1320' and a retract cable 1330.
FIGS. 15A and 16A, illustrate the cables 1310', 1320', and
1330 in diagrammatic form. As can be seen in those Figures,
a first advance cable 1310' is operably supported on a first
distal cable transition support 1340 which may comprise, for
example, a pulley, rod, capstan, etc. that is attached to the
distal end 123 of the elongate channel assembly 120 as was
described above and a first proximal cable transition support
1350 which may comprise, for example, a pulley, rod, cap-
stan, etc. 1350 that is operably supported by the elongate
channel assembly 120. A distal end 1312' of the first advance
cable 1310' is affixed to the knife assembly 170 (dynamic
clamping assembly 150) and the proximal end 1314' of the
first advance cable 1310' is attached to a connector 1380
attached to a reciprocatable drive member 1390. As can be
seen in FIGS. 15A and 16A, the first distal cable transition
support 1340 may be oriented such that its axis of rotation is
substantially perpendicular to the axis of rotation of the first
proximal cable transition support 1350. The second advance
cable 1320 is operably supported on a second distal cable
transition support 1360 which may, for example, comprise a
pulley, rod, capstan etc. that is mounted to the distal end 123
of'the elongate channel assembly 120 and a second proximal
cable transition support 1370 which may, for example, com-
prise a pulley, rod, capstan, etc. mounted to the proximal end
of the elongate channel assembly 120. The proximal end
1322' of the second advance cable 1320 may be attached to
the knife assembly 170 (dynamic clamping assembly 150)
and the proximal end 1324' may be attached to the connector
1380'. Also in these embodiments, a retract cable 1330 is
employed. In one embodiment, the retract cable 1300 may be
formed in a loop such that the distal looped end 1332 is fixedly
attached (swaged, etc.) to the dynamic clamping assembly
150 and the two proximal ends 1334, 1336 are each fixedly
attached (swaged, etc.) to the connector 1380.

[0168] Those of ordinary skill inthe art will understand that
the dynamic clamping assembly 150, knife 155, and sled 160
may be advanced in the distal direction (“DD”) when the
drive rod 1390 is also advanced in the distal direction “DD”.
To retract the knife in the proximal direction “PD”, the drive
rod 1390 is moved in the proximal direction “PD”. In various
embodiments, the drive rod 1390 may be selectively
advanced and retracted by a drive system 1400 that is some-
what similar in operation as to the operation of the winch
assembly 1001, except for the differences discussed below. In
particular, as can be seen in FIG. 21, a handle gear segment
1006 may be formed or otherwise provided on the firing
trigger (not shown). The handle gear segment 1006 may be
mounted in meshing engagement with a primary drive gear
1040 that is mounted to a shaft (not shown) attached to a first
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ratchet clutch plate 1052 of a clutch assembly 1050. A second
ratchet clutch plate 1060 is supported on a clutch shaft 1062
that is rotatably supported within the handle assembly 5. The
clutch shaft 1062 may be provided with a shoulder portion
(not shown) and have a clutch spring 1066 journaled thereon
to bias the second ratchet clutch plate 1060 into meshing
engagement with the first ratchet clutch plate 1050.

[0169] A second drive gear 1070 may be journaled on the
clutch shaft 1062 and is in meshing engagement with a third
drive gear 1080 that is attached to a first transmission shaft
1090 that is rotatably supported by a first transmission bear-
ing or sleeve (not shown) mounted in the frame assembly
1012'. The first transmission shaft 1090 has a first pinion gear
portion 1100 and a series of first gear teeth 1102 formed
thereon for selective meshing engagement with a series of
primary gear teeth 1112 on a an axially and rotatably movable
shaft spool 1110. The shaft spool 1110 is received on a
splined shaft (not shown) 1120 that is rotatably received
within the first transmission shaft 1090 and a second pinion
gear 1130. The second pinion gear 1130 has a second pinion
gear portion 1132 and a series of second gear teeth 1134 for
selective meshing engagement with secondary gear teeth
1114 on the shaft spool 1110. The second pinion gear 1130
may be rotatably supported by a second bearing (not shown)
mounted in the frame assembly 1012' as shown.

[0170] A reversing bevel gear 1140 is supported by the
frame assembly 1012' in meshing engagement with the first
and second pinion gears 1100, 1130, respectively. The shaft
spool 1110 has a collar portion 1150 formed thereon for
receiving two opposing pins 1162 extending from a yoke
1160 formed on a bottom portion of a switch bar 1166. The
switch bar 1166 has a shaft portion 1168 that is pivotally
pinned to a crossbar portion 1014' of the frame assembly
1012'. A portion of the shaft 1168 protrudes out through an
opening in the handle case (not shown) and a switch button
1170 may be attached to the end of the shaft 1168 to enable the
user to shift the shaft 1168 axially back and forth to reverse
the drive 1400 as will be further discussed below. Those of
ordinary skill in the art will appreciate that the yoke arrange-
ment 1160 enables the shaft spool 1110 to freely rotate rela-
tive to the yoke 1160 while enabling the yoke 1160 to shift the
shaft spool 1110 axially on the splined shaft 1120.

[0171] A shifter output gear 1180 is keyed or otherwise
attached to the splined shaft 20 for rotation therewith. The
shifter output gear 1180 is arranged in meshing engagement
with a drive gear 1190’ that is attached to a drive shaft 1200'.
Attached to the drive shaft 1200' is a drive gear 1410 that is in
meshing engagement with a rack 1420 that is constrained to
move axially in the distal and proximal directions between
two lugs 1422, 1424 formed in the frame 1012". To affix the
proximal end of the drive rod 1390 to the rack 1420, a T-slot
1426 may be formed in the distal end 1425 of the rack 1420.
However, other methods of attachment may also be
employed.

[0172] A method of operating the drive system 1400 will
now be described. As can be seen in FIG. 21, the shaft spool
1110 is in the neutral position. Thus, actuation of the firing
trigger 1004 will not result in any movement of the dynamic
clamping member 150, knife 155 or sled 160. To fire the
device (advance the dynamical clamping member 150, knife
155, and sled 160 in the distal direction DD), the clinician
shifts the shifter button 1170 such that the first gear teeth 1102
of'the first pinion gear 1100 are brought into meshing engage-
ment with the primary gear teeth 1112 of the shaft spool 1110.
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After the shaft spool 1110 has been moved to that position, the
clinician may begin to pull/pivot the firing trigger 1004 to
cause the handle gear segment 1006 to move. As the firing
trigger 1004 continues to pivot, the gear segment 1006 rotates
the primary drive gear of the clutch assembly 1050 and the
second drive gear 1070. As the second drive gear 1070 rotates
in one direction, the third drive gear 1080 is rotated in the
opposite direction which also causes the first pinion gear
1100 to rotate in that direction. Because the first teeth 1102 of
the first pinion gear 1100 are in meshing engagement with the
primary teeth 1112 of the shaft spool 1110, the shaft spool
1110 also rotates in that direction. As the shaft spool 1110
rotates in that direction, the splined shaft and the shifter
output gear 1180 also rotate in that direction. The shifter
output gear 1180 causes the drive gear 1190', drive shaft
1200', and drive gear 1410 to rotate in the “B” direction
thereby driving the rack in the distal direction DD.

[0173] After the firing trigger 1004 has been depressed as
far as it can go (to the end of its stroke), the clinician releases
the firing trigger 1004 and a spring (not shown) or other
suitable arrangement supported by the handle assembly 5
biases the firing trigger back 1004 to the staring (unfired
position). As the firing trigger 1004 returns to the starting
position, the first clutch plate 1052 rotates backwards (A
direction) relative to the second clutch plate 1060 while the
second clutch plate 1060 remains stationary and does not
move. The clinician can then depress the firing trigger 1004
again until the knife assembly 170 (dynamic clamping mem-
ber 150, knife 155, and sled 160) have been completely
advanced to the end distal position within the elongate chan-
nel assembly 120 by the rack 1420 and the drive rod 1390.

[0174] To retract (move in the proximal direction “PD” to a
starting position) the dynamic clamping assembly 150, the
knife 155, and the sled 160, the clinician shifts the shifter
button 1170 to bring the secondary gear teeth 1114 of the
shaft spool 1110 into meshing engagement with the second
gear teeth 1134 on the second pinion gear 1130. After the
shaft spool 1110 has been moved to that position, the clinician
may begin to pull/pivot the firing trigger 1004 in the manner
described above. As the firing trigger 1004 continues to pivot,
the gear segment 1006 rotates the primary drive gear 1040 as
well as the clutch assembly 1050 and the second drive gear
1070 in the “B” direction. As the second drive gear 1070
rotates in that direction, the third drive gear 1080 is rotated in
the opposite “A” direction which also causes the first pinion
gear 1100 to rotate in that direction. As the first pinion gear
1100 rotates, it causes the reversing bevel gear 1140 to rotate
and cause the second pinion gear 1130 to rotate in the “B”
direction. Because the secondary teeth 1114 of the shaft spool
1110 are in meshing engagement with the second teeth 1134
of the second pinion gear 1130, the shaft spool 1110 and the
splined shaft 1120 rotate in the “B” direction. The shift output
gear 1180 causes the drive gear 1190, drive shaft 1200', and
drive gear 1410 to rotate in the “A” direction which causes the
rack 1424 to move in the proximal direction “PD”.

[0175] After the firing trigger 1004 has been depressed as
far as it can go (to the end of its stroke), the user releases the
firing trigger 1004 and a spring (not shown) supported by the
handle assembly 5 biases the firing trigger 1004 back to the
starting (unfired) position. As the firing trigger 1004 returns to
the starting position, the first clutch plate 1052 rotates back-
wards (A direction) relative to the second clutch plate 1060
while the second clutch plate 1060 remains stationary and
does not move. The user can then depress the firing trigger
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1004 again until the dynamic clamping member 150, knife
155, and sled 160 have been completely retracted into a
starting position within the elongate channel assembly 120 by
the drive rod 1390 and the rack 1424. Those of ordinary skill
in the art will understand that changes in the gear ratios—
either in the transmission or rack and pinion could be used to
attain improved mechanical advantages for driving the knife
assembly 170 (dynamic clamping assembly 150, knife 155,
sled 160) within the elongate channel assembly 120.

[0176] While the cable drive system 1400 described above
comprises a manually actuatable drive system, other contem-
plated embodiments of the present invention may employ a
battery powered motor or motors, alternating current pow-
ered motor or motors or pneumatically powered motors to
power the cable drive system. Thus, the protection afforded to
the various embodiments of the present invention should not
solely be limited to surgical instruments that are manually
actuatable.

[0177] FIGS. 22-24 illustrate a portion of another surgical
stapling instrument 1500 that may employ certain features of
the present invention. This embodiment employs a hollow
spine or tube 1510 that extends from the handle (not shown)
to the channel assembly (not shown). In the embodiment
depicted in FIGS. 22-24, the hollow spine 1510 is coupled to
an articulation joint 1512 of the type and construction dis-
closed in U.S. Patent Publication No. US 2005/0006432 to
Racenet et al., the disclosure of which is herein incorporated
by reference. Other articulation joint arrangements could also
be employed without departing from the spirit and scope of
the present invention. As can be seen in FIGS. 22-24, a drive
rod 1520 extends through the hollow tube 1510 and has a
proximal end 1522 that may be coupled to the rack of a drive
arrangement of the type described above and supported by the
handle. A transition block 1530 may be attached to or other-
wise formed on the distal end 1524 of the drive rod 1520 for
attachment to a driven rod 1540. A proximal pulley, rod,
capstan, etc. 1560 is mounted within the hollow tube 1510 as
shown in FIGS. 22 and 24.

[0178] A cable, thread, band, belt, etc. 1570 may be oper-
ably supported on one or more pulleys, rods, capstans, etc.
(not shown) formed on the channel assembly (not shown) and
extend through the articulation joint 1512 and operably sup-
ported on the distal pulley 1560 as shown in FIGS. 22-24. The
cable 1570 may have an advance portion 1572 and a retract
portion 1574. The end 1576 of'the retract portion 1574 may be
fixedly attached to the distal end 1542 of the driven rod 1540
as shown in FIG. 22. Likewise, the other end 1578 of cable
1570 is attached to the distal end 1542 of the driven rod 1540.
FIG. 22 illustrates the position of the driven rod 1540 when
the dynamic clamping assembly (not shown), knife (not
shown), and sled (not shown) are at the distal end of the
elongate channel assembly (not shown). The dynamic clamp-
ing assembly, knife, and sled may be moved to a retracted
position by operating the drive system described above (FIG.
21) in the retract mode described above which will cause the
drive rod 1520 and the driven rod 1540 to move in the proxi-
mal direction “PD”. The person of ordinary skill in the art will
understand that such arrangement represents a vast improve-
ment in mechanical advantage over prior cable arrangements.
It will be further appreciated that the cable 1570 may flex as
the instrument is articulated. In other embodiments, however,
the ends of the cable may be coupled together with a spring
coupling arrangement of the type described in further detail
below.
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[0179] As was mentioned above, one problem that may be
encountered when using a cable driven surgical cutting and
severing instrument is that the cable or cables may become
disengaged from a cable transition support or supports such
as pulleys, rods, capstans, etc. or the like which could disable
the device. Such cable disengagement may, for example, be
caused by mechanical vibration during use of the device or
may result from shock to the device experienced during use or
shipping. FIGS. 25-27 illustrate other embodiments of the
present invention that employ cable stop members 1600
which may, for example, comprise cable retention blocks
1601 on the elongate channel assembly 120 that are in close
proximity to the cable transition supports 830, 850 to retain
the cables 800, 820 thereon, respectively. In various embodi-
ments, the cable transition supports 830, 850 may comprise,
for example, pulleys, rods, capstans, etc. Although the cable
retention blocks 1610 may be provided in various shapes and
configurations, in various embodiments, each cable retention
block 1601 may have an arcuate surface 1602 that is comple-
mentary-shaped relative to the cable 800, 820, such that the
cable 800, 820 cannot become disengaged from the cable
transition support 800, 820.

[0180] FIGS. 28 and 29 illustrate another cable stop mem-
ber 1700 which may, for example, comprise a cable retention
block 1701 of other embodiments of the present invention. As
can be seen in those Figures, the block 1701 has a passage
1702 therethrough that forms an arcuate bearing surface 1704
over which the cable 800, 820 may pass. In this embodiment,
the cable may be threaded into and through the arcuate pas-
sage 1702 during installation. Such arrangement avoids the
problem of the cable becoming dislodged from a pulley or
pulleys, rods, capstans, etc.

[0181] FIGS. 30-33 illustrate another embodiment of the
present invention in diagrammatic form. This embodiment
employs an elongate channel assembly 120 that has a
dynamic clamping assembly 150, knife 155, and sled assem-
bly 160 (collectively referred to herein as “knife assembly
170”) that is driven by a cable 1800. In particular, the cable
1800 may be operably supported on a pair of cable transition
supports 1802, 1804, which may comprise, for example, pul-
leys, posts, capstans, etc. mounted to the bottom 128 of the
distal end 123 of the elongate channel assembly 120 and a
third cable transition support 1806 which may comprise, for
example, a pulley, post, capstan, etc. on the knife assembly
170. In addition, the cable 1800 may be operably supported
on a drive pulley 1808 that is movably supported by the
handle assembly 5. The drive pulley 1808 may be selectively
movable in the distal direction “DD” and the proximal direc-
tion “PD” by a trigger (not shown) or other actuator arrange-
ment (not shown) in the handle assembly 5.

[0182] Other embodiments ofthe present invention as illus-
trated in FIGS. 30-33, employ a unique and novel cable
tensioning joint 1801 for connecting the ends of the cable
1800 to maintain the tension in the cable 1800 to prevent the
cable 1800 from shifting off the pulleys 1802, 1804, 1806,
1808. In particular, this arrangement employs a tensioning
member in the form of a spring 1810 that is oriented in a
substantially parallel path to the cable load path. As can be
seen in those Figures, a first stop member or block 1820 is
fixedly attached (swaged, glued, welded, etc.) to a first end
1803 of the cable 1800. The second end 1805 of the cable
1800 is also fixedly attached (swaged, welded, glued, etc.) to
a second stop member or block 1830. As can be seen in FIG.
33, the second stop member 1830 has a passage 1832 there-
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through through which a portion of the cable 1800 may slid-
ably pass as represented by the arrow in that Figure. A third
stop member or block 1840 is fixedly attached to the cable
1800 and an end of the spring 1810 is attached thereto. The
other end of the spring 1810 is attached to the second stop
member 1830. Those of ordinary skill in the art will under-
stand that such arrangement permits the cable 1800, when
operably supported on cable transition supports in the form
of, for example, pulleys, capstans, retention blocks etc., to
lengthen a distance “L” (the distance between the first and
second stop members 1820, 1830) when the tension spring
1810 is unexpanded. It will be further appreciated that such
arrangement is particularly advantageous when an articulated
instrument is employed as demonstrated in FIG. 32. In par-
ticular, use of the cable tensioning joint 1801 enables the
cable to extend or bend around the articulation joint while
remaining taught about the various cable transition supports.

[0183] As indicated above, another challenge commonly
encountered when employing cable driven systems relates to
connecting the ends of the cable (drive member) in such a
manner as to ensure that the cable effectively transmits the
desired force to the knife/dynamic clamping member or other
surgical instrument component. FIGS. 34 and 35 illustrate an
endless cable 1900 of various embodiments of the present
invention. In this embodiment, for example, the endless cable
1900 may comprise a woven metal wire or woven plastic
member. To form the endless cable, the fibers 1903 of the end
1902 may be interwoven with the fibers 1905 of the end 1904
to form a cable loop. Another embodiment is a Chinese finger
cuft (FIG. 35) approach wherein one end is inserted into the
other end of a hollow woven cable to form a connection that
gets tighter with tension. In various embodiments, some fas-
tening agent/adhesive may be employed during assembly to
facilitate such pretentioning of the joint. Such arrangement,
for example, may permit the cable 1900 to somewhat con-
strict about its longitudinal axis “L-L.” when tension is
applied in the longitudinal direction. One example of such
weave pattern is disclosed in U.S. Pat. No. 4,817,643 to
Olsen, the disclosure of which is herein incorporated by ref-
erence. After the ends 1902, 1904 are braded together as
shown, the cable 1900 forms a closed loop 1906. The cable
may be looped around a driven pulley or other member and a
portion of a movable member such as pins, pulleys, capstans
or other portions of the surgical instrument components when
the ends 1902, 1904 are braided or interwoven together.

[0184] FIGS. 36-38 illustrate another cable attachment
arrangement 2000 of the present invention for attaching a
cable to a surgical instrument component. As can be seen in
those Figures, the cable 2002 may have a substantially
wedge-shaped or substantially conically shaped slug 2010
that has a hole 2012 extending therethrough for receiving an
end 2004 of the cable 2002 as shown in FIG. 36. The slug
2010 may be crimped, swaged, glued, overmolded, ultrasoni-
cally welded, etc. onto the cable end 2012 as shown. In
various embodiments, for example, the slug 2010 may be
fabricated from a somewhat soft material such as lead, cop-
per, brass, stainless steel, titanium, etc. or, for example, a
thermoplastic material such as nylon or polycarbonate. The
slug 2010 is sized to be received in a complementary shaped
pocket 2020 in surgical instrument component to which it is
to be attached such as, for example, the dynamic clamping
member 150. The pocket 2020 may be sized such that, as
tension is applied to the cable 2002 in the “T” direction, the
connection gets tighter. That s, as the cable tension increases,
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the slug 2020 is further compressed on the end 2004 of the
cable 2002. In various embodiments, the pocket 2020 may be
open on at least one side thereof to permit the slug 2010 to be
installed therein.

[0185] FIG. 39 illustrates another cable attachment
arrangement 2100 of various embodiments of the present
invention. As can be seen in that Figure, the end 2112 of the
cable 2110 may be wrapped around a pin 2120 and be
attached to the other portion 2114 of the cable 2110 by one or
more clamps 2130 that may be crimped or otherwise cinched
thereon to form a loop 2140 for receiving at least a portion of
the surgical instrument component such as, for example, a
pulley, pin, capstan, etc.

[0186] FIG. 40 illustrates another cable attachment
arrangement 2200 of various embodiments of the present
invention. As can be seen in that Figure, the end portion 2212
of'the cable 2210 may be wrapped around a pin 2220 and be
melted or glued to another adjacent portion 2214 of the cable
2210 to form aloop 2240 for receiving at least a portion of the
surgical instrument component such as, for example, a pulley,
pin, capstan, etc.

[0187] The endocutter disclosed in U.S. Patent Publication
No.US2006/0011699 A1 employs two cable systems: one for
closing the anvil; and one that pulls the dynamic clamping
assembly, knife, and sled to cut tissue and form staples. In one
arrangement, a cable is attached to the clamping collar for
pulling the clamping collar distally onto and over cam surface
to close the anvil relative to the staple cartridge assembly and
compress the tissue. That closure cable must be threaded back
through the articulation joint to the handle. When the proxi-
mal end of that cable is pulled, the distal end of the cable,
which is attached to the clamping collar, causes the clamping
collar to move distally and close the anvil. Such arrangement,
however, suffers from the limited ability to generate clamping
force.

[0188] FIG. 41 illustrates an articulation joint 1512 of the
type disclosed in the above-mentioned publication. FIGS. 42
and 43 illustrate the articulation joint assembly 2302 of a
closure tube assembly 2300 of various embodiments of the
present invention that may be used in connection with the
articulation joint 1512 and eliminate the use of acable to close
the anvil 110. FIG. 44 illustrates the closure tube assembly
2300 installed over the articulation joint 1512. As will be
discussed in further detail below, in various embodiments, the
closure tube assembly 2300 is operably supported adjacent
the elongate channel assembly 120 for selectively applying a
closing motion to the anvil assembly 110 upon closing con-
tact with the closure tube assembly 2300.

[0189] As can be seen in FIG. 42, an embodiment of the
closure tube assembly 2300 may include a distal closure tube
segment 2310 that has proximal end 2312 and a distal end
2314, a central closure tube segment 2320 that has a distal end
2322 and a proximal end 2324, and a proximal closure tube
segment 2330 that has a proximal end 2332 and a distal end
2334. The proximal end 2332 of the proximal closure tube
segment 2330 may be non-rotatably coupled to a distal end
2342 of a closure tube segment 2340. As can be seen in FIG.
43, the distal end 2342 of the hollow closure tube segment
2340 may be provided with a notch 2344 therein for receiving
atab 2336 protruding proximally from the distal end 2334 of
the proximal closure tube segment 2330. As can also be seen
in FIG. 43, the proximal end 2332 may be received within the
hollow distal end 2342 of the hollow closure tube segment
2340. The proximal closure tube segment 2330 may be



US 2008/0308603 Al

retained in coupling engagement with the closure tube seg-
ment 2340 by adhesive, glue, etc. Those of ordinary skill in
the art will understand that such unique and novel configura-
tion helps to facilitate assembly of the device. However, in
other embodiments for example, the proximal closure tube
segment 2330 may be integrally formed with the closure tube
segment 2340.

[0190] In various embodiments, the closure tube assembly
2300 may further comprise a first upper tab 2350 protruding
from the distal end 2334 of the proximal closure tube segment
2330 and a first lower tab 2352 protruding from the distal end
2334 of the proximal closure tube segment 2330 in spaced
relation to the first upper tab 2350. The first upper tab 2350
has a first upper pivot hole 2354 therethrough and the first
lower tab 2352 has a first lower pivot hole 2356 therethrough
that is coaxially aligned with the first upper hole 2354 in
various embodiments. The proximal end 2324 of the central
closure tube segment 2320 has a second upper tab 2326
protruding therefrom and a second lower tab 2328 protruding
therefrom in spaced relation to the second upper tab 2326.
The second upper tab 2326 has a second upper pivot hole
2327 therethrough and the second lower tab 2328 has a sec-
ond lower pivot hole 2329 therethrough that is substantially
coaxially aligned with the second upper pivot hole 2327.
[0191] Ascanbe seen in FIG. 44, the distal end 2322 of the
central closure tube segment 2320 has a first lateral tab 2321
and a second lateral tab 2323 protruding therefrom. The first
lateral tab has a first lateral hole (not shown) therethrough and
the second lateral tab 2323 has a second lateral hole 2325
therethrough that is coaxially aligned with the first lateral
hole 2325. In addition, the proximal end 2312 of the distal
closure tube segment 2310 has a third lateral tab 2316 pro-
truding therefrom and a fourth lateral tab 2318 protruding
therefrom in spaced relation to the third lateral tab 2316. The
third lateral tab 2316 has a third lateral pivot hole (not shown)
therethrough and the fourth lateral tab 2318 has a fourth
lateral pivot hole 2319 therethrough that is substantially
coaxially aligned with the third lateral pivot hole.

[0192] In various embodiments, the closure tube joint
assembly 2302 further includes an upper double pivot link
2360 that has a first upper pin 2362 and a second upper pin
2364 protruding therefrom. The first upper pin 2362 is sized
to be pivotally received in the first upper pivot hole 2354 and
the second upper pin 2364 is sized to be pivotally received in
the second upper pivot hole 2327. The upper double pivot link
2360 may be retained in position between the proximal end
2324 of the central closure tube segment 2320 and the distal
end 2334 of the proximal closure tube segment 2330 by the
articulation joint assembly 1512. The closure tube joint
assembly 2300 may further include a lower double pivot link
2370 that has a first lower pin 2372 and a second lower pin
2374 protruding therefrom. See FIG. 43. The first lower pin
2372 is sized to be pivotally received within the first lower
pivot hole 2356 and the second lower pin 2374 is sized to be
pivotally received in the second lower pivot hole 2329. The
lower double pivot link 2370 may be retained in position
between the proximal end 2324 of the central closure tube
segment 2320 and the distal end 2322 of the central closure
tube segment 2320 by the articulation joint assembly 1512.
[0193] When the upper double pivot link 2360 and the
lower double pivot link 2370 are attached to the proximal end
2324 of the central closure tube segment 2320 and the distal
end 2334 of the proximal closure tube segment 2330, the first
upper pin 2362 and the first lower pin 2372 are coaxially
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aligned along a first pivot axis D-D that, in various embodi-
ments, may be substantially transverse to an elongated shaft
axis C-C that extends through the elongated closure tube
assembly 1000. See FIG. 43. Likewise, the second upper
pivot pin 2364 and the second lower pivot pin 2374 are coaxi-
ally aligned along a second pivot axis E-E. In various embodi-
ments, the second pivot axis E-E is substantially transverse to
the elongated shaft axis C-C and substantially parallel to the
first pivot axis D-D. The reader will appreciate that such
arrangement permits the central closure tube segment 2320 to
pivot relative to the proximal closure tube segment 2330
about pivot axes D-D and E-E.

[0194] In various embodiments, the closure tube joint
assembly 2302 may further include a first lateral double pivot
link 2380 that has a first upper pin (not shown) and a second
upper pin (not shown) protruding therefrom. The first lateral
pin is sized to be pivotally received in the first lateral pivot
hole (not shown) in the first lateral tab 2321 and the second
lateral pin is sized to be pivotally received in the second lateral
pivot hole (not shown) in the third lateral tab 2316. The first
lateral double pivot link 2380 may be retained in position
between the proximal end 2312 of the distal closure tube
segment 2310 and the distal end 2322 of the central closure
tube segment 2320 by the articulation joint assembly 1512.
The closure tube joint assembly 2300 may further include a
second lateral double pivot link 2390 that has a third lateral
pin 2392 and a fourth lateral pin 2394 protruding therefrom.
The third lateral pin 2392 is sized to be pivotally received
within the second lateral hole 2325 in the second lateral tab
2323 and the fourth lateral pin 2394 is sized to be pivotally
received in the fourth lateral pivot hole 2319 in the fourth
lateral tab 2318. The second lateral double pivot link 2390
may be retained in position between the proximal end 2312 of
the distal closure tube segment 2310 and the distal end 2322
of the central closure tube segment 2320 by the articulation
joint assembly 1512.

[0195] When the first lateral double pivot link 2380 and the
second double pivot link 2390 are attached to the proximal
end 2312 of the distal closure tube segment 2310 and the
distal end 2322 of the central closure tube segment 2320, the
first lateral pin and the third lateral pin 2392 are coaxially
aligned along a third pivot axis F-F that, in various embodi-
ments, may be substantially transverse or orthogonal to the
elongated shaft axis C-C. Likewise, the second lateral pivot
pin and the fourth lateral pivot pin 2394 are coaxially aligned
along a fourth pivot axis G-G. In various embodiments, the
third pivot axis F-F is substantially transverse or orthogonal
to the elongated shaft axis C-C and the first axis D-D and the
second axis E-E and is substantially parallel to the fourth
pivot axis G-G. The reader will appreciate that such arrange-
ment permits the distal closure tube segment 2310 to pivot
relative to the central closure tube segment 2320 about pivot
axes F-F and G-G. Thus, such arrangement provides a closure
tube assembly that can move axially over the joint assembly
1512 and still afford multi-articulation about four axes.

[0196] Those of ordinary skill in the art will understand
that, as the closure tube assembly 2300 is moved (pushed) in
the distal direction DD, the distal end 2314 of the distal
closure tube segment 2310 applies a closing motion to the
anvil assembly 110 by contacting the cam surface 115 of anvil
assembly 110 (shown in FIGS. 2, 4 and 7) to close anvil
assembly 110 relative to the staple cartridge assembly 200. In
various embodiments, a return mechanism, e.g., a spring,
cable system or the like (not shown), may be employed to
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return the closure tube assembly 2300 to a preclamping ori-
entation which causes the anvil assembly 110 to re-open as
the closure tube segment 2310 contacts a reverse cam surface
117 on the proximal end of the anvil assembly 110. See FIGS.
2 and 7. In other embodiments as illustrated in FIG. 45, the
anvil assembly 110" may be formed with an upstanding actua-
tion tab 111' that is sized to extend into a horse-shoe shaped
opening 2315 in the distal end 2314 of the distal closure tube
segment 2310. See FIG. 44A. Thus, as the closure tube
assembly 2300 is moved in the distal direction DD, the horse-
shoe shaped opening 2315 contacts the ramp 115 and forces
the anvil assembly 110’ to a closed position. When the closure
tube assembly 2300 is moved in the proximal direction PD,
the horse-shoe shaped opening 2315 pulls the tab 111' and
causes the anvil assembly 110" to pivot to an open position.

[0197] One closure tube drive system of the present inven-
tion is briefly depicted in FIG. 46. However, other systems
could also be effectively employed without departing from
the spirit and scope of the present invention. As can be seen in
FIG. 46, one form of closure tube drive system 2400 includes
a yoke 2402 connected to a closure trigger 18. A pivot pin
2404 is inserted through aligned openings in both the closure
trigger 18 and the yoke 2402. The distal end of the yoke 2402
is connected, via a pin 2406, to a first portion 2408 of'a closure
bracket 2410. The first closure bracket portion 2408 connects
to a second closure bracket portion 2412. Collectively, the
closure bracket 2410 defines an opening in which the proxi-
mal end 2346 of the closure tube segment 2340 is seated and
held such that longitudinal movement of the closure bracket
2410 essentially pushes or drives the closure tube segment
2340 (and ultimately the elongated closure tube assembly
2300) in the distal direction DD.

[0198] In operation, when the yoke 2402 rotates due to
retraction of the closure trigger 18, the closure bracket 2410
causes the proximal closure tube segment 2340 to move in the
proximal PD direction, which causes the distal closure tube
segment 2310 to move proximately. [fthe anvil assembly 110"
is employed, the tab 111' causes the anvil assembly 110' to
open when the distal closure tube segment 2310 moves proxi-
mately. When the closure trigger 18 is unlocked from the
locked position, the proximal closure tube segment 2340 is
pushed or otherwise driven in the distal direction DD, which
causes the distal closure tube segment 2310 to slide distally.
The distal closure tube segment 2310 forces the anvil assem-
bly 110' closed by driving it distally into ramp 115. Such
closure system 2400 is further described in commonly owned
U.S. patent application Ser. No. 11/343,547 entitled “Endo-
scopic Surgical Instrument With a Handle That Can Articu-
late With Respect to the Shaft” to Frederick E. Shelton, IV, et
al., the disclosure of which is hereby incorporated by refer-
ence in its entirety. Other closure systems may be employed,
however, to axially move the closure tube assembly 2300 in
the proximal and distal directions.

[0199] FIGS. 47-50 illustrate another unique and novel clo-
sure system 2500 of various embodiments of the present
invention. In the embodiments depicted in these Figures, a
manually actuatable drive system 2600 is employed. Such a
drive system arrangement is disclosed in commonly owned
U.S. patent application Ser. No. 11/475,412, filed Jun. 27,
2006, entitled “Manually Driven Surgical Cutting and Fas-
tening Instrument” to Frederick E. Shelton, et al., the disclo-
sure of which is hereby incorporated by reference in its
entirety. Thus, the operation of such drive system arrange-
ment will not be discussed in great detail herein. As the
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present Detailed Description proceeds, the person of ordinary
skill in the art will appreciate, however, that the closure sys-
tem 2500 of the present invention may also be effectively
employed in connection with surgical stapling instruments
that employ a cable or cables to drive the dynamic clamping
member, knife and sled. In addition, the closure system 2500
may also be effectively employed in connection with other
surgical stapling instruments that employ a motor to drive the
dynamic clamping member, knife, sled, etc. Thus, the protec-
tion afforded to the closure system 2500 as described herein
should not be limited to use only in connection with the
manually actuatable drive system depicted in the present
FIGS. 47-50.

[0200] As shown in these Figures, a firing trigger 2610 is
operably supported by the handle assembly 5 and has a series
of gear teeth 2612 thereon that meshingly interface with the
drive gear arrangement (not shown) that operably interfaces
with a rotary drive shaft 2614. The rotary drive shaft 2614
may be rotatably supported within a spine 2616 that extends
through an elongate hollow closure tube 2510. The rotary
drive shaft 2614 may interface with other drive components
operably supported by the spine 2616 to convey a rotary
driving motion to the tool assembly 100'. Also in various
embodiments, a shifter assembly 2620 interfaces with the
drive gear arrangement. The shifter assembly may include a
selector switch 2622 such that when the switch is in one
position and the firing trigger 2610 is pivoted in a ratcheting
motion, the rotary drive shaft 2614 rotates in a first direction
to ultimately impart a rotary motion to the tool assembly 100'
to cause the dynamic clamping member or knife assembly to
move in a distal DD direction and, when the selector switch
2622 is moved to a second position, ratcheting of the firing
trigger 2610 causes the rotary drive shaft 2614 to rotate in an
opposite direction to thereby impart an opposite rotary
motion to the tool assembly 100" and cause the dynamic
clamping assembly or knife assembly to move in the proximal
PD direction.

[0201] Ascanalso beseen inthese Figures, the closure tube
assembly 2500 may further include a closure knob 2520 and
a rotation assembly 2550 for rotation of the tool assembly. As
can be most particularly seen in FIG. 48, the closure knob
2520 may be supported on the proximal end 2512 of the
closure tube 2510 and a spine attachment tube 2618. For
assembly purposes, the closure knob 2520 may be provided in
half sections that are interconnected by mechanical fasteners
or adhesive. In one embodiment, the spine attachment tube
2618 is hollow and has a flanged proximal end 2619. The
flanged end 2619 is rotatably supported in a radial slot 2522
provided in the closure knob 2520 such that the closure knob
2520 can freely rotate about the spine attachment tube 2618.
As can also be seen in FIG. 48, the spine 2616 may have a
proximal end 2617 sized to extend into the spine attachment
tube 2618. However, other arrangements may be employed.
As can also be seen in FIG. 48, the proximal end 2512 of the
closure tube 2510 may be flanged and oriented to be non-
rotatably retained within a second radial slot 2524 formed in
the closure knob 2520 such that rotation of the closure knob
2520 causes the rotation of the closure tube 2510.

[0202] Various embodiments may also include a rotation
assembly 2550. As can be seen in FIGS. 47, 49, and 50, the
rotation assembly 2550 may include a rotation knob 2552 that
is rotatably received on the handle assembly 5. As with the
closure knob 2520 and housing assembly 5, the rotation knob
2552 may be provided in two segments that may be intercon-
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nected by mechanical fasteners—screws, snaps, etc. or adhe-
sive for assembly purposes. In various embodiments, the
distal end 2554 of the rotation knob 2552 has a hole 2556
therethrough that is adapted to receive therein a spline tube
2560 that has a splined section 2562 that is in axial engage-
ment with the distal end 2554 of the rotation knob 2552 such
that the rotation knob 2550 may be moved axially relative to
the spline tube 2560, but always be engaged with the splined
section 2562 thereof. As can be seen in FIG. 48, the spline
tube 2560 has a distal end 2564 that extends into the closure
knob 2520 and is non-rotatably attached to the spine attach-
ment tube 2618. by adhesive or other suitable fastener
arrangement. A proximal end 2566 of the spline tube 2560 is
flanged and is adapted to be received in an annular slot 2570
provided in the handle assembly 5 such that the flanged end
2566 can rotate therein.

[0203] As can also be seen in FIGS. 47 and 49, the distal
end 2580 of the housing assembly is flanged and has a first
radial gear 2582 formed thereon. The flanged end 2580 of'the
housing assembly extends into an annular cavity 2567 formed
in the rotation knob 2552. The annular cavity 2567 is formed
by an inwardly extending annular flange 2568 that has a
second radial gear 2569 formed thereon for selective meshing
engagement with the first radial gear 2582. The annular flange
2568 also extends into an annular spring cavity 2584 formed
in the housing assembly 5. A locking spring 2590 is provided
in the spring cavity 2584 to bias the second radial gear 2569
into meshing engagement with the first radial gear 2582. As
will be discussed in further detail below, the clinician can
unlock the spine 2616 thereby enabling the clinician to rotate
the spine 2616 and ultimately the tool assembly 100" to posi-
tion the tool assembly 100' in a desired orientation by pulling
the rotation knob 2552 proximally to disengage the second
radial gear 2569 from the first radial gear 2582 to enable the
rotation knob 2550, spline tube 2560 and spine 2616 to rotate.

[0204] As shown in FIGS. 47 and 48, the distal end 2514 of
the closure tube 2510 may be formed with a reduced diameter
portion 2515 for slidably receiving a nonrotatable closure
ring 2594 thereon. In various embodiments, a pair of slots
2516 are provided therein that are oriented to receive corre-
sponding pins 2596 that protrude inward from the wall of the
closure ring 2594. In various embodiments, at least one pin
and slot arrangement is employed. In alternative embodi-
ments, the pins 2596 may be in the closure tube 2510 and the
slots 2516 may be provided in the closure ring. FIG. 50
illustrates the anvil 110' of the tool assembly 100' in an open
position. To close the anvil 110", the clinician simply rotates
the closure knob 2520 in a first direction which also rotates
the closure tube 2510 in that direction. The rotation of the
closure tube 2510, by virtue of the interaction between the
pins 2596 and slots 2516, causes the closure ring 2594 to
move distally into contact with a portion of the anvil 110' to
pivotthe anvil 110'to the closed position depicted in FIGS. 47
and 48. As shown in FIG. 48, there is a distance 2599 between
the proximal end 2598 of the closure ring 2594 and the ledge
2517 of the reduced diameter portion 2515 of the closure tube
2510. Such distance 2599 represents the amount of axial
travel that is available to the closure ring 2594. The person of
ordinary skill in the art will appreciate that by providing the
slots 2516 at relatively low angles, the pins 2596 will tend to
remain in that position and thereby also retain the anvil 110'in
the closed position. However, other locking arrangements
may be employed.
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[0205] To open the anvil 110", the clinician again moves the
brakeknob 2552 in the proximal direction PD and then rotates
the closure knob 2520 (and closure tube 2510) in a second
direction as shown in FIGS. 49 and 50. In various embodi-
ments, the tissue that was clamped in the tool assembly 100'
causes the anvil 110" to move to the open position. In other
embodiments, a spring or other biasing member (not shown)
may be employed to bias the anvil 110' to the open position
when the closure ring 2594 has been moved to the position
depicted in FIGS. 49 and 50. In other embodiments, the
closure ring 2594 may be provided with the horse-shoe
shaped opening described above and the anvil 110' may be
configured with a tab 111" as shown in FIG. 45. Thus, in that
embodiment, when the closure ring 2594 is drawn proxi-
mally, it pulls the anvil 110' to the open position. Once in the
open position, the clinician may release the brake knob 2552
and the brake 2550 will lock the closure tube 2510 (and anvil
110" in the open position. The person of ordinary skill in the
art will appreciate that the closure system 2500 may also be
effectively employed in connection with the closure tube joint
assembly 2302 described above. In such arrangement, the
slots 2516 may be provided in the distal closure tube segment
2310. Such arrangement would be operated in the same man-
ner as described above, however, the instrument would also
be articulatable about multiple axes.

[0206] FIG. 51 illustrates another embodiment of the
present invention wherein the distal end 2515' of the closure
tube 2510 has threads 2513 thereon for threaded engagement
with threads 2597 on the closure ring 2594'. In this embodi-
ment, the closure ring 2594' may be configured to interact
with the channel assembly 120 and or spine 2616 such that the
closure ring 2594' can move axially relative thereto, but does
not rotate. The threads 2597 are formed in the proximal end
2595 of the closure ring 2594' such that as the closure tube
2510 is rotated in one direction, the closure ring 2594' is
axially moved in the distal direction DD to contact the anvil
110" and pivot the anvil 110’ to the clamped position. Rotation
of the closure ring 2594' in the opposite direction causes the
closure ring 2594' to move in the proximal direction PD to
enable the anvil 110' to be pivoted open by the tissue that was
clamped therein, or by springs or other biasing members.
Such use of multiple turn threads may provide more closure
power than other closure ring arrangements. In alternative
embodiments, the closure ring 2594' may be provided with
the horse-shoe shaped opening to interact with a closure tab
on the anvil. See FIG. 45. The rotation and locking of the
closure tube 2510' may be controlled by the closure system
2500 and closure tube brake assembly 2550 as was described
above. This embodiment may also be used in connection with
the various articulation joints described above without
departing from the spirit and scope of the present invention. It
will be further appreciated that such embodiment may be
effectively used with the manual drive system depicted in
FIGS. 47 and 49 or with other drive arrangements, such as
cable drive arrangements, etc.

[0207] FIGS. 52-54 illustrate another cable-actuated clo-
sure system 2700 embodiment of the present invention. As
can be seen in those Figures, various embodiments may
include a proximal cover tube 2710 that axially supported a
proximal spine segment 2720. The proximal spine segment
2720 extends from the handle assembly (not shown) and may
be supported thereby in any one of a number of known
arrangements without departing from the spirit and scope of
the present invention.
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[0208] In various embodiments, the proximal spine seg-
ment 2720 has a distal end 2722 that has a neck portion 2724
protruding therefrom that has a ball-shaped member 2730
attached thereto or otherwise formed therewith. As can also
be seen in these Figures, the ball-shaped member 2730 is
sized to be received in a socket 2750 formed in a proximal end
2742 of a channel-shaped distal spine segment 2740. The
ball-shaped member 2730 and socket 2750 collectively form
a ball joint, generally designated as 2760, that affords the
distal spine segment 2740 the ability to articulate in multiple
directions relative to the proximal spine segment 2720. A
sufficient amount of clearance 2748 is provided between the
proximal end 2742 of the distal spine segment 2740 and the
distal end 2722 of the proximal spine segment 2720 to enable
the distal spine segment to articulate in a desired range of
motion relative to the proximal spine segment 2720. In vari-
ous embodiments, the distal spine segment 2740 is attached to
the elongate channel assembly 120" to which the anvil 110" is
pivotally attached. As can be further seen in FIGS. 52-54, a
closure ring 2770 is supported on the distal spine segment
2740 for selective axial travel thereon.

[0209] In various embodiments, the opening and closing of
the anvil 110' may be accomplished by a closure cable 2780
that extends from the handle assembly (not shown) through a
hollow passage 2726 in the proximal spine segment 2720 and
neck portion 2724. The proximal end (not shown) of the
closure cable 2780 may be attached to one of the cable drive
systems described herein or other cable control systems for
selectively applying tension to the cable 2780. Those of ordi-
nary skill in the art will further appreciate that a drive cable
system of the various types described above may also be
employed to drive the dynamic clamping member, knife, and
sled.

[0210] Ascanbeseenin FIGS.52-54, the closure ring 2770
may have a first cable transition support 2790 mounted
thereon that extends into the open upper end of the channel-
shaped distal spine segment 2740 such that the first cable
transition support 2790 can move distally and axially back
and forth within the distal spine segment 2740 as the closure
ring 2770 moves thereon. In various embodiments, the first
cable transition support 2790 may comprise a support
selected from the group of supports consisting of pulleys, rod,
capstans, etc. In addition, a second cable transition support
2792 may be mounted within the distal spine segment 2740 in
the orientation shown such that the closure cable 2780 may be
operably supported on the first and second cable transition
supports 2790, 2792. Similarly, the second cable transition
support 2792 may comprise a cable transition support
selected from the group of transition supports consisting of
pulleys, rods, capstans, etc.

[0211] The distal end 2782 of the closure cable 2780 may
be fixed to the distal spine segment 2740 at a point of attach-
ment 2744. Thus, applying tension to the closure cable 2780
(pulling the closure cable 2780 in the proximal direction PD)
causes the closure ring 2770 to move in the distal direction
DD to contact the anvil 110' and pivot it to a closed position in
the manner discussed above. In various embodiments, the
tissue that was clamped in the tool assembly 100" causes the
anvil 110' to move to the open position. In other embodi-
ments, a spring or other biasing member (not shown) may be
employed to bias the anvil 110 to the open position when the
closure ring 2770 has been axially moved to its proximal
unclamped position. Such unique and novel cable actuated
closure system enjoys a significant mechanical advantage
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improvement over prior cable powered closure systems while
also providing the ability to articulate the tool assembly 100"
relative to the other portion of the instrument. Other embodi-
ments are also contemplated wherein the ball-shaped member
is formed in the distal spine segment 2740 and the socket is
formed in the proximal spine segment 2720. In still other
embodiments, no articulation joint is employed. That is, the
proximal spine segment and distal spine segment comprise a
single member.

[0212] FIGS. 55-57 illustrate a cable controlled lockable
articulation joint 2800 of various embodiments of the present
invention that interfaces between the elongate channel assem-
bly 120" and a proximal spine segment 2820. In various
embodiments, the proximal spine segment 2820 may extend
from the handle assembly (not shown) and may be supported
thereby in any one of a number of known arrangements with-
out departing from the spirit and scope of the present inven-
tion. The proximal spine segment 2780 may have a distal end
2822 that has a neck portion 2824 protruding therefrom that
has a substantially ball-shaped member 2830 attached thereto
or otherwise formed therewith. As can also be seen in these
Figures, the ball-shaped member 2830 may be sized to be
received in a socket 2850 formed in a proximal end 2842 of a
distal spine segment 2840. The ball-shaped member 2830 and
socket 2850 collectively form a ball joint, generally desig-
nated as 2800, that affords the distal spine segment 2840 with
the ability to articulate in multiple directions relative to the
proximal spine segment 2820. A sufficient amount of clear-
ance 2848 may be provided between the proximal end 2842 of
the distal spine segment 2840 and the distal end 2822 of the
proximal spine segment 2820 to enable the distal spine seg-
ment 2840 to articulate in a desired range of motion relative to
the proximal spine segment 2820. In various embodiments,
the distal spine segment 2840 may be attached to the channel
assembly 120" to which the anvil (not shown) is pivotally
attached.

[0213] In various embodiments, one or more radially
extendable portions 2880 may be provided in the ball-shaped
member 2830. In the embodiment depicted in FIGS. 55-57,
three radially extendable fingers 2880 are provided, for
example. In various embodiments, the radially extendable
fingers 2880 may be equally spaced about the ball-shaped
member 2830 (e.g., spaced at 120° intervals). Other numbers
ofradially extendable fingers 2880 could also be successfully
employed. In various embodiments, the ball-shaped member
2830 may be fabricated from, for example, plastic, metal, etc.
such that the radially extendable fingers may be pulled or
otherwise driven radially outward a distance to lock the ball-
shaped member 2830 in a desired orientation within the
socket 2850.

[0214] In various embodiments, each of the radially
extendable fingers 2880 may have a cable 2882 attached
thereto that extend adjacent the neck portion 2824 of the
proximal spine segment 2820 and through corresponding
passages 2826 in the distal end 2822 of the proximal spine
segment 2820. The cables 2882 may extend through the hol-
low proximal spine segment 2820 to a control system sup-
ported by the handle (not shown) to selectively apply a ten-
sion force to the cables 2882. For example, the cables 2882
may be associated with a locking trigger or other mechanism
supported in the handle that can be moved to apply a tension
to the cables and be selectively retained in that position until
it is desired to release the joint whereby the mechanism may
be unlocked to release the tension in the cables 2882. As can
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beseen in FIG. 55, ahollow cable ring 2890 may be employed
as shown to retain the cables 2882 adjacent the neck portion
2824.

[0215] To use this embodiment, the clinician positions the
tool assembly 100 in the patient and then applies an articula-
tion force to the tool assembly with another surgical instru-
ment or by bringing the tool assembly 100 into contact with a
portion of the patient to articulate the tool assembly to a
desired position before applying tension to the locking cables
2882. After the tool assembly 100 has been articulated to the
desired position, the clinician applies a tension force to the
locking cables 2882 which causes the radially extendable
fingers 2880 to extend radially outward and lock the ball-
shaped member 2830 in that orientation within the socket
2850 to thereby retain the distal spine segment 2840 (and the
tool assembly 100 attached thereto) in that articulated posi-
tion. Such system employs a “passive” articulation technique.
[0216] FIGS. 58-61 illustrate another cable controlled
lockable articulation joint 2900 of various embodiments of
the present invention. As can be seen in those Figures, various
embodiments may include a proximal spine segment 2920
that extends from the handle assembly (not shown) and may
be supported thereby in any one of a number of known
arrangements without departing from the spirit and scope of
the present invention. As can also be seen in FIG. 58, a
ball-shaped member 2936 may be formed on a proximal end
2932 ofa distal spine segment 2930. The ball-shaped member
2936 may be sized to be received in a socket 2924 formed in
the distal end 2922 of the proximal spine segment 2920. The
ball-shaped member 2936 and socket 2924 collectively form
a ball joint, generally designated as 2910, that affords the
distal spine segment 2930 with the ability to articulate in
multiple directions relative to the proximal spine segment
2920. A sufficient amount of clearance 2948 is provided
between the proximal end 2932 of the distal spine segment
2930 and the distal end 2922 of the proximal spine segment
2920 to enable the distal spine segment 2930 to articulate in a
desired range of motion relative to the proximal spine seg-
ment 2920. In various embodiments, the distal spine segment
2930 may be attached to the channel assembly (not shown) to
which the anvil (not shown) is pivotally attached.

[0217] In various embodiments, the distal end 2922 of the
proximal spine segment 2920 may have a flexible section
2950 and a cincture section 2960. The proximal spine section
may be fabricated from, for example, plastic, metal, etc. The
flexible section 2950 may be defined by a series of equally
spaced slots 2952 provided into the distal end 2922 of the
proximal spine segment 2920 to form a plurality of radially
contractable locking portions in the form of, for example,
flexible segments 2954 that serve to define the socket 2924
therebetween. In addition, a circumferentially extending
groove 2956 may be provided around the circumference of
the distal end 2922 of the proximal spine segment 2920. A
locking cable 2970 may extend through the hollow proximal
spine segment 2920 and be looped around the cincture section
2960 in the circumferentially extending groove 2956 as
shown in FIGS. 59 and 61. As can be seen in those Figures, the
cable 2970 may pass through two passages 2957, 2958 such
that the ends thereof may extend through the proximal spine
section 2920 to a cable control system (not shown) supported
in the handle assembly (not shown) that may be used to
selectively apply a tension force to the cable 2970.

[0218] To use this embodiment, the clinician positions the
tool assembly 100 in the patient and then applies an articula-

Dec. 18, 2008

tion force to the tool assembly with another surgical instru-
ment or by bringing the tool assembly 100 into contact with a
portion of the patient to articulate the tool assembly to a
desired position before applying tension to the locking cable
2970. After the tool assembly 100 has been articulated to the
desired position, the clinician applies tension to the locking
cables 2970 which causes the flexible segments 2954 to lock
around the ball-shaped member 2936 and prevent it from
moving relative to the proximal spine segment 2920 to
thereby retain the distal spine segment 2840 (and the tool
assembly 100 attached thereto) in that articulated position.
Such system employs a “passive” articulation technique. To
release the ball-shaped member to permit further articulation
of the tool assembly, the tension is released from the cable
2970.

[0219] FIGS. 62-64 illustrate another lockable articulation
joint 3000 of various embodiments of the present invention.
As can be seen in those Figures, various embodiments may
include a proximal spine segment 3010 that extends from the
handle assembly (not shown) and may be supported thereby
in any one of a number of known arrangements without
departing from the spirit and scope of the present invention.
The proximal spine segment 3010 has a distal end 3012 that
has a neck portion 3014 protruding therefrom that has a
substantially ball-shaped member 3016 formed therecon. As
can be seen in FIGS. 63 and 64, the ball-shaped member 3016
has a series of slots 3018 therein that serve to define a series
of'ball segments 3020. As shown in FIG. 62, the ball-shaped
member 3016 may be sized to be received in a socket 3034
formed in a proximal end 3032 of a distal spine segment 3030.
The ball-shaped member 3016 and socket 3034 collectively
form a ball joint, generally designated as 3040 that affords the
distal spine segment 3030 with the ability to articulate in
multiple directions relative to the proximal spine segment
3010. A sufficient amount of clearance 3042 may be provided
between the proximal end 3032 of the distal spine segment
3030 and the distal end 3012 of the proximal spine segment
3010 to enable the distal spine segment 3030 to articulate ina
desired range of motion relative to the proximal spine seg-
ment 3010. In various embodiments, the distal spine segment
3030 may be attached to the channel assembly (not shown) to
which the anvil (not shown) is pivotally attached.

[0220] As can be seen in FIG. 62, an actuation member
3050 may be used to selectively radially extend the ball seg-
ments 3020 to expand and lock the ball-shaped member 3016
in the socket 3034. In one embodiment (FIGS. 62-64), the
actuation member has a hollow shaft portion 3052 that
extends through a passage 3015 in the neck portion 3014 of
the proximal spine segment 3010 and also through a passage
3017 in the ball-shaped member 3016. The distal end 3054 of
the actuation member 3050 has a substantially cone-shaped
portion 3056 that is received in a cone-shaped actuation
pocket 3018 in the ball-shaped member 3016 as shown. As the
actuation member 3050 is drawn in the proximal direction
PD, the cone-shaped portion 3056 causes the ball segments
3020 to extend radially outward and lock the ball-shaped
member 3016 within the socket 3034. Various trigger and
locking arrangements (not shown) in the handle may be
employed to selectively axially move the actuation member in
the proximal PD and distal DD directions and lock the actua-
tion member 3050 in position to retain the ball-shaped mem-
ber 3016 in an expanded/locked condition.

[0221] To use this embodiment, the clinician positions the
tool assembly 100 in the patient and then applies an articula-
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tion force to the tool assembly with another surgical instru-
ment or by bringing the tool assembly 100 into contact with a
portion of the patient to articulate the tool assembly to a
desired position before drawing the actuation member 3050
in the proximal direction PD. After the tool assembly 100 has
been articulated to the desired position, the clinician draws
the actuation member 3050 in the proximal direction to cause
the ball segments 3020 to expand radially outwardly and lock
the ball-shaped member 3016 in that orientation within the
socket 3034 to thereby retain the distal spine segment 3030
(and the tool assembly 100 attached thereto) in that articu-
lated position. Such system employs a “passive” articulation
technique.

[0222] FIGS. 65-67 depict another lockable articulation
joint 3100 of various embodiments of the present invention
that is substantially identical in operation as articulation joint
3000 described above, except for the actuation member 3150
and the ball-shaped member 3116. As can be seen in those
Figures, the ball-shaped member 3116 has at least one and
preferably three radially extendable portions 3120 formed
therein. The actuation member 3150 has a hollow shaft por-
tion 3152 that extends through a passage 3015 in the neck
portion 3014 of the proximal spine segment 3010 and also
through a passage 3017 in the ball-shaped member 3116. The
distal end 3154 of the actuation member 3150 has a cone-
shaped wedge portion 3156 that corresponds to each of the
radially extendable portions 3120 in the ball-shaped member
3116 that extends into a cone-shaped actuation pocket 3118 in
the ball-shaped member 3116 as shown. As the actuation
member 3150 is drawn in the proximal direction PD, the
cone-shaped wedge portions 3156 causes the corresponding
radially extendable portions 3120 to expand radially outward
and lock the ball-shaped member 3116 within the socket
3034. Various trigger and locking arrangements (not shown)
in the handle may be employed to selectively move the actua-
tion member in the proximal PD and distal DD directions and
lock the member in position to retain the ball-shaped member
3116 in a expanded/locked condition.

[0223] To use this embodiment, the clinician positions the
tool assembly 100 in the patient and then applies an articula-
tion force to the tool assembly with another surgical instru-
ment or by bringing the tool assembly 100 into contact with a
portion of the patient to articulate the tool assembly to a
desired position before drawing the actuation member 3150
in the proximal direction PD. After the tool assembly 100 has
been articulated to the desired position, the clinician draws
the actuation member 3150 in the proximal direction to cause
the radially extendable portions 3120 to extend radially out-
wardly and lock the ball-shaped member 3116 in that orien-
tation within the socket 3034 to thereby retain the distal spine
segment 3030 (and the tool assembly 100 attached thereto) in
that articulated position. Such system employs a “passive”
articulation technique.

[0224] FIGS. 68-70 illustrate another lockable articulation
joint 3200 of various embodiments of the present invention.
As can be seen in those Figures, various embodiments may
include a proximal spine segment 3210 that extends from the
handle assembly (not shown) and may be supported thereby
in any one of a number of known arrangements without
departing from the spirit and scope of the present invention.
The proximal spine segment 3210 may have a distal end 3012
that has a plurality of radially contractable portions in the
form of, for example, flexible socket fingers 3214 that define
a socket 3216 therein. As can also be seen in these FIG. 68, a
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ball-shaped member 3310 may be formed on a proximal end
3312 of a distal spine segment 3300. The ball-shaped member
3310 may be formed on the end of a neck portion 3308 sized
to be received in a socket 3216 formed by the socket fingers
3214. The ball-shaped member 3310 and socket 3216 collec-
tively form a ball joint, generally designated as 3320, that
affords the distal spine segment 3300 with the ability to
articulate in multiple directions relative to the proximal spine
segment 3210. A sufficient amount of clearance 3002 may be
provided between the proximal end 3304 of the distal spine
segment 3300 and the distal end 3212 of the proximal spine
segment 3210 to enable the distal spine segment 3300 to
articulate in a desired range of motion relative to the proximal
spine segment 3210. In various embodiments, the distal spine
segment 3300 may be attached to the channel assembly (not
shown) to which the anvil (not shown) is pivotally attached. In
addition, a hollow passage 3306 may be provided through the
ball-shaped member 3310 and a neck portion 3308 to facili-
tate passage of cables or other actuation instruments/compo-
nents therethrough.

[0225] As can also be seen in FIGS. 68-70, this embodi-
ment may also include a closure ring 3400 that is selectively
slidably and axially movable on the proximal spine segment
3210 in the proximal and distal directions. The various sys-
tems and components described above may be employed to
selectively move the closure ring 3400 in the distal and proxi-
mal directions. As can be most particularly seen in FIG. 68,
the socket fingers 3214 have a sloped or tapered end surface
3215 to enable the distal end portion 3402 of the closure ring
3400 to slide thereupon and cause the closure fingers to 3214
to close upon the ball-shaped member 3310 and lock it in
position.

[0226] To use this embodiment, the clinician positions the
tool assembly 100 in the patient and then applies an articula-
tion force to the tool assembly with another surgical instru-
ment or by bringing the tool assembly 100 into contact with a
portion of the patient to articulate the tool assembly to a
desired position before advancing the closure ring 3400 dis-
tally. After the tool assembly 100 has been articulated to the
desired position, the clinician advances the closure ring 3400
distally to cause the closure fingers 3214 to closure upon the
ball-shaped member 3310 and lock the ball-shaped member
3310 in that orientation within the socket 3216 to thereby
retain the distal spine segment 3300 (and the tool assembly
100 attached thereto) in that articulated position. Such system
employs a “passive” articulation technique.

[0227] FIG. 71 illustrates another passive articulation joint
3500 of various embodiments of the present invention. As can
be seen in those Figures, various embodiments may include a
proximal spine segment 3510 that extends from the handle
assembly (not shown) and may be supported thereby in any
one of a number of known arrangements without departing
from the spirit and scope of the present invention. The proxi-
mal spine segment 3510 may have a distal end 3512 that has
a socket 3514 therein. As can also be seen in FIG. 71, a
ball-shaped member 3530 is formed on a neck portion 3532
formed on the proximal end 3522 of a distal spine segment
3520. The ball-shaped member 3530 and socket 3514 collec-
tively form a ball joint, generally designated as 3540, that
affords the distal spine segment 3520 with the ability to
articulate in multiple directions relative to the proximal spine
segment 3510. In alternative embodiments, the socket may be
formed in the distal spine segment and the ball-shaped mem-
ber may be formed in the proximal spine segment. A sufficient
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amount of clearance 3542 may be provided between the
proximal end 3522 of the distal spine segment 3520 and the
distal end 3512 of the proximal spine segment 3510 to enable
the distal spine segment 3520 to articulate in a desired range
of motion relative to the proximal spine segment 3510. In
various embodiments, the distal spine segment 3520 is
attached to the channel assembly (not shown) to which the
anvil (not shown) is pivotally attached.

[0228] As can be further seen in FIG. 71, the proximal
facing face 3532 of the ball-shaped member 3530 has a plu-
rality of detents 3534 formed therein. A locking pin 3550 is
operably supported within the proximal spine segment 3510
and is oriented for engagement with the detents 3534. The
locking pin 3550 may be spring biased toward the proximal
facing face 3532 of the ball-shaped member 3530 such that as
the distal spine segment 3520 is articulated relative to the
proximal spine segment 3510, the locking pin snaps into a
corresponding one of the detents 3534 to retain the distal
spine segment 3520 in that position.

[0229] To use this embodiment, the clinician positions the
tool assembly 100 in the patient and then applies an articula-
tion force to the tool assembly with another surgical instru-
ment or by bringing the tool assembly 100 into contact with a
portion of the patient to articulate the tool assembly to a
desired position or another surgical tool may be used to apply
an articulation force to the tool assembly to cause the tool
assembly 100 to move to a desired direction. As the tool
assembly is articulated, the distal end 3552 of the locking pin
will snap into and out of detents 3534 until the desired articu-
lation position is achieved. Such system employs a “passive”
articulation technique.

[0230] FIG. 72 illustrates another passive articulation joint
3600 of various embodiments of the present invention that is
somewhat similar to the articulation joint 3500 described
above except for the differences discussed below. In this
embodiment for example, the ball-shaped member 3630 may
be formed on a neck portion 3632 that protrudes distally from
the proximal spine segment 3610. The proximal spine seg-
ment 3610 may extend from the handle assembly (not shown)
and may be supported thereby in any one of a number of
known arrangements without departing from the spirit and
scope of the present invention. The distal spine segment 3620
has a socket 3624 therein. The ball-shaped member 3630 and
socket 3622 collectively form a ball joint, generally desig-
nated as 3650 that affords the distal spine segment 3620 the
ability to articulate in multiple directions relative to the proxi-
mal spine segment 3610. A sufficient amount of clearance
3642 is provided between the proximal end 3622 of the distal
spine segment 3620 and the distal end 3612 of the proximal
spine segment 3610 to enable the distal spine segment 3620 to
articulate in a desired range of motion relative to the proximal
spine segment 3610. In various embodiments, the distal spine
segment 3620 is attached to the channel assembly (not
shown) to which the anvil (not shown) is pivotally attached.
[0231] As can be further seen in FIG. 72, a portion 3638 of
the socket face 3636 may have a plurality of detents 3639
formed therein. A locking pin 3660 is operably supported
within the proximal spine segment 3610 and is oriented for
engagement with the detents 3639. The locking pin 3660 may
be spring biased toward the face 3636 such that as the distal
spine segment 3620 is articulated relative to the proximal
spine segment 3610, the locking pin 3660 snaps into a corre-
sponding one of the detents 3639 to retain the distal spine
segment 3620 in that position.
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[0232] To use this embodiment, the clinician positions the
tool assembly 100 in the patient and then applies an articula-
tion force to the tool assembly with another surgical instru-
ment or by bringing the tool assembly 100 into contact with a
portion of the patient to articulate the tool assembly to a
desired position or another surgical tool may be used to apply
an articulation force to the tool assembly to cause the tool
assembly 100 to move to a desired direction. As the tool
assembly is articulated, the distal end 3662 of the locking pin
3660 will snap into and out of detents 3639 until the desired
articulation position is achieved. Such system employs a
“passive” articulation technique.

[0233] Various surgical stapling instrument embodiments
of the present invention may be designed to accommodate
tool assemblies that are designed to be discarded after a single
use. After the stapling operation is completed, the tool assem-
bly is discarded and the instrument may be re-sterilized in
preparation for another operation. In such applications, it is
often desirable, therefore, to employ a joint arrangement that
facilitates quick attachment and detachment of the tool
assembly to the instrument. FIGS. 73-83 illustrate a surgical
instrument 4000 that is constructed for use in connection a
surgical tool assembly 100" that can perform a surgical
action. In various embodiments, the tool assembly 100" is
constructed to cut and staple tissue my means of the cable-
powered dynamic clamping member/knife arrangement
described above. In other embodiments, different drive
arrangements may be employed to drive the dynamic clamp-
ing member/knife through the elongate channel portion of the
tool assembly 100".

[0234] Insomeembodiments, the tool assembly 100" com-
prises a portion of a disposable reload unit 4002. In other
embodiments, the tool assembly 100" may be permanently
attached to the other portions of the instrument 4000 and
capable of reuse in connection with staple cartridge assem-
blies. The disposable reload unit 4002 may further include a
connector segment 4004 for coupling the disposable reload
unit 4002 to the instrument 4000. In various embodiments,
the tool assembly 100" may be articulatable relative to the
connector portion 4004 by means of an articulation joint
4006.

[0235] As can be most particularly see in FIG. 73A, one
tool assembly 100" embodiment may include an elongate
channel assembly 4012 that has an anvil assembly 4020 piv-
otally coupled thereto. For example, in one embodiment, the
anvil assembly 4020 may have a pair of trunnions 4022 that
are adapted to be received in corresponding slots 4014 in the
walls of the elongate channel assembly 4012 as shown. The
anvil assembly 4020 may be formed with an anvil closure tab
4026 on a proximal end 4024 thereof for selective contact by
a closure ring 4030. The non-rotating closure ring 4030 is
keyed to the elongate channel assembly 4012 and/or anvil
assembly 4020 such that the closure ring 4030 cannot rotate
relative to the elongate channel 4012. A tab clearance opening
4032 may be provided through the closure ring 4030 to
receive the anvil closure tab 4026 when the anvil assembly
4020 is in the closed (clamped) position. A series of internal
threads 4036 may be provided in the proximal end 4034 of the
non-rotating closure ring 4030 for threadably receiving a
threaded distal end 4042 of a distal closure tube segment
4040. As will be discussed in further detail below, as the distal
closure tube segment 4040 is rotated, the closure ring 4030 is
driven axially in the distal direction DD. As the closure ring
4030 moves in the distal direction DD, it rides up a ramp 4021
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on the proximal end of anvil assembly 4020 to cause the anvil
assembly 4020 to pivot to a closed position. Such arrange-
ment represents a vast improvement over prior arrangements
wherein the closure ring is pulled by a cable in the distal
direction.

[0236] The surgical instrument 4000 may further include
an elongate closure tube assembly 5000 that houses a variety
of components and which is operably attached to a handle
assembly as will be discussed in further detail below. In
various embodiments of the present invention, the closure
tube assembly 5000 may comprise an intermediate closure
tube segment 5001 and a proximal closure tube segment
5020. In some embodiments, the tool assembly 100" may be
coupled to the intermediate closure tube segment 5001 of
closure tube assembly 5000 by an articulation joint 4006 that
facilitates travel of the tool assembly 100" relative to the
closure tube assembly 5000 about two axes UA-UA and OA-
OA that are substantially orthogonal to each other as will be
discussed in further detail below. Also, various embodiments
may include a means for actively controlling the pivotal travel
of'the tool assembly 100" as well as having the capability of
passive articulation while also having the ability to lock the
tool assembly in the desired articulated position. These
unique and novel features and advantages will become further
apparent as the present Detailed Description proceeds.

[0237] Invarious embodiments, for example, the distal clo-
sure tube segment 4040 may be formed with a pair of opposed
universal pivot arms 4046 that protrude in the proximal direc-
tion therefrom. The distal end 5002 of the intermediate clo-
sure tube segment 5001 may be formed with two opposing
fastener arms 5004, 5006 that protrude distally therefrom.
See FIGS. 73A and 74B. Fastener arm 5004 has a pivot hole
5008 therethrough and fastener arm 5006 has a pivot hole
5010 that is substantially coaxially aligned with the pivothole
5008 to define the universal pivot axis UA-UA. Positioned
between the fastener arms 5004 and 5006 is a universal ring
4070 that has two pairs of pins 4072, 4074 protruding there-
from wherein each pin may be spaced ninety degrees from
each other about the circumference of the universal ring 4070
(one pin 4074 is shown in dashed lines in FIGS. 73A and
74A). As shown in FIG. 73A, one pin 4072 is pivotally
received in upper pivot hole 5008 in the fastener arm 5004 and
the other pin 4072 is pivotally received in the lower pivot hole
5010 in the fastener arm 5006. Such arrangement enables the
universal ring 4070 to pivot about the universal axis UA-UA
relative to the closure tube assembly 5000. Each of the
opposed universal pivot arms 4046 protruding from the distal
closure tube 4040 has a hole 4047 therein to pivotally receive
a corresponding one of the pins 4074 therein to enable the
distal closure tube 4040 to pivot relative to the universal ring
4070 and closure tube assembly 5000 about an orthogonal
axis OA-OA (shown in FIG. 75) in a first pivotal direction
represented by arrow FD in FIG. 73A and second pivotal
direction represented by arrow SD in FIG. 73A. Axis UA-UA
and OA-OA may be substantially orthogonal to each other.

[0238] Thus, the person of ordinary skill in the art will
appreciate that the above-described universal ring 4070
arrangement facilitates the articulation of the distal closure
tube 4040 and ultimately tool assembly 100" which is
attached thereto about multiple axes UA-UA and OA-OA
relative to the closure tube assembly 5000. In addition, as will
be further described below, in various embodiments, the clo-
sure tube assembly 5000 may be rotatably supported by the
handle assembly such that it may be rotated around the shaft
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axis C-C. Because the tool assembly 100" is affixed to the
closure tube assembly 5000 (through the articulation joint
4006), the tool assembly 100" is also rotated therewith. Such
arrangement, therefore, provides a tool assembly 100" that
may have a cable driven knife assembly therein and a non-
cable driven anvil closure arrangement with the ability to be
articulated about several axes.

[0239] As can also be seen in FIGS. 73A and 74A, this
embodiment may further include a distal spine segment 4050
that may have an annular retaining flange 4052 formed
thereon that is received in a locating groove 4044 in the distal
closure tube 4040. In various embodiments, the articulation
joint 4006 may also include an articulation joint locking
assembly, generally designated as 4007, which facilitates the
locking of the articulation joint 4006 after the tool assembly
100" has been articulated to a desired orientation. Such lock-
ing assembly 4007 may include a ball-shaped member 4060
that is formed on a neck portion 4054 of the distal spine
segment 4050. The locking assembly 4007 may further
include a serrated socket member 5030 that is formed on the
distal end 5022 of an intermediate spine segment 5020
located in a connector segment 4004. Serrated socket member
5030 may comprise a plurality of radially contractable fingers
5032 that define a socket 5034 therebetween in which the
ball-shaped member 4060 may articulate in multiple direc-
tions. The serrated socket member 5030 is mounted within
the universal ring 4070.

[0240] Invarious embodiments, a socket locking tube 5080
may be coaxially received on the disposable spine segment
5020 such that it is axially movable relative thereto as will be
discussed in further detail below. The distal end 5082 of the
locking tube 5080 may be tapered for selective axial contact
with the serrated socket member 5030 as the locking tube
5080 is axially advanced in the distal direction DD to cause
the serrated fingers 5032 to radially contract and close around
the ball-shaped member 4060 to lock the distal spine segment
4050 (and tool assembly 100") in position relative to the
elongate closure tube assembly 5000.

[0241] The surgical instrument 4000 of various embodi-
ments of the present invention may further include an active
articulation system generally designated as 5090 for actively
applying articulation motions to the distal spine segment
4050. In various embodiments, for example, the active articu-
lation system 5090 may include four articulating wires 5092
that may be fabricated from spring steel or the like and be
sufficiently stiff to transfer a compression force applied to a
proximal end portion thereof without collapsing. The wires
5092 may be spaced around the serrated socket 5030 at ninety
degree intervals from each other and be received within cor-
responding grooves 5033 in the outer surface of the corre-
sponding radially contractable fingers 5032. The distal end
5094 of each wire 5092 may be attached to the neck portion
4054 of the distal spine segment 4050 and the proximal ends
5096 of each wire 5092 may be attached to a hub portion 5102
of a distal wire mount 5100 received within the closure tube
5000 as shown in FIG. 73B. As will be discussed in further
detail below, the distal spine segment 4050 (and tool assem-
bly 100" attached thereto) may be actively articulated by
pulling and pushing the wires 5092.

[0242] Also in various embodiments, the proximal facing
portion of ball-shaped member 4060 may have a substantially
conical shaped cavity 4062 therein to accommodate one or
more knife actuation cables 5040 that are attached to a
dynamic clamping member (not shown) and/or knife (not
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shown) mounted within the disposable tool assembly 100".
The proximal end 5042 (FIG. 73A) of the cable 5040 may be
attached to a knife nut 5050 that is threadably journaled on a
knife screw 5060. As can be seen in FIGS. 73A and 75, the
knife nut 5050 has a pair of laterally protruding tabs 5052 that
are axially received in corresponding axially extending slots
5024 in the disposable spine segment 5020. The person of
ordinary skill in the art will appreciate that such arrangement
permits the knife nut 5050 to move axially in the proximal
direction PD or distal direction DD as the knife screw 5060 is
rotated.

[0243] As indicated above, the disposable reload unit 4002
in various embodiments may be constructed to be disposable
after one use. To facilitate quick detachment of a reload unit
4002 and reattachment of a new reload unit 4002 without the
use of tools, a quick disconnect joint 4008 may be employed.
As used herein, the term “quick disconnect” refers to the
ability to detach one component from another component
without the use of tools. The operation and construction of
various embodiments of the quick disconnect joint 4008 may
be understood from reference to FIGS. 73B, 74B, and 76. As
can be seen in FIGS. 73B and 74B, the closure tube assembly
5000 comprises an intermediate closure tube segment 5001
and a proximal closure tube segment 5020. As can be seen in
FIGS. 73B and 76, the proximal end of the intermediate
closure tube segment 5001 has a series of radial gear teeth
5003 formed thereon for meshing engagement with gear teeth
5124 (not shown in FIG. 76) on a distal end 5122 of a proxi-
mal closure tube segment 5120 (not shown in FIG. 76) when
the disposable reload unit 4002 is attached the proximal clo-
sure tube segment 5120.

[0244] To support the removable interconnection between
the disposable reload unit 4002 and the proximal closure tube
segment 5120, a connection spider 5150 may be employed.
The connection spider 5150 may be partially received within
the proximal end of the intermediate closure tube segment
5001 and protrude therefrom such that when the intermediate
closure tube segment 5001 is coupled to the proximal closure
tube segment 5120, a portion of the connection spider 5150
protrudes into the distal end 5122 of the proximal closure tube
segment 5120. In various embodiments, the connection spi-
der may be pinned within the proximal end of the intermedi-
ate closure tube segment 5001 by a pin 5151, adhesive or
other suitable fastener arrangements. See FI1G. 76.

[0245] In various embodiments, the connection spider
5150 may also be journaled on a disposable spine segment
5020 and configured to receive corresponding actuator bars
5104 that protrude from a distal wire mount 5100. The proxi-
mal end 5106 of each actuator bar 5104 may contain a tapered
detent to facilitate interconnection with a plurality of proxi-
mal wire connector members 5160. In one embodiment for
example, four proximal wire connector members are
employed. The plurality of actuator bars 5104 may be pro-
vided with a detent 5108 for receiving a corresponding con-
nector ball 5164 mounted within tapered bore detent 5162 in
each of the proximal wire connectors 5160. See FIGS. 73B
and 77. Thus, four connector balls 5164 are employed—one
for each proximal wire connector 5160. As can also be seen in
FIGS. 73B, 78, and 79, the proximal end 5021 of the dispos-
able spine segment 5020 has a proximally extending connec-
tion portion 5023 that may have an internal collar portion
5025 formed therein to support a proximal end portion 5062
of'the knife screw 5060. In addition, the proximally extending
connection portion 5023 may have an external spine key 5026
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formed thereon for receipt in akey slot 5206 formed in a distal
end 5202 of the proximal spine segment 5200. The proximal
end 5062 of the knife screw 5060 may be supported in a
bearing 5064 and have a splined drive portion 5066 for non-
rotatable receipt in a spline drive cavity 5224 in the distal end
5222 of a knife drive shaft 5220. See FIG. 78

[0246] Turning nextto FIGS. 74A and 74B, the attachment
of the locking tube 5080 may be understood. As can be seen
in FIG. 74A, the locking tube 5080 a pair of brake actuator
arms 5084 protrude proximally therefrom. FIG. 74B is a
cross-section that is rotated approximately 45 degrees from
the cross-section shown in FIG. 73B. As can be seen in FIG.
74B, each brake actuator arm 5084 has a detent 5085 formed
therein for receiving connector balls 5168 mounted within
tapered bore detents 5166 in a corresponding proximal brake
actuator arm 5300. See FIGS. 74B and 77. To provide the
brake actuator arm 5084 with sliding lateral support, each
brake actuator arm 5084 may be slidably received in a corre-
sponding groove 5027 in the disposeable spine segment 5020.
See FIGS. 75 and 76.

[0247] As can also be seen in FIG. 73B, an outer proximal
spine segment 5400 may be received within the proximal
closure tube 5120 and cooperates therewith to define a spring
cavity 5402 for receiving a closure tube spring 5410 therein.
The proximal end 5126 of the proximal closure tube segment
5120 may have an enlarged knob portion 5128 thereon to
facilitate the application of control motions thereto by the
clinician. A pocket 5130 may be formed in the knob portion
5128 forreceiving a clip ring 5132 therein that is affixed to the
outer proximal spine segment 5400. Thus, the closure tube
spring 5410 serves to bias the proximal closure tube segment
5120 into meshing engagement with the disposable closure
tube segment 5000. As can be seen in FIGS. 73B and 78, the
distal end 5122 of the proximal closure tube segment 5120
has a larger internal diameter 5123 that has a tapered surface
5125 To disengage the tool assembly 100" from the instru-
ment 4000, the clinician draws the knob 5128 in the proximal
direction PD against the force of the spring 5410 until the
larger internal diameter portion 5123 is oriented in registra-
tion with the connector balls 5164 to enable the connector
balls 5164 to move out of engagement with the detents 5108
in the proximal ends 5106 of the actuator bars 5104 of the
distal wire mount 5100 when the user applies a removal force
to the tool assembly 100" pulling it in the distal direction DD.

[0248] FIGS. 78-81 illustrate the attachment of a dispos-
able reload unit 4002 to the instrument portion 4000. With
particular reference to FIG. 78, the clinician orients the unit
4002 such that the spline portion 5066 of the knife screw 5060
is aligned with the internal spline cavity 5224 in the knife
drive shaft 5220 and inserts the proximal end of the spline
drive portion 5066 therein. See FIG. 79. Thereafter, the cli-
nician aligns the spine key 5026 on the proximal end 5021 of
the disposable spine segment with the key slot 5206 in the
proximal spine segment 5200. See FIGS. 79 and 80. The
clinician then continues to insert the proximal end 5106 into
the area 5161 between the four proximal wire connectors
5160 and the proximal spine segment 5200. See FIG. 80. The
clinician may then move the closure knob 5128 in the proxi-
mal direction to enable the connector balls 5164 to move
radially outward as the proximal ends 5106 of the actuator
bars 5104 are pushed proximally into position. The clinician
then releases the knob 5128 to permit the proximal closure
tube 5120 to move distally locking the connector balls 5164 in
the detents 5108 in the actuator bars 5104 of the distal wire
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mount 5100 to affix the four proximal wire connectors 5160
to the distal wire mount 5100 and also lock the connector balls
5168 in the detents 5085 in the brake actuator arms 5084. In
addition, the radial gears 5003, 5124 are retained in meshing
engagement with each other.

[0249] FIGS. 82-84 depict one embodiment that may be
used to articulate the tool assembly 100" relative to the con-
nector segment 4004 and provide actuation thereto. As can be
seen in FIG. 82, the instrument 4000 may further include a
handle assembly 5500 that may be formed from two housing
sections 5510 (only one housing section 5510 is shown in
FIG. 82) that may be connected together by screws, snaps,
adhesive, etc. In various embodiments, the handle assembly
5500 may take the form of a “pistol-grip” type housing with
a hand grip portion 5512. As can be seen in FIG. 82, an
attachment flange 5404 may be formed on the proximal end of
the outer proximal spine segment 5400 for affixing the outer
proximal spine segment 5400 to the handle assembly 5500.
The flange 5404 may be attached to the handle housing 5500
by adhesive or other mechanical fastener arrangements,
screws, snaps, slots, etc. Likewise, the proximal end 5204 of
the proximal spine segment 5200 may have a flange 5210 for
affixing the proximal spine segment 5200 to the handle
assembly 5500. The flange 5210 may be attached to the
handle housing 5500 by adhesive or other mechanical fas-
tener arrangements, screws, snaps, slots, etc.

[0250] In various embodiments, the active articulation sys-
tem 5090 may further comprise an articulation control sys-
tem, generally designated as 5600, that is operably supported
by the handle assembly 5500 and interfaces with the articu-
lation wires 5092. As can be seen in FIG. 82, articulation
control system 5600 may comprise a joy stick assembly 5602
to which the proximal ends 5170 of each of the proximal wire
connectors 5160 are pivotally connected. In one embodiment,
for example, a joy stick assembly 5602 may include an articu-
lation ball 5610 that is rotatably supported in a socket 5520 in
the handle assembly 5500. In various embodiments, each
proximal end 5170 ofthe proximal wire connectors 5160 may
have a spherical ball bearing 5172 supported thereon to
receiving a bearing mount pin 5612 to attach the proximal
wire connectors 5160 to the articulation ball 5610. Other
fastener arrangements could also be employed however. In
addition, an articulation knob 5620 may be attached to the
articulation ball 5610.

[0251] Thus, to articulate the tool assembly 100" relative to
the connector segment 4004, the clinician can grasp the hand
grip portion 5512 in one hand and the articulation knob 5620
in the other hand. By manipulating the articulation knob
5620, the clinician can apply articulation motions to the distal
wire mount 5100 and ultimately to the four articulation wires
5092 attached thereto which, in turn, impart the articulation
motion to the distal spine segment 4050 which will cause the
tool assembly 100" to articulate relative to the connector
segment 4004 of the disposable reload unit 4002. Thus, the
clinician can effectively steer the tool assembly 100" through
use of the joy stick assembly 5602.

[0252] The position of the tool assembly 100" may be
locked in position by a brake control system generally desig-
nated as 5640. As can be seen in FIGS. 82 and 84, a brake
control system 5640 may include a driver disc 5642 that is
movably journaled on the knife drive shaft 5220 for selective
axial movement therealong without impeding the rotation of
the knife drive shaft 5220. As can be seen in FIG. 84, each
proximal brake actuator arm 5300 has a proximal end 5302
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that is affixed to the drive disc 5642. A brake yoke 5650 may
be coupled to the driver disc 5642 by a pair of pins 5643 that
protrude into circumferentially extending groove 5644
formed in the driver disc 5642. The brake yoke 5650 may be
pivotally supported by the housing assembly 5500 on a brake
yoke pivot pin 5652. As can be seen in FIG. 84, in various
embodiments, a brake trigger 5654 is formed on the lower
portion of the brake yoke 5650. The brake trigger 5654 may
have a lock arm 5656 protruding therefrom into an opening
5506 in the housing assembly 5500. A lower portion of the
lock arm 5656 may have lock teeth 5658 formed thereon to
engage a locking wall portion 5508 of the housing assembly
5500.

[0253] Various embodiments of the present invention may
also employ a brake release mechanism 5660 for locking and
unlocking the brake trigger 5654. As can be seen in FIG. 84,
one form of a release mechanism 5660 may include a locking
button 5662 that has a release button portion 5664 and is
movably supported by the handle assembly 5500 in the posi-
tion illustrated in FIG. 84. As can be seen in that Figure, the
locking button 5664 may have a conical shaped end portion
5666 that has a neck that extends to a conical portion (not
shown) of the release button portion 5664. When the clinician
pushes the release button portion 5664 in a first direction, the
conical portion 5666 contacts the lock arm 5656 and lifts it
out of engagement with the locking wall portion 5508 to
thereby enable the trigger 5654 to pivot. A spring (not shown)
could be used to retain the locking button 5662 in the locked
position. Once the trigger 5654 is pivoted to the desired
position, the user simply pushes the release portion 5664 in an
opposite direction to move the conical portion 5666 out of
engagement with the lock arm 5656 to permit it to engage the
locking wall portion 5508 once again. Thus, once the clini-
cian has articulated the tool assembly 100" to the desired
position, the clinician squeezes the brake trigger 5654 toward
the handle assembly 5500. Such action causes the brake yoke
5650 and the driver disc 5642 to move the brake arms 5300 in
the distal direction DD which drives the locking tube 5080 in
the distal direction DD to lock the fingers 5032 around the
ball-shaped member 4060. Once the fingers 5032 have been
locked around the ball-shaped member 4060, the clinician
can push the locking button in a direction which permits one
of the teeth 5658 on the locking arm 5656 to engage the
locking wall portion 5508 and retain the brake release mecha-
nism in the locked position. When the clinician desires to
unlock the tool assembly 100" and perhaps rearticulate it, the
clinician simply pushes the locking trigger release button
portion to permit the trigger 5654 to be pivoted away from the
handle assembly 5500 and thereby move the brake arms 5300
proximally.

[0254] In various embodiments of the present invention,
rotational motion may be applied to the knife drive shaft 5220
by means of a drive system generally designated as 5700. As
can be seen in FIGS. 82 and 83, in one embodiment, the drive
system 5700 may include a firing handle 5702 that is pivotally
or otherwise actuatably coupled to the handle assembly 5500.
In one embodiment for example, the firing handle 5702 may
be pivotably attached to the handle assembly 5500 by a pivot
pin 5704. Attached to the firing handle is a firing gear 5706
that is oriented to pivot with the firing handle 5702. The firing
gear 5706 may be in meshing engagement with a ratchet drive
gear 5708 that is mounted to a ratchet drive shaft 5710.
Ratchet drive shaft 5710 may be attached to a ratchet clutch
assembly 5720.
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[0255] In various embodiments, a ratchet clutch assembly
5720 may include a first clutch plate 5722 that is attached to
the ratchet shaft 5710 and which is in meshing engagement
with a second ratchet clutch plate 5724 that is mounted to an
output shaft 5726. The second clutch plate 5724 may be
biased into meshing engagement with the first clutch plate
5722, by ratchet spring 5730. A ratchet output gear 5740 may
be attached to the ratchet output shaft 5726 which is arranged
for meshing engagement with a drive gear 5750 mounted to a
bevel drive shaft 5752. An input bevel gear 5760 may be
mounted on the bevel drive shaft 5752 and be in meshing
engagement with an output bevel gear 5770 that is mounted to
an output shaft 5780. An output gear 5782 is mounted to the
output shaft 5780 and is in meshing engagement with a knife
drive gear 5790 attached to the proximal end 5226 of the knife
drive shaft 5220.

[0256] Thus, to rotate the knife drive shaft 5220 and drive
the knife nut 5050 in the proximal direction PD and actuate
the dynamic clamping assembly (not shown) and knife
arrangement (not shown) by means of the knife actuation
cables 5040, the clinician grasps the handle assembly and
ratchets the firing handle 5702 back and forth toward the grip
portion 5512. Movement of the firing handle 5512 in that
manner will cause the drive system 5700 to impart a rotary
motion to the knife drive shaft 5220 and ultimately to the
knife screw 5060 to cause the knife nut 5050 to move in the
proximal direction. After the firing sequence has been com-
pleted, the clinician can detach the reload unit 4002 and
reattach another reload unit and repeat the process. In alter-
native embodiments, the knife drive shaft may be rotated by
means of amotor and planetary gear drive. The motors may be
battery powered or powered with alternating current. Other
drive arrangements could also be employed.

[0257] FIGS. 85-89 illustrate another surgical instrument
embodiment 6000 that employs an active or controllable
articulation joint arrangement 6010. As can be seen in FIGS.
85 and 86, one embodiment may employ a closure tube 6020
of the type and construction described above. The closure
tube 6020 has a proximal end (not shown) that may interface
with various closure tube control mechanisms supported by
the handle assembly for providing actuation forces thereto.
The closure tube 6020 may also interface with one of the
various tool assemblies described above to apply opening or
opening and closing forces to the anvil assembly thereof. Also
in this embodiment, a spine member 6030 may extend from
the handle assembly (not shown) through the closure tube
6020. Again, the proximal end (not shown) of the spine mem-
ber 6030 may be operably supported by the handle assembly
(not shown) in the various manners described above or in
other known manners. In various embodiments, the distal end
6032 of the spine member 6030 may be formed with a top
spine arm 6034 and a bottom spine arm 6036 that protrude in
the distal direction DD from the distal end 6032 of the spine
member 6030. The top spine arm 6034 has a pivot hole 6037
therethrough and the bottom spine arm 6036 has a pivot hole
6039 thatis substantially coaxially aligned with the pivot hole
6037 along a vertical axis VA-VA.

[0258] The various embodiments may also include a hori-
zontal locking tube 6040 that extends through the spine mem-
ber 6030. The horizontal locking tube 6040 has a proximal
end (not shown) that is supported by the handle assembly (not
shown) and which may interface with an actuation arrange-
ment (not shown) for axially advancing the horizontal locking
tube 6040 axially in the proximal direction PD and distal
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direction DD within the spine member 6030 and for selec-
tively retaining or locking the horizontal locking tube 6040 in
a desired axial position. In addition, the actuation arrange-
ment for the horizontal locking tube 6040 may also employ a
spring or other arrangement for biasing the horizontal locking
tube 6040 in the proximal direction PD after the horizontal
locking tube 6040 has been unlocked. As can be seen in FIG.
86, the horizontal locking tube 6040 has a top or first locking
bar 6042 that has a series of top or first teeth 6044 formed
therein. The horizontal locking bar 6040 further has a bottom
or second locking bar 6046 that has a series of bottom or
second teeth 6048 formed in the distal end thereof.

[0259] Also in these embodiments, a vertical locking tube
6050 may extend through the horizontal locking tube 6040.
The vertical locking tube 6050 has a proximal end (not
shown) that is supported by the handle assembly (not shown)
and which may interface with an actuation arrangement (not
shown) for axially advancing the vertical locking tube 6050
axially in the proximal direction PD and distal direction DD
within the horizontal locking tube 6040 and for selectively
retaining or locking the vertical locking tube 6050 in a desired
axial position. In addition, the actuation arrangement for the
vertical locking tube 6050 may also employ a spring or other
arrangement for biasing the vertical locking tube 6050 in the
proximal direction PD after the vertical locking tube 6050 has
been unlocked. In various embodiments, for example, the
actuation arrangement employed may be configured to actu-
ate, lock and release the horizontal locking tube 6040 and the
vertical locking tube 6050 in simultaneous motions.

[0260] As canbe seen in FIG. 86, in various embodiments,
for example, the vertical locking tube 6050 has a first vertical
lock tine 6052 and a second vertical lock tine 6054. Various
embodiments may employ a tool assembly of the types
described above that use a cable driven dynamic clamping
member and/or knife arrangement. The vertical locking tube
may have a cable passage 6056 therethrough to accommodate
the drive cables (not shown) that pass from the tool assembly
to the handle assembly.

[0261] In various embodiments, the first and second verti-
cal locking tines 6052, 6054 are oriented for engagement with
a vertical locking block 6060. In one embodiment, for
example, the vertical locking block 6060 may have a first
lateral locking column 6062 that has a series of first lateral
teeth 6064 thereon and a second lateral column 6066 that has
a series of second lateral teeth 6068 thereon. The first lateral
locking column 6062 and the second lateral locking column
6066 are arranged in a spaced apart relation to each other by
anupper or first lateral cross bar 6070 and a bottom or second
lateral cross bar 6072 that are arranged in a spaced apart
relationship to each other to define an actuator-receiving pas-
sage 6074 therebetween. In various embodiments, the vertical
locking block 6060 may be configured for axial travel in the
proximal direction PD and distal direction DD relative to an
articulation member or block 6080 in response to an actuation
motion from the vertical locking tube 6050. The vertical
locking block 6060 may be supported for axial travel toward
and away from the articulation block 6080 by a pair of pins
6076 and 6078 that extend into holes 6077, 6079 in the
vertical lock block 6060 and holes (not shown) in articulation
block 6080.

[0262] As can be seen in FIGS. 85 and 86, the articulation
block 6080 may have a longitudinal passage 6082 there-
through for accommodating the drive cables (not shown). In
addition, a first vertical pin 6084 is received in a hole 6083 in
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the articulation block and protrudes therefrom to be received
in the first pivot hole 6037 in the top or first upper arm 6037
of the spine member 6030. Likewise, a lower pin 6089 pro-
trudes from the bottom surface of the articulation block 6080
to be pivotally received in the bottom or second pivot hole in
the bottom or second arm 6036 of the spine member 6030
such that the articulation block 6080 may selectively pivot
about the vertical axis VA-VA. Also in various embodiments,
a proximal end of an elongate channel assembly 6090 that
may comprise a portion of the tool assembly may have a first
clevis portion or arm 6092 and a second clevis portion or arm
6094 extending in the proximal direction therefrom. The
proximal facing face 6096 of the first clevis arm 6092 has a
first set of horizontal locking teeth 6068 formed thereon for
selective engagement with a corresponding set of second
horizontal locking teeth 6064 on the first lateral locking col-
umn 6062. Likewise, the proximal facing face 6100 of the
second clevis arm 6094 has another set of first horizontal
locking teeth 6102 formed thereon for selective meshing
engagement with another corresponding set of second hori-
zontal locking teeth 6068 on the second lateral locking col-
umn 6062 on the vertical lock block 6060. The first clevis arm
6092 may have a first pivot hole 6093 therethrough that is
adapted to pivotally receive a pivot pin 6110 protruding from
the articulation block 6080 and the second clevis arm 6094
may have a second pivot hole 6095 therethrough for pivotally
receiving a second pivot pin 6112 protruding from the articu-
lation block 6080 such that the channel assembly 6090 may
selectively pivot relative to the articulation block 6080 about
horizontal axis HA-HA.

[0263] AscanalsobeseeninFIG. 86, a first horizontal lock
segment 6120 may be attached or integrally formed on an
upper surface 6081 of the articulation block 6080 and have a
series of first vertical locking teeth 6122 formed therein for
engagement with a corresponding set of second vertical lock-
ing teeth 6044 formed in the top or first horizontal locking bar
6042. Likewise, a second horizontal lock segment 6130 may
be attached to or integrally formed with a bottom surface
6083 of the articulation block 6080 and have another series of
first vertical locking teeth 6132 formed therein for engage-
ment with a corresponding set of second vertical locking teeth
6048 on the second or bottom locking bar 6046.

[0264] To enable the user to actively articulate the tool
assembly (channel assembly 6090) the articulation joint 6010
may be provided with a horizontal actuator bar 6140 and a
vertical actuator bar 6150. The horizontal actuator bar 6140
may be fabricated from plastic material, spring steel, etc., for
example. The distal end 6142 of the horizontal actuator bar
6140 may be formed with a spherical ball bearing arrange-
ment of the type described above and be pinned to or other-
wise attached to the articulation block 6080. The proximal
end (not shown) of the horizontal actuator bar 6140 may be
operably attached to a joy stick assembly of the type
described above operably supported in the handle assembly
orother actuation arrangement for applying pushing and pull-
ing motions to the horizontal actuator bar 6140. As can be
seen in FIGS. 85 and 86, the distal end 6152 of the vertical
actuator bar 6150 may be coupled to an extension block 6097
formed on the second clevis arm 6094. The distal end 6152
may be fixedly attached to the extension block 6097 or have a
spherical ball bearing formed thereon to be pivotally attached
thereto. The proximal end (not shown) of the vertical actuator
bar 6150 may be operably attached to a joy stick assembly of
the type described above operably supported in the handle
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assembly or other actuation arrangement for applying push-
ing and pulling motions to the vertical actuator bar 6150. in
alternative embodiments, either the vertical actuator bar 6150
or the horizontal actuator bar 6140 may be omitted. In those
embodiments, for example, if the horizontal actuator bar
6140 is omitted, the vertical actuator bar 6150 can be
employed to articulate the channel assembly 6090 (and tool
assembly) about the horizontal axis HA-HA and the clinician
can articulate the channel assembly 6090 (and tool assembly)
about the vertical axis by releasing (unlocking) the horizontal
locking tube 6040 and bringing the tool assembly into contact
with a portion of the patient’s body or another surgical instru-
ment to apply a pivoting force to the channel assembly (and
tool assembly) to cause them to pivot about vertical axis
VA-VA until they are positioned in the desired position at
which time the horizontal locking tube 6040 may be advanced
into locking engagement with the horizontal lock members
6120, 6130. Similarly, if the vertical actuator bar is omitted,
the horizontal actuator bar can be employed to articulate the
channel assembly 6090 (and tool assembly) about the vertical
axis VA-VA and the clinician can articulate the channel
assembly 6090 (and tool assembly) about the horizontal axis
HA-HA by releasing (unlocking) the vertical locking tube
6050 and bringing the tool assembly into contact with a
portion of the patient’s body or another surgical instrument to
apply a pivoting force to the channel assembly 6090 (and tool
assembly) to cause them to pivot about horizontal axis HA-
HA until they are positioned in the desired position at which
time the vertical locking tube 6050 may be advanced into
locking engagement with the horizontal locking teeth 6068,
6102 on the channel devises 6092, 6094, respectively.

[0265] FIGS. 90-105 illustrate another surgical instrument
embodiment 7000 of the present invention, that may be dis-
posed of after use. However, the unique and novel features of
these embodiments may be employed in connection with
several of the embodiments discussed above without depart-
ing from the spirit and scope of the present invention. As can
be seen in FIG. 90, the tool assembly 7002 includes an anvil
assembly 7010 that is pivotally coupled to a channel assembly
7020 of the type and construction described above for oper-
ably receiving a staple cartridge 7021 therein. The anvil
assembly 7020 has a proximal end 7012 that has two anvil
trunnions 7014 protruding therefrom that are adapted to be
received within corresponding open ended slots 7024 in the
walls 7022 of the proximal end 7021 of the channel assembly
7020. As can also be seenin FIGS. 90-95, the instrument 7000
may further include a spine member 7030 that has a distal end
7032 that may be attached to the proximal end 7021 of the
channel assembly 7020.

[0266] These embodiments may also employ a closure tube
7040 that may be constructed and operated in any one of the
above-described manners. For example, the distal end 7042
may be constructed for selective axial contact with a proximal
facing ledge 7016 formed in the anvil assembly 7010 such
that as the closure tube 7040 is moved in the distal direction
DD, the distal end 7042 contacts the ledge 7016 and causes
the anvil assembly 7010 to pivot to the closed position (FIGS.
90-92) while the trunnions 7014 are constrained to pivot in
their respective slots 7024 by a trunnion lock bar 7050 as will
be discussed in further detail below. The proximal end (not
shown) of the closure tube 7040 may be supported by actua-
tion components of the type and construction described above
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in the handle assembly (not shown) to selectively control the
axial movement of the closure 7040 in the distal direction DD
and proximal direction PD.

[0267] As can be seen in FIG. 90, the trunnion lock bar
7050 may be slidably supported in an axial slot 7034 provided
in the spine 7030. The proximal end (not shown) of the
trunnion lock bar 7050 may interact with actuation members
in the handle assembly to move the trunnion lock bar 7050 in
the distal direction DD and the proximal direction PD and
selective retain the bar 7050 in those positions. As can be
further seen in FIGS. 92 and 94, the distal end 7052 of the
trunnion lock bar 7050 may have two trunnion retention arms
7054 protruding therefrom.

[0268] FIGS. 90-92 illustrate the trunnion lock bar 7050 in
the locked position wherein the trunnion retention arms 7054
retain the trunnions in their respective open ended slots 7024
in the channel assembly 7020. As can be seen in those Fig-
ures, when in that position, the anvil assembly 7010 may be in
the closed (clamped) position. After the stapling procedure
has been completed (e.g., after the dynamic clamping mem-
ber/knife assembly has been driven from the proximal end
7004 of the tool assembly 7002 to the distal end 7006 of the
tool assembly 7002), the clinician can retract the closure tube
and the trunnion lock bar 7050 in the proximal direction to
permit the trunnions 7014 to popup through the open end
7025 of each slot 7024 as shown in FIG. 95. When the proxi-
mal end 7012 of the anvil assembly 7010 is in the position
illustrated in FIG. 95, the person of ordinary skill in the art
will understand that the tissue that was once clamped between
the anvil assembly 7010 and the staple cartridge 7021 can
now be released therefrom.

[0269] FIGS. 104 and 105 illustrate an alternative surgical
instrument 4000' embodiment that may have portions that are
substantially identical in construction and operation as the
surgical instrument 4000 described above. In the embodiment
depicted in FIGS. 104 and 105, however, the slots 4014' are
opened ended to permit the trunnions 4022' to become disen-
gaged therefrom. As can be seen in FIG. 104, when the
closure ring 4030 has been advanced to its distal-most posi-
tion to close the anvil assembly 4020, the closure ring 4030
also serves to retain the anvil assembly 4020 in the clamped
position by virtue of its bearing on the proximal end portion
4024’ of the anvil assembly 4020'. When the closure ring 4030
is advanced to its proximal-most position as shown in FIG.
105, the trunnions 4022' are free to move out of the open
ended slots 4014' in the elongate channel assembly 4012'.
Surgical instrument 4000' may otherwise operate in an iden-
tical manner as surgical instrument 4000 which was described
in detail above.

[0270] Also in various embodiments, to completely release
the anvil assembly 7010, the anvil assembly 7010 may be
provided with a spring member 7100 that is attached to the
underside 7011 of the anvil assembly 7010 as shown in FIG.
95. As can be seen in that Figure, the dynamic clamping
member 150 which is configured to be driven by one or more
drive cables 7110, 7112 within the elongate channel assembly
7020 by drive cables may be provided with a pin 159 that is
oriented to be slidably received in a slot 7018 in the anvil
assembly 7010. The pin 159 serves to draw the anvil assembly
7010 toward to the elongate channel assembly 7020 as the
dynamic clamping assembly 150 is driven in the distal direc-
tion DD through the elongate channel assembly 7010. As can
be seen in FIG. 95, the distal end 7102 of the spring member
7120 extends downwardly to engage the pin 159 when the
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dynamic clamping assembly 150 has reached its distal-most
position as illustrated in FIG. 95. Thereafter, pulling or oth-
erwise moving the dynamic clamping assembly 150 in the
proximal direction will result in the spring 7102 dislodging
the pin 159 from the slot 7018.

[0271] Various embodiments of a dynamic clamping
assembly 150 are illustrated in FIGS. 96-103. As can be seen
in those Figures, a dynamic clamping member 150 may
include an upper portion 157, a central support or upward
extension 151, and a bottom portion 152 which cooperates to
slidingly retain dynamic clamping member 150 along an
ideal cutting path during longitudinal, distal movement
thereof within the elongate channel assembly 7020. The lead-
ing cutting edge 155, here, knife blade 1554, is dimensioned
to ride within a slot formed in the staple cartridge 7021 and
separate tissue once stapled. It is envisioned that leading edge
155 of the dynamic clamping member 150 may be serrated,
beveled or notched to facilitate tissue cutting. The dynamic
clamping member 150 may be driven by one or more drive
cables 7100, 7112. To facilitate attachment of said drive
cables 7110, 7112, the dynamic clamping assembly 150 may
be provided with attachment apertures 7130 and ledges 7132.
However, other attachment arrangements and drive configu-
rations could be employed.

[0272] Turning to FIG. 96, the upper portion 157 of the
dynamic clamping member is provided with an open ended
slot 7140 for receiving the pin 159 therein. Once the pin 159
contacts the spring 7100, the pin 159 may be forced out of the
open ended slot 7140. The dynamic clamping member
embodiment of FIG. 97 is substantially identical to the
embodiment of FIG. 96, except that the upper portion 157 has
a reinforcement member 7150 formed thereon. In the
embodiment of FIG. 98, an undercut portion 7160 is provided
in the upper portion and the slot 7162 is initially crimped
closed. When the pin 159 contacts the spring 7100, the bottom
portion 7164 forming the slot is permitted to bend downward
to release the pin 159. In the embodiment depicted in FIG. 99,
the slot 7170 supporting the pin 159 is defined by a bendable
flap 7172 that can be bent or deformed to open the slot 7170
to permit the pin to be removed therefrom as illustrated in
FIG. 100. The embodiment depicted in FIG. 101 has a second
slot 7190 that communicates with the first pin slot 7180 that
enables the first pin slot to be opened to a point wherein the
pin can be released therefrom. In the embodiments depicted
in FIGS. 96-101, the pin 159 has a substantially circular
cross-sectional shape. In the embodiment depicted in FIGS.
102 and 103, the pin 159' is provided with lateral wings or
gussets 7200 to provide additional support to the pin 159' and
minimize any likelihood of the pin bending as the dynamic
clamping member 150 is driven through the elongate channel
assembly 7020.

[0273] While several embodiments of the invention have
been described, it should be apparent, however, that various
modifications, alterations and adaptations to those embodi-
ments may occur to persons skilled in the art with the attain-
ment of some or all of the advantages of the invention. For
example, according to various embodiments, a single com-
ponent may be replaced by multiple components, and mul-
tiple components may be replaced by a single component, to
perform a given function or functions. This application is
therefore intended to cover all such modifications, alterations
and adaptations without departing from the scope and spirit of
the disclosed invention as defined by the appended claims.
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[0274] The devices disclosed herein can be designed to be
disposed of after a single use, or they can be designed to be
used multiple times. In either case, however, the device may
be reconditioned for reuse after at least one use. Recondition-
ing may include any combination of the steps of disassembly
of'the device, followed by cleaning or replacement of particu-
lar pieces, and subsequent reassembly. In particular, the
device may be disassembled, and any number of particular
pieces or parts of the device can be selectively replaced or
removed in any combination. Upon cleaning and/or replace-
ment of particular parts, the device may be reassembled for
subsequent use either at a reconditioning facility, or by a
surgical team immediately prior to a surgical procedure.
Those of ordinary skill in the art will appreciate that the
reconditioning of a device may utilize a variety of different
techniques for disassembly, cleaning/replacement, and reas-
sembly. Use of such techniques, and the resulting recondi-
tioned device, are all within the scope of the present applica-
tion.

[0275] Preferably, the invention described herein will be
processed before surgery. First a new or used instrument is
obtained and, if necessary, cleaned. The instrument can then
be sterilized. In one sterilization technique, the instrument is
placed in a closed and sealed container, such as a plastic or
TYVEK® bag. The container and instrument are then placed
in a field of radiation that can penetrate the container, such as
gamma radiation, x-rays, or higher energy electrons. The
radiation kills bacteria on the instrument and in the container.
The sterilized instrument can then be stored in the sterile
container. The sealed container keeps the instrument sterile
until it is opened in the medical facility.

[0276] Any patent, publication, or other disclosure mate-
rial, in whole or in part, that is said to be incorporated by
reference herein is incorporated herein only to the extent that
the incorporated materials does not conflict with existing
definitions, statements, or other disclosure material set forth
in this disclosure. As such, and to the extent necessary, the
disclosure as explicitly set forth herein supersedes any con-
flicting material incorporated herein by reference. Any mate-
rial, or portion thereof, that is said to be incorporated by
reference herein, but which conflicts with existing defini-
tions, statements, or other disclosure material set forth herein
will only be incorporated to the extent that no conflict arises
between that incorporated material and the existing disclo-
sure material.

[0277] The invention which is intended to be protected is
not to be construed as limited to the particular embodiments
disclosed. The embodiments are therefore to be regarded as
illustrative rather than restrictive. Variations and changes may
be made by others without departing from the spirit of the
present invention. Accordingly, it is expressly intended that
all such equivalents, variations and changes which fall within
the spirit and scope of the present invention as defined in the
claims be embraced thereby.

What is claimed is:

1. A cable attachment arrangement for attaching a cable to
a surgical instrument component, said cable attachment
arrangement comprising a slug attached to a portion of said
cable and shaped to be received in a complementary shaped
pocket in the surgical instrument component.

2. The cable attachment arrangement of claim 1 wherein
said slug is attached to said cable by a fastening method
selected from the group of fastening methods consisting of
crimping, swaging, gluing, overmolding, and ultrasonic
welding.
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3. The cable attachment arrangement of claim 1 wherein
said slug is fabricated from a material selected from the group
of materials consisting of lead, copper, brass, stainless steel,
titanium, thermoplastic material, nylon and polycarbonate.

4. The cable attachment arrangement of claim 1 wherein
said pocket is open on at least one side thereof to permit said
slug to be inserted therein.

5. The cable attachment arrangement of claim 1 wherein
said slug is wedge-shaped or conical-shaped.

6. A cable attachment arrangement for attaching a cable to
a surgical instrument component, said cable attachment
arrangement comprising an attachment member compressed
onto said cable, said attachment member having a size and
shape configured to be received in a complementary-shaped
pocket in the surgical instrument component such that as
tension is applied to said cable in a first direction away from
the attachment member, said attachment member is further
compressed onto said cable.

7. A method for attaching a cable to a surgical instrument
component, said method comprising:

positioning an end portion of the cable adjacent another

portion of the cable to form a loop that is sized to receive
at least a portion of the surgical instrument component
therein; and

affixing the end portion of the cable to the another portion

of the cable.

8. The method of claim 7 wherein said affixing comprises
clamping the end portion of the cable to the another portion of
the cable with at least one clamp.

9. The method of claim 7 wherein said affixing comprises
gluing the end portion of the cable to the another portion of
the cable.

10. The method of claim 7 wherein said affixing comprises
melting the end portion to the another portion of the cable.

11. A drive member for driving a movable component of a
surgical instrument, said drive member comprising a cable
fabricated from woven material and having two ends that are
interwoven together to form an endless cable assembly sized
to extend over at least a driven member and at least a portion
of said movable component.

12. The drive member of claim 11 wherein said cable is
fabricated from material selected from the group of materials
consisting of woven wire and woven plastic.

13. The drive member of claim 11 wherein said cable
comprises a plurality of fibers of sufficient number to be
woven in a Chinese finger cuff pattern to join said ends
together.

14. A surgical instrument, comprising:

an elongate channel assembly constructed to operably sup-

port a staple cartridge assembly therein;

a knife assembly oriented for travel within said elongate

channel assembly;

a cable drive system;

a drive cable interfacing with said cable drive system; and

a wedge-shaped slug attached to a portion of said drive

cable and shaped to be received in a complementary
shaped pocket in the knife assembly.

15. A method for processing an instrument for surgery, the
method comprising:

obtaining the surgical instrument of claim 14;

sterilizing the surgical instrument; and

storing the instrument in a sterile container.
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16. A surgical instrument, comprising:

an elongate channel assembly constructed to operably sup-

port a staple cartridge assembly therein;

a knife assembly oriented for travel within said elongate

channel assembly;

a cable drive system; and

a drive cable having a proximal portion interfacing with

said cable drive system, said drive cable further having a
distal end portion oriented adjacent another portion of
said drive cable and affixed thereto to form a loop sized
to receive at least a portion of said knife assembly
therein.

17. The surgical instrument of claim 16 wherein said distal
end portion of said drive cable is affixed to said another
portion of said drive cable by fasteners selected from the
group of fasteners consisting of clamps and adhesive.

18. A method for processing an instrument for surgery, the
method comprising:

obtaining the surgical instrument of claim 16;

sterilizing the surgical instrument; and

storing the instrument in a sterile container.

19. A surgical instrument, comprising:

an elongate channel assembly constructed to operably sup-

port a staple cartridge assembly therein;
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a knife assembly oriented for travel within said elongate
channel assembly, said knife assembly having at least
one protrusion thereon;

a driven pulley; and

an endless drive cable fabricated from woven material and
having two ends that are interwoven together to form an
endless cable assembly sized to extend over said driven
pulley and interface with said knife assembly.

20. The surgical instrument of claim 19 wherein said drive
cable is fabricated from material selected from the group of
material consisting of woven wire and woven plastic.

21. The surgical instrument of claim 20 wherein said cable
comprises a plurality of fibers of sufficient number to be
woven in a Chinese finger cuff pattern to join said ends
together.

22. A method for processing an instrument for surgery, the
method comprising:

obtaining the surgical instrument of claim 19;

sterilizing the surgical instrument; and

storing the instrument in a sterile container.
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