US 20200246063A1

a9y United States

a2y Patent Application Publication o) Pub. No.: US 2020/0246063 A1

Shelton, 1V et al. 43) Pub. Date: Aug. 6, 2020
(54) SURGICAL END EFFECTOR JAW AND A61B 90/10 (2006.01)
ELECTRODE CONFIGURATIONS A61B 34/00 (2006.01)
AG6IB 34/37 (2006.01)
(71) Applicant: Ethicon LLC, Guaynabo, PR (US) (52) U.S. CL
(72) Inventors: Frederick E. Shelton, IV, Hillsboro, cbe (201313?){514;(;;‘;‘5;02 (8(3)10612)’2;15251;82102/?2
OH (US); Jerome R. Morgan, (2016.02); A61B 2018/00988 (2013.01); A61B
Cincinnati, OH (US); Chester O. 34/37 (2016.02); A6IB 2018/1467 (2013.01);
Baxter, Loveland, OH (US); David C. AGIB 2018/126 (2013.01); A61B 2018/1226
Yates, Morrow, OH (US) (2013.01); A61B 34/71 (2016.02)
(22) Filed: Feb. 6, 2020 A surgical end effector may comprise first and second jaw
members. The second jaw member may comprise an offset
Related U.S. Application Data proximal supply electrode that is positioned to contact an
(63) Continuation of application No. 15/392,265, filed on opposin.g member of the ﬁrstj aw member When the first and
Dec. 28, 2016, which is a continuation of application §econd jaw members are in t.he clo.sed position. The second
No. 13 /’5 363 9’3 filed on Tun. 28. 2012. now aban- jaw member may also comprise a distal supply electrode that
doﬁe a o T ’ is positioned distal of the offset proximal electrode and is
’ aligned with a conductive surface of the first jaw member
Publication Classification when the first and second jaw members are in the closed
position. When the first and second jaw members are in the
(51) Int. CL closed position, the proximal supply electrode may be in
A6I1B 18/14 (2006.01) contact with the opposing member and the distal supply
A61B 18/12 (2006.01) electrode is not in contact with the conductive surface of the
A61B 90/50 (2006.01) first jaw member.




Patent Application Publication  Aug. 6,2020 Sheet 1 of 128  US 2020/0246063 A1

g

FIG.



Patent Application Publication  Aug. 6,2020 Sheet 2 of 128  US 2020/0246063 A1

FIG. 2



US 2020/0246063 A1

Aug. 6,2020 Sheet 3 of 128

Patent Application Publication

994G

et (3G

M\.@m
waﬁﬁ 1
lH. QQR @\@co@e
4 ™
N N
e R
T /

5
7
=

.ﬁ_
[t}

{

A\
|

eI

y‘

{




Patent Application Publication  Aug. 6,2020 Sheet 4 of 128  US 2020/0246063 A1




US 2020/0246063 A1

Aug. 6,2020 Sheet 5 of 128

Patent Application Publication

¢ Ol




US 2020/0246063 A1

Aug. 6,2020 Sheet 6 of 128

1IN0 0¥

Patent Application Publication

S
—-— -
~ T

OO0

FOOE
LiNA
108LNGD




Hy 0%

# Lvozog
\vgzog

Patent Application Publication  Aug. 6,2020 Sheet 7 of 128  US 2020/0246063 A1



Patent Application Publication  Aug. 6,2020 Sheet 8 of 128  US 2020/0246063 A1




US 2020/0246063 A1

Aug. 6,2020 Sheet 9 of 128

Patent Application Publication

.I.I“L

DL

Ob "Ol4

~C20%

\\A+v

,N \ ////

YyZ0e-
OP&E\\

Asvk

(=» s

/H

} ? ,//./ /////// ///////

\

»
/// f//
\
Y

QANTERNS

P
892087 Y > qaz0e
. N )
VOZOE~ v9z0$

voioe”

N
1
9 5@\ N

’
[N
TN
N,
,
/!"
7~
e
~

Y
“
Y N
a\\\\/\/ " / AN /f //
AN > SN
N S, NAN
NN \ SN
[ A/J « // I //vm
¥ IS S N N g e e N
N AN AN
/f // f/
//x /wf /k
[ e oo e
» §
N\ f
> §
“
.
(=3 1(+)
e
s —
YLOE-"1 | £l0%
LIND TOMINDGD -1 HOLYENID
/
1401055 /.m@om



Patent Application Publication  Aug. 6,2020 Sheet 10 of 128 US 2020/0246063 A1




Patent Application Publication

Aug. 6,2020 Sheet 11 of 128 US 2020/0246063 A1

314 ——310

s v
B E L
E( T !i l i i
316 | | | 7 |
L3191 '\ )
317 L315
313
FIG., 12
310 —
et

\ \ 320 313
0| O N | 346

AR




Patent Application Publication  Aug. 6,2020 Sheet 12 of 128 US 2020/0246063 A1

FIG. 14



Patent Application Publication  Aug. 6,2020 Sheet 13 of 128 US 2020/0246063 A1

FIG. 15



Aug. 6,2020 Sheet 14 of 128 US 2020/0246063 A1

Patent Application Publication




Aug. 6,2020 Sheet 15 of 128 US 2020/0246063 A1

T
vrer - gy

Patent Application Publication



Aug. 6,2020 Sheet 16 of 128 US 2020/0246063 A1

Patent Application Publication

e
TR

i

ave
VEEE T
4
d b <¢mmu
Npge \ 0z
T
ad?
o 7




Aug. 6,2020 Sheet 17 of 128 US 2020/0246063 A1

Patent Application Publication

0L¥
STA




Aug. 6,2020 Sheet 18 of 128 US 2020/0246063 A1

Patent Application Publication

Oly-

00§ —"

Ol



Patent Application Publication  Aug. 6,2020 Sheet 19 of 128 US 2020/0246063 A1




Patent Application Publication  Aug. 6,2020 Sheet 20 of 128 US 2020/0246063 A1

DD
)
//
304

Al

370

\*350

300 —"
25

FIG.




Aug. 6,2020 Sheet 21 of 128 US 2020/0246063 A1

Patent Application Publication

G-
< ]
(] \
i
AN
)
D)
T
N/
¢ \ 7 T T i P
O L5 1wz’ oo | 80SE 4 A / OL0%-
v \p0Se pzeed \ : /o e | w/ 000s—"
z0se- vpy- |\ “zzas \_ovse
gz’ / ~70G¢

Oamm..\



Patent Application Publication  Aug. 6,2020 Sheet 22 of 128 US 2020/0246063 A1

FIG. 24A




Aug. 6,2020 Sheet 23 of 128 US 2020/0246063 A1

Patent Application Publication

GEGT_
PS>

DLEL——nu

OFALS
Ny

By G —
2 TAS

«m@ .fhw!g

-

,/”\\\. 25

~0Ll0¥%

000%



Aug. 6,2020 Sheet 24 of 128 US 2020/0246063 A1

Patent Application Publication

P P
-7 7
5 7
L 4
o~ ~
P\. Ly
ot ot
/ !
| |
fry [ Y -
“lﬂ&h .‘IL
L o
T v
- by
A )
A\
Ae
2 /m/
= Y

Y09




Aug. 6,2020 Sheet 25 of 128 US 2020/0246063 A1

Patent Application Publication

ﬁwommfumammjﬁa L9098~ Q m, o w miam
BT T i

T I _ i

00




Aug. 6,2020 Sheet 26 of 128 US 2020/0246063 A1

Patent Application Publication

e CO9E

R T as0eg



Aug. 6,2020 Sheet 27 of 128 US 2020/0246063 A1

Patent Application Publication

-008%

08¢



Aug. 6,2020 Sheet 28 of 128 US 2020/0246063 A1

Patent Application Publication

Vee Ol

v

009¢




Aug. 6,2020 Sheet 29 of 128 US 2020/0246063 A1

Patent Application Publication

g4¢e Ol

EN IS~
\ W\Lﬁ / Jnuwuﬁmw,w:

%Qmmq

\\ N -~ “.”rﬁulélyﬂ.vl_ o e e
&y . Ly <] il ﬂf@
. ; N d Lk .
\i\\ 17 \7; . \\uﬁ Ji . FEJ, = 1 [ _

il

Ly




Aug. 6,2020 Sheet 30 of 128 US 2020/0246063 A1

Patent Application Publication

AT~

| ——0g9g
mm@mxuywmme7MwW\
yoog— ]
e S598-) —-979¢
Cooog
//faammm
L9z9¢

ve "Old v
mM@M//
<a_mm@m»a
e ¢M@ML4.
{ N6 <6798
ATOE wr
//w//M 9090 ¥ — 795
% S~ 079g
AN 98T
05 gg f.,....f...g \ ) )
\ A
2y ﬁmm
v _ M “009¢
$Z9¢ | Lozoe
|



Aug. 6,2020 Sheet 31 of 128 US 2020/0246063 A1

Patent Application Publication




Aug. 6,2020 Sheet 32 of 128 US 2020/0246063 A1

Patent Application Publication




Aug. 6,2020 Sheet 33 of 128 US 2020/0246063 A1

Patent Application Publication

¢¥ Ol

Ly Ol

£ 08¢

0¥ "Old



Aug. 6,2020 Sheet 34 of 128 US 2020/0246063 A1

Patent Application Publication




Aug. 6,2020 Sheet 35 of 128 US 2020/0246063 A1

Patent Application Publication

9% "Ol4




Aug. 6,2020 Sheet 36 of 128 US 2020/0246063 A1

Patent Application Publication

LV "Ol4




Aug. 6,2020 Sheet 37 of 128 US 2020/0246063 A1

Patent Application Publication




Aug. 6,2020 Sheet 38 of 128 US 2020/0246063 A1

Patent Application Publication

{

d

o~ 99%2 @.W » @ mnm

. ! /%—/ y ~ i .

LR\ Y \ ,\f

AN T

__/_.___._../._ = .~o\~“~\~

SV VezaaN T 09+Z
LR VS PiTIiing —
SAVEER i
%4%%¢/%% w\\ix%w\

.owwm.\w\\\\.\\ \\M\N\\\\ \“ e . .M.\mw@

@NK\,WAJ /// /MW/@. TRTRTERY %




Aug. 6,2020 Sheet 39 of 128 US 2020/0246063 A1

Patent Application Publication

0¥l @ m

\§\\\
§<\~Q
miw\Q

—
,gm/ —BBET

Ol

1)
Y1l




Aug. 6,2020 Sheet 40 of 128 US 2020/0246063 A1

Patent Application Publication




Aug. 6,2020 Sheet 41 of 128 US 2020/0246063 A1

Patent Application Publication

BEGE




Patent Application Publication  Aug. 6,2020 Sheet 42 of 128 US 2020/0246063 A1

o5

F1G.



Aug. 6,2020 Sheet 43 of 128 US 2020/0246063 A1

Patent Application Publication

P/
/4 7




Aug. 6,2020 Sheet 44 of 128 US 2020/0246063 A1

Patent Application Publication

4G A




Aug. 6,2020 Sheet 45 of 128 US 2020/0246063 A1

Patent Application Publication




Patent Application Publication  Aug. 6,2020 Sheet 46 of 128 US 2020/0246063 A1

g d
f:; 11 -
() o
U NS
L
™
L

FIG.




Aug. 6,2020 Sheet 47 of 128 US 2020/0246063 A1

Patent Application Publication




Aug. 6,2020 Sheet 48 of 128 US 2020/0246063 A1

Patent Application Publication

;,\@« g pd
KL




Aug. 6,2020 Sheet 49 of 128 US 2020/0246063 A1

Patent Application Publication




Aug. 6,2020 Sheet 50 of 128 US 2020/0246063 A1

Patent Application Publication




H209-

~_ 79 9|4

AL S

Aug. 6,2020 Sheet 51 of 128 US 2020/0246063 A1

/.ng

Patent Application Publication



Aug. 6,2020 Sheet 52 of 128 US 2020/0246063 A1

Patent Application Publication

9 "Ol4




Patent Application Publication  Aug. 6,2020 Sheet 53 of 128 US 2020/0246063 A1




Aug. 6,2020 Sheet 54 of 128 US 2020/0246063 A1

Patent Application Publication




Aug. 6,2020 Sheet 55 of 128 US 2020/0246063 A1

Patent Application Publication

89 '0Ol4

S

//WE{@O@

V109

/f{NO@

1//{00@



Aug. 6,2020 Sheet 56 of 128 US 2020/0246063 A1

Patent Application Publication

OL "9l4
09 @m;w mcmﬂmm 509 mmo@,\/_ 8229~ 8209
/ J, 1E_m
U KJ y m}

—

009 ,/xmm@ om@u<mmm <N@wx\ N
009

mom\ﬁWM@ ve9

009




¢L Ol

/ y N, 908 )

mmomJ/
w T

Pl et

J

,, _
\gze Y909 [7mg Y209~
0zZ9 > 005

L4 Ol

\wmm 909 ~agze 8109 209N

F,‘_ 7 ,ml\ﬂf}

Aug. 6,2020 Sheet 57 of 128 US 2020/0246063 A1

009

Patent Application Publication



Aug. 6,2020 Sheet 58 of 128 US 2020/0246063 A1

Patent Application Publication




Aug. 6,2020 Sheet 59 of 128 US 2020/0246063 A1

Patent Application Publication




Aug. 6,2020 Sheet 60 of 128 US 2020/0246063 A1

Patent Application Publication




Aug. 6,2020 Sheet 61 of 128 US 2020/0246063 A1

Patent Application Publication

8/ "Ol4

099~ $99
| (777 859y zso9y

: 7

7] ,

m N [ IS

N 089/ | = st&% $cy) 009 b——temed—
989 J 6597 {ae ]
Z89 069 *hgg) 959 vesel
059
0995  ~¥99 -
$G9 (| ) 2897 €69 | 8259

ST




Aug. 6,2020 Sheet 62 of 128 US 2020/0246063 A1

Patent Application Publication

HCSY
AR

| AN — — |
/ﬁW%mM/ o8y T 659 | T “$69 0.9 Lprtemed
9897 LG9/ ~959 ¥Z59 ™ eg

|-
mwﬁ w M @ﬁ// 27t
(269 \Cvea?BY )
069”969

mhm\«\

me\K



Aug. 6,2020 Sheet 63 of 128 US 2020/0246063 A1

Patent Application Publication

099~ ¢8 "Ol4

) LR 659~ 989 ~¢gg o
SO ITIITSSS \NSR e =00
mmmwwﬁwww:\&§mbg\> - mw«pf%wmmmumm/ vais 2/ % e B

.,

\\;\m NCSh
oo s i iy///// oD, >
Ly99 f Losg “-8S9 ¥89- ‘oG vess
269~
L8 Ol
997 68O\ 989vg9 559

o,

§IITITE SN el
\E@ m 33&@ - %,iﬁés/ A /m 777 =

\\\\\\\w& K W L \
il b N\
CRY—% Nm@i\ [ﬁ@@ /mm@ Nwmg FASI N3G Y

969



Aug. 6,2020 Sheet 64 of 128 US 2020/0246063 A1

1T A AN

" . 20) Goozl

AV A s

Patent Application Publication



Aug. 6,2020 Sheet 65 of 128 US 2020/0246063 A1

Patent Application Publication

VTl 9Lzl 087l 98 Il ¥SZ1
omﬁ\ N 0SZ 1y N\Nmm clel Ewmm\w@mﬁ \\\}mmﬁ 2971 —— 9021
. jm 77 el 7,
— m. fﬂ\
ey BT o Xesel -
| Ei\,.\ et o /Nl : T 11zl
gvzi’ (o8 [ BL2, 20 \
o&m || Logzi(74e! A@mmwmmﬁ T
L L
vz “HBLL T
9671 Ty
Vs Z821 o2 I
00Z1- coet [ S \\
~y0Z1
oLzl / J@@NJ \2LTh /v6TL (95Ch) —8se —_— ey 90Z 1)
Aﬁt R e S . 22,/
QI P m_ v
..... T Zimii N Szl
T cwmww N L
8¥Z17 zgz1 \ V2ol sz | 87z
M/maﬁ @RFMWM SRR ~—_
v o8zl 2ozl ATy
viZl

[0 s

ooz /dif\f

~v0ClL



Aug. 6,2020 Sheet 66 of 128 US 2020/0246063 A1

Patent Application Publication

g9z 88 'Ol4

\ ¥ZZ1y 9 &j L ATARN ASTARN

m‘

| oiw / \omNJ 2Lzl | _1,.%5

%‘ ..... -~ bornZye T
@%NW&OW\N w\ N@Nm\\ rw\wm a7zl ut \ R@@Nw Qval 09z L \
NozzL ( s c
LogzL ﬁmrrmmﬁ “8671 207 |- 121
y2Zly 91Tl . |
ek ﬁ\wﬁ\j 05zly LTy QNJ m, 96CL _—ggzL 90z 1y
11 \

QLEY
DI RN TP T —

@mi i | 7
Pl Bilass: caiii —
........... f : .
mﬁﬁ\@& = Nwmi\ ﬁ&\mﬁ N &mt\\ﬁ \/mmﬁ y07 m‘\,}
9sz1 | ~0%Tl \
\“p/ZL| .
00z 1" “08z! Lzez ~86C) 202" el



Aug. 6,2020 Sheet 67 of 128 US 2020/0246063 A1

Patent Application Publication

917 1~
oczy, 892t 00 osziy wzy /TESH (veet st 90Z 1)
Vi il W ] L LLrein \ EJQ
Vi v
; AN “
OONW\ FINM,NW. Bl FASYA oo L
QLZ1~ .
0LZ1 \m@m%mmw 0szly zizh LV ( vsel - _—sgzy 90z
v Ve ap——— \ - A\ e 7
S 3 e
v( i - = NN
*® = N 7 2 A W 5 L A e \ \
Iy L ] W N e A MY
e s ] ﬁ - AN
gvel/osel” c8C /S el [ geg, A
A Loszl |92 Lgez, s
00Z1- L7071 A



Aug. 6,2020 Sheet 68 of 128 US 2020/0246063 A1l

Patent Application Publication

7

mﬁwﬁﬁmmwk.NmNTfoomme v

LA
\g77] hrmg

E4NA

A

DOZ L~

i I
I N&E 9671

[

Q621




Aug. 6,2020 Sheet 69 of 128 US 2020/0246063 A1

Patent Application Publication

¢o6 "Old

Qe w//\\.‘ 1A% m‘%\{mmm, Wmmmm |

| ~09¢ 1
0651~ 8YE 1 ,ﬁmmqu\xvmmwm =cy =

d@ﬂ%&(‘_ %/ FAETALREATRT AT AR
i A AN 5\ W”. %

] AN »
KM,VEL %JAA

L - _, -
2 i 1 7 v
el mmmzmmmm) /8651 6010\

 Mpeed //rgmmw . T ;;f;;ffz;J
“ZGeL -0F¢ L L

M

/l/a.ﬁunurL
Q7CL . \\mmmw\e\wlu;wﬁk\\@cww
il W
i R
e Ry Ry
S
wﬂnuL.. v
e e
N~p0g]



Aug. 6,2020 Sheet 70 of 128 US 2020/0246063 A1

Patent Application Publication

So "Old

BOC N 66¢ 1
2681~ 8yl (9881 - ( ~88EL 49l 0951
AN LS SNV N LS AV A

[
N AN ,“, ]

u:
\ ]

“.. ~.
/. ..,V ﬁ_f “ .. /f

/

1
...... ) i

76 "9l

z6cin 7855 88el2%Y) vogy

ﬁ W \, /////\Vﬁ/”//////WN///M///W_/////
. ﬁw//t _ ,/M»/ //V... /Wy AN - \
o = > S = \

e
-
74

{ { . s |
AML@ RTINS \ -

1g¢ 1 2SO FEET L =
065 P9BSE GRED\JEE, \_ggaLBEL \ppg CEEt




Aug. 6,2020 Sheet 71 of 128 US 2020/0246063 A1

Patent Application Publication

96 'Ol4

F¥SEL
paci~l 8L 915
wm¢ww%W 98CL~— [ 490

NIRRT USRS

{

A,

OO aT

S AT A I A
YO TN D MY Y T

\
U ] /AXV

V6

Olel

A |
AT

U Greer
| \agel
b

“BBCL




Aug. 6,2020 Sheet 72 of 128 US 2020/0246063 A1

Patent Application Publication




Aug. 6,2020 Sheet 73 of 128 US 2020/0246063 A1

Patent Application Publication

001l "Old

T 007

0¥l $0ovL—

/



Aug. 6,2020 Sheet 74 of 128 US 2020/0246063 A1

Patent Application Publication

oL "Ol4

II/I

YO¥l aov i
L \ % /7 - ! /U /
/ N\// m\/\] \..Né \“ ~ \\ ﬁw#uv..,.w N

/ /II

I / / J o e A
/m.//\,\ :\ \\..L \/\w . ﬂqwm\//,\f\ Pﬁ@ \vﬂ @JHFJ Hﬂﬂj
1 \J& \r\duac N\NI\\IIJ i : M.hIJ E.MN x%. % S...L.h ::..J
%U 3,\\ : 7 L;? rod W ﬁu
L il e P T T e LY
POV S e U L) T ] YT AN
o md Pl ™ g 7Q80% |
“ =Ny ] T
Q0% et N g Y oy B
vonl) N [l
{
/ ,Qv0vL
J/
S0¥ L

404"



Aug. 6,2020 Sheet 75 of 128 US 2020/0246063 A1

Patent Application Publication

4807 by




Aug. 6,2020 Sheet 76 of 128 US 2020/0246063 A1

Patent Application Publication

SOl Ol

Ov¥l




Aug. 6,2020 Sheet 77 of 128 US 2020/0246063 A1

Patent Application Publication




LOL "0l

i%;vamw

\\\\\\ ~ \\\\\\\_.. ¥ y y ~\\

\\Mw\\ \M\

- g \\\ ) ™ T T T TV Y T Y T T T

“\ s LA PR AR

~ \\\\ < \,\\\ - A ; \\\ \\ .i///l..\\\m 1O SL01

Aug. 6,2020 Sheet 78 of 128 US 2020/0246063 A1

Patent Application Publication

/,//,n_m.,,,ﬂ,, X ,/.,.,//Muu,,..w//ﬁ, \4‘4 N SYINSNSNSNK e ael
\ / \\\\ \\\ \\\\\\\\\ \\\\\\\\W\ /
I \\\\\ )
/ \\ \\ \\ \\\ \M\v\\\ \\\\W \\\\\\ / \\ /.
I

Ll




Aug. 6,2020 Sheet 79 of 128 US 2020/0246063 A1

Patent Application Publication

Ol

/ﬂ/%wvcw

—-0v01
~0G01

FA0}

80

1
ﬁ \__zZ0L



Aug. 6,2020 Sheet 80 of 128 US 2020/0246063 A1

Patent Application Publication

g ]

oo w.\\
£00L ia\w/ //Wn,ﬁ%}i

~NpzoL

Ol

1k




Aug. 6,2020 Sheet 81 of 128 US 2020/0246063 A1

Patent Application Publication




Patent Application Publication  Aug. 6,2020 Sheet 82 of 128 US 2020/0246063 A1




Patent Application Publication  Aug. 6,2020 Sheet 83 of 128 US 2020/0246063 A1

1048




Aug. 6,2020 Sheet 84 of 128 US 2020/0246063 A1

Patent Application Publication

/ N /// Y //

/

\




Aug. 6,2020 Sheet 85 of 128 US 2020/0246063 A1

Patent Application Publication

GllL "Ol4

0L01

CO0L— 901
$L01 0501
www \\w \\\m@mmw\\ pt Y

.....

7501 S Z.0L
zo01— ) A x Lpsof

L\\\\ 0Z0o1
0901 ~8901

(N
o
Cd
O



Patent Application Publication  Aug. 6,2020 Sheet 86 of 128 US 2020/0246063 A1




Patent Application Publication  Aug. 6,2020 Sheet 87 of 128 US 2020/0246063 A1




Aug. 6,2020 Sheet 88 of 128 US 2020/0246063 A1

Patent Application Publication

\Wmmm

EATAARAUIATALTAATSASANSASAVSARV AU AR A T ATSASARSSAVARSARYAANS

./ .. _./. .. ..
s ~——sie e

\\ \\\\\ LSS
\\\\ \\\ /S \\ / \\\\ / \\




Aug. 6,2020 Sheet 89 of 128 US 2020/0246063 A1

Patent Application Publication

oll "0l

ﬂxmm,m

DDA ADAUA AR

.;.
AT~—516 ¥16




Patent Application Publication  Aug. 6,2020 Sheet 90 of 128 US 2020/0246063 A1

120

FIG.




Patent Application Publication  Aug. 6,2020 Sheet 91 of 128 US 2020/0246063 A1

121

FIG.

902



Aug. 6,2020 Sheet 92 of 128 US 2020/0246063 A1

Patent Application Publication

G

14

!

Ol

98¢ 6=+

£¥6-

¢

A

i

Ol

-0¢6

+=D8CE

Y6

306

Ve

A4

¢el

Nk

A4




Patent Application Publication  Aug. 6,2020 Sheet 93 of 128 US 2020/0246063 A1

~842

128

HIG.




Patent Application Publication  Aug. 6,2020 Sheet 94 of 128 US 2020/0246063 A1

o

[6)]

N\

Sy,

N\
AR .

T

[ / [#4 9
Y i L
oS 2
(>} (o)}

o

[¢)]

\\% @
Q\\\\X\ N \\ ok
W N -
L,
f4§< s O

v/ o
33
n o

A

&

\\%\ G"}
3333 N
i -
534
e .;
568 ®)

) s
33
[$)] (6]



Aug. 6,2020 Sheet 95 of 128 US 2020/0246063 A1

Patent Application Publication

¢%l

A%

Ol



Aug. 6,2020 Sheet 96 of 128 US 2020/0246063 A1

—Q0G

Patent Application Publication



Patent Application Publication  Aug. 6,2020 Sheet 97 of 128 US 2020/0246063 A1

135

FIG.

500~
N



Aug. 6,2020 Sheet 98 of 128 US 2020/0246063 A1

Patent Application Publication




Aug. 6,2020 Sheet 99 of 128 US 2020/0246063 A1

Patent Application Publication

ﬁ‘\mwam 8l

Ol

]
ge0G— |
8208
, 8806~
D
HGOG — — = — — —— SR S
N
_, 805
~Vr0S /  gv057
- -/ VL0S
¥G0G — — — et T e
2
— Y90G
,¥E0G~— | ~YE0S
]
\= ¥Z0S
~ 006



Patent Application Publication  Aug. 6,2020 Sheet 100 of 128 US 2020/0246063 A1




Patent Application Publication  Aug. 6,2020 Sheet 101 of 128 US 2020/0246063 A1

510
140

FIG.




Aug. 6,2020 Sheet 102 of 128 US 2020/0246063 A1

Patent Application Publication

!

Ol




Aug. 6,2020 Sheet 103 of 128 US 2020/0246063 A1

Patent Application Publication

A4 TENIE

e




Aug. 6,2020 Sheet 104 of 128 US 2020/0246063 A1

Patent Application Publication

evli Ol

mek

@QWT\\\

SoL-
goiL~ /
Q09

/
095~

14207



Aug. 6,2020 Sheet 105 of 128 US 2020/0246063 A1

Patent Application Publication

Vvl




Aug. 6,2020 Sheet 106 of 128 US 2020/0246063 A1

Patent Application Publication

~

/////% , _




Aug. 6,2020 Sheet 107 of 128 US 2020/0246063 A1

Patent Application Publication

9v 1 Ol

Obli-
N

909 — S0~ Lill~
. -




Aug. 6,2020 Sheet 108 of 128 US 2020/0246063 A1

Patent Application Publication

LV "Dl

0L

\\\JIM: 9¢9 ,wf\»% PR e o A W NN
. L7 \| o S —— N ,,X”/ iiiii
RNAANS EE 5 mffwz/// _ 4 ]




Aug. 6,2020 Sheet 109 of 128 US 2020/0246063 A1

Patent Application Publication

8|

101

Ol

989 —,

LLLLn

OO AAN




Aug. 6,2020 Sheet 110 of 128 US 2020/0246063 A1

Patent Application Publication

ov |

Ol

\ONC




Aug. 6,2020 Sheet 111 of 128 US 2020/0246063 A1

Patent Application Publication

w:wx}// @O:j\\.i;wO: .W\Ow:‘ Q7L Qm_\ e(w_h_
X ) SPGB

09— osc”



Aug. 6,2020 Sheet 112 of 128 US 2020/0246063 A1

Patent Application Publication

¢S EOvLIN
\ ~891L 9911 7ol == NN X T , ,
e S BRI
m 0L11 N A09H SL
Z 3
) NP
. OLLi~ %:ﬁ,__/\_g\. : | 8611
] > MY g1 ]
L 891 : — \ /mwz
Ll 0511~ ~
9911 \m .
Lyii— VorLlL

\ vl T.\\
Zril-



Aug. 6,2020 Sheet 113 of 128 US 2020/0246063 A1

Patent Application Publication

_\ G821
| 8421 gg7

f
Y

wmmm
mmmw.\u
97

M
,
,



Aug. 6,2020 Sheet 114 of 128 US 2020/0246063 A1

Patent Application Publication

9

G

!

1k

804

VAR




Aug. 6,2020 Sheet 115 of 128 US 2020/0246063 A1

Patent Application Publication

7Sl Ol TN e

a0/ CVL—

N

el E

qzes 948"

\ ~—DZSL
DOGE

—8P8

—DyeL

0L




Aug. 6,2020 Sheet 116 of 128 US 2020/0246063 A1

Patent Application Publication




Patent Application Publication  Aug. 6,2020 Sheet 117 of 128 US 2020/0246063 A1

156

FIG.




Aug. 6,2020 Sheet 118 of 128 US 2020/0246063 A1

Patent Application Publication

8G 1L -

| T~

DO/~

Ol4

ya

\\ﬂmmm 0598
ﬂ,/

9ve

SN
e

)
\

[
el

Nk




Aug. 6,2020 Sheet 119 of 128 US 2020/0246063 A1

Patent Application Publication

oGl

e

Ol

——




091 "9l

008

N
MARNE

AURAATRAARRAARY c //%N%No T /,N‘Nm%m =
};f; T AADAANAY AP UAWAPAN AN

WL \

_ | \ X
g8 ARAIARTRAN . NN ; VNN RN
- _/;M,,M/m%__/é/_//m//u /u/m., w m\&\ \\ _-368 Ve Ly L na%mnh lw TS
R I N NN AN VAV AN/ AV /) A : INYNSN //rowh

iy /117 ) 11/
I \\\\\N\\\\ /)
I,
// /) \ /)7 /)]

LLLLL m I
QNN&\ NO@\

Aug. 6,2020 Sheet 120 of 128 US 2020/0246063 A1

8OL-

Patent Application Publication



Aug. 6,2020 Sheet 121 of 128 US 2020/0246063 A1

Patent Application Publication

L AL L
VALY VAL

006/

Wssnnne

/7 / oy, i /
/ \\\W\\\\\\H\\\\\\\\\\\\\\\\\
\\\\\\\\\\\\H\\\\\\\\\\\\\
\\\\\\\\\\\\\\\\\\\

_~268 \,\\ Ly L ang/ lw ..........................
//fowh

/
7



Aug. 6,2020 Sheet 122 of 128 US 2020/0246063 A1

Patent Application Publication

7

] S vl B0
| mﬁ\w. J ()88 ,— 1L o0

T,

I,
\\ \\ \\ \\\ \\ \\
\\\ \\\\ \\\\\\ / \\\
\\\\\\\\\\\\\\\\ \\\\\\\\\\
\\\\\\\\Kwn\\\\\\\\\\

/

[ LS LA Lw ([LL




Aug. 6,2020 Sheet 123 of 128 US 2020/0246063 A1

Patent Application Publication

7
///

/ 3




Aug. 6,2020 Sheet 124 of 128 US 2020/0246063 A1

Patent Application Publication

I

i AT

T

W

1A
V1 _///

WY

AREARANRRRMARIAA

\

R
SN AN N




Patent Application Publication  Aug. 6,2020 Sheet 125 of 128 US 2020/0246063 A1

878
—— 848

TSR]
\"\\\%'\\\ |
844

fﬁ[‘i\\

\\\%\\\\\\\%\%\\%\%\\%M‘

.

708
#

700 —



Aug. 6,2020 Sheet 126 of 128 US 2020/0246063 A1

Patent Application Publication

991

Ol




Patent Application Publication  Aug. 6,2020 Sheet 127 of 128 US 2020/0246063 A1

843




Aug. 6,2020 Sheet 128 of 128 US 2020/0246063 A1

Patent Application Publication

891

—0LL




US 2020/0246063 Al

SURGICAL END EFFECTOR JAW AND
ELECTRODE CONFIGURATIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation application
claiming priority under 35 U.S.C. § 120 to U.S. patent
application Ser. No. 15/392,265, entitled SURGICAL END
EFFECTOR JAW AND ELECTRODE CONFIGURA-
TIONS, filed on Dec. 28, 2016, now U.S. Patent Application
Publication No. 2017/0105785, which is a continuation
application claiming priority under 35 U.S.C. § 120 to U.S.
patent application Ser. No. 13/536,393, entitled SURGICAL
END EFFECTOR JAW AND ELECTRODE CONFIGU-
RATIONS, filed on Jun. 28, 2012, now U.S. Patent Appli-
cation Publication No. 2014/0005640, the entire disclosures
of which are hereby incorporated by reference herein.

BACKGROUND

[0002] Over the years a variety of minimally invasive
robotic (or “telesurgical”) systems have been developed to
increase surgical dexterity as well as to permit a surgeon to
operate on a patient in an intuitive manner. Many of such
systems are disclosed in the following U.S. Patents which
are each herein incorporated by reference in their respective
entirety: U.S. Pat. No. 5,792,135, entitled ARTICULATED
SURGICAL INSTRUMENT FOR PERFORMING MINI-
MALLY INVASIVE SURGERY WITH ENHANCED
DEXTERITY AND SENSITIVITY, U.S. Pat. No. 6,231,
565, entitled ROBOTIC ARM DLUS FOR PERFORMING
SURGICAL TASKS, U.S. Pat. No. 6,783,524, entitled
ROBOTIC SURGICAL TOOL WITH ULTRASOUND
CAUTERIZING AND CUTTING INSTRUMENT, U.S.
Pat. No. 6,364,888, entitled ALIGNMENT OF MASTER
AND SLAVE IN A MINIMALLY INVASIVE SURGICAL
APPARATUS, U.S. Pat. No. 7,524,320, entitled
MECHANICAL ACTUATOR INTERFACE SYSTEM FOR
ROBOTIC SURGICAL TOOLS, U.S. Pat. No. 7,691,098,
entitled PLATFORM LINK WRIST MECHANISM, U.S.
Pat. No. 7,806,891, entitled REPOSITIONING AND
REORIENTATION OF MASTER/SLAVE RELATION-
SHIP IN MINIMALLY INVASIVE TELESURGERY, and
U.S. Pat. No. 7,824,401, entitled SURGICAL TOOL WITH
WRITED MONOPOLAR ELECTROSURGICAL END
EFFECTORS. Many of such systems, however, have in the
past been unable to generate the magnitude of forces
required to effectively cut and fasten tissue. In addition,
existing robotic surgical systems are limited in the number
of different types of surgical devices that they may operate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] The features and advantages of this invention, and
the manner of attaining them, will become more apparent
and the invention itself will be better understood by refer-
ence to the following description of example embodiments
of'the invention taken in conjunction with the accompanying
drawings, wherein:

[0004] Various example embodiments are described
herein by way of example in conjunction with the following
FIGS. wherein:

[0005] FIG. 1 is a perspective view of one embodiment of
a robotic controller.
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[0006] FIG. 2 is a perspective view of a robotic surgical
arm cart/manipulator of a robotic system operably support-
ing a plurality of surgical tool embodiments.

[0007] FIG. 3 is a side view of one embodiment of the
robotic surgical arm cart/manipulator depicted in FIG. 2.
[0008] FIG. 4 is a perspective view of a cart structure with
positioning linkages for operably supporting robotic
manipulators that may be used with surgical tool embodi-
ments.

[0009] FIG. 5 is a perspective view of a surgical tool
embodiment and a surgical end effector embodiment.
[0010] FIG. 6 is a perspective view of one embodiment of
an electrosurgical tool in electrical communication with a
generator

[0011] FIG. 7 shows a perspective view of one embodi-
ment of the end effector of the surgical tool of FIG. 6 with
the jaw members open and the distal end of an axially
movable member in a retracted position.

[0012] FIG. 8 shows a perspective view of one embodi-
ment of the end effector of the surgical tool of FIG. 6 with
the jaw members closed and the distal end of an axially
movable member in a partially advanced position.

[0013] FIG. 9 is a perspective view of one embodiment of
the axially moveable member of the surgical tool of FIG. 6.
[0014] FIG. 10 is a section view of one embodiment of the
electrosurgical end effector of the surgical tool of FIG. 6.
[0015] FIG. 11 is an exploded assembly view of one
embodiment of an adapter and tool holder arrangement for
attaching various surgical tool embodiments to a robotic
system.

[0016] FIG. 12 is a side view of one embodiment of the
adapter shown in FIG. 11.

[0017] FIG. 13 is a bottom view of one embodiment of the
adapter shown in FIG. 11.

[0018] FIG. 14 is a top view of one embodiment of the
adapter of FIGS. 11 and 12.

[0019] FIG. 15 is a partial bottom perspective view of one
embodiment of a surgical tool.

[0020] FIG. 16 is a front perspective view of one embodi-
ment of a portion of a surgical tool with some elements
thereof omitted for clarity.

[0021] FIG. 17 is a rear perspective view of one embodi-
ment of the surgical tool of FIG. 16.

[0022] FIG. 18 is a top view of one embodiment of the
surgical tool of FIGS. 16 and 17.

[0023] FIG. 19 is a partial top view of one embodiment of
the surgical tool of FIGS. 16-18 with the manually actu-
atable drive gear in an unactuated position.

[0024] FIG. 20 is another partial top view of one embodi-
ment of the surgical tool of FIGS. 16-19 with the manually
actuatable drive gear in an initially actuated position.
[0025] FIG. 21 is another partial top view of one embodi-
ment of the surgical tool of FIGS. 16-20 with the manually
actuatable drive gear in an actuated position.

[0026] FIG. 22 is a rear perspective view of another
surgical tool embodiment.

[0027] FIG. 23 is a side elevational view of one embodi-
ment of the surgical tool of FIG. 22.

[0028] FIG. 24 is a cross-sectional view of one embodi-
ment of a portion of an articulation joint and end effector.
[0029] FIG. 24A illustrates one embodiment of the shaft
assembly and articulation joint of FIG. 24 showing connec-
tions between distal cable sections and proximal cable
portions.
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[0030] FIG. 25 is an exploded assembly view of one
embodiment of a portion of the articulation joint and end
effector of FIG. 24.

[0031] FIG. 26 is a partial cross-sectional perspective
view of one embodiment of the articulation joint and end
effector portions depicted in FIG. 25.

[0032] FIG. 27 is a partial perspective view of an end
effector and drive shaft assembly embodiment.

[0033] FIG. 28 is a partial side view of one embodiment
of a drive shaft assembly.

[0034] FIG. 29 is a perspective view of one embodiment
of a drive shaft assembly.

[0035] FIG. 30 is a side view of one embodiment of the
drive shaft assembly of FIG. 29.

[0036] FIG. 31 is a perspective view of one embodiment
of a composite drive shaft assembly.

[0037] FIG. 32 is a side view of one embodiment of the
composite drive shaft assembly of FIG. 31.

[0038] FIG. 33 is another view of one embodiment of the
drive shaft assembly of FIGS. 29 and 30 assuming an
arcuate or “flexed” configuration.

[0039] FIG. 33A is a side view of one embodiment of a
drive shaft assembly assuming an arcuate or “flexed” con-
figuration.

[0040] FIG. 33B is a side view of one embodiment of
another drive shaft assembly assuming an arcuate or
“flexed” configuration.

[0041] FIG. 34 is a perspective view of a portion of
another drive shaft assembly embodiment.

[0042] FIG. 35 is a top view of the drive shaft assembly
embodiment of FIG. 34.

[0043] FIG. 36 is another perspective view of the drive
shaft assembly embodiment of FIGS. 34 and 35 in an arcuate
configuration.

[0044] FIG. 37 is a top view of the drive shaft assembly
embodiment depicted in FIG. 36.

[0045] FIG. 38 is a perspective view of another drive shaft
assembly embodiment.

[0046] FIG. 39 is another perspective view of the drive
shaft assembly embodiment of FIG. 38 in an arcuate con-
figuration.

[0047] FIG. 40 is a top view of the drive shaft assembly
embodiment of FIGS. 38 and 39.

[0048] FIG. 41 is a cross-sectional view of the drive shaft
assembly embodiment of FIG. 40.

[0049] FIG. 42 is a partial cross-sectional view of another
drive shaft assembly embodiment.

[0050] FIG. 43 is another cross-sectional view of the drive
shaft assembly embodiment of FIG. 42.

[0051] FIG. 44 is another cross-sectional view of a portion
of another drive shaft assembly embodiment.

[0052] FIG. 45 is another cross-sectional view of one
embodiment of the drive shaft assembly of FIG. 44.
[0053] FIG. 46 is a perspective view of another surgical
tool embodiment.

[0054] FIG. 47 is a cross-sectional perspective view of the
surgical tool embodiment of FIG.

[0055] FIG. 48 is a cross-sectional perspective view of a
portion of one embodiment of an articulation system.
[0056] FIG. 49 is a cross-sectional view of one embodi-
ment of the articulation system of FIG. 48 in a neutral
position.
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[0057] FIG. 50 is another cross-sectional view of one
embodiment of the articulation system of FIGS. 48 and 49
in an articulated position.

[0058] FIG. 51 is a side elevational view of a portion of
one embodiment of the surgical tool of FIGS. 46-47 with
portions thereof omitted for clarity.

[0059] FIG. 52 is a rear perspective view of a portion of
one embodiment of the surgical tool of FIGS. 46-47 with
portions thereof omitted for clarity.

[0060] FIG. 53 is a rear elevational view of a portion of
one embodiment of the surgical tool of FIGS. 46-47 with
portions thereof omitted for clarity.

[0061] FIG. 54 is a front perspective view of a portion of
one embodiment of the surgical tool of FIGS. 46-47 with
portions thereof omitted for clarity.

[0062] FIG. 55 is a side elevational view of a portion of the
surgical tool embodiment of FIGS. 46-47 with portions
thereof omitted for clarity.

[0063] FIG. 56 is an exploded assembly view of an
example reversing system embodiment of the surgical tool
of FIGS. 46-47.

[0064] FIG. 57 is a perspective view of a lever arm
embodiment of the reversing system of FIG. 56.

[0065] FIG. 58 is a perspective view of a knife retractor
button of one embodiment of the reversing system of FIG.
56.

[0066] FIG. 59 is a perspective view of a portion of the
surgical tool embodiment of FIGS. 46-47 with portions
thereof omitted for clarity and with the lever arm in actu-
atable engagement with the reversing gear.

[0067] FIG. 60 is a perspective view of a portion of the
surgical tool embodiment of FIGS. 46-47 with portions
thereof omitted for clarity and with the lever arm in an
unactuated position.

[0068] FIG. 61 is another perspective view of a portion of
the surgical tool embodiment of FIGS. 46-47 with portions
thereof omitted for clarity and with the lever arm in actu-
atable engagement with the reversing gear.

[0069] FIG. 62 is a side elevational view of a portion of a
handle assembly portion of the surgical tool embodiment of
FIGS. 46-47 with a shifter button assembly moved into a
position which will result in the rotation of the end effector
when the drive shaft assembly is actuated.

[0070] FIG. 63 is another side elevational view of a
portion of a handle assembly portion of one embodiment of
the surgical tool of FIGS. 46-47 with the a shifter button
assembly moved into another position which will result in
the firing of the firing member in the end effector when the
drive shaft assembly is actuated.

[0071] FIG. 64 is a perspective view of an embodiment of
a multi-axis articulating and rotating surgical tool.

[0072] FIG. 65 is an exploded perspective view of various
components of one embodiment of the surgical tool shown
in FIG. 64.

[0073] FIG. 66 is a partial cross-sectional perspective
view of one embodiment of the surgical tool shown in FIG.
64, illustrating a rotary drive shaft engaging a rotary drive
nut for actuating translation of an I-beam member and
closure of a jaw assembly of an end effector.

[0074] FIG. 67 is a cross-sectional perspective view of one
embodiment of the surgical tool shown in FIG. 64, illustrat-
ing a rotary drive shaft engaging a rotary drive nut for
actuating translation of an I-beam member and closure of a
jaw assembly of an end effector.
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[0075] FIG. 68 is a partial cross-sectional perspective
view of one embodiment of the surgical tool shown in FIG.
64, illustrating a rotary drive shaft engaging a shaft coupling
for actuating rotation of an end effector.

[0076] FIG. 69 is a side cross-sectional view of one
embodiment of the surgical tool shown in FIG. 64, illustrat-
ing the jaw assembly of an end effector in an open position,
an [-beam member in a proximally retracted position, and a
rotary drive shaft engaging a rotary drive nut for actuating
translation of the I-beam member and closure of the jaw
assembly of the end effector.

[0077] FIG. 70 is a side cross-sectional view of one
embodiment of the surgical tool shown in FIG. 64, illustrat-
ing the jaw assembly of an end effector in a closed position,
an I-beam member in a distally advanced position, and a
rotary drive shaft engaging a rotary drive nut for actuating
translation of the I-beam member and opening of the jaw
assembly of the end effector.

[0078] FIG. 71 is a side cross-sectional view of one
embodiment of the surgical tool shown in FIG. 64, illustrat-
ing the jaw assembly of an end effector in an open position,
an [-beam member in a proximally retracted position, and a
rotary drive shaft engaging a shaft coupling for actuating
rotation of the end effector.

[0079] FIG. 72 is a side cross-sectional view of one
embodiment of the surgical tool shown in FIG. 64, illustrat-
ing the jaw assembly of an end effector in a closed position,
an I-beam member in a distally advanced position, and a
rotary drive shaft engaging a shaft coupling for actuating
rotation of the end effector.

[0080] FIGS. 73 and 74 are side cross-sectional detail
views of one embodiment of the surgical tool shown in FIG.
64, illustrating the engagement of cam surfaces of an I-beam
member with anvil surfaces of a first jaw member to move
the first jaw member relative to a second jaw member
between an open position and a closed position.

[0081] FIG. 75 is an exploded view of the components
comprising an embodiment of a multi-axis articulating and
rotating surgical tool comprising a head locking mechanism.
[0082] FIG. 76 is an exploded view of spline lock com-
ponents of one embodiment of the head locking mechanism
of the surgical tool illustrated in FIG. 75.

[0083] FIG. 77 is a side cross-sectional view of one
embodiment of the surgical tool shown in FIG. 75, illustrat-
ing the jaw assembly of an end effector in an open position,
an I-beam member in a proximally retracted position, a
rotary drive shaft engaging a rotary drive nut for actuating
translation of the I-beam member and closure of the jaw
assembly of the end effector, and an engaged spline lock
preventing rotation of the end effector.

[0084] FIG. 78 is a side cross-sectional view of one
embodiment of the surgical tool shown in FIG. 75, illustrat-
ing the jaw assembly of an end effector in a closed position,
an I-beam member in a distally advanced position, a rotary
drive shaft engaging a rotary drive nut for actuating trans-
lation of the I-beam member and opening of the jaw assem-
bly of the end effector, and an engaged spline lock prevent-
ing rotation of the end effector.

[0085] FIG. 79 is a side cross-sectional view of one
embodiment of the surgical tool shown in FIG. 75, illustrat-
ing the jaw assembly of an end effector in an open position,
an I-beam member in a proximally retracted position, a
rotary drive shaft engaging a shaft coupling for actuating
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rotation of the end effector, and a disengaged spline lock
allowing rotation of the end effector.

[0086] FIG. 80 is a side cross-sectional view of one
embodiment of the surgical tool shown in FIG. 64, illustrat-
ing the jaw assembly of an end effector in a closed position,
an I-beam member in a distally advanced position, a rotary
drive shaft engaging a shaft coupling for actuating rotation
of the end effector, and a disengaged spline lock allowing
rotation of the end effector.

[0087] FIG. 81 is a side cross-sectional detail view of one
embodiment of the surgical tool shown in FIG. 80.

[0088] FIG. 82 is a side cross-sectional detail view of one
embodiment of the surgical tool shown in FIG. 78.

[0089] FIG. 83 is a cross sectional perspective view of a
surgical tool having first and second jaw members in accor-
dance with certain embodiments described herein.

[0090] FIG. 84 is prospective view of a closure nut of one
embodiment of the surgical tool of FIG. 83.

[0091] FIG. 85 is a cross sectional elevation view of one
embodiment of the surgical tool of FIG. 83 wherein the first
jaw member and the second jaw member are in an at least
partially open position, and wherein the rotary drive shaft is
operably disengaged with the rotary drive nut.

[0092] FIG. 86 is a cross sectional elevation view of one
embodiment of the surgical tool of FIG. 83 wherein the first
jaw member and the second jaw member are in an at least
partially open position, and wherein the rotary drive shaft is
operably engaged with the rotary drive nut.

[0093] FIG. 87 is a cross sectional elevation view of one
embodiment of the surgical tool of FIG. 83 wherein the first
jaw member and the second jaw member are in an at least
partially closed position, wherein the rotary drive shaft is
operably engaged with the rotary drive nut, and wherein the
closure nut is operably disengaged from the rotary drive nut.
[0094] FIG. 88 is a cross sectional elevation view of one
embodiment of the surgical tool of FIG. 83 wherein the first
jaw member and the second jaw member are in an at least
partially closed position, wherein the rotary drive shaft is
operably engaged with the rotary drive nut, and wherein the
I-beam member is at least partially extended.

[0095] FIG. 89 is a cross sectional elevation view of one
embodiment of the surgical tool of FIG. 83 wherein the first
jaw member and the second jaw member are in an at least
partially closed position, wherein the rotary drive shaft is
operably engaged with the rotary drive nut, and wherein the
I-beam member is at least partially retracted.

[0096] FIG. 90 is a cross sectional elevation view of one
embodiment of the surgical tool of FIG. 83 wherein the first
jaw member and the second jaw member are in an at least
partially closed position, wherein the rotary drive shaft is
operably engaged with the rotary drive nut, and wherein the
I-beam member is at least partially retracted.

[0097] FIG. 91 is a cross sectional elevation view of one
embodiment of the surgical tool of FIG. 83 wherein the first
jaw member and the second jaw member are in an at least
partially open position, wherein the rotary drive shaft is
operably engaged with the rotary drive nut, and wherein the
closure nut is operably engaged from the rotary drive nut.
[0098] FIG. 92 is a cross sectional perspective view of a
surgical tool having first and second jaw members in accor-
dance with certain embodiments described herein.

[0099] FIG. 93 is a cross sectional elevation view of one
embodiment of the surgical tool of FIG. 92 wherein the first
jaw member and the second jaw member are in an at least
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partially open position, and wherein the rotary drive shaft is
operably engaged with spline coupling portion of the end
effector drive housing.

[0100] FIG. 94 is a cross sectional elevation view of one
embodiment of the surgical tool of FIG. 92 wherein the first
jaw member and the second jaw member are in an at least
partially closed position, and wherein the rotary drive shaft
is operably engaged with spline coupling portion of the
barrel cam.

[0101] FIG. 95 is a cross sectional elevation view of one
embodiment of the surgical tool of FIG. 92 wherein the first
jaw member and the second jaw member are in an at least
partially closed position, and wherein the rotary drive shaft
is not operably engaged with any of the spline coupling
portions.

[0102] FIG. 96 is a cross sectional elevation view of one
embodiment of the surgical tool of FIG. 92 wherein the first
jaw member and the second jaw member are in an at least
partially closed position, and wherein the rotary drive shaft
is operably engaged with spline coupling portion of the
rotary drive nut.

[0103] FIG. 97 illustrates a perspective view of an end
effector and an articulation joint of a surgical instrument in
accordance with at least one embodiment illustrated with
portions removed for the purposes of illustration.

[0104] FIG. 98 illustrates a detail view of a drive shaft in
accordance with at least one embodiment configured to be
translated within the end effector and the articulation joint of
FIG. 97.

[0105] FIG. 99 illustrates a perspective view of a drive
shaft in accordance with at least one alternative embodi-
ment.

[0106] FIG. 100 illustrates an elevational view of one
embodiment of the drive shaft of FIG. 99.

[0107] FIG. 101 illustrates an elevational view of one
embodiment of the drive shaft of FIG. 99 illustrated in an
articulated condition.

[0108] FIG. 102 illustrates a perspective view of a drive
shaft assembly comprising a drive tube and a thread extend-
ing around the drive tube in accordance with at least one
alternative embodiment.

[0109] FIG. 103 illustrates an elevational view of one
embodiment of the drive shaft assembly of FIG. 102.
[0110] FIG. 104 illustrates a perspective view of a drive
shaft assembly comprising a drive tube, a thread extending
around the drive tube, and an inner core extending through
the drive tube in accordance with at least one embodiment.
[0111] FIG. 105 illustrates an elevational view of one
embodiment of the drive shaft assembly of FIG. 104.
[0112] FIG. 106 is a perspective view of a surgical tool
having first and second jaw members in accordance with
certain embodiments described herein.

[0113] FIG. 107 is cross sectional view of distal portions
of one embodiment of the first and second jaw members of
the surgical end tool shown in FIG. 106.

[0114] FIG. 108 is a perspective view of a surgical end
effector and a shaft assembly in accordance with certain
embodiments described herein.

[0115] FIG. 109 is a prospective view of a jaw member of
a surgical end effector in accordance with certain embodi-
ments described herein.

[0116] FIG. 110 is a cross-sectional view of a surgical
effector detached from a shaft assembly in accordance with
certain embodiments described herein.
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[0117] FIG. 111 is a cross-sectional view of a surgical
effector attached to a shaft assembly in accordance with
certain embodiments described herein.

[0118] FIG. 112 is a perspective view of multiple inter-
changeable surgical end effectors in accordance with certain
embodiments described herein.

[0119] FIG. 113 is a perspective view of a surgical end
effector including a cross sectional view of a jaw member in
accordance with certain embodiments described herein.
[0120] FIG. 114 is a cross-sectional view of a surgical
effector detached from a shaft assembly in accordance with
certain embodiments described herein.

[0121] FIG. 115 is a cross-sectional view of a surgical
effector attached to a shaft assembly in accordance with
certain embodiments described herein.

[0122] FIG. 116 is a perspective view of a surgical end
effector having first and second jaws in accordance with
certain embodiments described herein.

[0123] FIG. 117 is another perspective view of the surgical
end effector shown in FIG. 116 including a cross sectional
perspective view of a jaw member in accordance with
certain embodiments described herein.

[0124] FIG. 118 is cross sectional view of a first jaw
member and a second jaw member of a surgical end effector
in accordance with certain embodiments described herein.
[0125] FIG. 119 is cross sectional view of a first jaw
member and a second jaw member of a surgical end effector
in accordance with certain embodiments described herein
[0126] FIG. 120 is a perspective view of a first jaw
member and a second jaw member of a surgical end effector
in accordance with certain embodiments described herein.
[0127] FIG. 121 is a prospective view of a distal portion
of a jaw member of a surgical end effector in accordance
with certain embodiments described herein.

[0128] FIG. 122 is a top view of a gripping portion in
accordance with certain embodiments described herein.
[0129] FIG. 123 is a top view of a gripping portion in
accordance with certain embodiments described herein.
[0130] FIG. 124 is a top view of a gripping portion in
accordance with certain embodiments described herein.
[0131] FIG. 125 is a top view of a gripping portion in
accordance with certain embodiments described herein.
[0132] FIG. 126 is a top view of a gripping portion in
accordance with certain embodiments described herein.
[0133] FIG. 127 is a top view of a gripping portion in
accordance with certain embodiments described herein.
[0134] FIG. 128 is a top view of a gripping portion in
accordance with certain embodiments described herein.
[0135] FIG. 129 is a top view of a gripping portion in
accordance with certain embodiments described herein.
[0136] FIG. 130 is a top view of a gripping portion in
accordance with certain embodiments described herein.
[0137] FIG. 131 is a top view of a gripping portion in
accordance with certain embodiments described herein.
[0138] FIG. 132 is a perspective view of one embodiment
of'an end effector having first and second jaw members in an
open position and angled tissue-contacting surfaces along
substantially the entire length of the jaw members.

[0139] FIG. 133 is another perspective view of one
embodiment of the end effector shown in FIG. 132 with the
first and second jaw members in a closed position.

[0140] FIG. 134 is a front view of one embodiment of the
end effector shown in FIG. 133.
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[0141] FIG. 135 is a cross-sectional view of one embodi-
ment of the end effector shown in FIG. 134.

[0142] FIG. 136 is a side view of one embodiment of the
end effector shown in FIG. 132.

[0143] FIG. 137 is a side view of one embodiment of the
end effector shown in FIG. 133.

[0144] FIG. 138 is a schematic diagram showing a front
view of one embodiment of an end effector having first and
second jaw members, wherein each jaw member has two
oppositely-angled tissue-contacting surfaces.

[0145] FIG. 139 is a perspective view of one embodiment
of'an end effector having first and second jaw members in an
open position and angled tissue-contacting surfaces along a
portion of the length of the jaw members.

[0146] FIG. 140 is another perspective view of one
embodiment of the end effector shown in FIG. 139.

[0147] FIG. 141 is a perspective view of one embodiment
of'an end effector having first and second jaw members in an
open position, angled tissue-contacting surfaces along a
portion of the length of the jaw members, and electrodes
positioned between the two angled tissue-contacting sur-
faces on the second jaw member.

[0148] FIG. 142 is a cross-sectional view of one embodi-
ment of an end effector having first and second jaw members
in a closed position clamping tissue between the jaw mem-
bers, wherein the first and second jaw members have
opposed angled tissue-contacting surfaces.

[0149] FIG. 143 is a cross-sectional view of one embodi-
ment of the end effector and shaft assembly of FIGS. 64-82
illustrating an example installation of a rotary electrode
assembly.

[0150] FIG. 144 is an exploded view of one embodiment
of the end effector and shaft assembly of FIG. 143 showing
the rotary electrode assembly both installed and exploded.
[0151] FIG. 145 is a cross-sectional view of one embodi-
ment of the end effector and shaft assembly of FIG. 143
showing the rotary electrode assembly with a rotary drive
head in a proximal position.

[0152] FIG. 146 is a cross-sectional view of one embodi-
ment of the end effector and shaft assembly of FIG. 143
showing the rotary electrode assembly with the rotary drive
head in a distal position.

[0153] FIGS. 147-148 are cross-sectional views of one
embodiment of the end effector and shaft assembly of FIG.
143 where a longitudinal length of the outer contact is
selected such that the rotary connector assembly alternately
creates and breaks an electrical connection limited by the
longitudinal position of the brush assembly.

[0154] FIGS. 149-150 illustrate one embodiment of the
end effector and shaft assembly of FIG. 143 showing a
configuration including lead portions and connector assem-
bly between the end effector and the shaft assembly.
[0155] FIG. 151 illustrates a cross-sectional view one
embodiment of an end effector and shaft assembly showing
another context in which a rotary connector assembly may
utilized.

[0156] FIG. 152 illustrates a cross-sectional view of one
embodiment of the end effector and shaft assembly of FIGS.
83-91 illustrating another example installation of a rotary
electrode assembly.

[0157] FIG. 153 illustrates one embodiment of an end
effector that may be utilized with various surgical tools,
including those described herein.
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[0158] FIG. 154 illustrates one embodiment of the end
effector of FIG. 153 showing a tissue contacting portion
adjacent a longitudinal channel of the second jaw member of
the end effector.

[0159] FIG. 155 illustrates one embodiment of the end
effector of FIG. 153 showing an axial cross-section along a
midline of the first jaw member showing a tissue-contacting
portion disposed adjacent to a longitudinal channel of the
first jaw member.

[0160] FIG. 156 illustrates a perspective view of one
embodiment of the end effector of FIG. 153 in an open
position.

[0161] FIG. 157 illustrates a top view of one embodiment
of a second jaw member suitable for use with the end
effector of FIG. 153.

[0162] FIG. 158 illustrates a bottom view of one embodi-
ment of a first jaw member suitable for use with the end
effector of FIG. 153.

[0163] FIG. 159 illustrates a front cross-sectional view of
another embodiment of the end effector of FIG. 153 in a
closed position.

[0164] FIGS. 160-165 illustrates side cross-sectional
views of various embodiments of the end effector of FIG.
153

[0165] FIG. 166 illustrates another embodiment of the
second jaw member suitable for use with the end effector of
FIG. 153. in a closed position holding a surgical implement.
[0166] FIG. 167 illustrates one embodiment of the second
jaw member suitable for use with the end effector of FIG.
153.

[0167] FIG. 168 illustrates another embodiment of the
second jaw member suitable for use with the end effector of
FIG. 153.

DETAILED DESCRIPTION

[0168] Applicant of the present application also owns the
following patent applications that have been filed on Jun. 28,
2012 and which are each herein incorporated by reference in
their respective entireties:

[0169] 1. U.S. patent application Ser. No. 13/536,271,
entitled FLEXIBLE DRIVE MEMBER, now U.S. Pat. No.
9,204,879.

[0170] 2. U.S. patent application Ser. No. 13/536,288,
entitled MULTI-FUNCTIONAL POWERED SURGICAL
DEVICE WITH EXTERNAL DISSECTION FEATURES,
now U.S. Patent Application Publication No. 2014-0005718
Al.

[0171] 3. U.S. patent application Ser. No. 13/536,277,
entitled COUPLING ARRANGEMENTS FOR ATTACH-
ING SURGICAL END EFFECTORS TO DRIVE SYS-
TEMS THEREFOR, now U.S. Patent Application Publica-
tion No. 2014-0001234 Al.

[0172] 4. U.S. patent application Ser. No. 13/536,295,
entitled ROTARY ACTUATABLE CLOSURE ARRANGE-
MENT FOR SURGICAL END EFFECTOR, now U.S. Pat.
No. 9,119,657.

[0173] 5. U.S. patent application Ser. No. 13/536,326,
entitted SURGICAL END EFFECTORS HAVING
ANGLED TISSUE-CONTACTING SURFACES, now U.S.
Pat. No. 9,289,256.

[0174] 6. U.S. patent application Ser. No. 13/536,303,
entitled INTERCHANGEABLE END EFFECTOR COU-
PLING ARRANGEMENT, now U.S. Pat. No. 9,028,494.
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[0175] 7. U.S. patent application Ser. No. 13/536,362,
entitled MULTI-AXIS ARTICULATING AND ROTATING
SURGICAL TOOLS, now U.S. Pat. No. 9,125,662.
[0176] 8. U.S. patent application Ser. No. 13/536,284,
entitled DIFFERENTIAL LOCKING ARRANGEMENTS
FOR ROTARY POWERED SURGICAL INSTRUMENTS,
now U.S. Pat. No. 9,072,536.

[0177] 9. U.S. patent application Ser. No. 13/536,374,
entitled INTERCHANGEABLE CLIP APPLIER, now U.S.
Patent Application Publication No. 2014-0005693 Al.
[0178] 10. U.S. patent application Ser. No. 13/536,292,
entitled FIRING SYSTEM LOCKOUT ARRANGEMENTS
FOR SURGICAL INSTRUMENTS, now U.S. Patent Appli-
cation Publication No. 2014-0001231 Al.

[0179] 11. U.S. patent application Ser. No. 13/536,301,
entitled ROTARY DRIVE SHAFT ASSEMBLIES FOR
SURGICAL INSTRUMENTS WITH ARTICULATABLE
END EFFECTORS, now U.S. Pat. No. 8,747,238.

[0180] 12. U.S. patent application Ser. No. 13/536,313,
entitled ROTARY DRIVE ARRANGEMENTS FOR SUR-
GICAL INSTRUMENTS, now U.S. Patent Application
Publication No. 2014-0005678 Al.

[0181] 13. U.S. patent application Ser. No. 13/536,323,
entitted ROBOTICALLY POWERED SURGICAL
DEVICE WITH MANUALLY-ACTUATABLE REVERS-
ING SYSTEM, now U.S. Pat. No. 9,408,606.

[0182] 14. U.S. patent application Ser. No. 13/536,379,
entitled REPLACEABLE CLIP CARTRIDGE FOR A CLIP
APPLIER, now U.S. Patent Application Publication No.
2014-0005694 Al.

[0183] 15. U.S. patent application Ser. No. 13/536,386,
entitled EMPTY CLIP CARTRIDGE LOCKOUT, now U.S.
Pat. No. 9,282,974.

[0184] 16. U.S. patent application Ser. No. 13/536,360,
entitled SURGICAL INSTRUMENT SYSTEM INCLUD-
ING REPLACEABLE END EFFECTORS, now U.S. Pat.
No. 9,226,751.

[0185] 17. U.S. patent application Ser. No. 13/536,335,
entitled ROTARY SUPPORT JOINT ASSEMBLIES FOR
COUPLING A FIRST PORTION OF A SURGICAL
INSTRUMENT TO A SECOND PORTION OF A SURGI-
CAL INSTRUMENT, now U.S. Pat. No. 9,364,230.
[0186] 18. U.S. patent application Ser. No. 13/536,417,
entitled ELECTRODE CONNECTIONS FOR ROTARY
DRIVEN SURGICAL TOOLS, now U.S. Pat. No. 9,101,
38s.

[0187] Applicant also owns the following patent applica-
tions that are each incorporated by reference in their respec-
tive entireties:

[0188] U.S. patent application Ser. No. 13/118,259,
entitled SURGICAL INSTRUMENT WITH WIRELESS
COMMUNICATION BETWEEN A CONTROL UNIT OF
A ROBOTIC SYSTEM AND REMOTE SENSOR, now
U.S. Pat. No. 8,684,253,

[0189] U.S. patent application Ser. No. 13/118,210,
entitled ROBOTICALLY-CONTROLLED DISPOSABLE
MOTOR DRIVEN LOADING UNIT, now U.S. Pat. No.
8,752,749,

[0190] U.S. patent application Ser. No. 13/118,194,
entitled ROBOTICALLY-CONTROLLED ENDOSCOPIC
ACCESSORY CHANNEL, now U.S. Pat. No. 8,992,422;
[0191] U.S. patent application Ser. No. 13/118,253,
entitled ROBOTICALLY-CONTROLLED MOTORIZED
SURGICAL INSTRUMENT, now U.S. Pat. No. 9,386,983,
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[0192] U.S. patent application Ser. No. 13/118,278,
entitled ROBOTICALLY-CONTROLLED SURGICAL
STAPLING DEVICES THAT PRODUCE FORMED
STAPLES HAVING DIFFERENT LENGTHS, now U.S.
Pat. No. 9,237,891,

[0193] U.S. patent application Ser. No. 13/118,190,
entitled ROBOTICALLY-CONTROLLED MOTORIZED
CUTTING AND FASTENING INSTRUMENT, now U.S.
Pat. No. 9,179,912;

[0194] U.S. patent application Ser. No. 13/118,223,
entitled ROBOTICALLY-CONTROLLED SHAFT BASED
ROTARY DRIVE SYSTEMS FOR SURGICAL INSTRU-
MENTS, now U.S. Pat. No. 8,931,682;

[0195] U.S. patent application Ser. No. 13/118,263,
entitled ROBOTICALLY-CONTROLLED SURGICAL
INSTRUMENT HAVING RECORDING CAPABILITIES,
now U.S. Patent Application Publication No. 2011-0295295
Al;

[0196] U.S. patent application Ser. No. 13/118,272,
entitled ROBOTICALLY-CONTROLLED SURGICAL
INSTRUMENT WITH FORCE FEEDBACK CAPABILI-
TIES, U.S. Patent Application Publication No. 2011-
0290856 Al;

[0197] U.S. patent application Ser. No. 13/118,246,
entitled ROBOTICALLY-DRIVEN SURGICAL INSTRU-
MENT WITH E-BEAM DRIVER, Now U.S. Pat. No.
9,060,770; and

[0198] U.S. patent application Ser. No. 13/118,241,
entitled SURGICAL STAPLING INSTRUMENTS WITH
ROTATABLE STAPLE DEPLOYMENT ARRANGE-
MENTS, now U.S. Pat. No. 9,072,535.

[0199] Certain example 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 example 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 draw-
ings are non-limiting example embodiments and that the
scope of the various example embodiments of the present
invention is defined solely by the claims. The features
illustrated or described in connection with one example
embodiment may be combined with the features of other
example embodiments. Such modifications and variations
are intended to be included within the scope of the present
invention.

[0200] FIG. 1 depicts a master controller 12 that is used in
connection with a robotic arm slave cart 20 of the type
depicted in FIG. 2. Master controller 12 and robotic arm
slave cart 20, as well as their respective components and
control systems are collectively referred to herein as a
robotic system 10. Examples of such systems and devices
are disclosed in U.S. Pat. No. 7,524,320 which has been
herein incorporated by reference. Thus, various details of
such devices will not be described in detail herein beyond
that which may be necessary to understand various example
embodiments disclosed herein. As is known, the master
controller 12 generally includes master controllers (gener-
ally represented as 14 in FIG. 1) which are grasped by the
surgeon and manipulated in space while the surgeon views
the procedure via a stereo display 16. The master controllers
12 generally comprise manual input devices which prefer-
ably move with multiple degrees of freedom, and which
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often further have an actuatable handle for actuating tools
(for example, for closing grasping jaws, applying an elec-
trical potential to an electrode, or the like).

[0201] As can be seen in FIG. 2, the robotic arm cart 20
is configured to actuate a plurality of surgical tools, gener-
ally designated as 30. Various robotic surgery systems and
methods employing master controller and robotic arm cart
arrangements are disclosed in U.S. Pat. No. 6,132,368,
entitted MULTI-COMPONENT TELEPRESENCE SYS-
TEM AND METHOD, the full disclosure of which is
incorporated herein by reference. As shown, the robotic arm
cart 20 includes a base 22 from which, in the illustrated
embodiment, three surgical tools 30 are supported. The
surgical tools 30 are each supported by a series of manually
articulatable linkages, generally referred to as set-up joints
32, and a robotic manipulator 34. These structures are herein
illustrated with protective covers extending over much of the
robotic linkage. These protective covers may be optional,
and may be limited in size or entirely eliminated to minimize
the inertia that is encountered by the servo mechanisms used
to manipulate such devices, to limit the volume of moving
components so as to avoid collisions, and to limit the overall
weight of the cart 20. The cart 20 generally has dimensions
suitable for transporting the cart 20 between operating
rooms. The cart 20 is configured to typically fit through
standard operating room doors and onto standard hospital
elevators. The cart 20 would preferably have a weight and
include a wheel (or other transportation) system that allows
the cart 20 to be positioned adjacent an operating table by a
single attendant.

[0202] Referring now to FIG. 3, robotic manipulators 34
as shown include a linkage 38 that constrains movement of
the surgical tool 30. Linkage 38 includes rigid links coupled
together by rotational joints in a parallelogram arrangement
so that the surgical tool 30 rotates around a point in space 40,
as more fully described in U.S. Pat. No. 5,817,084, the full
disclosure of which is herein incorporated by reference. The
parallelogram arrangement constrains rotation to pivoting
about an axis 40a, sometimes called the pitch axis. The links
supporting the parallelogram linkage are pivotally mounted
to set-up joints 32 (FIG. 2) so that the surgical tool 30 further
rotates about an axis 40b, sometimes called the yaw axis.
The pitch and yaw axes 40a, 405 intersect at the remote
center 42, which is aligned along a shaft 44 of the surgical
tool 30. The surgical tool 30 may have further degrees of
driven freedom as supported by manipulator 50, including
sliding motion of the surgical tool 30 along the longitudinal
tool axis “LT-LT”. As the surgical tool 30 slides along the
tool axis LT-LT relative to manipulator 50 (arrow 40c¢),
remote center 42 remains fixed relative to base 52 of
manipulator 50. Hence, the entire manipulator is generally
moved to re-position remote center 42. Linkage 54 of
manipulator 50 is driven by a series of motors 56. These
motors actively move linkage 54 in response to commands
from a processor of a control system. Motors 56 are also
employed to manipulate the surgical tool 30. An alternative
set-up joint structure is illustrated in FIG. 4. In this embodi-
ment, a surgical tool 30 is supported by an alternative
manipulator structure 50' between two tissue manipulation
tools.

[0203] Other embodiments may incorporate a wide variety
of alternative robotic structures, including those described in
U.S. Pat. No. 5,878,193, entitted AUTOMATED ENDO-
SCOPE SYSTEM FOR OPTIMAL POSITIONING, the full

Aug. 6, 2020

disclosure of which is incorporated herein by reference.
Additionally, while the data communication between a
robotic component and the processor of the robotic surgical
system is described with reference to communication
between the surgical tool 30 and the master controller 12,
similar communication may take place between circuitry of
a manipulator, a set-up joint, an endoscope or other image
capture device, or the like, and the processor of the robotic
surgical system for component compatibility verification,
component-type identification, component calibration (such
as off-set or the like) communication, confirmation of cou-
pling of the component to the robotic surgical system, or the
like.

[0204] A surgical tool 100 that is well-adapted for use with
a robotic system 10 is depicted in FIGS. 5-6. FIG. 5
illustrates an additional embodiment of the surgical tool 100
and electrosurgical end effector 3000. As can be seen in FIG.
5, the surgical tool 100 includes an electrosurgical end
effector 3000. The electrosurgical end effector 3000 may
utilize electrical energy to treat and/or destroy tissue. The
electrosurgical end effector 3000 generally comprises first
and second jaw members 3008A, 3008B which may be
straight, as shown in FIGS. 6-10, or curved as shown in
various other figures described herein. One or both of the
jaw members 3008A, 3008B generally comprise various
electrodes for providing electrosurgical energy to tissue. The
surgical tool 100 generally includes an elongate shaft assem-
bly 200 that is operably coupled to the manipulator 50 by a
tool mounting portion, generally designated as 300. Elec-
trosurgical tools (e.g., surgical tools that include an electro-
surgical end effector, such at the tool 100 and end effector
3000) may be used in any suitable type of surgical environ-
ment including, for example, open, laparoscopic, endo-
scopic, efc.

[0205] Generally, electrosurgical tools comprise one or
more electrodes for providing electric current. The elec-
trodes may be positioned against and/or positioned relative
to tissue such that electrical current can flow through the
tissue. The electrical current may generate heat in the tissue
that, in turn, causes one or more hemostatic seals to form
within the tissue and/or between tissues. For example, tissue
heating caused by the electrical current may at least partially
denature proteins within the tissue. Such proteins, such as
collagen, for example, may be denatured into a proteina-
ceous amalgam that intermixes and fuses, or “welds”,
together as the proteins renature. As the treated region heals
over time, this biological “weld” may be reabsorbed by the
body’s wound healing process.

[0206] Electrical energy provided by electrosurgical tools
may be of any suitable form including, for example, direct
or alternating current. For example, the electrical energy
may include high frequency alternating current such as radio
frequency or “RF” energy. RF energy may include energy in
the range of 300 kilohertz (kHz) to 1 megahertz (MHz).
When applied to tissue, RF energy may cause ionic agitation
or friction, increasing the temperature of the tissue. Also, RF
energy may provide a sharp boundary between affected
tissue and other tissue surrounding it, allowing surgeons to
operate with a high level of precision and control. The low
operating temperatures of RF energy enables surgeons to
remove, shrink or sculpt soft tissue while simultaneously
sealing blood vessels. RF energy works particularly well on
connective tissue, which is primarily comprised of collagen
and shrinks when contacted by heat.
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[0207] In certain arrangements, some bi-polar (e.g., two-
electrode) electrosurgical tools can comprise opposing first
and second jaw members, where the face of each jaw can
comprise a current path and/or electrode. In use, the tissue
can be captured between the jaw faces such that electrical
current can flow between the electrodes in the opposing jaw
members and through the tissue positioned therebetween.
Such tools may have to coagulate, seal or “weld” many types
of tissues, such as anatomic structures having walls with
irregular or thick fibrous content, bundles of disparate ana-
tomic structures, substantially thick anatomic structures,
and/or tissues with thick fascia layers such as large diameter
blood vessels, for example. Some embodiments may include
a knife or cutting edge to transect the tissue, for example,
during or after the application of electrosurgical energy.
With particular regard to cutting and sealing large diameter
blood vessels, for example, such applications may require a
high strength tissue weld immediately post-treatment.

[0208] FIG. 6 is a perspective view of one embodiment of
the electrosurgical tool 100 in electrical communication with
a generator 3002. The electrosurgical tool 100 in conjunc-
tion with the generator 3002 can be configured to supply
energy, such as electrical energy, ultrasonic energy, and/or
heat energy, for example, to the tissue of a patient. In the
illustrated embodiment and in functionally similar embodi-
ments, the generator 3002 is connected to electrosurgical
tool 100 via a suitable transmission medium such as a cable
3010. In one embodiment, the generator 3002 is coupled to
a controller, such as a control unit 3004, for example. In
various embodiments, the control unit 3004 may be formed
integrally with the generator 3002 or may be provided as a
separate circuit module or device electrically coupled to the
generator 3002 (shown in phantom to illustrate this option).
Although in the presently disclosed embodiment, the gen-
erator 3002 is shown separate from the electrosurgical tool
100, in one embodiment, the generator 3002 (and/or the
control unit 3004) may be formed integrally with the elec-
trosurgical tool 100 to form a unitary electrosurgical system.
For example, in some embodiments a generator or equiva-
lent circuit may be present within the tool mounting portion
300 and/or within a handle in suitable manual embodiments
(as described herein).

[0209] The generator 3002 may comprise an input device
3006 located on a front panel of the generator 3002 console.
The input device 3006 may comprise any suitable device
that generates signals suitable for programming the opera-
tion of the generator 3002, such as a keyboard, or input port,
for example. In one embodiment, various electrodes in the
first jaw member 3008 A and the second jaw member 3008B
may be coupled to the generator 3002. A cable 3010 con-
necting the tool mounting portion 300 to the generator 3002
may comprise multiple electrical conductors for the appli-
cation of electrical energy to positive (+) and negative (-)
electrodes of the electrosurgical tool 100. The control unit
3004 may be used to activate the generator 3002, which may
serve as an electrical source. In various embodiments, the
generator 3002 may comprise an RF source, an ultrasonic
source, a direct current source, and/or any other suitable type
of electrical energy source, for example.

[0210] In various embodiments, surgical tool 100 may
comprise at least one supply conductor 3012 and at least one
return conductor 3014, wherein current can be supplied to
electrosurgical tool 100 via the supply conductor 3012 and
wherein the current can flow back to the generator 3002 via
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return conductor 3014. In various embodiments, the supply
conductor 3012 and the return conductor 3014 may com-
prise insulated wires and/or any other suitable type of
conductor. In certain embodiments, as described below, the
supply conductor 3012 and the return conductor 3014 may
be contained within and/or may comprise the cable 3010
extending between, or at least partially between, the gen-
erator 3002 and the end effector 3000 of the electrosurgical
tool 100. In any event, the generator 3002 can be configured
to apply a sufficient voltage differential between the supply
conductor 3012 and the return conductor 3014 such that
sufficient current can be supplied to the end effector 3000.
[0211] The electrosurgical end effector 3000 may be
adapted for capturing and transecting tissue and for the
contemporaneously welding the captured tissue with con-
trolled application of energy (e.g., RF energy). FIG. 7
illustrates one embodiment of the electrosurgical end effec-
tor 3000 with the jaw members 3008 A, 3008B open and an
axially movable member 3016 in a proximally retracted
position. FIG. 8 illustrates one embodiment of the electro-
surgical end effector 3000 with the jaw members 3008A,
3008B closed and the axially movable member 3016 in a
partially advanced position.

[0212] In use, the jaw members 3008A, 3008B close to
thereby capture or engage tissue about a longitudinal tool
axis LT-LT defined by the axially moveable member 3016
(or a distal portion thereof). The first jaw member 3008 A and
second jaw member 3008B may also apply compression to
the tissue. In some embodiments, the elongate shaft 200,
along with first jaw member 3008A and second jaw member
3008B, can be rotated a full 360° degrees, as shown by
arrow 3018 (see FIG. 8), relative to tool mounting portion
300.

[0213] The first jaw member 3008A and the second jaw
member 3008B may each comprise an elongate slot or
channel 3020A and 3020B (FIG. 7), respectively, disposed
outwardly along their respective middle portions. Further,
the first jaw member 3008A and second jaw member 3008B
may each have tissue-gripping elements, such as teeth 3022,
disposed on the inner portions of first jaw member 3008A
and second jaw member 3008B. The lower jaw member
3008B may define a jaw body with an energy delivery
surface or electrode 3024B. For example, the electrode
3024B may be in electrical communication with the gen-
erator 3002 via the supply conductor 3012. An energy
delivery surface 3024A on the upper first jaw member 3008
may provide a return path for electrosurgical energy. For
example, the energy delivery surface 3024A may be in
electrical communication with the return conductor 3014. In
the illustrated embodiment and in functionally similar
embodiments, other conductive parts of the surgical tool 100
including, for example the jaw members 3008A, 3008B, the
shaft 200, etc. may form all or a part of the return path.
Various configurations of electrodes and various configura-
tions for coupling the energy delivery surfaces 3024A,
3024B to the conductors 3012, 3014 are described herein.
Also, it will be appreciated that the supply electrode 3024B
may be provided on the lower jaw member 3008B as shown
or on the upper jaw member 3008A.

[0214] Distal and proximal translation of the axially
moveable member 3016 may serve to open and close the jaw
members 3008A, 3008B and to sever tissue held therebe-
tween. FIG. 9 is a perspective view of one embodiment of
the axially moveable member 3016 of the surgical tool 100.
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The axially moveable member 3016 may comprise one or
several pieces, but in any event, may be movable or trans-
latable with respect to the elongate shaft 200 and/or the jaw
members 3008A, 3008B. Also, in at least one embodiment,
the axially moveable member 3016 may be made of 17-4
precipitation hardened stainless steel. The distal end of
axially moveable member 3016 may comprise a flanged
“I”-beam configured to slide within the channels 3020A and
3020B in jaw members 3008A and 3008B. The axially
moveable member 3016 may slide within the channels
3020A, 3020B to open and close first jaw member 3008A
and second jaw member 3008B. The distal end of the axially
moveable member 3016 may also comprise an upper flange
or “c”-shaped portion 3016A and a lower flange or “c”-
shaped portion 3016B. The flanges 3016A and 3016B
respectively define inner cam surfaces 3026 A and 30268 for
engaging outward facing surfaces of first jaw member
3008A and second jaw member 3008B. The opening-closing
of jaw members 3008A and 3008B can apply very high
compressive forces on tissue using cam mechanisms which
may include movable “I-beam” axially moveable member
3016 and the outward facing surfaces 3028A, 3028B of jaw
members 3008A, 3008B.

[0215] More specifically, referring now to FIGS. 7-9,
collectively, the inner cam surfaces 3026 A and 30268 of the
distal end of axially moveable member 3016 may be adapted
to slidably engage the first outward-facing surface 3028A
and the second outward-facing surface 3028B of the first jaw
member 3008A and the second jaw member 3008B, respec-
tively. The channel 3020A within first jaw member 3008A
and the channel 3020B within the second jaw member
3008B may be sized and configured to accommodate the
movement of the axially moveable member 3016, which
may comprise a tissue-cutting element 3030, for example,
comprising a sharp distal edge. FIG. 8, for example, shows
the distal end of the axially moveable member 3016
advanced at least partially through channels 3020A and
3020B (FIG. 7). The advancement of the axially moveable
member 3016 may close the end effector 3000 from the open
configuration shown in FIG. 7. In the closed position shown
by FIG. 8, the upper first jaw member 3008A and lower
second jaw member 3008B define a gap or dimension D
between the first energy delivery surface 3024 A and second
energy delivery surface 3024B of first jaw member 3008A
and second jaw member 3008B, respectively. In various
embodiments, dimension D can equal from about 0.0005" to
about 0.040", for example, and in some embodiments,
between about 0.001" to about 0.010", for example. Also,
the edges of the first energy delivery surface 3024A and the
second energy delivery surface 3024B may be rounded to
prevent the dissection of tissue.

[0216] FIG.10is a section view of one embodiment of the
end effector 3000 of the surgical tool 100. The engagement,
or tissue-contacting, surface 3024B of the lower jaw mem-
ber 3008B is adapted to deliver energy to tissue, at least in
part, through a conductive-resistive matrix, such as a vari-
able resistive positive temperature coefficient (PTC) body, as
discussed in more detail below. At least one of the upper and
lower jaw members 3008A, 3008B may carry at least one
electrode 3032 configured to deliver the energy from the
generator 3002 to the captured tissue. The engagement, or
tissue-contacting, surface 3024A of upper jaw member
3008 A may carry a similar conductive-resistive matrix (i.e.,
a PTC material), or in some embodiments the surface may
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be a conductive electrode or an insulative layer, for example.
Alternatively, the engagement surfaces of the jaw members
can carry any of the energy delivery components disclosed
in U.S. Pat. No. 6,773,409, filed Oct. 22, 2001, entitled
ELECTROSURGICAL JAW STRUCTURE FOR CON-
TROLLED ENERGY DELIVERY, the entire disclosure of
which is incorporated herein by reference.

[0217] The first energy delivery surface 3024 A and the
second energy delivery surface 3024B may each be in
electrical communication with the generator 3002. The first
energy delivery surface 3024 A and the second energy deliv-
ery surface 3024B may be configured to contact tissue and
deliver electrosurgical energy to captured tissue which are
adapted to seal or weld the tissue. The control unit 3004
regulates the electrical energy delivered by electrical gen-
erator 3002 which in turn delivers electrosurgical energy to
the first energy delivery surface 3024A and the second
energy delivery surface 3024B. The energy delivery may be
initiated in any suitable manner (e.g., upon actuation of the
robot system 10. In one embodiment, the electrosurgical tool
100 may be energized by the generator 3002 by way of a foot
switch 3034 (FIG. 6). When actuated, the foot switch 3034
triggers the generator 3002 to deliver electrical energy to the
end effector 3000, for example. The control unit 3004 may
regulate the power generated by the generator 3002 during
activation. Although the foot switch 3034 may be suitable in
many circumstances, other suitable types of switches can be
used.

[0218] As mentioned above, the electrosurgical energy
delivered by electrical generator 3002 and regulated, or
otherwise controlled, by the control unit 3004 may comprise
radio frequency (RF) energy, or other suitable forms of
electrical energy. Further, one or both of the opposing first
and second energy delivery surfaces 3024 A and 3024B may
carry variable resistive positive temperature coeflicient
(PTC) bodies that are in electrical communication with the
generator 3002 and the control unit 3004. Additional details
regarding electrosurgical end effectors, jaw closing mecha-
nisms, and electrosurgical energy-delivery surfaces are
described in the following U.S. patents and published patent
applications: U.S. Pat. Nos. 7,087,054; 7,083,619; 7,070,
597, 7,041,102; 7,011,657, 6,929,644; 6,926,716; 6,913,
579; 6,905,497; 6,802,843; 6,770,072; 6,656,177, 6,533,
784; and 6,500,176; and U.S. Patent Application Publication
Nos. 2010/0036370 and 2009/0076506, all of which are
incorporated herein in their entirety by reference and made
a part of this specification.

[0219] In one embodiment, the generator 3002 may be
implemented as an electrosurgery unit (ESU) capable of
supplying power sufficient to perform bipolar electrosurgery
using radio frequency (RF) energy. In one embodiment, the
ESU can be a bipolar ERBE ICC 350 sold by ERBE USA,
Inc. of Marietta, Ga. In some embodiments, such as for
bipolar electrosurgery applications, a surgical tool having an
active electrode and a return electrode can be utilized,
wherein the active electrode and the return electrode can be
positioned against, adjacent to and/or in electrical commu-
nication with, the tissue to be treated such that current can
flow from the active electrode, through the positive tem-
perature coefficient (PTC) bodies and to the return electrode
through the tissue. Thus, in various embodiments, the elec-
trosurgical system 150 may comprise a supply path and a
return path, wherein the captured tissue being treated com-
pletes, or closes, the circuit. In one embodiment, the gen-
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erator 3002 may be a monopolar RF ESU and the electro-
surgical tool 100 may comprise a monopolar end effector
3000 in which one or more active electrodes are integrated.
For such a system, the generator 3002 may require a return
pad in intimate contact with the patient at a location remote
from the operative site and/or other suitable return path. The
return pad may be connected via a cable to the generator
3002.

[0220] During operation of electrosurgical tool 100, the
clinician generally grasps tissue, supplies energy to the
captured tissue to form a weld or a seal (e.g., by actuating
button 214 and/or pedal 216), and then drives the tissue-
cutting element 3030 at the distal end of the axially move-
able member 3016 through the captured tissue. According to
various embodiments, the translation of the axial movement
of the axially moveable member 3016 may be paced, or
otherwise controlled, to aid in driving the axially moveable
member 3016 at a suitable rate of travel. By controlling the
rate of the travel, the likelihood that the captured tissue has
been properly and functionally sealed prior to transection
with the cutting element 3030 is increased.

[0221] Referring now to the embodiment depicted in
FIGS. 11-15, the tool mounting portion 300 includes a tool
mounting plate 304 that operably supports a plurality of
(four are shown in FIG. 15) rotatable body portions, driven
discs or elements 306, that each include a pair of pins 308
that extend from a surface of the driven element 306. One
pin 308 is closer to an axis of rotation of each driven
elements 306 than the other pin 308 on the same driven
element 306, which helps to ensure positive angular align-
ment of the driven element 306. Interface 302 may include
an adaptor portion 310 that is configured to mountingly
engage a mounting plate 304 as will be further discussed
below. The illustrated adaptor portion 310 includes an array
of electrical connecting pins 312 (FIG. 13) which may be
coupled to a memory structure by a circuit board within the
tool mounting portion 300. While interface 302 is described
herein with reference to mechanical, electrical, and magnetic
coupling elements, it should be understood that a wide
variety of telemetry modalities might be used, including
infrared, inductive coupling, or the like in other embodi-
ments.

[0222] As can be seen in FIGS. 11-14, the adapter portion
310 generally includes a tool side 314 and a holder side 316.
A plurality of rotatable bodies 320 are mounted to a floating
plate 318 which has a limited range of movement relative to
the surrounding adaptor structure normal to the major sur-
faces of the adaptor 310. Axial movement of the floating
plate 318 helps decouple the rotatable bodies 320 from the
tool mounting portion 300 when levers or other latch for-
mations along the sides of the tool mounting portion housing
(not shown) are actuated. Other embodiments may employ
other mechanisms/arrangements for releasably coupling the
tool mounting portion 300 to the adaptor 310. In the embodi-
ment of FIGS. 11-15, rotatable bodies 320 are resiliently
mounted to floating plate 318 by resilient radial members
which extend into a circumferential indentation about the
rotatable bodies 320. The rotatable bodies 320 can move
axially relative to plate 318 by deflection of these resilient
structures. When disposed in a first axial position (toward
tool side 314) the rotatable bodies 320 are free to rotate
without angular limitation. However, as the rotatable bodies
320 move axially toward tool side 314, tabs 322 (extending
radially from the rotatable bodies 320) laterally engage
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detents on the floating plates so as to limit angular rotation
of the rotatable bodies 320 about their axes. This limited
rotation can be used to help drivingly engage the rotatable
bodies 320 with drive pins 332 of a corresponding tool
holder portion 330 of the robotic system 10, as the drive pins
332 will push the rotatable bodies 320 into the limited
rotation position until the pins 332 are aligned with (and
slide into) openings 334'. Openings 334 on the tool side 314
and openings 334' on the holder side 316 of rotatable bodies
320 are configured to accurately align the driven elements
306 (FIG. 15) of the tool mounting portion 300 with the
drive elements 336 of the tool holder 330. As described
above regarding inner and outer pins 308 of driven elements
306, the openings 304, 304' are at differing distances from
the axis of rotation on their respective rotatable bodies 306
s0 as to ensure that the alignment is not 180 degrees from its
intended position. Additionally, each of the openings 304
may be slightly radially elongate so as to fittingly receive the
pins 308 in the circumferential orientation. This allows the
pins 308 to slide radially within the openings 334, 334' and
accommodate some axial misalignment between the tool
100 and tool holder 330, while minimizing any angular
misalignment and backlash between the drive and driven
elements. Openings 334 on the tool side 314 may be offset
by about 90 degrees from the openings 334' (shown in
broken lines) on the holder side 316, as can be seen most
clearly in FIG. 14.

[0223] In the embodiment of FIGS. 11-15, an array of
electrical connector pins 340 are located on holder side 316
of adaptor 310 and the tool side 314 of the adaptor 310
includes slots 342 (FIG. 14) for receiving a pin array (not
shown) from the tool mounting portion 300. In addition to
transmitting electrical signals between the surgical tool 100
and the tool holder 330, at least some of these electrical
connections may be coupled to an adaptor memory device
344 (FIG. 13) by a circuit board of the adaptor 310.

[0224] In the embodiment of FIGS. 11-15, a detachable
latch arrangement 346 is employed to releasably affix the
adaptor 310 to the tool holder 330. As used herein, the term
“tool drive assembly” when used in the context of the
robotic system 10, at least encompasses the adapter 310 and
tool holder 330 and which have been collectively generally
designated as 110 in FIG. 11. As can be seen in FIG. 11, the
tool holder 330 includes a first latch pin arrangement 337
that is sized to be received in corresponding clevis slots 311
provided in the adaptor 310. In addition, the tool holder 330
further has second latch pins 338 that are sized to be retained
in corresponding latch clevises 313 in the adaptor 310. See
FIG. 11. A latch assembly 315 is movably supported on the
adapter 310 and has a pair of latch devises 317 formed
therein that is biasable from a first latched position wherein
the latch pins 338 are retained within their respective latch
clevis 313 and an unlatched position wherein the devises
317 are aligned with devises 313 to enable the second latch
pins 338 may be inserted into or removed from the latch
devises 313. A spring or springs (not shown) are employed
to bias the latch assembly into the latched position. A lip on
the tool side 314 of adaptor 310 slidably receives laterally
extending tabs of the tool mounting housing (not shown).

[0225] Referring now to FIGS. 5 and 16-21, the tool
mounting portion 300 operably supports a plurality of drive
systems for generating various forms of control motions
necessary to operate a particular type of end effector that is
coupled to the distal end of the elongate shaft assembly 200.
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As shown in FIGS. 5 and 16-21, the tool mounting portion
300 includes a first drive system generally designated as 350
that is configured to receive a corresponding “first” rotary
output motion from the tool drive assembly 110 of the
robotic system 10 and convert that first rotary output motion
to a first rotary control motion to be applied to the surgical
end effector. In the illustrated embodiment, the first rotary
control motion is employed to rotate the elongate shaft
assembly 200 (and surgical end effector 3000) about a
longitudinal tool axis LT-LT.

[0226] In the embodiment of FIGS. 5 and 16-18, the first
drive system 350 includes a tube gear segment 354 that is
formed on (or attached to) the proximal end 208 of a
proximal tube segment 202 of the elongate shaft assembly
200. The proximal end 208 of the proximal tube segment
202 is rotatably supported on the tool mounting plate 304 of
the tool mounting portion 300 by a forward support cradle
352 that is mounted on the tool mounting plate 304. See FIG.
16. The tube gear segment 354 is supported in meshing
engagement with a first rotational gear assembly 360 that is
operably supported on the tool mounting plate 304. As can
be seen in FIG. 16, the rotational gear assembly 360 com-
prises a first rotation drive gear 362 that is coupled to a
corresponding first one of the driven discs or elements 306
on the holder side 316 of the tool mounting plate 304 when
the tool mounting portion 300 is coupled to the tool drive
assembly 110. See FIG. 15. The rotational gear assembly
360 further comprises a first rotary driven gear 364 that is
rotatably supported on the tool mounting plate 304. The first
rotary driven gear 364 is in meshing engagement with a
second rotary driven gear 366 which, in turn, is in meshing
engagement with the tube gear segment 354. Application of
a first rotary output motion from the tool drive assembly 110
of'the robotic system 10 to the corresponding driven element
306 will thereby cause rotation of the rotation drive gear
362. Rotation of the rotation drive gear 362 ultimately
results in the rotation of the elongate shaft assembly 200
(and the surgical end effector 3000) about the longitudinal
tool axis LT-LT (represented by arrow “R” in FIG. 5). It will
be appreciated that the application of a rotary output motion
from the tool drive assembly 110 in one direction will result
in the rotation of the elongate shaft assembly 200 and
surgical end effector 3000 about the longitudinal tool axis
LT-LT in a first rotary direction and an application of the
rotary output motion in an opposite direction will result in
the rotation of the elongate shaft assembly 200 and surgical
end effector 3000 in a second rotary direction that is opposite
to the first rotary direction.

[0227] In embodiment of FIGS. 5 and 16-21, the tool
mounting portion 300 further includes a second drive system
generally designated as 370 that is configured to receive a
corresponding “second” rotary output motion from the tool
drive assembly 110 of the robotic system 10 and convert that
second rotary output motion to a second rotary control
motion for application to the surgical end effector. The
second drive system 370 includes a second rotation drive
gear 372 that is coupled to a corresponding second one of the
driven discs or elements 306 on the holder side 316 of the
tool mounting plate 304 when the tool mounting portion 300
is coupled to the tool drive assembly 110. See FIG. 15. The
second drive system 370 further comprises a first rotary
driven gear 374 that is rotatably supported on the tool
mounting plate 304. The first rotary driven gear 374 is in
meshing engagement with a shaft gear 376 that is movably
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and non-rotatably mounted onto a proximal drive shaft
segment 380. In this illustrated embodiment, the shaft gear
376 is non-rotatably mounted onto the proximal drive shaft
segment 380 by a series of axial keyways 384 that enable the
shaft gear 376 to axially move on the proximal drive shaft
segment 380 while being non-rotatably affixed thereto.
Rotation of the proximal drive shaft segment 380 results in
the transmission of a second rotary control motion to the
surgical end effector 3000.

[0228] The second drive system 370 in the embodiment of
FIGS. 5 and 16-21 includes a shifting system 390 for
selectively axially shifting the proximal drive shaft segment
380 which moves the shaft gear 376 into and out of meshing
engagement with the first rotary driven gear 374. For
example, as can be seen in FIGS. 16-18, the proximal drive
shaft segment 380 is supported within a second support
cradle 382 that is attached to the tool mounting plate 304
such that the proximal drive shaft segment 380 may move
axially and rotate relative to the second support cradle 382.
In at least one form, the shifting system 390 further includes
a shifter yoke 392 that is slidably supported on the tool
mounting plate 304. The proximal drive shaft segment 380
is supported in the shifter yoke 392 and has a pair of collars
386 thereon such that shifting of the shifter yoke 392 on the
tool mounting plate 304 results in the axial movement of the
proximal drive shaft segment 380. In at least one form, the
shifting system 390 further includes a shifter solenoid 394
that operably interfaces with the shifter yoke 392. The
shifter solenoid 394 receives control power from the robotic
controller 12 such that when the shifter solenoid 394 is
activated, the shifter yoke 392 is moved in the distal
direction “DD”.

[0229] In this illustrated embodiment, a shaft spring 396 is
journaled on the proximal drive shaft segment 380 between
the shaft gear 376 and the second support cradle 382 to bias
the shaft gear 376 in the proximal direction “PD” and into
meshing engagement with the first rotary driven gear 374.
See FIGS. 16, 18 and 19. Rotation of the second rotation
drive gear 372 in response to rotary output motions gener-
ated by the robotic system 10 ultimately results in the
rotation of the proximal drive shaft segment 380 and other
drive shaft components coupled thereto (drive shaft assem-
bly 388) about the longitudinal tool axis LT-LT. It will be
appreciated that the application of a rotary output motion
from the tool drive assembly 110 in one direction will result
in the rotation of the proximal drive shaft segment 380 and
ultimately of the other drive shaft components attached
thereto in a first direction and an application of the rotary
output motion in an opposite direction will result in the
rotation of the proximal drive shaft segment 380 in a second
direction that is opposite to the first direction. When it is
desirable to shift the proximal drive shaft segment 380 in the
distal direction “DD” as will be discussed in further detail
below, the robotic controller 12 activates the shifter solenoid
390 to shift the shifter yoke 392 in the distal direction “DD”.
IN some embodiments, the shifter solenoid 390 may be
capable of shifting the proximal drive shaft segment 380
between more than two longitudinal positions. For example,
some embodiments, such as those described herein with
respect to FIGS. 83-96, may utilize the rotary drive shaft
(e.g., coupled to the proximal drive shaft segment 380) in
more than two longitudinal positions.

[0230] FIGS. 22-23 illustrate another embodiment that
employs the same components of the embodiment depicted
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in FIGS. 5 and 16-21 except that this embodiment employs
a battery-powered drive motor 400 for supplying rotary
drive motions to the proximal drive shaft segment 380. Such
arrangement enables the tool mounting portion to generate
higher rotary output motions and torque which may be
advantageous when different forms of end effectors are
employed. As can be seen in those Figures, the motor 400 is
attached to the tool mounting plate 304 by a support struc-
ture 402 such that a driver gear 404 that is coupled to the
motor 400 is retained in meshing engagement with the shaft
gear 376. In the embodiment of FIGS. 22-23, the support
structure 402 is configured to removably engage latch
notches 303 formed in the tool mounting plate 304 that are
designed to facilitate attachment of a housing member (not
shown) to the mounting plate 304 when the motor 400 is not
employed. Thus, to employ the motor 400, the clinician
removes the housing from the tool mounting plate 304 and
then inserts the legs 403 of the support structure into the
latch notches 303 in the tool mounting plate 304. The
proximal drive shaft segment 380 and the other drive shaft
components attached thereto are rotated about the longitu-
dinal tool axis LT-LT by powering the motor 400. As
illustrated, the motor 400 is battery powered. In such
arrangement, however, the motor 400 interface with the
robotic controller 12 such that the robotic system 10 controls
the activation of the motor 400. In alternative embodiments,
the motor 400 is manually actuatable by an on/off switch
(not shown) mounted on the motor 400 itself or on the tool
mounting portion 300. In still other embodiments, the motor
400 may receive power and control signals from the robotic
system.

[0231] The embodiment illustrated in FIGS. 5 and 16-21
includes a manually-actuatable reversing system, generally
designated as 410, for manually applying a reverse rotary
motion to the proximal drive shaft segment 380 in the event
that the motor fails or power to the robotic system is lost or
interrupted. Such manually-actuatable reversing system 410
may also be particularly useful, for example, when the drive
shaft assembly 388 becomes jammed or otherwise bound in
such a way that would prevent reverse rotation of the drive
shaft components under the motor power alone. In the
illustrated embodiment, the mechanically-actuatable revers-
ing system 410 includes a drive gear assembly 412 that is
selectively engagable with the second rotary driven gear 376
and is manually actuatable to apply a reversing rotary
motion to the proximal drive shaft segment 380. The drive
gear assembly 412 includes a reversing gear 414 that is
movably mounted to the tool mounting plate 304. The
reversing gear 414 is rotatably journaled on a pivot shaft 416
that is movably mounted to the tool mounting plate 304
through a slot 418. See FIG. 17. In the embodiment of FIGS.
5 and 16-21, the manually-actuatable reversing system 410
further includes a manually actuatable drive gear 420 that
includes a body portion 422 that has an arcuate gear segment
424 formed thereon. The body portion 422 is pivotally
coupled to the tool mounting plate 304 for selective pivotal
travel about an actuator axis A-A (FIG. 16) that is substan-
tially normal to the tool mounting plate 304.

[0232] FIGS. 16-19 depict the manually-actuatable revers-
ing system 410 in a first unactuated position. In one example
form, an actuator handle portion 426 is formed on or
otherwise attached to the body portion 422. The actuator
handle portion 426 is sized relative to the tool mounting
plate 304 such that a small amount of interference is
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established between the handle portion 426 and the tool
mounting plate 304 to retain the handle portion 426 in the
first unactuated position. However, when the clinician
desires to manually actuate the drive gear assembly 412, the
clinician can easily overcome the interference fit by apply-
ing a pivoting motion to the handle portion 426. As can also
be seen in FIGS. 16-19, when the drive gear assembly 412
is in the first unactuated position, the arcuate gear segment
424 is out of meshing engagement with the reversing gear
414. When the clinician desires to apply a reverse rotary
drive motion to the proximal drive shaft segment 380, the
clinician begins to apply a pivotal ratcheting motion to drive
gear 420. As the drive gear 420 begins to pivot about the
actuation axis A-A, a portion of the body 422 contacts a
portion of the reversing gear 414 and axially moves the
reversing gear 414 in the distal direction DD taking the drive
shaft gear 376 out of meshing engagement with the first
rotary driven gear 374 of the second drive system 370. See
FIG. 20. As the drive gear 420 is pivoted, the arcuate gear
segment 424 is brought into meshing engagement with the
reversing gear 414. Continued ratcheting of the drive gear
420 results in the application of a reverse rotary drive motion
to the drive shaft gear 376 and ultimately to the proximal
drive shaft segment 380. The clinician may continue to
ratchet the drive gear assembly 412 for as many times as are
necessary to fully release or reverse the associated end
effector component(s). Once a desired amount of reverse
rotary motion has been applied to the proximal drive shaft
segment 380, the clinician returns the drive gear 420 to the
starting or unactuated position wherein the arcuate gear
segment 416 is out of meshing engagement with the drive
shaft gear 376. When in that position, the shaft spring 396
once again biases the shaft gear 376 into meshing engage-
ment with first rotary driven gear 374 of the second drive
system 370.

[0233] In use, the clinician may input control commands
to the controller or control unit of the robotic system 10
which “robotically-generates” output motions that are ulti-
mately transferred to the various components of the second
drive system 370. As used herein, the terms “robotically-
generates” or “robotically-generated” refer to motions that
are created by powering and controlling the robotic system
motors and other powered drive components. These terms
are distinguishable from the terms “manually-actuatable” or
“manually generated” which refer to actions taken by the
clinician which result in control motions that are generated
independent from those motions that are generated by pow-
ering the robotic system motors. Application of robotically-
generated control motions to the second drive system in a
first direction results in the application of a first rotary drive
motion to the drive shaft assembly 388. When the drive shaft
assembly 388 is rotated in a first rotary direction, the axially
movable member 3016 is driven in the distal direction “DD”
from its starting position toward its ending position in the
end effector 3000, for example, as described herein with
respect to FIGS. 64-96. Application of robotically-generated
control motions to the second drive system in a second
direction results in the application of a second rotary drive
motion to the drive shaft assembly 388. When the drive shaft
assembly 388 is rotated in a second rotary direction, the
axially movable member 3016 is driven in the proximal
direction “PD” from its ending position toward its starting
position in the end effector 3000. When the clinician desires
to manually-apply rotary control motion to the drive shaft



US 2020/0246063 Al

assembly 388, the drive shaft assembly 388 is rotated in the
second rotary direction which causes a firing member (e.g.,
axially translatable member 3016) to move in the proximal
direction “PD” in the end effector. Other embodiments
containing the same components are configured such that the
manual-application of a rotary control motion to the drive
shaft assembly could cause the drive shaft assembly to rotate
in the first rotary direction which could be used to assist the
robotically-generated control motions to drive the axially
movable member 3016 in the distal direction.

[0234] The drive shaft assembly that is used to fire, close
and rotate the end effector can be actuated and shifted
manually allowing the end effector to release and be
extracted from the surgical site as well as the abdomen even
in the event that the motor(s) fail, the robotic system loses
power or other electronic failure occurs. Actuation of the
handle portion 426 results in the manual generation of
actuation or control forces that are applied to the drive shaft
assembly 388' by the various components of the manually-
actuatable reversing system 410. If the handle portion 426 is
in its unactuated state, it is biased out of actuatable engage-
ment with the reversing gear 414. The beginning of the
actuation of the handle portion 426 shifts the bias. The
handle 426 is configured for repeated actuation for as many
times as are necessary to fully release the axially movable
member 3016 and the end effector 3000.

[0235] As illustrated in FIGS. 5 and 16-21, the tool
mounting portion 300 includes a third drive system 430 that
is configured to receive a corresponding “third” rotary
output motion from the tool drive assembly 110 of the
robotic system 10 and convert that third rotary output
motion to a third rotary control motion. The third drive
system 430 includes a third drive pulley 432 that is coupled
to a corresponding third one of the driven discs or elements
306 on the holder side 316 of the tool mounting plate 304
when the tool mounting portion 300 is coupled to the tool
drive assembly 110. See FIG. 15. The third drive pulley 432
is configured to apply a third rotary control motion (in
response to corresponding rotary output motions applied
thereto by the robotic system 10) to a corresponding third
drive cable 434 that may be used to apply various control or
manipulation motions to the end effector that is operably
coupled to the shaft assembly 200. As can be most particu-
larly seen in FIGS. 16-17, the third drive cable 434 extends
around a third drive spindle assembly 436. The third drive
spindle assembly 436 is pivotally mounted to the tool
mounting plate 304 and a third tension spring 438 is attached
between the third drive spindle assembly 436 and the tool
mounting plate 304 to maintain a desired amount of tension
in the third drive cable 434. As can be seen in the Figures,
cable end portion 434 A of the third drive cable 434 extends
around an upper portion of a pulley block 440 that is
attached to the tool mounting plate 304 and cable end
portion 434B extends around a sheave pulley or standoff on
the pulley block 440. It will be appreciated that the appli-
cation of a third rotary output motion from the tool drive
assembly 110 in one direction will result in the rotation of
the third drive pulley 432 in a first direction and cause the
cable end portions 434A and 434B to move in opposite
directions to apply control motions to the end effector 3000
or elongate shaft assembly 200 as will be discussed in
further detail below. That is, when the third drive pulley 432
is rotated in a first rotary direction, the cable end portion
434A moves in a distal direction “DD” and cable end portion
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434B moves in a proximal direction “PD”. Rotation of the
third drive pulley 432 in an opposite rotary direction result
in the cable end portion 434A moving in a proximal direc-
tion “PD” and cable end portion 434B moving in a distal
direction “DD”.

[0236] The tool mounting portion 300 illustrated in FIGS.
5 and 16-21 includes a fourth drive system 450 that is
configured to receive a corresponding “fourth” rotary output
motion from the tool drive assembly 110 of the robotic
system 10 and convert that fourth rotary output motion to a
fourth rotary control motion. The fourth drive system 450
includes a fourth drive pulley 452 that is coupled to a
corresponding fourth one of the driven discs or elements 306
on the holder side 316 of the tool mounting plate 304 when
the tool mounting portion 300 is coupled to the tool drive
assembly 110. See FIG. 15. The fourth drive pulley 452 is
configured to apply a fourth rotary control motion (in
response to corresponding rotary output motions applied
thereto by the robotic system 10) to a corresponding fourth
drive cable 454 that may be used to apply various control or
manipulation motions to the end effector that is operably
coupled to the shaft assembly 200. As can be most particu-
larly seen in FIGS. 16-17, the fourth drive cable 454 extends
around a fourth drive spindle assembly 456. The fourth drive
spindle assembly 456 is pivotally mounted to the tool
mounting plate 304 and a fourth tension spring 458 is
attached between the fourth drive spindle assembly 456 and
the tool mounting plate 304 to maintain a desired amount of
tension in the fourth drive cable 454. Cable end portion
454 A of the fourth drive cable 454 extends around a bottom
portion of the pulley block 440 that is attached to the tool
mounting plate 304 and cable end portion 454B extends
around a sheave pulley or fourth standoff 462 on the pulley
block 440. It will be appreciated that the application of a
rotary output motion from the tool drive assembly 110 in one
direction will result in the rotation of the fourth drive pulley
452 in a first direction and cause the cable end portions 454 A
and 454B to move in opposite directions to apply control
motions to the end effector or elongate shaft assembly 200
as will be discussed in further detail below. That is, when the
fourth drive pulley 434 is rotated in a first rotary direction,
the cable end portion 454 A moves in a distal direction “DD”
and cable end portion 454B moves in a proximal direction
“PD”. Rotation of the fourth drive pulley 452 in an opposite
rotary direction result in the cable end portion 454 A moving
in a proximal direction “PD” and cable end portion 454B to
move in a distal direction “DD”.

[0237] The surgical tool 100 as depicted in FIGS. 5-6
includes an articulation joint 3500. In such embodiment, the
third drive system 430 may also be referred to as a “first
articulation drive system” and the fourth drive system 450
may be referred to herein as a “second articulation drive
system”. Likewise, the third drive cable 434 may be referred
to as a “first proximal articulation cable” and the fourth drive
cable 454 may be referred to herein as a “second proximal
articulation cable”.

[0238] The tool mounting portion 300 of the embodiment
illustrated in FIGS. 5 and 16-21 includes a fifth drive system
generally designated as 470 that is configured to axially
displace a drive rod assembly 490. The drive rod assembly
490 includes a proximal drive rod segment 492 that extends
through the proximal drive shaft segment 380 and the drive
shaft assembly 388. See FIG. 18. The fifth drive system 470
includes a movable drive yoke 472 that is slidably supported
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on the tool mounting plate 304. The proximal drive rod
segment 492 is supported in the drive yoke 372 and has a
pair of retainer balls 394 thereon such that shifting of the
drive yoke 372 on the tool mounting plate 304 results in the
axial movement of the proximal drive rod segment 492. In
at least one example form, the fifth drive system 370 further
includes a drive solenoid 474 that operably interfaces with
the drive yoke 472. The drive solenoid 474 receives control
power from the robotic controller 12. Actuation of the drive
solenoid 474 in a first direction will cause the drive rod
assembly 490 to move in the distal direction “DD” and
actuation of the drive solenoid 474 in a second direction will
cause the drive rod assembly 490 to move in the proximal
direction “PD”. As can be seen in FIG. 5, the end effector
3000 includes a jaw members that are movable between
open and closed positions upon application of axial closure
motions to a closure system. In the illustrated embodiment
of FIGS. 5 and 16-21, the fifth drive system 470 is employed
to generate such closure motions. Thus, the fifth drive
system 470 may also be referred to as a “closure drive”.

[0239] The surgical tool 100 depicted in FIGS. 5 and
16-21 includes an articulation joint 3500 that cooperates
with the third and fourth drive systems 430, 450, respec-
tively for articulating the end effector 3000 about the lon-
gitudinal tool axis “LT”. The articulation joint 3500 includes
a proximal socket tube 3502 that is attached to the distal end
233 of the distal outer tube portion 231 and defines a
proximal ball socket 3504 therein. See FIG. 24. A proximal
ball member 3506 is movably seated within the proximal
ball socket 3504. As can be seen in FIG. 24, the proximal
ball member 3506 has a central drive passage 3508 that
enables the distal drive shaft segment 3740 to extend there-
through. In addition, the proximal ball member 3506 has
four articulation passages 3510 therein which facilitate the
passage of distal cable segments 444, 445, 446, 447 there-
through. In various embodiments, distal cable segments 444,
445, 446, 447 may be directly or indirectly coupled to
proximal cable end portions 434A, 434B, 454A, 454B,
respectively, for example, as illustrated by FIG. 24A. As can
be further seen in FIG. 24, the articulation joint 3500 further
includes an intermediate articulation tube segment 3512 that
has an intermediate ball socket 3514 formed therein. The
intermediate ball socket 3514 is configured to movably
support therein an end effector ball 3522 formed on an end
effector connector tube 3520. The distal cable segments 444,
445, 446, 447 extend through cable passages 3524 formed in
the end effector ball 3522 and are attached thereto by lugs
3526 received within corresponding passages 3528 in the
end effector ball 3522. Other attachment arrangements may
be employed for attaching distal cable segments 444, 445,
446, 447 to the end effector ball 3522.

[0240] A unique and novel rotary support joint assembly,
generally designated as 3540, is depicted in FIGS. 25 and
26. The illustrated rotary support joint assembly 3540
includes a connector portion 4012 of the end effector drive
housing 4010 that is substantially cylindrical in shape. A first
annular race 4014 is formed in the perimeter of the cylin-
drically-shaped connector portion 4012. The rotary support
joint assembly 3540 further comprises a distal socket portion
3530 that is formed in the end effector connector tube 3520
as shown in FIGS. 25 and 26. The distal socket portion 3530
is sized relative to the cylindrical connector portion 4012
such that the connector portion 4012 can freely rotate within
the socket portion 3530. A second annular race 3532 is
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formed in an inner wall 3531 of the distal socket portion
3530. A window 3533 is provided through the distal socket
3530 that communicates with the second annular race 3532
therein. As can also be seen in FIGS. 25 and 26, the rotary
support joint assembly 3540 further includes a ring-like
bearing 3534. In various example embodiments, the ring-
like bearing 3534 comprises a plastic deformable substan-
tially-circular ring that has a cut 3535 therein. The cut forms
free ends 3536, 3537 in the ring-like bearing 3534. As can
be seen in FIG. 25, the ring-like bearing 3534 has a
substantially annular shape in its natural unbiased state.

[0241] To couple a surgical end effector 3000 (e.g., a first
portion of a surgical tool) to the articulation joint 3500 (e.g.,
a second portion of a surgical tool), the cylindrically shaped
connector position 4012 is inserted into the distal socket
portion 3530 to bring the second annular race 3532 into
substantial registry with the first annular race 4014. One of
the free ends 3536, 3537 of the ring-like bearing is then
inserted into the registered annular races 4014, 3532 through
the window 3533 in the distal socket portion 3530 of the end
effector connector tube 3520. To facilitate easy insertion, the
window or opening 3533 has a tapered surface 3538 formed
thereon. See FIG. 25. The ring-like bearing 3534 is essen-
tially rotated into place and, because it tends to form a circle
or ring, it does not tend to back out through the window 3533
once installed. Once the ring-like bearing 3534 has been
inserted into the registered annular races 4014, 3532, the end
effector connector tube 3520 will be rotatably affixed to the
connector portion 4012 of the end effector drive housing
4010. Such arrangement enables the end effector drive
housing 4010 to rotate about the longitudinal tool axis LT-LT
relative to the end effector connector tube 3520. The ring-
like bearing 3534 becomes the bearing surface that the end
effector drive housing 4010 then rotates on. Any side loading
tries to deform the ring-like bearing 3534 which is supported
and contained by the two interlocking races 4014, 3532
preventing damage to the ring-like bearing 3534. It will be
understood that such simple and effective joint assembly
employing the ring-like bearing 3534 forms a highly lubri-
cious interface between the rotatable portions 4010, 3530. If
during assembly, one of the free ends 3536, 3537 is permit-
ted to protrude out through the window 3533 (see e.g., FIG.
26), the rotary support joint assembly 3540 may be disas-
sembled by withdrawing the ring-like bearing member 3532
out through the window 3533. The rotary support joint
assembly 3540 allows for easy assembly and manufacturing
while also providing for good end effector support while
facilitating rotary manipulation thereof.

[0242] The articulation joint 3500 facilitates articulation
of the end effector 3000 about the longitudinal tool axis LT.
For example, when it is desirable to articulate the end
effector 3000 in a first direction “FD” as shown in FIG. 5,
the robotic system 10 may power the third drive system 430
such that the third drive spindle assembly 436 (FIGS. 16-18)
is rotated in a first direction thereby drawing the proximal
cable end portion 434A and ultimately distal cable segment
444 in the proximal direction “PD” and releasing the proxi-
mal cable end portion 434B and distal cable segment 445 to
thereby cause the end effector ball 3522 to rotate within the
socket 3514. Likewise, to articulate the end effector 3000 in
a second direction “SD” opposite to the first direction FD,
the robotic system 10 may power the third drive system 430
such that the third drive spindle assembly 436 is rotated in
a second direction thereby drawing the proximal cable end
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portion 434B and ultimately distal cable segment 445 in the
proximal direction “PD” and releasing the proximal cable
end portion 434A and distal cable segment 444 to thereby
cause the end effector ball 3522 to rotate within the socket
3514. When it is desirable to articulate the end effector 3000
in a third direction “TD” as shown in FIG. 5, the robotic
system 10 may power the fourth drive system 450 such that
the fourth drive spindle assembly 456 is rotated in a third
direction thereby drawing the proximal cable end portion
454A and ultimately distal cable segment 446 in the proxi-
mal direction “PD” and releasing the proximal cable end
portion 454B and distal cable segment 447 to thereby cause
the end effector ball 3522 to rotate within the socket 3514.
Likewise, to articulate the end effector 3000 in a fourth
direction “FTH” opposite to the third direction TD, the
robotic system 10 may power the fourth drive system 450
such that the fourth drive spindle assembly 456 is rotated in
a fourth direction thereby drawing the proximal cable end
portion 454B and ultimately distal cable segment 447 in the
proximal direction “PD” and releasing the proximal cable
end portion 454A and distal cable segment 446 to thereby
cause the end effector ball 3522 to rotate within the socket
3514.

[0243] The end effector embodiment depicted in FIGS. 5
and 16-21 employs rotary and longitudinal motions that are
transmitted from the tool mounting portion 300 through the
elongate shaft assembly for actuation. The drive shaft
assembly employed to transmit such rotary and longitudinal
motions (e.g., torsion, tension and compression motions) to
the end effector is relatively flexible to facilitate articulation
of the end effector about the articulation joint. FIGS. 27-28
illustrate an alternative drive shaft assembly 3600 that may
be employed in connection with the embodiment illustrated
in FIGS. 5 and 16-21 or in other embodiments. In the
embodiment depicted in FIG. 5 the proximal drive shaft
segment 380 comprises a segment of drive shaft assembly
3600 and the distal drive shaft segment 3740 similarly
comprises another segment of drive shaft assembly 3600.
The drive shaft assembly 3600 includes a drive tube 3602
that has a series of annular joint segments 3604 cut therein.
In that illustrated embodiment, the drive tube 3602 com-
prises a distal portion of the proximal drive shaft segment
380. For example, the shaft assembly 3600, as well as the
shaft assemblies 3600', 3600" described herein with respect
to FIGS. 27-45 may be components of and/or mechanically
coupled to various rotary drive shafts described herein
including, for example, rotary drive shafts 680, 1270, 1382,
etc.

[0244] The drive tube 3602 comprises a hollow metal tube
(stainless steel, titanium, etc.) that has a series of annular
joint segments 3604 formed therein. The annular joint
segments 3604 comprise a plurality of loosely interlocking
dovetail shapes 3606 that are, for example, cut into the drive
tube 3602 by a laser and serve to facilitate flexible move-
ment between the adjoining joint segments 3604. See FIG.
28. Such laser cutting of a tube stock creates a flexible
hollow drive tube that can be used in compression, tension
and torsion. Such arrangement employs a full diametric cut
that is interlocked with the adjacent part via a “puzzle piece”
configuration. These cuts are then duplicated along the
length of the hollow drive tube in an array and are some-
times “clocked” or rotated to change the tension or torsion
performance.
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[0245] FIGS. 29-33 illustrate alternative example micro-
annular joint segments 3604' that comprise plurality of laser
cut shapes 3606' that roughly resemble loosely interlocking,
opposed “T” shapes and T-shapes with a notched portion
therein. The annular joint segments 3604, 3604' essentially
comprise multiple micro-articulating torsion joints. That is,
each joint segment 3604, 3604' can transmit torque while
facilitating relative articulation between each annular joint
segment. As shown in FIGS. 29-30, the joint segment
3604D' on the distal end 3603 of the drive tube 3602 has a
distal mounting collar portion 3608D' that facilitates attach-
ment to other drive components for actuating the end
effector or portions of the quick disconnect joint, etc. and the
joint segment 3604P' on the proximal end 3605 of the drive
tube 3602 has a proximal mounting collar portion 3608P'
that facilitates attachment to other proximal drive compo-
nents or portions of the quick disconnect joint.

[0246] The joint-to-joint range of motion for each particu-
lar drive shaft assembly 3600 can be increased by increasing
the spacing in the laser cuts. For example, to ensure that the
joint segments 3604' remain coupled together without sig-
nificantly diminishing the drive tube’s ability to articulate
through desired ranges of motion, a secondary constraining
member 3610 is employed. In the embodiment depicted in
FIGS. 31-32, the secondary constraining member 3610
comprises a spring 3612 or other helically-wound member.
In various example embodiments, the distal end 3614 of the
spring 3612 corresponds to the distal mounting collar por-
tion 3608D' and is wound tighter than the central portion
3616 of the spring 3612. Similarly, the proximal end 3618 of
the spring 3612 is wound tighter than the central portion
3616 of the spring 3612. In other embodiments, the con-
straining member 3610 is installed on the drive tube 3602
with a desired pitch such that the constraining member also
functions, for example, as a flexible drive thread for thread-
ably engaging other threaded control components on the end
effector and/or the control system. It will also be appreciated
that the constraining member may be installed in such a
manner as to have a variable pitch to accomplish the
transmission of the desired rotary control motions as the
drive shaft assembly is rotated. For example, the variable
pitch arrangement of the constraining member may be used
to enhance open/close and firing motions which would
benefit from differing linear strokes from the same rotation
motion. In other embodiments, for example, the drive shaft
assembly comprises a variable pitch thread on a hollow
flexible drive shaft that can be pushed and pulled around a
ninety degree bend. In still other embodiments, the second-
ary constraining member comprises an elastomeric tube or
coating 3611 applied around the exterior or perimeter of the
drive tube 3602 as illustrated in FIG. 33A. In still another
embodiment, for example, the elastomeric tube or coating
3611' is installed in the hollow passageway 3613 formed
within the drive tube 3602 as shown in FIG. 33B.

[0247] Such drive shaft arrangements comprise a compos-
ite torsional drive axle which allows superior load transmis-
sion while facilitating a desirable axial range of articulation.
See, e.g., FIGS. 33 and 33A-33B. That is, these composite
drive shaft assemblies allow a large range of motion while
maintaining the ability to transmit torsion in both directions
as well as facilitating the transmission of tension and com-
pression control motions therethrough. In addition, the hol-
low nature of such drive shaft arrangements facilitate pas-
sage of other control components therethrough while



US 2020/0246063 Al

affording improved tension loading. For example, some
other embodiments include a flexible internal cable that
extends through the drive shaft assembly which can assist in
the alignment of the joint segments while facilitating the
ability to apply tension motions through the drive shaft
assembly. Moreover, such drive shaft arrangements are
relatively easily to manufacture and assemble.

[0248] FIGS. 34-37 depict a segment 3620 of a drive shaft
assembly 3600'. This embodiment includes joint segments
3622, 3624 that are laser cut out of tube stock material (e.g.,
stainless steel, titanium, polymer, etc.). The joint segments
3622, 3624 remain loosely attached together because the
cuts 3626 are radial and are somewhat tapered. For example,
each of the lug portions 3628 has a tapered outer perimeter
portion 3629 that is received within a socket 3630 that has
a tapered inner wall portion. See, e.g., FIGS. 35 and 37.
Thus, there is no assembly required to attach the joint
segments 3622, 3624 together. As can be seen in the Figures,
joint segment 3622 has opposing pivot lug portions 3628 cut
on each end thereof that are pivotally received in corre-
sponding sockets 3630 formed in adjacent joint segments
3624.

[0249] FIGS. 34-37 illustrate a small segment of the drive
shaft assembly 3600'. Those of ordinary skill in the art will
appreciate that the lugs/sockets may be cut throughout the
entire length of the drive shaft assembly. That is, the joint
segments 3624 may have opposing sockets 3630 cut therein
to facilitate linkage with adjoining joint segments 3622 to
complete the length of the drive shaft assembly 3600'. In
addition, the joint segments 3624 have an angled end portion
3632 cut therein to facilitate articulation of the joint seg-
ments 3624 relative to the joint segments 3622 as illustrated
in FIGS. 36-37. In the illustrated embodiment, each lug 3628
has an articulation stop portion 3634 that is adapted to
contact a corresponding articulation stop 3636 formed in the
joint segment 3622. See FIGS. 36-37. Other embodiments,
which may otherwise be identical to the segment 3620, are
not provided with the articulation stop portions 3634 and
stops 3636.

[0250] As indicated above, the joint-to-joint range of
motion for each particular drive shaft assembly can be
increased by increasing the spacing in the laser cuts. In such
embodiments, to ensure that the joint segments 3622, 3624
remain coupled together without significantly diminishing
the drive tube’s ability to articulate through desired ranges
of motion, a secondary constraining member in the form of
an elastomeric sleeve or coating 3640 is employed. Other
embodiments employ other forms of constraining members
disclosed herein and their equivalent structures. As can be
seen in FIG. 34, the joint segments 3622, 3624 are capable
of pivoting about pivot axes “PA-PA” defined by the pivot
lugs 3628 and corresponding sockets 3630. To obtain an
expanded range of articulation, the drive shaft assembly
3600' may be rotated about the tool axis TL-TL while
pivoting about the pivot axes PA-PA.

[0251] FIGS. 38-43 depict a segment 3640 of another
drive shaft assembly 3600". The drive shaft assembly 3600"
comprises a multi-segment drive system that includes a
plurality of interconnected joint segments 3642 that form a
flexible hollow drive tube 3602". A joint segment 3642
includes a ball connector portion 3644 and a socket portion
3648. Each joint segment 3642 may be fabricated by, for
example, metal injection molding “MIM” and be fabricated
from 17-4, 17-7, 420 stainless steel. Other embodiments
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may be machined from 300 or 400 series stainless steel,
6065 or 7071 aluminum or titanium. Still other embodi-
ments could be molded out of plastic infilled or unfilled
Nylon, Ultem, ABS, Polycarbonate or Polyethylene, for
example. As can be seen in the Figures, the ball connector
3644 is hexagonal in shape. That is, the ball connector 3644
has six arcuate surfaces 3646 formed thereon and is adapted
to be rotatably received in like-shaped sockets 3650. Each
socket 3650 has a hexagonally-shaped outer portion 3652
formed from six flat surfaces 3654 and a radially-shaped
inner portion 3656. See FIG. 41. Each joint segment 3642 is
identical in construction, except that the socket portions of
the last joint segments forming the distal and proximal ends
of the drive shaft assembly 3600 may be configured to
operably mate with corresponding control components.
Each ball connector 3644 has a hollow passage 3645 therein
that cooperate to form a hollow passageway 3603 through
the hollow flexible drive tube 3602".

[0252] As can be seen in FIGS. 42 and 43, the intercon-
nected joint segments 3642 are contained within a constrain-
ing member 3660 which comprises a tube or sleeve fabri-
cated from a flexible polymer material, for example. FIG. 44
illustrates a flexible inner core member 3662 extending
through the interconnected joint segments 3642. The inner
core member 3662 comprises a solid member fabricated
from a polymer material or a hollow tube or sleeve fabri-
cated from a flexible polymer material. FIG. 45 illustrates
another embodiment wherein a constraining member 3660
and an inner core member 3662 are both employed.

[0253] Drive shaft assembly 3600" facilitates transmission
of rotational and translational motion through a variable
radius articulation joint. The hollow nature of the drive shaft
assembly 3600" provides room for additional control com-
ponents or a tensile element (e.g., a flexible cable) to
facilitate tensile and compressive load transmission. In other
embodiments, however, the joint segments 3624 do not
afford a hollow passage through the drive shaft assembly. In
such embodiments, for example, the ball connector portion
is solid. Rotary motion is translated via the edges of the
hexagonal surfaces. Tighter tolerances may allow greater
load capacity. Using a cable or other tensile element through
the centerline of the drive shaft assembly 3600", the entire
drive shaft assembly 3600" can be rotated bent, pushed and
pulled without limiting range of motion. For example, the
drive shaft assembly 3600" may form an arcuate drive path,
a straight drive path, a serpentine drive path, etc.

[0254] While the various example embodiments described
herein are configured to operably interface with and be at
least partially actuated by a robotic system, the various end
effector and elongate shaft components described herein,
may be effectively employed in connection with handheld
tools. For example, FIGS. 46-47 depict a handheld surgical
tool 2400 that may employ various components and systems
described above to operably actuate an electrosurgical end
effector 3000 coupled thereto. It will be appreciated that the
handheld surgical tool 2400 may contain and/or be electri-
cally connected to a generator, such as the generator 3002,
for generating an electrosurgical drive signal to drive the end
effector 3000. In the example embodiment depicted in FIGS.
46-47, a quick disconnect joint 2210 is employed to couple
the end effector 3000 to an elongate shaft assembly 2402.
For example, the quick disconnect joint 2210 may operate to
remove the end effector 3000 in the manner described herein
with reference to FIGS. 106-115. To facilitate articulation of
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the end effector 3000 about the articulation joint 3500, the
proximal portion of the eclongate shaft assembly 2402
includes an example manually actuatable articulation drive
2410.

[0255] Referring now to FIGS. 48-50, in at least one
example form, the articulation drive 2410 includes four
axially movable articulation slides that are movably jour-
naled on the proximal drive shaft segment 380" between the
proximal outer tube segment 2214 and the proximal drive
shaft segment 380'. For example, the articulation cable
segment 434 A’ is attached to a first articulation slide 2420
that has a first articulation actuator rod 2422 protruding
therefrom. Articulation cable segment 434B' is attached to a
second articulation slide 2430 that is diametrically opposite
from the first articulation slide 2420. The second articulation
slide 2430 has a second articulation actuator rod 2432
protruding therefrom. Articulation cable segment 454A' is
attached to a third articulation slide 2440 that has a third
articulation actuator rod 2442 protruding therefrom. Articu-
lation cable segment 454B"' is attached to a fourth articula-
tion slide 2450 that is diametrically opposite to the third
articulation slide 2440. A fourth articulation actuator rod
2452 protrudes from the fourth articulation slide 2450.
Articulation actuator rods 2422, 2432, 2442, 2452 facilitate
the application of articulation control motions to the articu-
lation slides 2420, 2430, 2440, 2450, respectively by an
articulation ring assembly 2460.

[0256] As can be seen in FIG. 48, the articulation actuator
rods 2422, 2432, 2442, 2452 movably pass through a
mounting ball 2470 that is journaled on a proximal outer
tube segment 2404. In at least one embodiment, the mount-
ing ball 2470 may be manufactured in segments that are
attached together by appropriate fastener arrangements (e.g.,
welding, adhesive, screws, etc.). As shown in FIG. 50, the
articulation actuator rods 2422 and 2432 extend through
slots 2472 in the proximal outer tube segment 2404 and slots
2474 in the mounting ball 2470 to enable the articulation
slides 2420, 2430 to axially move relative thereto. Although
not shown, the articulation actuator rods 2442, 2452 extend
through similar slots 2472, 2474 in the proximal outer tube
segment 2404 and the mounting ball 2470. Each of the
articulation actuator rods 2422, 2432, 2442, 2452 protrude
out of the corresponding slots 2474 in the mounting ball
2470 to be operably received within corresponding mount-
ing sockets 2466 in the articulation ring assembly 2460. See
FIG. 49.

[0257] In at least one example form, the articulation ring
assembly 2460 is fabricated from a pair of ring segments
2480, 2490 that are joined together by, for example, welding,
adhesive, snap features, screws, etc. to form the articulation
ring assembly 2460. The ring segments 2480, 2490 coop-
erate to form the mounting sockets 2466. FEach of the
articulation actuator rods has a mounting ball 2468 formed
thereon that are each adapted to be movably received within
a corresponding mounting socket 2466 in the articulation
ring assembly 2460.

[0258] Various example embodiments of the articulation
drive 2410 may further include an example locking system
2486 configured to retain the articulation ring assembly
2460 in an actuated position. In at least one example form,
the locking system 2486 comprises a plurality of locking
flaps formed on the articulation ring assembly 2460. For
example, the ring segments 2480, 2490 may be fabricated
from a somewhat flexible polymer or rubber material. Ring
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segment 2480 has a series of flexible proximal locking flaps
2488 formed therein and ring segment 2490 has a series of
flexible distal locking flaps 2498 formed therein. Each
locking flap 2488 has at least one locking detent 2389
formed thereon and each locking flap 2498 has at least one
locking detent 2399 thereon. Locking detents 2389, 2399
may serve to establish a desired amount of locking friction
with the articulation ball so as to retain the articulation ball
in position. In other example embodiments, the locking
detents 2389, 2399 are configured to matingly engage vari-
ous locking dimples formed in the outer perimeter of the
mounting ball 2470.

[0259] Operation of the articulation drive 2410 can be
understood from reference to FIGS. 49 and 50. FIG. 49
illustrates the articulation drive 2410 in an unarticulated
position. In FIG. 50, the clinician has manually tilted the
articulation ring assembly 2460 to cause the articulation
slide 2420 to move axially in the distal direction “DD”
thereby advancing the articulation cable segment 434A'
distally. Such movement of the articulation ring assembly
2460 also results in the axial movement of the articulation
slide 2430 in the proximal direction which ultimately pulls
the articulation cable 434B in the proximal direction. Such
pushing and pulling of the articulation cable segments
434A', 434B' will result in articulation of the end effector
3000 relative to the longitudinal tool axis “L'T-LT” in the
manner described above. To reverse the direction of articu-
lation, the clinician simply reverses the orientation of the
articulation ring assembly 2460 to thereby cause the articu-
lation slide 2430 to move in the distal direction “DD” and
the articulation slide 2420 to move in the proximal direction
“PD”. The articulation ring assembly 2460 may be similarly
actuated to apply desired pushing and pulling motions to the
articulation cable segments 454 A", 454B'. The friction cre-
ated between the locking detents 2389, 2399 and the outer
perimeter of the mounting ball serves to retain the articula-
tion drive 2410 in position after the end effector 3000 has
been articulated to the desired position. In alternative
example embodiments, when the locking detents 2389, 2399
are positioned so as to be received in corresponding locking
dimples in the mounting ball, the mounting ball will be
retained in position.

[0260] In the illustrated example embodiments and others,
the elongate shaft assembly 2402 operably interfaces with a
handle assembly 2500. An example embodiment of handle
assembly 2500 comprises a pair of handle housing segments
2502, 2504 that are coupled together to form a housing for
various drive components and systems as will be discussed
in further detail below. See, e.g., FIG. 46. The handle
housing segments 2502, 2504 may be coupled together by
screws, snap features, adhesive, etc. When coupled together,
the handle segments 2502, 2504 may form a handle assem-
bly 2500 that includes a pistol grip portion 2506.

[0261] To facilitate selective rotation of the end effector
3000 about the longitudinal tool axis “L'T=LT”, the elongate
shaft assembly 2402 may interface with a first drive system,
generally designated as 2510. The drive system 2510
includes a manually-actuatable rotation nozzle 2512 that is
rotatably supported on the handle assembly 2500 such that
it can be rotated relative thereto as well as be axially moved
between a locked position and an unlocked position.
[0262] The surgical tool 2400 may include a closure
system 3670. The closure system 3670 may be used in some
embodiments to bring about distal and proximal motion in
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the elongate shaft assembly 2402 and end effector 3000. For
example, in some embodiments, the closure system 3670
may drive an axially movable member such as 3016. For
example, the closure system 3670 may be used to translate
the axially movable member 3016 instead of the various
rotary drive shafts described herein with respect to FIGS.
64-82, 83-91 and 92-96. In this example embodiment, the
closure system 3670 is actuated by a closure trigger 2530
that is pivotally mounted to the handle frame assembly 2520
that is supported within the handle housing segments 2502,
2504. The closure trigger 2530 includes an actuation portion
2532 that is pivotally mounted on a pivot pin 2531 that is
supported within the handle frame assembly 2520. See FIG.
51. Such example arrangement facilitates pivotal travel
toward and away from the pistol grip portion 2506 of the
handle assembly 2500. As can be seen in FIG. 51, the closure
trigger 2530 includes a closure link 2534 that is linked to the
first pivot link and gear assembly 3695 by a closure wire
2535. Thus, by pivoting the closure trigger 2530 toward the
pistol grip portion 2506 of the handle assembly 2500 into an
actuated position, the closure link 2534 and closure wire
2535 causes the first pivot link and gear assembly 3695 to
move in the distal direction “DD” to cause distal motion
through the shaft and, in some embodiments, to the end
effector.

[0263] The surgical tool 2400 may further include a clo-
sure trigger locking system 2536 to retain the closure trigger
in the actuated position. In at least one example form, the
closure trigger locking system 2536 includes a closure lock
member 2538 that is pivotally coupled to the handle frame
assembly 2520. As can be seen in FIGS. 52 and 53, the
closure lock member 2538 has a lock arm 2539 formed
thereon that is configured to ride upon an arcuate portion
2537 of the closure link 2534 as the closure trigger 2530 is
actuated toward the pistol grip portion 2506. When the
closure trigger 2530 has been pivoted to the fully actuated
position, the lock arm 2539 drops behind the end of the
closure link 2534 and prevents the closure trigger 2530 from
returning to its unactuated position. Thus, the distal motion
translated through the shaft assembly to the end effector may
be locked. To enable the closure trigger 2530 to return to its
unactuated position, the clinician simply pivots the closure
lock member 2538 until the lock arm 2539 thereof disen-
gages the end of the closure link 2534 to thereby permit the
closure link 2534 to move to the unactuated position.

[0264] The closure trigger 2530 is returned to the unac-
tuated position by a closure return system 2540. For
example, as can be seen in FIG. 51, one example form of the
closure trigger return system 2540 includes a closure trigger
slide member 2542 that is linked to the closure link 2534 by
a closure trigger yoke 2544. The closure trigger slide mem-
ber 2542 is slidably supported within a slide cavity 2522 in
the handle frame assembly 2520. A closure trigger return
spring 2546 is positioned within the slide cavity 2520 to
apply a biasing force to the closure trigger slide member
2542. Thus, when the clinician actuates the closure trigger
2530, the closure trigger yoke 2544 moves the closure
trigger slide member 2542 in the distal direction “DD”
compressing the closure trigger return spring 2546. When
the closure trigger locking system 2536 is disengaged and
the closure trigger 2530 is released, the closure trigger return
spring 2546 moves the closure trigger slide member 2542 in
the proximal direction “PD” to thereby pivot the closure
trigger 2530 into the starting unactuated position.
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[0265] The surgical tool 2400 can also employ any of the
various example drive shaft assemblies described above. In
at least one example form, the surgical tool 2400 employs a
second drive system 2550 for applying rotary control
motions to a proximal drive shaft assembly 380'. See FIG.
55. The second drive system 2550 may include a motor
assembly 2552 that is operably supported in the pistol grip
portion 2506. The motor assembly 2552 may be powered by
a battery pack 2554 that is removably attached to the handle
assembly 2500 or it may be powered by a source of
alternating current. A second drive gear 2556 is operably
coupled to the drive shaft 2555 of the motor assembly 2552.
The second drive gear 2556 is supported for meshing
engagement with a second rotary driven gear 2558 that is
attached to the proximal drive shaft segment 380" of the
drive shaft assembly. In at least one form, for example, the
second drive gear 2556 is also axially movable on the motor
drive shaft 2555 relative to the motor assembly 2552 in the
directions represented by arrow “U” in FIG. 55. A biasing
member, e.g., a coil spring 2560 or similar member, is
positioned between the second drive gear 2556 and the
motor housing 2553 and serves to bias the second drive gear
2556 on the motor drive shaft 2555 into meshing engage-
ment with a first gear segment 2559 on the second driven
gear 2558.

[0266] The second drive system 2550 may further include
a firing trigger assembly 2570 that is movably, e.g., pivotally
attached to the handle frame assembly 2520. In at least one
example form, for example, the firing trigger assembly 2570
includes a first rotary drive trigger 2572 that cooperates with
a corresponding switch/contact (not shown) that electrically
communicates with the motor assembly 2552 and which,
upon activation, causes the motor assembly 2552 to apply a
first rotary drive motion to the second driven gear 2558. In
addition, the firing trigger assembly 2570 further includes a
retraction drive trigger 2574 that is pivotal relative to the
first rotary drive trigger. The retraction drive trigger 2574
operably interfaces with a switch/contact (not shown) that is
in electrical communication with the motor assembly 2552
and which, upon activation, causes the motor assembly 2552
to apply a second rotary drive motion to the second driven
gear 2558. The first rotary drive motion results in the
rotation of the drive shaft assembly and the implement drive
shaft in the end effector to cause the firing member to move
distally in the end effector 3000. Conversely, the second
rotary drive motion is opposite to the first rotary drive
motion and will ultimately result in rotation of the drive
shaft assembly and the implement drive shaft in a rotary
direction which results in the proximal movement or retrac-
tion of the firing member in the end effector 3000.

[0267] The illustrated embodiment also includes a manu-
ally actuatable safety member 2580 that is pivotally attached
to the closure trigger actuation portion 2532 and is selec-
tively pivotable between a first “safe” position wherein the
safety member 2580 physically prevents pivotal travel of the
firing trigger assembly 2570 and a second “off” position,
wherein the clinician can freely pivot the firing trigger
assembly 2570. As can be seen in FIG. 51, a first dimple
2582 is provided in the closure trigger actuation portion
2532 that corresponds to the first position of the safety
member 2580. When the safety member 2580 is in the first
position, a detent (not shown) on the safety member 2580 is
received within the first dimple 2582. A second dimple 2584
is also provided in the closure trigger actuation portion 2532
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that corresponds to the second position of the safety member
2580. When the safety member 2580 is in the second
position, the detent on the safety member 2580 is received
within the second dimple 2582.

[0268] In at least some example forms, the surgical tool
2400 may include a mechanically actuatable reversing sys-
tem, generally designated as 2590, for mechanically apply-
ing a reverse rotary motion to the proximal drive shaft
segment 380" in the event that the motor assembly 2552 fails
or battery power is lost or interrupted. Such mechanical
reversing system 2590 may also be particularly useful, for
example, when the drive shaft system components operably
coupled to the proximal drive shaft segment 380" become
jammed or otherwise bound in such a way that would
prevent reverse rotation of the drive shaft components under
the motor power alone. In at least one example form, the
mechanically actuatable reversing system 2590 includes a
reversing gear 2592 that is rotatably mounted on a shaft
2524A formed on the handle frame assembly 2520 in
meshing engagement with a second gear segment 2562 on
the second driven gear 2558. See FIG. 53. Thus, the revers-
ing gear 2592 freely rotates on shaft 2524 A when the second
driven gear 2558 rotates the proximal drive shaft segment
380' of the drive shaft assembly.

[0269] In various example forms, the mechanical revers-
ing system 2590 further includes a manually actuatable
driver 2594 in the form of a lever arm 2596. As can be seen
in FIGS. 56 and 57, the lever arm 2596 includes a yoke
portion 2597 that has elongate slots 2598 therethrough. The
shaft 2524A extends through slot 2598A and a second
opposing shaft 2598B formed on the handle housing assem-
bly 2520 extends through the other elongate slot to movably
affix the lever arm 2596 thereto. In addition, the lever arm
2596 has an actuator fin 2597 formed thereon that can
meshingly engage the reversing gear 2592. There is a detent
or interference that keeps the lever arm 2596 in the unac-
tuated state until the clinician exerts a substantial force to
actuate it. This keeps it from accidentally initiating if
inverted. Other embodiments may employ a spring to bias
the lever arm into the unactuated state. Various example
embodiments of the mechanical reversing system 2590
further includes a knife retractor button 2600 that is movably
journaled in the handle frame assembly 2520. As can be seen
in FIGS. 56 and 57, the knife retractor button 2600 includes
a disengagement flap 2602 that is configured to engage the
top of the second drive gear 2556. The knife retractor button
2600 is biased to a disengaged position by a knife retractor
spring 2604. When in the disengaged position, the disen-
gagement flap 2602 is biased out of engagement with the
second drive gear 2556. Thus, until the clinician desires to
activate the mechanical reversing system 2590 by depress-
ing the knife retractor button 2600, the second drive gear
2556 is in meshing engagement with the first gear segment
2559 of the second driven gear 2558.

[0270] When the clinician desires to apply a reverse rotary
drive motion to the proximal drive shaft segment 380', the
clinician depresses the knife retractor button 2600 to disen-
gage the first gear segment 2559 on the second driven gear
2558 from the second drive gear 2556. Thereafter, the
clinician begins to apply a pivotal ratcheting motion to the
manually actuatable driver 2594 which causes the gear fin
2597 thereon to drive the reversing gear 2592. The reversing
gear 2592 is in meshing engagement with the second gear
segment 2562 on the second driven gear 2558. Continued
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ratcheting of the manually actuatable driver 2594 results in
the application of a reverse rotary drive motion to the second
gear segment 2562 and ultimately to the proximal drive shaft
segment 380'. The clinician may continue to ratchet the
driver 2594 for as many times as are necessary to fully
release or reverse the associated end effector component(s).
Once a desired amount of reverse rotary motion has been
applied to the proximal drive shaft segment 380, the clini-
cian releases the knife retractor button 2600 and the driver
2594 to their respective starting or unactuated positions
wherein the fin 2597 is out of engagement with the reversing
gear 2592 and the second drive gear 2556 is once again in
meshing engagement with the first gear segment 2559 on the
second driven gear 2558.

[0271] The surgical tool 2400 can also be employed with
an electrosurgical end effector comprising various rotary
drive components that are driven differently with a rotary
drive shaft at different axial positions. Examples of such end
effectors and drive mechanisms are described herein with
respect to FIGS. 64-82, 83-91 and 92-96. The surgical tool
2400 may employ a shifting system 2610 for selectively
axially shifting the proximal drive shaft segment 380' which
moves the shaft gear 376 into and out of meshing engage-
ment with the first rotary driven gear 374. For example, the
proximal drive shaft segment 380" is movably supported
within the handle frame assembly 2520 such that the proxi-
mal drive shaft segment 380" may move axially and rotate
therein. In at least one example form, the shifting system
2610 further includes a shifter yoke 2612 that is slidably
supported by the handle frame assembly 2520. See FIGS. 51
and 54. The proximal drive shaft segment 380" has a pair of
collars 386 (shown in FIGS. 51 and 55) thereon such that
shifting of the shifter yoke 2612 on the handle frame
assembly 2520 results in the axial movement of the proximal
drive shaft segment 380'. In at least one form, the shifting
system 2610 further includes a shifter button assembly 2614
operably interfaces with the shifter yoke 2612 and extends
through a slot 2505 in the handle housing segment 2504 of
the handle assembly 2500. See FIGS. 62 and 63. A shifter
spring 2616 is mounted with the handle frame assembly
2520 such that it engages the proximal drive shaft segment
380'. See FIGS. 54 and 61. The spring 2616 serves to
provide the clinician with an audible click and tactile
feedback as the shifter button assembly 2614 is slidably
positioned between the first axial position depicted in FIG.
62 wherein rotation of the drive shaft assembly results in
rotation of the end effector 3000 about the longitudinal tool
axis “LT-LT” relative to the articulation joint 3500 (illus-
trated in FIG. 67) and the second axial position depicted in
FIG. 63 wherein rotation of the drive shaft assembly results
in the axial movement of the firing member in the end
effector (illustrated in FIG. 66). Thus, such arrangement
enables the clinician to easily slidably position the shifter
button assembly 2614 while holding the handle assembly
2500. In some embodiments, the shifter button assembly
2500 may have more than two axial positions, correspond-
ing to more than two desired axial positions of the rotary
drive shaft. Examples of such surgical tools are provided
herein in conjunction with FIGS. 83-91 and 92-96.

[0272] Referring to FIGS. 64-72, a multi-axis articulating
and rotating surgical tool 600 comprises an end effector 550
comprising a first jaw member 602A and a second jaw
member 602B. The first jaw member 602A is movable
relative to the second jaw member 602B between an open
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position (FIGS. 64, 66-69, 71) and a closed position (FIGS.
70 and 72) to clamp tissue between the first jaw member
602A and the second jaw member 602B. The surgical tool
600 is configured to independently articulate about an articu-
lation joint 640 in a vertical direction (labeled direction V in
FIGS. 64 and 66-72) and a horizontal direction (labeled
direction H in FIGS. 64 and 65-68). Actuation of the
articulation joint 640 may be brought about in a manner
similar to that described above with respect to FIGS. 24-26.
The surgical tool 600 is configured to independently rotate
about a head rotation joint 645 in a longitudinal direction
(labeled direction H in FIGS. 64 and 66-72). The end
effector 550 comprises an I-beam member 620 and a jaw
assembly 555 comprising the first jaw member 602A, the
second jaw member 602B, a proximal portion 603 of the
second jaw member 602B, and a rotary drive nut 606 seated
in the proximal portion 603. The I-beam member 620 and
jaw assembly 555 may operate in a manner described herein
and similar to that described above with respect to the
axially movable member 3016 and jaw members 3008A,
3008B described herein above.

[0273] The end effector 550 is coupled to a shaft assembly
560 comprising an end effector drive housing 608, an end
effector connector tube 610, an intermediate articulation
tube segment 616, and a distal outer tube portion 642. The
end effector 550 and the shaft assembly 560 together com-
prise the surgical tool 600. The end effector 550 may be
removably coupled to the end effector drive housing 608
using a mechanism as described, for example, in connection
with FIGS. 106-115. The end effector connector tube 610
comprises a cylindrical portion 612 and a ball member 614.
The end effector drive housing 608 is coupled to the cylin-
drical portion 612 of the end effector connector tube 610
through the head rotation joint 645. The end effector 550 and
the end effector drive housing 608 together comprise a head
portion 556 of the surgical tool 600. The head portion 556
of the surgical tool 600 is independently rotatable about the
head rotation joint 645, as described in greater detail below.

[0274] The intermediate articulation tube segment 616
comprises a ball member 618 and a ball socket 619. The end
effector connector tube 610 is coupled to the intermediate
articulation tube segment 616 through a ball-and-socket
joint formed by the mutual engagement of the ball member
614 of the end effector connector tube 610 and the ball
socket 619 of the intermediate articulation tube segment
616. The intermediate articulation tube segment 616 is
coupled to the distal outer tube portion 642 through a
ball-and-socket joint formed by the mutual engagement of
the ball member 618 of the intermediate articulation tube
segment 616 and a ball socket of the distal outer tube portion
642. The articulation joint 640 comprises the end effector
connector tube 610, the intermediate articulation tube seg-
ment 616, and the distal outer tube portion 642. The inde-
pendent vertical articulation and/or horizontal articulation of
the surgical tool 600 about the articulation joint 640 may be
actuated, for example, using independently actuatable cable
segments, such as 444, 445, 446, 447 described herein
above, connected to the ball member 614 of the end effector
connector tube 610. This independent articulation function-
ality is described, for example, in connection with FIGS. 24,
24A and 25. Robotic and hand-held apparatuses for allowing
a clinician to initiate articulation functionality are described,
for example, in connection with FIGS. 6, 16-21 and 46-50.
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[0275] The movement of the first jaw member 602A
relative to the second jaw member 602B between an open
position (FIGS. 64, 66-69, and 71) and a closed position
(FIGS. 70 and 72) may be actuated with a suitable closure
actuation mechanism. Referring to FIGS. 73 and 74, closure
of the jaw assembly 555 may be actuated by translation of
the I-beam member 620. The I-beam member 620 comprises
a first I-beam flange 622A and a second I-beam flange 622B.
The first I-beam flange 622A and the second I-beam flange
622B are connected with an intermediate portion 624. The
intermediate portion 624 of the I-beam member 620 com-
prises a cutting member 625, which is configured to transect
tissue clamped between the first jaw member 602A and the
second jaw member 602B when the jaw assembly 555 is in
a closed position. The I-beam member 620 is configured to
translate within a first channel 601A in the first jaw member
602A and within a second channel 601B in the second jaw
member 602B. The first channel 601A comprises a first
channel flange 605A, and the second channel 601B com-
prises a second channel flange 605B. The first I-beam flange
622A can define a first cam surface 626A, and the second
I-beam flange 622B can define a second cam surface 626B.
The first and second cam surfaces 626A and 626B can
slidably engage outwardly-facing opposed surfaces of the
first and second channel flanges 605A and 605B, respec-
tively. More particularly, the first cam surface 626A can
comprise a suitable profile configured to slidably engage the
opposed surface of the first channel flange 605A of the first
jaw member 602A and, similarly, the second cam surface
6268 can comprise a suitable profile configured to slidably
engage the opposed surface of the second channel flange
605B of the second jaw member 602B, such that, as the
I-beam member 620 is advanced distally, the cam surfaces
626A and 626B can co-operate to cam first jaw member
602A toward second jaw member 602B and move the jaw
assembly 555 from an open position to a closed position as
indicated by arrow 629 in FIG. 74.

[0276] FIG. 73 shows the I-beam member 620 in a fully
proximal position and the jaw assembly 555 in an open
position. In the position shown in FIG. 73, the first cam
surface 626A is engaging a proximal portion of an arcuate-
shaped anvil surface 628, which mechanically holds the first
jaw member 602A open relative to the second jaw member
602B (FIGS. 69 and 71). Translation of the I-beam member
620 distally in a longitudinal direction (labeled direction L.
in FIGS. 64 and 66-74) results in sliding engagement of the
first cam surface 626 A with the length of the arcuate-shaped
anvil surface 628, which cams first jaw member 602A
toward second jaw member 602B until the first cam surface
626 A is engaging a distal portion of the arcuate-shaped anvil
surface 628. After the distal translation of the I-beam mem-
ber 620 for a predetermined distance, the first cam surface
626 A engages a distal portion of the arcuate-shaped anvil
surface 628 and the jaw assembly is in the closed position
(FIG. 74). Thereafter, the I-beam member 620 can be further
translated distally in order to transect tissue clamped
between the first jaw member 602A and the second jaw
member 602B when in the closed position.

[0277] During distal translation of the I-beam member 620
after closure of the jaw assembly, the first and second cam
surfaces 626A and 626B of the first and second I-beam
flanges 622A and 622B slidably engage the opposed sur-
faces of the first and second channel flanges 605A and 605B,
respectively. In this manner, the [-beam member is advanced
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distally through the first and second channels 601A and
601B of the first and second jaw members 602A and 602B.
[0278] The distal, or leading, end of the I-beam member
620 comprises a cutting member 625, which may be a sharp
edge or blade configured to cut through clamped tissue
during a distal translation stroke of the I-beam member,
thereby transecting the tissue. FIGS. 72 and 70 show the
I-beam member 620 in a fully distal position after a distal
translation stroke. After a distal translation stroke, the
I-beam member 620 may be proximally retracted back to the
longitudinal position shown in FIG. 74 in which the jaw
assembly remains closed, clamping any transected tissue
between the first jaw member 602A and the second jaw
member 602B. Further retraction of the I-beam member to
the fully proximal position (FIGS. 69, 71, and 73) will result
in engagement of the first cam surface 626 A and the proxi-
mal portion of the anvil surface 628, which cams the first jaw
member 602A away from the second jaw member 602B,
opening the jaw assembly 555.

[0279] Before, during, and/or after the I-beam member
620 is advanced through tissue clamped between the first
jaw member 602A and the second jaw member 602B,
electrical current can be supplied to electrodes located in the
first and/or second jaw members 602A and 602B in order to
weld/fuse the tissue, as described in greater detail in this
specification. For example, electrodes may be configured to
deliver RF energy to tissue clamped between the first jaw
member 602A and the second jaw member 602B when in a
closed position to weld/fuse the tissue.

[0280] Distal and proximal translation of the [-beam mem-
ber 620 between a proximally retracted position (FIGS. 64,
66-69, 71, and 73), an intermediate position (FIG. 74), and
a distally advanced position (FIGS. 70 and 72) may be
accomplished with a suitable translation actuation mecha-
nism. Referring to FIGS. 65-72, the I-beam member 620 is
connected to a threaded rotary drive member 604. A
threaded rotary drive nut 606 is threaded onto the threaded
rotary drive member 604. The threaded rotary drive nut 606
is seated in the proximal portion 603 of the second jaw
member 602B. The threaded rotary drive nut 606 is
mechanically constrained from translation in any direction,
but the threaded rotary drive nut 606 is rotatable within the
proximal portion 603 of the second jaw member 602B.
Therefore, given the threaded engagement of the rotary drive
nut 606 and the threaded rotary drive member 604, rotational
motion of the rotary drive nut 606 is transformed into
translational motion of the threaded rotary drive member
604 in the longitudinal direction and, in turn, into transla-
tional motion of the I-beam member 620 in the longitudinal
direction.

[0281] The threaded rotary drive member 604 is threaded
through the rotary drive nut 606 and is located inside a
lumen of a rotary drive shaft 630. The threaded rotary drive
member 604 is not attached or connected to the rotary drive
shaft 630. The threaded rotary drive member 604 is freely
movable within the lumen of the rotary drive shaft 630 and
will translate within the lumen of the rotary drive shaft 630
when driven by rotation of the rotary drive nut 606. The
rotary drive shaft 630 comprising the threaded rotary drive
member 604 located within the lumen of the rotary drive
shaft 630 forms a concentric rotary drive shaft/screw assem-
bly that is located in the lumen of the shaft assembly 560.
[0282] Asshownin FIG. 65, the end effector drive housing
608, the end effector connector tube 610, and the interme-
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diate articulation tube segment 616, which together com-
prise the shaft assembly 560, have open lumens and, there-
fore, the shaft assembly has a lumen, as shown in FIGS.
66-68. Referring again to FIGS. 66-68, the concentric rotary
drive shaft/threaded rotary drive member assembly is
located within the lumen of the shaft assembly 560 and
passes through the end effector drive housing 608, the end
effector connector tube 610, and the intermediate articula-
tion tube segment 616. Although not shown in FIGS. 66-68,
at least the rotary drive shaft 630 passes through a lumen of
the distal outer tube portion 642 and is operably coupled to
a driving mechanism that provides rotational and axial
translational motion to the rotary drive shaft 630. For
example, in some embodiments, the surgical tool 600 may
be operably coupled through the shaft assembly 560 to a
robotic surgical system that provides rotational motion and
axial translational motion to the rotary drive shaft 630, such
as, for example, the robotic surgical systems described in
connection with FIGS. 5 and 16-21. For example, the rotary
drive shaft 630 may be operably coupled, through the shaft
assembly 560, to the proximal drive shaft segment 380
described herein above. Also, in some embodiments, the
surgical tool 600 may be utilized in conjunction with a
hand-held surgical device, such as the device described
herein above with respect to FIGS. 46-63. For example, the
rotary drive shaft 630 may be operably coupled, though the
shaft assembly 560, to the proximal drive shaft segment 380’
described herein above.

[0283] The rotary drive shaft 630 comprises a rotary drive
head 632. The rotary drive head 632 comprises a female hex
coupling portion 634 on the distal side of the rotary drive
head 632, and the rotary drive head 632 comprises a male
hex coupling portion 636 on the proximal side of the rotary
drive head 632. The distal female hex coupling portion 634
of the rotary drive head 632 is configured to mechanically
engage with a male hex coupling portion 607 of the rotary
drive nut 606 located on the proximal side of the rotary drive
nut 606. The proximal male hex coupling portion 636 of the
rotary drive head 632 is configured to mechanically engage
with a female hex shaft coupling portion 609 of the end
effector drive housing 608.

[0284] Referring to FIGS. 66, 67, 69, and 70, the rotary
drive shaft 630 is shown in a fully distal axial position in
which the female hex coupling portion 634 of the rotary
drive head 632 is mechanically engaged with the male hex
coupling portion 607 of the rotary drive nut 606. In this
configuration, rotation of the rotary drive shaft 630 actuates
rotation of the rotary drive nut 606, which actuates transla-
tion of the threaded rotary drive member 604, which actuates
translation of the I-beam member 620. The orientation of the
threading of the threaded rotary drive member 604 and the
rotary drive nut 606 may be established so that either
clockwise or counterclockwise rotation of the rotary drive
shaft 630 will actuate distal or proximal translation of the
threaded rotary drive member 604 and I-beam member 620.
In this manner, the direction, speed, and duration of rotation
of the rotary drive shaft 630 can be controlled in order to
control the direction, speed, and magnitude of the longitu-
dinal translation of the I-beam member 620 and, therefore,
the closing and opening of the jaw assembly and the
transection stroke of the I-beam member along the first and
second channels 601A and 601B, as described above.

[0285] Referring to FIG. 69, for example, rotation of the
rotary drive shaft 630 in a clockwise direction (as viewed
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from a proximal-to-distal vantage point) actuates clockwise
rotation of the rotary drive nut 606, which actuates distal
translation of the threaded rotary drive member 604, which
actuates distal translation of the I-beam member 620, which
actuates closure of the jaw assembly and a distal transection
stroke of the I-beam member 620/cutting member 625.
Referring to FIG. 70, for example, rotation of the rotary
drive shaft 630 in a counterclockwise direction (as viewed
from a proximal-to-distal vantage point) actuates counter-
clockwise rotation of the rotary drive nut 606, which actu-
ates proximal translation of the threaded rotary drive mem-
ber 604, which actuates proximal translation of the I-beam
member 620, which actuates a proximal return stroke of the
I-beam member 620/cutting member 625 and opening of the
jaw assembly. In this manner, the rotary drive shaft 630 may
be used to independently actuate the opening and closing of
the jaw assembly and the proximal-distal transection stroke
of the I-beam 620/cutting member 625.

[0286] Referring to FIGS. 68, 71, and 72, the rotary drive
shaft 630 is shown in a fully proximal axial position in
which the male hex coupling portion 636 of the rotary drive
head 632 is mechanically engaged with the female hex shaft
coupling portion 609 of the end effector drive housing 608.
In this configuration, rotation of the rotary drive shaft 630
actuates rotation of the head portion 556 of the surgical tool
600 about rotation joint 645, including rotation of the end
effector 550 and the end effector drive housing 608. In this
configuration, the portion of the surgical tool 600 that is
distal to the head rotation joint 645 (i.e., the head portion 556
of the surgical tool 600, comprising the end effector 550 and
the end effector drive housing 608) rotates with rotation of
the rotary drive shaft 630, and the portion of the surgical tool
that is proximal to the head rotation joint 645 (e.g., the end
effector connector tube 610, the intermediate articulation
tube segment 616, and the distal outer tube portion 642) does
not rotate with rotation of the rotary drive shaft 630. It will
be appreciated that a desired rotation speed of the rotary
drive shaft 630 to drive the rotary drive nut 606 may be
greater than a desired rotational speed for rotating the head
portion 556. For example, the rotary drive shaft 630 may be
driven by a motor (not shown) that is operable at different
rotary speeds.

[0287] Referring to FIG. 71, for example, rotation of the
rotary drive shaft 630 in a clockwise direction (as viewed
from a proximal-to-distal vantage point) actuates clockwise
rotation of the end effector 550 and the end effector drive
housing 608 (i.e., the head portion 556 of the surgical tool
600) with the jaw assembly 555 in an open position.
Rotation of the rotary drive shaft 630 in a counterclockwise
direction (as viewed from a proximal-to-distal vantage
point) actuates counterclockwise rotation of the end effector
550 and the end effector drive housing 608 with the jaw
assembly 555 in an open position. Referring to FIG. 72, for
example, rotation of the rotary drive shaft 630 in a clockwise
direction (as viewed from a proximal-to-distal vantage
point) actuates clockwise rotation of the end effector 550 and
the end effector drive housing 608 with the jaw assembly
555 in a closed position. Rotation of the rotary drive shaft
630 in a counterclockwise direction (as viewed from a
proximal-to-distal vantage point) actuates counterclockwise
rotation of the end effector 550 and the end effector drive
housing 608 with the jaw assembly 555 in a closed position.
Although not shown, it is understood that the I-beam mem-
ber 620 may be located in an intermediate position where the
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jaw assembly is closed but the I-beam is not fully distally
advanced (see, e.g., FIG. 74) when the rotary drive shaft 630
is in a fully proximal axial position and the male hex
coupling portion 636 of the rotary drive head 632 is
mechanically engaged with the female hex shaft coupling
portion 609 of the end effector drive housing 608 to actuate
rotation of the head portion of the surgical tool.

[0288] Thus, the rotary drive shaft 630 may be used to
independently actuate the opening and closing of the jaw
assembly, the proximal-distal transection stroke of the
I-beam 620/cutting member 625, and the rotation of the head
portion 556 of the surgical tool 6004.

[0289] In various embodiments, a surgical tool may com-
prise an end effector, a first actuation mechanism, and a
second actuation mechanism. The surgical tool may also
comprise a clutch member configured to selectively engage
and transmit rotary motion to either the first actuation
mechanism or the second actuation mechanism. For
example, in various embodiments, a clutch member may
comprise a rotary drive shaft comprising a rotary drive head
as described, for example, in connection with FIGS. 64-72.
In various embodiments, a first actuation mechanism may
comprise an [-beam member connected to a threaded rotary
drive member threaded through a rotary drive nut, as
described, for example, in connection with FIGS. 64-74,
wherein the [-beam, the threaded rotary drive member, and
the rotary drive nut are configured to actuate the closing and
opening of a jaw assembly and/or the translation of a cutting
member. In various embodiments, a second actuation
mechanism may comprise a shaft coupling portion, as
described, for example, in connection with FIGS. 64-72,
wherein the shaft coupling portion is configured to actuate
rotation of a head portion of a surgical tool.

[0290] In various embodiments, a surgical tool may com-
prise an end effector comprising a first jaw member, a
second jaw member, and a first actuation mechanism con-
figured to move the first jaw member relative to the second
jaw member between an open position and a closed position.
The surgical tool may also comprise a shaft assembly
proximal to the surgical end effector. The surgical tool may
also comprise a rotary drive shaft. The rotary drive shaft may
be configured to transmit rotary motions and may also be
selectively moveable between a first position and a second
position relative to the shaft assembly. The rotary drive shaft
may be configured to engage and selectively transmit the
rotary motions to the first actuation mechanism when in the
first position and the rotary drive shaft may be configured to
disengage from the actuation mechanism when in the second
position. For example, in various embodiments, the first
actuation mechanism may comprise an [-beam member
connected to a threaded rotary drive member threaded
through a rotary drive nut, as described, for example, in
connection with FIGS. 64-74, wherein the I-beam, the
threaded rotary drive member, and the rotary drive nut are
configured to actuate the closing and opening of a jaw
assembly when the rotary drive shaft engages and selec-
tively transmits rotary motion to the drive nut.

[0291] In various embodiments, a surgical tool may com-
prise a surgical end effector comprising a first jaw member,
a second jaw member, and a closure mechanism configured
to move the first jaw member relative to the second jaw
member between an open position and a closed position. The
surgical tool may also comprise a shaft assembly proximal
to the surgical end effector, wherein the surgical end effector
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is configured to rotate relative to the shaft assembly. The
surgical tool may also comprise a rotary drive shaft config-
ured to transmit rotary motions, the rotary drive shaft
selectively movable axially between a first position and a
second position relative to the shaft assembly, wherein the
rotary drive shaft is configured to apply the rotary motions
to the closure mechanism when in the first axial position,
and wherein the rotary drive shaft is configured to apply the
rotary motions to the surgical end effector when in the
second axial position. For example, in various embodiments,
the first axial position may correspond to the rotary drive
shaft being in a fully distal axial position in which a rotary
drive head is mechanically engaged with a rotary drive nut
as described, for example, in connection with FIGS. 64-72.
In various embodiments, the second axial position may
correspond to the rotary drive shaft being in a fully proximal
axial position in which a rotary drive head is mechanically
engaged with a shaft coupling portion of a shaft member as
described, for example, in connection with FIGS. 64-72.

[0292] In various embodiments, a surgical tool comprising
an end effector, a first actuation mechanism, and a second
actuation mechanism, may further comprise a head locking
mechanism. For example, referring to FIGS. 75-82, a multi-
axis articulating and rotating surgical tool 650 comprises an
end effector 570, a shaft assembly 580, and a head locking
mechanism 590. The end effector 570 comprises a first jaw
member 652A and a second jaw member 652B. The first jaw
member 602A is movable relative to the second jaw member
602B between an open position (FIGS. 77 and 79) and a
closed position (FIGS. 78 and 80) to clamp tissue between
the first jaw member 652A and the second jaw member
652B. The surgical tool 650 is configured to independently
articulate about an articulation joint in a vertical direction
and a horizontal direction like the surgical tool 600 shown
in FIGS. 64-72. The surgical tool 650 is also configured to
independently rotate about a head rotation joint like the
surgical tool 600 shown in FIGS. 64-72. The end effector
570 comprises an I-beam member 670 and a jaw assembly
575 comprising the first jaw member 652A, the second jaw
member 652B, a proximal portion 653 of the second jaw
member 652B, and a rotary drive nut 656 seated in the
proximal portion 653.

[0293] The end effector 570 is coupled to a shaft assembly
580 comprising an end effector drive housing 658, an end
effector connector tube 660, an intermediate articulation
tube segment 666, and a surgical tool shaft member (not
shown). The end effector 570 and the shaft assembly 580
together comprise the surgical tool 650. The end effector 570
may be removably coupled to the end effector drive housing
658 using a mechanism as described, for example, in con-
nection with FIGS. 106-115. The end effector drive housing
608 is coupled to the end effector connector tube 660
through the head rotation joint. The end effector 570 and the
end effector drive housing 658 together comprise a head
portion 578 of the surgical tool 650. The head portion 578
of the surgical tool 650 is independently rotatable about the
head rotation joint, as described in greater detail above in
connection FIGS. 64-72 showing the surgical tool 600.

[0294] The end effector connector tube 660 is coupled to
the intermediate articulation tube segment 666 through a
ball-and-socket joint formed by the mutual engagement of
the ball member of the end effector connector tube 660 and
the ball socket of the intermediate articulation tube segment
666. The intermediate articulation tube segment 666 is
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coupled to a surgical tool shaft member through a ball-and-
socket joint formed by the mutual engagement of the ball
member of the intermediate articulation tube segment 616
and a ball socket of the surgical tool shaft member. The
articulation joint comprises the end effector connector tube
660, the intermediate articulation tube segment 666, and the
surgical tool shaft member. The independent vertical articu-
lation and/or horizontal articulation of the surgical tool 650
about the articulation joint may be actuated, for example,
using independently actuatable drive cables connected to the
ball member of the end effector connector tube 660. This
independent articulation functionality is described, for
example, in connection with FIGS. 24-25. Robotic and
hand-held apparatuses for allowing a clinician to initiate
articulation functionality are described, for example, in
connection with FIGS. 6, 16-21 and 46-50.

[0295] The movement of the first jaw member 652A
relative to the second jaw member 652B is actuated using
the same actuation mechanism described above in connec-
tion with FIGS. 73 and 74. Distal and proximal translation
of the I-beam member 670 between a proximally retracted
position (FIGS. 77 and 79), an intermediate position (see
FIG. 74), and a distally advanced position (FIGS. 78 and 80)
may be accomplished with a suitable translation actuation
mechanism. Referring to FIGS. 75-80, the I-beam member
670 is connected to a threaded rotary drive member 654. A
threaded rotary drive nut 656 is threaded onto the threaded
rotary drive member 654. The threaded rotary drive nut 656
is seated in the proximal portion 653 of the second jaw
member 652B. The threaded rotary drive nut 656 is
mechanically constrained from translation in any direction,
but is rotatable within the proximal portion 653 of the
second jaw member 652B. Therefore, given the threaded
engagement of the rotary drive nut 656 and the threaded
rotary drive member 654, rotational motion of the rotary
drive nut 656 is transformed into translational motion of the
threaded rotary drive member 654 in the longitudinal direc-
tion and, in turn, into translational motion of the I-beam
member 670 in the longitudinal direction.

[0296] The threaded rotary drive member 654 is threaded
through the rotary drive nut 656 and is located inside a
lumen of a rotary drive shaft 680. The threaded rotary drive
member 654 is not attached or connected to the rotary drive
shaft 680. The threaded rotary drive member 654 is freely
movable within the lumen of the rotary drive shaft 680 and
will translate within the lumen of the rotary drive shatt 680
when driven by rotation of the rotary drive nut 656. The
rotary drive shaft 680 comprising the threaded rotary drive
member 654 located within the lumen of the rotary drive
shaft 680 forms a concentric rotary drive shaft/screw assem-
bly that is located in the lumen of the shaft assembly 580.

[0297] Referring to FIGS. 77-80, the concentric rotary
drive shaft/screw assembly is located within the lumen of
the shaft assembly 560 and passes through the end effector
drive housing 658, the end effector connector tube 660, and
the intermediate articulation tube segment 666. Although not
shown in FIGS. 77-80, at least the rotary drive shaft 680
passes through a lumen of the surgical tool shaft member
and is operably coupled to a driving mechanism that pro-
vides rotary motion and axial translational motion to the
rotary drive shaft 680. For example, in some embodiments,
the surgical tool 650 may be operably coupled through the
shaft assembly 580 to a robotic surgical system that provides
rotary motion and axial translational motion to the rotary
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drive shaft 680, such as, for example, the robotic surgical
systems described in connection with FIGS. 5 and 16-21. In
some embodiments, for example, the surgical tool 650 may
be operably coupled through the shaft assembly 580 to a
hand-held surgical device that provides rotary motion and
axial translational motion to the rotary drive shaft 680, such
as, for example, the hand-held surgical devices described in
connection with FIGS. 46-63. In some embodiments, the
threaded rotary drive member 654 has a length that is less
than the length of the rotary drive shaft 680 and, therefore,
lies within only a distal portion of the rotary drive shaft 680.
[0298] The threaded rotary drive member 654 and the
rotary drive shaft 680 are flexible so that the portions of the
threaded rotary drive member 654 and the rotary drive shaft
680 that are located in the articulation joint can bend without
damage or loss of operability during independent articula-
tion of the surgical tool 650 about the articulation joint.
Example configurations of the rotary drive shaft 680 are
provided herein with reference to FIGS. 28-45.

[0299] The rotary drive shaft 680 comprises a rotary drive
head 682. The rotary drive head 682 comprises a female hex
coupling portion 684 on the distal side of the rotary drive
head 682, and the rotary drive head 682 comprises a male
hex coupling portion 686 on the proximal side of the rotary
drive head 682. The distal female hex coupling portion 684
of the rotary drive head 682 is configured to mechanically
engage with a male hex coupling portion 657 of the rotary
drive nut 656 located on the proximal side of the rotary drive
nut 656. The proximal male hex coupling portion 686 of the
rotary drive head 682 is configured to mechanically engage
with a female hex shaft coupling portion 659 of the end
effector drive housing 658.

[0300] Referring to FIGS. 77 and 78, the rotary drive shaft
680 is shown in a fully distal axial position in which the
female hex coupling portion 684 of the rotary drive head 682
is mechanically engaged with the male hex coupling portion
657 of the rotary drive nut 656. In this configuration, rotation
of the rotary drive shaft 680 actuates rotation of the rotary
drive nut 656, which actuates translation of the threaded
rotary drive member 654, which actuates translation of the
I-beam member 670. Referring to FIGS. 79 and 80, the
rotary drive shaft 680 is shown in a fully proximal axial
position in which the male hex coupling portion 686 of the
rotary drive head 682 is mechanically engaged with the
female hex shaft coupling portion 659 of the end effector
drive housing 658. In this configuration, rotation of the
rotary drive shaft 680 actuates rotation of the head portion
578 of the surgical tool 650 about rotation joint, including
rotation of the end effector 570 and the end effector drive
housing 658.

[0301] The rotary drive shaft 680 also comprises a spline
lock 690. The spline lock 690 is coupled to the rotary drive
shaft 680 using shaft flanges 685. The spline lock 690 is
mechanically constrained from translation in any direction
by the rotary drive shaft 680 and the shaft flanges 685, but
the spline lock 690 is freely rotatable about the rotary drive
shaft 680. The spline lock 690 comprises spline members
692 disposed circumferentially around the external surface
of the spline lock 690 and oriented co-axially with the shaft
assembly 580. As shown in FIGS. 75 and 76, the spline lock
690 is located at the rotational joint formed by the coupling
of the end effector drive housing 658 and the end effector
connector tube 660. The end effector drive housing 658
comprises a spline coupling portion 694 comprising spline
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members 696 disposed circumferentially around the internal
surface of the end effector drive housing 658 and oriented
co-axially with the shaft assembly 580. The end effector
connector tube 660 comprises a spline coupling portion 662
comprising spline members 664 disposed circumferentially
around the internal surface of the end effector connector tube
660 and oriented co-axially with the shaft assembly 580.

[0302] The spline members 692, 696, and 664 of the spline
lock 690, the end effector drive housing 658, and the end
effector connector tube 660, respectively, are configured to
mechanically engage with each other when the rotary drive
shaft 680 is in a fully distal axial position in which the
female hex coupling portion 684 of the rotary drive head 682
is mechanically engaged with the male hex coupling portion
657 of the rotary drive nut 656 to drive rotation of the rotary
drive nut 656 and translation of the threaded rotary drive
member 654 and the [-beam member 670 (FIGS. 77, 78, and
82). The mechanical engagement of the respective spline
members 692, 696, and 664 locks the end effector drive
housing 658 into position with the end effector connector
tube 660, thereby locking the rotational joint and preventing
rotation of the head portion 578 of the surgical tool 650.
Because the spline lock 690 is freely rotatable about the
rotary drive shaft 680, the mechanical engagement of the
respective spline members 692, 696, and 664 does not
prevent the rotary drive shaft 680 from actuating the rotary
drive nut 656, the threaded rotary drive member 654, and the
I-beam member 670.

[0303] When the rotary drive shaft 680 is in a fully
proximal axial position in which the male hex coupling
portion 686 of the rotary drive head 682 is mechanically
engaged with the female hex shaft coupling portion 659 of
the end effector drive housing 658 to drive rotation of the
head portion 578 of the surgical tool 650, the spline lock 690
is completely retracted into the lumen of the end effector
connector tube 660 and the spline lock 690 is completely
disengaged from the spline coupling portion 694 of the end
effector drive housing 658. (FIGS. 79, 80, and 81). In this
configuration, the spline members 692 of the spline lock 690
and the spline members 664 of the end effector connector
tube 660 are completely engaged, and the spline members
692 of'the spline lock 690 and the spline members 696 of the
end effector drive housing 658 are completely disengaged.
The mechanical disengagement of the spline members 692
of'the spline lock 690 and the spline members 696 of the end
effector drive housing 658 when the rotary drive shaft 680
is in a fully proximal axial position unlocks the end effector
drive housing 658 from the end effector connector tube 660,
thereby unlocking the rotational joint and permitting rotation
of'the head portion 578 of the surgical tool 650. Because the
spline lock 690 is freely rotatable about the rotary drive shaft
680, the mechanical engagement of spline members 692 of
the spline lock 690 and the spline members 664 of the end
effector connector tube 660 does not prevent the rotary drive
shaft 680 from actuating the rotation of the head portion 578
of the surgical tool 650.

[0304] The head locking mechanism 590 ensures that the
head portion 578 of the surgical tool 650 does not rotate
when the rotary drive shaft 680 is in a fully distal axial
position engaging the rotary drive nut 656 to drive actuation
of the jaw closure mechanism and/or the I-beam translation
mechanism as described above (FIGS. 77, 78, and 82). The
head locking mechanism 590 ensures that the head portion
578 of the surgical tool 650 is freely rotatable when the
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rotary drive shaft 680 is in a fully proximal axial position
engaging the shaft coupling portion 659 of the end effector
drive housing 658 to drive actuation of head rotation as
described above (FIGS. 79, 80, and 81).

[0305] Referring to FIGS. 77 and 78, for example, rotation
of the rotary drive shaft 680 actuates rotation of the rotary
drive nut 656, which actuates distal or proximal translation
of the threaded rotary drive member 654 (depending on the
direction of rotary motion of the rotary drive shaft 680),
which actuates distal or proximal translation of the I-beam
member 670, which actuates the closing and opening of the
jaw assembly 575, and distal and proximal transection
strokes of the I-beam member 670/cutting member 675.
Simultaneously, the spline lock 690 engages both the end
effector drive housing 658 and the end effector connector
tube 660 to prevent unintended head rotation.

[0306] Referring to FIGS. 79 and 80, for example, rotation
of the rotary drive shaft 680 actuates rotation of the end
effector drive housing 658, which actuates rotation of the
end effector 570. Simultaneously, the spline lock 690 is
disengaged both the end effector drive housing 658 and does
not prevent head rotation. Thus, the rotary drive shaft 680
may be used to independently actuate the opening and
closing of the jaw assembly 575, the proximal-distal transec-
tion stroke of the I-beam 670/cutting member 675, and the
rotation of the head portion 578 of the surgical tool 650.

[0307] In various embodiments, an end effector, such as
the end effectors 550 and 570 shown in FIGS. 64-82, may
comprise first and second jaw members comprising a first
and second distal textured portions, respectively. The first
and second distal textured portions of the first and second
jaw members of an end effector may be opposed and may
allow the end effector to grip, pass, and/or manipulate
surgical implements such as needles for suturing tissue, in
addition to gripping tissue, for example, during dissection
operations. In some embodiments, the distal textured por-
tions may also be electrodes configured, for example, to
deliver RF energy to tissue during dissection operations.
This gripping, passing, manipulating, and/or dissecting
functionality is described, for example, in connection with
FIGS. 153-168.

[0308] In various embodiments, an end effector, such as
the end effectors 550 and 570 shown in FIGS. 64-82, may
comprise first and second jaw members comprising first and
second gripping portions disposed on outwardly facing
surfaces of the first and second jaw members. The first and
second gripping portions of the first and second jaw mem-
bers of an end effector may function to aid in tissue
dissection as described, for example, in connection with
FIGS. 116-131.

[0309] In various embodiments, an end effector, such as
the end effectors 550 and 570 shown in FIGS. 64-82, may
comprise at least one electrode disposed on at least one
tissue-contacting surface of at least one jaw member. The
electrodes may be configured, for example, to deliver RF
energy to tissue clamped between the jaw members when in
a closed position to weld/fuse the tissue, which in some
embodiments, may also be transected by translating an
I-beam member comprising a cutting member. In some
embodiments, a second jaw member may also comprise an
offset electrode located at the distal tip of the jaw member,
the electrode configured to deliver RF energy to tissue
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during dissection operations, for example. This electrode
functionality is described, for example, in connection with
153-168.

[0310] In various embodiments, an end effector, such as
the end effectors 550 and 570 shown in FIGS. 64-82, may
comprise jaw members comprising angled tissue-contacting
surfaces as described, for example, in connection with FIGS.
132-142.

[0311] Referring to FIGS. 83-91, a multi-axis articulating
and rotating surgical tool 1200 comprises an end effector
1202 including a jaw assembly 1211 comprising a first jaw
member 1204 and a second jaw member 1206. The first jaw
member 1204 is movable relative to the second jaw member
1206 between an open position and a closed position to
clamp tissue between the first jaw member 1204 and the
second jaw member 1206. The surgical tool 1200 is config-
ured to independently articulate about an articulation joint
1208. As described above, the surgical tool 1200 is also
configured to independently rotate about a head rotation
joint 1210. Referring primarily to FIG. 83, the end effector
1202 further comprises a proximal shaft portion 1212.
[0312] The end effector 1202 is coupled to a shaft assem-
bly 1214 comprising an end effector drive housing 1216, an
end effector connector tube 1218, an intermediate articula-
tion tube segment 1220, and a distal outer tube portion (not
shown in FIGS. 83-91). The end effector 1202 and the shaft
assembly 1214 together can comprise the surgical tool 1200.
The end effector 1202 may be removably coupled to the end
effector drive housing 1216 using a mechanism as described,
for example, in connection with FIGS. 106-115. The end
effector connector tube 1218 comprises a cylindrical portion
1222 and a ball portion 1224. The end effector drive housing
1216 is coupled to the cylindrical portion 1222 of the end
effector connector tube 1218 through the head rotation joint
1210. The end effector 1202 and the end effector drive
housing 1216 together comprise a head portion of the
surgical tool 1200. The head portion of the surgical tool
1200 is independently rotatable about the head rotation joint
1210.

[0313] Referring primarily to FIGS. 85-87, the surgical
tool 1200 may include a closure mechanism 1226 for
moving the first jaw member 1204 relative to the second jaw
member 1206 between an open position (FIG. 86) and a
closed position (FIG. 87). As illustrated in FIG. 83, the first
jaw member 1204 may include first mounting holes 1228,
and the second jaw member 1206 may include second
mounting holes (not shown in FIGS. 83-91). The first jaw
member 1204 can be arranged relative to the second jaw
member 1206 such that a pivot or trunnion pin (not shown
in FIGS. 83-91) extends through the first mounting holes
1228 of the first jaw member 1204 and the second mounting
holes of the second jaw member 1206 to pivotally couple the
first jaw member 1204 to the second jaw member 1206.
Other suitable means for coupling the first jaw member 1204
and the second jaw member 1206 are within the scope of this
disclosure.

[0314] Referring to FIGS. 83-91, the closure mechanism
1226 may comprise a linkage arrangement which may
comprise a first link 1230 and a second link (not shown in
FIGS. 83-91). The closure mechanism 1226 may also com-
prise a closure driver in the form of a closure nut 1232 for
example. The closure nut 1232 (FIG. 84) may be at least
partially positioned within the end effector drive housing
1216. In use, the closure nut 1232 may translate axially
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between a first position (FIG. 86) and a second position
(FIG. 87) relative to the end effector drive housing 1216 and
may include a first arm 1234 and a second arm 1236.
Referring primarily to FIG. 84, the first arm 1234 and the
second arm 1236 may extend distally from a distal portion
1238 of the closure nut 1232, wherein the first arm 1234 may
comprise a first opening 1240 and the first arm 1234 may be
pivotally connected to the first link 1230 by a first pin (not
shown in FIGS. 83-91) through the first opening 1240.
Similarly, the second arm 1236 may comprise a second
opening 1244, wherein the second arm 1236 may be pivot-
ally connected to the second link by a second pin (not shown
in FIGS. 83-91) through the second opening 1244. The first
link 1230 and the second link (not shown in FIGS. 83-91)
are also pivotally connected to the first jaw member 1204
such that when the closure nut 1232 is advanced distally
from the first position (FIG. 86) to the second position (FIG.
87), the first jaw member 1204 is pivoted relative to the
second jaw member 1206 towards a closed position. Cor-
respondingly, when the closure nut 1232 is retracted proxi-
mally from the second position (FIG. 89) to the first position
(FIG. 91), the first jaw member 1204 is pivoted relative to
the second jaw member 1206 towards the open position.
FIG. 85 illustrates the closure nut 1232 in a first position and
the jaw assembly 1211 in an open position. FIG. 87 shows
the closure nut 1232 in a second position and the jaw
assembly 1211 in a closed position. The closure nut 1232,
however, may be constrained from rotation relative to the
end effector drive housing 1316 by an indexing feature, for
example, abutting against the end effector drive housing
11316.

[0315] Referring to FIGS. 83-91, the surgical tool 1200
may include a firing mechanism 1246 having a suitable
firing driver. The firing mechanism 1246 may include an
I-beam member 1247, a threaded drive member 1248, and a
threaded rotary drive nut 1250. The I-beam member 1247
may comprise a first I-beam flange 1252 and a second
I-beam flange 1254. The I-beam member 1247 may operate
in a manner similar to that described above with respect to
the axially movable member 3016 described herein above.
For example, the first I-beam flange 1252 and the second
I-beam flange 1254 are connected with an intermediate
portion 1256. The intermediate portion 1256 of the I-beam
member 1247 may comprise a cutting member 1258 on a
distal or a leading end thereof. The I-beam member 1247 is
configured to translate within a first channel 1260 in the first
jaw member 1204 and within a second channel 1262 in the
second jaw member 1206. FIG. 84 shows the I-beam mem-
ber 1247 in a fully proximal position and the jaw assembly
1211 in an open position. The I-beam member 1247 may be
translated distally in order for the cutting member 1258 to
transect tissue clamped between the first jaw member 1204
and the second jaw member 1206 when in the closed
position. The cutting member 1258, which may comprise a
sharp edge or blade for example, is configured to cut through
clamped tissue during a distal translation (firing) stroke of
the I-beam member 1247, thereby transecting the tissue.
FIG. 88 shows the I-beam member 1247 in a fully distal
position after a firing stroke.

[0316] Before, during, and/or after the I-beam member
1247 is advanced through tissue clamped between the first
jaw member 1204 and the second jaw member 1206, elec-
trical current can be supplied to electrodes located in the first
jaw member 1204 and/or second jaw member 1206 in order
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to weld/fuse the tissue, as described in greater detail in this
specification. For example, electrodes may be configured to
deliver RF energy to tissue clamped between the first jaw
member 1204 and the second jaw member 1206 when in a
closed position to weld/fuse the tissue.

[0317] Distal and proximal translation of the [-beam mem-
ber 1247 between a proximally retracted position and a
distally advanced position may be accomplished with a
suitable firing mechanism 1246. Referring to FIGS. 83-91,
the I-beam member 1247 is connected to the threaded drive
member 1248, wherein the threaded rotary drive nut 1250 is
in a threaded engagement with the threaded drive member
1248. Referring primarily to FIG. 83, the threaded rotary
drive nut 1250 is positioned within in the end effector drive
housing 1216 proximal to the closure nut 1232 between a
proximal annular flange 1264 and a distal annular flange
1266. The threaded rotary drive nut 1250 is mechanically
constrained from translation in any direction, but is rotatable
within the end effector drive housing 1216 around a central
axis A. Therefore, given the threaded engagement of the
rotary drive nut 1250 and the threaded drive member 1248,
rotational motion of the rotary drive nut 1250 is transformed
into translational motion of the threaded drive member 1248
along the central axis A and, in turn, into translational
motion of the I-beam member 1247 along the central axis A.
[0318] The threaded drive member 1248 is threaded
through the rotary drive nut 1250 and is located at least
partially inside a lumen 1268 of a rotary drive shaft 1270.
The threaded drive member 1248 is not attached or con-
nected to the rotary drive shaft 1270. In use, the threaded
drive member 1248 is freely movable within the lumen of
the rotary drive shaft 1270 and will translate within the
lumen of the rotary drive shaft 1270 when driven by rotation
of' the rotary drive nut 1250. The rotary drive shaft 1270 and
the threaded drive member 1248 form a concentric rotary
drive shaft/screw assembly that is located in the shaft
assembly 1214. In addition, the threaded drive member 1248
extends distally through a lumen 1272 of the closure nut
1232. Similar to the above, the threaded drive member 1248
is freely movable within the lumen 1272 of the closure nut
1232, and, as a result, the threaded drive member 1248 will
translate within the lumen 1272 of the closure nut 1232
when driven by rotation of the rotary drive nut 1250.

[0319] Referring to FIGS. 83-91, the rotary drive nut 1250
may comprise a threaded distal portion 1274. The closure
nut 1232 may comprise a threaded proximal portion 1276.
The threaded distal portion 1274 of the rotary drive nut 1250
and the threaded proximal portion 1276 of the closure nut
1232 are in a threaded engagement. As described above, the
threaded rotary drive nut 1250 is mechanically constrained
from translation in any direction, but is rotatable within the
end effector drive housing 1216 around a central axis A.
Therefore, given the threaded engagement of the rotary drive
nut 1250 and the closure nut 1232, the rotational motion of
the rotary drive nut 1250 is transformed into translational
motion of the closure nut 1232 along the central axis A and,
in turn, into pivotal motion in the jaw assembly 1211.

[0320] Asshown in FIG. 83, the end effector drive housing
1216, the end effector connector tube 1218, and the inter-
mediate articulation tube segment 1220, which together
comprise the shaft assembly 1214, have open lumens and,
therefore, the shaft assembly 1214 comprises a lumen
extending longitudinally therethrough, as shown in FIGS. 83
and 85-91. Referring again to FIGS. 83 and 85-91, the
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concentric rotary drive shaft/threaded drive member assem-
bly is located within the lumen of the shaft assembly 1214
and passes through the end effector drive housing 1216, the
end effector connector tube 1218, and the intermediate
articulation tube segment 1220. Although not shown in
FIGS. 83-91, at least the rotary drive shaft 1270 passes
through a lumen of the shaft assembly 1214 and is operably
coupled to a driving mechanism that provides rotational
motion and axial translational motion to the rotary drive
shaft 1270. For example, in some embodiments, the surgical
tool 1200 may be operably coupled through the shaft assem-
bly 1214 to a robotic surgical system that provides rotational
motion and axial translational motion to the rotary drive
shaft 1270, such as, for example, the robotic surgical sys-
tems described in connection with FIGS. 5 and 16-21. For
example, the rotary drive shaft 1270 may be coupled,
through the shaft assembly, to the proximal drive shaft
segment 380 described herein above. In some embodiments,
for example, the surgical tool 1200 may be operably coupled
through the shaft assembly 1214 to a hand-held surgical
device, such as the device described herein above with
respect to FIGS. 46-63. For example, the rotary drive shaft
1270 may be operably coupled, though the shaft assembly
560, to the proximal drive shaft segment 380" described
herein above.

[0321] In some embodiments, the threaded drive member
1248 has a length that is less than the length of the rotary
drive shaft 1270 and, therefore, lies within only a distal
portion of the rotary drive shaft 1270, for example. The
threaded drive member 1248 and the rotary drive shaft 1270
may be flexible so that the threaded drive member 1248 and
the rotary drive shaft 1270 can bend without damage or loss
of operability during articulation of the surgical tool 1200
about the articulation joint 1208.

[0322] Described in greater detail elsewhere in the speci-
fication, the rotary drive shaft 1270 may comprise a rotary
drive head 1278. The rotary drive head 1278 comprises a
female hex coupling portion 1280 on the distal side of the
rotary drive head 1278 and the rotary drive head 1278
comprises a male hex coupling portion 1282 on the proximal
side of the rotary drive head 1278. The distal female hex
coupling portion 1280 of the rotary drive head 1278 is
configured to mechanically engage with a male hex coupling
portion 1284 of the rotary drive nut 1250 located on the
proximal side of the rotary drive nut 1250. As described
elsewhere, the proximal male hex coupling portion 1282 of
the rotary drive head 1278 is configured to mechanically
engage with a female hex coupling portion 1286 of the end
effector drive housing 1216 in order to rotate the end effector
1202 around the central axis A.

[0323] Referring to FIG. 85, the rotary drive shaft 1270 is
shown in a fully proximal axial position in which the hex
coupling portion 1282 of the rotary drive head 1278 is
mechanically engaged with the female hex shaft coupling
portion of the end effector drive housing 1216. In this
configuration, rotation of the rotary drive shaft 1270 causes
rotation of the head portion of the surgical tool 1200 about
the head rotation joint 1210, including rotation of the end
effector 1202 and the end effector drive housing 1216. In this
configuration, the portion of the surgical tool 1200 that is
distal to the head rotation joint 1210 (e.g., a head portion)
rotates with rotation of the rotary drive shaft 1270, and the
portion of the surgical tool 1200 that is proximal to the head
rotation joint 1210 does not rotate with rotation of the rotary
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drive shaft 1270. An example of a head rotation joint 1210
is described in connection with FIGS. 64-82, 83-91 and
92-96. Other suitable techniques and rotation means for
rotating the end effector 1202 relative to the shaft assembly
1214 are within the scope of the current disclosure. It will be
appreciated that a desired rotation speed of the rotary drive
shaft 1270 to drive the rotary drive nut 1250 may be greater
than a desired rotational speed for rotating the head portion.
For example, the rotary drive shaft 1270 may be driven by
a motor (not shown) that is operable at different rotary
speeds.

[0324] The orientation of the threading of the threaded
drive member 1248 and the rotary drive nut 1250 may be
established so that either clockwise or counterclockwise
rotation of the rotary drive shaft 1270 will cause distal or
proximal translation of the threaded drive member 1248 and
I-beam member 1247. Stated another way, the rotary drive
shaft 1270, and the rotary drive nut 1250 can be rotated in
a first direction to advance the threaded drive member 1248
distally and correspondingly, rotated in a second opposite
direction to retract the threaded drive member 1248 proxi-
mally. The pitch and/or number of starts of the threading of
the threaded drive member 1248 and the threading of the
rotary drive nut 1250 may be selected to control the speed
and/or duration of the rotation of the rotary drive nut 1250
and, in turn, the translation of the threaded drive member
1248. In this manner, the direction, speed, and/or duration of
rotation of the rotary drive shaft 1270 can be controlled in
order to control the direction, speed, and magnitude of the
longitudinal translation of the I-beam member 1247 along
the first channel 1260 and second channel 1262, as described
above.

[0325] Similar to the above, the orientation of the thread-
ing of the threaded distal portion 1274 of the rotary drive nut
1250 and the threading of the threaded proximal portion
1276 of the closure nut 1232 may be established so that
either clockwise or counterclockwise rotation of the rotary
drive shaft 1270 will cause distal or proximal translation of
the closure nut 1232 and in turn closure or opening of the
jaw assembly 1211. Stated another way, threaded distal
portion 1274 can be rotated in a first direction to advance the
threaded proximal portion 1276 distally and correspond-
ingly, rotated in a second opposite direction to retract the
threaded proximal portion 1276 proximally. The pitch and/or
number of starts of the threading of the threaded distal
portion 1274 of the threaded drive member 1248 and the
threading of threaded proximal portion 1276 of the closure
nut 1232 may be selected to control speed and/or duration of
the rotation of the rotary drive nut 1250 and translation of
the closure nut 1232. In this manner, the direction, speed,
and/or duration of rotation of the rotary drive shaft 1270 can
be controlled in order to control the direction, speed, and
magnitude of the pivoting of the of the jaw assembly 1211.

[0326] Referring to FIGS. 86-88, the rotary drive shaft
1270 is shown in a fully extended distal axial position in
which the female hex coupling portion 1280 of the rotary
drive head 1278 is mechanically engaged with the male hex
coupling portion 1284 of the rotary drive nut 1250. In this
configuration, rotation of the rotary drive shaft 1270 in a first
direction (for example a clockwise direction) around the
central axis A begins a firing stroke by causing rotation of
the rotary drive nut 1250 in the first direction. The rotation
of the rotary drive nut advances the threaded drive member
1248, which, in turn, advances the I-beam member 1247
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distally. Simultaneously, the rotation of the rotary drive nut
1250 advances the closure nut 1232 distally, which closes
the jaw assembly 1211. The closure nut 1232 and the
threaded drive member 1248 are advanced distally until the
closure nut 1232 is disengaged from threaded engagement
with the rotary drive nut 1250 as illustrated in FIG. 88.
Stated another way, the closure nut 1232 can be advanced
distally until the threads of the threaded distal portion 1274
of the rotary drive nut 1250 are no longer threadedly
engaged with the threads of the threaded proximal portion
1276 of the closure nut 1232. Thus, as a result, further
rotation of the rotary drive nut 1250 in the first direction will
not advance the closure nut 1232 distally. The closure nut
1232 will sit idle during the remainder of a firing stroke.
Additional rotation of the rotary drive nut 1250, in the same
direction, continues the distal advancement of the threaded
drive member 1248, which continues the distal advancement
of the I-beam member 1247 for the remainder of the firing
stroke.

[0327] The surgical tool 1200 may comprise a biasing
member 1288, a helical spring, and/or a washer spring for
example, situated at least partially around the threaded distal
portion 1274 of the rotary drive nut 1250. As illustrated in
FIG. 86, the biasing member 1288 may include a proximal
end abutted against the distal annular flange 1266 of the end
effector drive housing 1216, and a distal end abutted against
a proximal end 1290 of the closure nut 1232. Once the
closure nut 1232 is released from threaded engagement with
the rotary drive nut 1250, the biasing member 1288 can keep
the closure nut 1232 from reengaging the rotary drive nut
1250 by pushing the closure nut 1232 axially in a distal
direction along the central axis A until the distal portion
1238 of the closure nut 1232 abuts against a terminal wall
1294 of the proximal shaft portion 1212 of the end effector
1202. The biasing member 1288 also ensures that the jaw
assembly 1211 remains under positive closure pressure by
biasing the closure nut 1232 abutted against the terminal
wall 1294 of the proximal shaft portion 1212 of the end
effector 1202 as the I-beam member 1247 is being advanced
distally through the closed jaw assembly 1211.

[0328] Referring primarily to FIG. 84, the closure nut
1232 may comprise a cam member 1296 extending distally
from the closure nut 1232. Referring primarily to FIG. 87,
the cam member 1296 may extend through an opening 1298
of the terminal wall 1294 of the proximal shaft portion 1212
of the end effector 1202 when the distal portion 1238 of the
closure nut 1232 is abutted against the terminal wall 1294 of
the proximal shaft portion 1212 of the end effector 1202
under positive pressure from the biasing member 1288.

[0329] Referring to FIG. 88, the rotary drive shaft 1270 is
shown in a fully extended distal axial position in which the
female hex coupling portion 1280 of the rotary drive head
1278 is mechanically engaged with the make hex coupling
portion 1284 of the rotary drive nut 1250. In this configu-
ration, rotation of the rotary drive shaft 1270 in a second
direction opposite the first direction (for example a counter
clockwise direction) begins a reverse stroke by causing an
opposite rotation of the rotary drive nut 1250, which retracts
the threaded drive member 1248, which in turn retracts the
I-beam member 1247. At least during the initial phase of the
reverse stroke, the closure nut 1232 remains disengaged
from the rotary drive nut 1250. However, when the I-beam
member 1247 is being retracted, the I-beam member 1247
can engage the cam member 1296 of the closure nut 1232.
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Any further retraction of the I-beam member 1247 can
simultaneously open the jaw assembly 1211 by pushing the
closure nut 1232 axially in a proximal direction along the
central axis A toward the rotary drive nut 1250. In order for
the I-beam member 1247 to push the closure nut 1232
proximally, the I-beam member 1247 must compress the
biasing member 1288. As the I-beam member 1247 is
retracted, the I-beam member 1247 can push the closure nut
1232 proximally until the closure nut is returned into
threaded engagement with the rotary drive nut 1250. At such
point, the rotary drive nut 1250 can pull the closure nut 1232
proximally owing to the threaded engagement therebetween.
As the closure nut 1232 is retracted proximally, the first link
1230, and the second link will cause the jaw assembly 1211
to open. The retraction of the I-beam member 1247 and the
opening of the jaw assembly 1211 continue simultaneously
during the remainder of the reverse stroke.

[0330] The sequence of events causing the closure of the
jaw assembly 1211, the full extension of the I-beam member
1247, the full retraction of the I-beam member 1247, and the
reopening of the jaw assembly 1211 is illustrated in FIGS.
85-91 in a chronological order. FIG. 85 shows the jaw
assembly 1211 in a fully open position, the I-beam member
1247 in a fully retracted position, and the rotary drive shaft
1270 in a fully retracted axial position, wherein the female
hex coupling portion 1280 of the rotary drive head 1278 is
mechanically disengaged from the male hex coupling por-
tion 1284 of the rotary drive nut 1250. In a first phase of
operation, returning to FIG. 86, the rotary drive shaft 1270
is advanced axially to mechanically engage the female hex
coupling portion 1280 of the rotary drive head 1278 with the
male hex coupling portion 1284 of the rotary drive nut 1250.
Referring again to FIG. 86, the rotation of the rotary drive
shaft 1270 in a first direction (for example a clockwise
direction) around the central axis A causes the rotation of the
rotary drive nut 1250 in the first direction. The closure nut
1232 and the threaded drive member 1248 are simultane-
ously advanced distally by rotation of the rotary drive nut
1250 in the first direction. In turn, the closure of the jaw
assembly 1211 and the initial advancement of the I-beam
member 1247 occur simultaneously during the first phase of
operation. In a second phase of operation, referring now to
FIG. 87, the closure nut 1232 is disengaged from threaded
engagement with the rotary drive nut 1250. During the
remainder of the second phase of operation, the rotary drive
nut 1250 continues to advance the threaded drive member
1248 independently of the closure nut 1232. As a result,
referring primarily to FIG. 88, the jaw assembly 1211
remains closed and the I-beam member 1247 continues to
advance until the end of the second phase of operation.

[0331] In a third phase of operation, as illustrated in FIG.
89, the rotary drive shaft 1270 is rotated in a second
direction opposite the first direction, which causes the rota-
tion of the rotary drive nut 1250 in the second direction. In
the third phase of operation, the closure nut 1232 remains
disengaged from rotary drive nut 1250. The rotation of the
rotary drive nut 1250 retracts the threaded drive member
1248 independent of the closure nut 1232. In result, the jaw
assembly 1211 remains closed, and the I-beam member
1247 is retracted in response to the rotation of the rotary
drive. In a fourth phase of operation, referring primarily to
FIG. 90, the rotary drive nut 1250 continues its rotation in
the second direction thereby retracting the threaded drive
member 1248 which retracts I-beam member 1247 until the
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I-beam member 1247 engages the cam member 1296 of
closure nut 1232. Any further retraction of the I-beam
member 1247 simultaneously opens the jaw assembly 1211
by pushing the closure nut 1232 axially in a proximal
direction along the central axis A towards the rotary drive
nut 1250 compressing the biasing member 1288. Referring
primarily to FIG. 91, the I-beam member 1247 can continue
to push the closure nut 1232 proximally until it is returned
into threaded engagement with the rotary drive nut 1250.
The retraction of the I-beam member 1247 and the opening
of the jaw assembly 1211 continue simultaneously during
the remainder of the fourth phase of operation.

[0332] Referring to FIGS. 92-96, a multi-axis articulating
and rotating surgical tool 1300 comprises an end effector
1302 including a jaw assembly 1311 comprising a first jaw
member 1304 and a second jaw member 1306. The first jaw
member 1304 is movable relative to the second jaw member
1306 between an open position and a closed position to
clamp tissue between the first jaw member 1304 and the
second jaw member 1306. The surgical tool 1300 is config-
ured to independently articulate about an articulation joint
1308. As described above, the surgical tool 1300 is also
configured to independently rotate about a head rotation
joint 1310.

[0333] The end effector 1302 is coupled to a shaft assem-
bly 1314 comprising an end effector drive housing 1316, an
end effector connector tube 1318, an intermediate articula-
tion tube segment 1320, and a distal outer tube portion (not
shown in FIGS. 92-96). The end effector 1302 and the shaft
assembly 1314 together can comprise the surgical tool 1300.
The end effector 1302 may be removably coupled to the end
effector drive housing 1316 using a mechanism as described,
for example, in connection with FIGS. 106-115. The end
effector connector tube 1318 comprises a cylindrical portion
1322 and a ball portion 1324. The end effector drive housing
1316 is coupled to the cylindrical portion 1322 of the end
effector connector tube 1318 through the head rotation joint
1310. The end effector 1302 and the end effector drive
housing 1316 together comprise a head portion of the
surgical tool 1300. The head portion of the surgical tool
1300 is independently rotatable about the head rotation joint
1310.

[0334] Referring primarily to FIG. 92, the surgical tool
1300 may include a closure mechanism 1326 for moving the
first jaw member 1304 relative to the second jaw member
1306 between an open position (FIG. 93) and a closed
position (FIG. 94). As illustrated in FIG. 83, the first jaw
member 1304 may include first mounting holes 1328, and
the second jaw member 1306 may include second mounting
holes (not shown in FIGS. 92-96). The first jaw member
1304 can be arranged relative to the second jaw member
1306 such that a pivot or trunnion pin (not shown in FIGS.
92-96) extends through the first mounting holes 1328 of the
first jaw member 1304 and the second mounting holes of the
second jaw member 1306 to pivotally couple the first jaw
member 1304 to the second jaw member 1306. Other
suitable means for coupling the first jaw member 1304 and
the second jaw member 1306 are within the scope of this
disclosure.

[0335] Referring to FIGS. 92-96, the closure mechanism
may comprise a closure link 1330 which translates axially
relative to the end effector drive housing 1316 between a
first position and a second position. The closure link 1330
may comprise a distal end 1332 and a proximal end 1334.
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The distal end 1332 may be pivotally connected to a
proximal portion 1336 of the first jaw member 1304 such
that when the closure link 1330 is translated between the first
position and the second position, the first jaw member 1304
is moved relative to the second jaw member 1306 between
an open and a closed position.

[0336] Referring to FIGS. 92-96, the closure mechanism
1328 may also comprise a closure driver in the form of a
barrel cam 1338 for example. The barrel cam 1338 may be
positioned within the end effector drive housing 1316. The
barrel cam 1338 may comprise a generally cylindrical shape
having a lumen 1340 therethrough. The barrel cam 1338
may include a first arcuate groove 1346, and a second
arcuate groove 1348 defined in a peripheral surface thereof.
The first arcuate groove 1346 may receive a first pin 1352
extending from the end effector drive housing 1316. The
second arcuate groove 1348 may receive a second pin (not
shown in FIGS. 92-96) extending from the end effector drive
housing 1316. The first pin 1352 and the second pin (not
shown in FIGS. 92-96) may extend from circumferentially
opposite sides of an inner wall of the end effector drive
housing 1316. The barrel cam 1338 may rotate around
central axis A, wherein, as the barrel cam 1338 is rotated
around central axis A, the first pin 1352 travels along the first
arcuate groove 1346, and the second pin travels along the
second arcuate groove 1348 thereby translating the barrel
cam 1338 axially along central axis A. The result is a
conversion of the rotational motion of the barrel cam 1338
into an axial motion of the closure link 1330. Stated another
way, the rotation of the barrel cam 1338 in a first direction
(for example a clockwise direction) around the central axis
A may result in advancing the barrel cam 1338 axially in a
distal direction. Correspondingly, the rotation of the barrel
cam 1338 in a second direction (for example a counter
clockwise direction) opposite the first direction may result in
retracting the barrel cam 1338 axially in a proximal direction
along the central axis A.

[0337] Referring to FIGS. 92-96, the proximal end 1334 of
the closure link 1330 may be operatively engaged with the
barrel cam 1338 such that the axially advancement of the
barrel cam 1338 may cause the closure link 1330 to be
advanced axially, and, in turn close the jaw assembly 1311.
Similarly, the proximal retraction of the barrel cam 1338
may retract the closure link 1330, which may open the jaw
assembly 1311. As illustrated in FIGS. 92-96, the barrel cam
1338 may include a circumferential recess 1354 on the
external wall of the barrel cam 1338 at a distal portion
thereof. The proximal end of the closure link 1330 may
comprise a connector member 1356. The connector member
1356 may be operably engaged with the barrel cam 1338
along the recess 1354. As a result, the barrel cam 1338 may
translate axial motions to the closure link 1330 through the
connector member 1356.

[0338] Referring primarily to FIG. 92, the surgical tool
1300 may include a firing mechanism 1358. The firing
mechanism 1358 may include an I-beam member 1360, a
threaded drive member 1362, and a threaded rotary drive nut
1364. The I-beam member 1360 may operate in a manner
similar to that of the axially movable member 3016
described herein above and may comprise a first I-beam
flange 1367 and a second I-beam flange 1368. The first
I-beam flange 1367 and the second I-beam flange 1368 are
connected with an intermediate portion 1370. The interme-
diate portion 1370 of the I-beam member 1360 may com-
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prise a cutting member 1372, which may comprise a sharp
edge or blade for example, to transect tissue clamped
between the first jaw member 1304 and the second jaw
member 1306 when the jaw assembly 1311 is closed. The
I-beam member 1360 may translate distally within a first
channel (not shown in FIGS. 92-96) defined in the first jaw
member 1304 and within a second channel 1376 defined in
the second jaw member 1306 to cut through clamped tissue
during a distal translation (firing) stroke. FIG. 96 illustrates
the I-beam member 1360 after a firing stroke.

[0339] Before, during, and/or after the I-beam member
1360 is advanced through tissue clamped between the first
jaw member 1304 and the second jaw member 1306, elec-
trical current can be supplied to electrodes 1378 located in
the first jaw member 1304 and/or second jaw member 1306
in order to weld/fuse the tissue, as described in greater detail
in this specification. For example, electrodes 1378 may be
configured to deliver RF energy to tissue clamped between
the first jaw member 1304 and the second jaw member 1306
when in a closed position to weld/fuse the tissue.

[0340] Distal and proximal translation of the [-beam mem-
ber 1360 between a proximally retracted position and a
distally advanced position may be accomplished with a
suitable firing mechanism 1358. Referring to FIGS. 92-96,
the I-beam member 1360 is connected to the threaded drive
member 1362, wherein the threaded drive member 1362 is
threadedly engaged with the rotary drive nut 1364. The
threaded rotary drive nut 1364 is positioned within the end
effector drive housing 1316 distal to the barrel cam 1338
between a proximal annular flange 1339A and a distal
annular flange 1339B. The threaded rotary drive nut 1364 is
mechanically constrained from translation in any direction,
but is rotatable within the end effector drive housing 1316.
Therefore, given the threaded engagement of the rotary drive
nut 1364 and the threaded drive member 1362, rotational
motion of the rotary drive nut 1364 is transformed into
translational motion of the threaded drive member 1362
along the central axis A and, in turn, into translational
motion of the I-beam member 1360 along the central axis A.
[0341] The threaded drive member 1362 is threaded
through the rotary drive nut 1364 and is located at least
partially inside a lumen 1381 of a rotary drive shaft 1382.
The threaded drive member 1362 is not attached or con-
nected to the rotary drive shaft 1382. The threaded drive
member 1362 is freely movable within the lumen 1381 of
the rotary drive shaft 1382 and will translate within the
lumen 1381 of the rotary drive shaft 1382 when driven by
rotation of the rotary drive nut 1364. The rotary drive shaft
1382 and the threaded drive member 1362 form a concentric
rotary drive shaft/threaded drive member assembly that is
located in the shaft assembly 1314. In addition, the threaded
drive member 1362 extends distally through a lumen 1384
of the barrel cam 1338 wherein the threaded drive member
1362 is freely movable within the lumen 1384 of the barrel
cam 1338 and will translate within the lumen 1384 of the
barrel cam 1338 when the threaded drive member is driven
by rotation of the rotary drive nut 1364.

[0342] Asshownin FIG. 92, the end effector drive housing
1316, the end effector connector tube 1318, and the inter-
mediate articulation tube segment 1320, which together
comprise the shaft assembly 1314, have lumens extending
therethrough. As a result, the shaft assembly 1314 can
comprise a lumen extending therethrough, as illustrated in
FIGS. 92-96. Referring again to FIGS. 92-96, the concentric
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rotary drive shaft/threaded drive member assembly is
located within the lumen of the shaft assembly 1314 and
passes through the end effector drive housing 1316, the end
effector connector tube 1318, and the intermediate articula-
tion tube segment 1320. Although not shown in FIGS.
92-96, at least the rotary drive shaft 1382 passes through a
lumen of the shaft assembly 1314 and is operably coupled to
a driving mechanism that provides rotational and/or axial
translational motion to the rotary drive shaft 1382. For
example, in some embodiments, the surgical tool 1300 may
be operably coupled through the shaft assembly 1314 to a
robotic surgical system that provides rotational motion and/
or axial translational motion to the rotary drive shaft 1382,
such as, for example, the robotic surgical systems described
in connection with FIGS. 5 and 16-21. For example, the
rotary drive shaft 1382 may be operably coupled, though the
shaft assembly 1314, to the proximal drive shaft segment
380 described herein above. Also, in some embodiments, the
surgical tool 1300 may be utilized in conjunction with a
hand-held surgical device, such as the device described
herein above with respect to FIGS. 46-63. For example, the
rotary drive shaft 1382 may be operably coupled, through
the shaft assembly 1314, to the proximal drive shaft segment
380" described herein above.

[0343] In some embodiments, the threaded drive member
1362 has a length that is less than the length of the rotary
drive shaft 1382 and, therefore, lies within only a distal
portion of the rotary drive shaft 1382, for example. The
threaded drive member 1362 and the rotary drive shaft 1382
may be flexible so that the threaded drive member 1362 and
the rotary drive shaft 1382 can bend without damage or loss
of operability during articulation of the surgical tool 1300
about the articulation joint 1308.

[0344] The rotary drive shaft 1382 may comprise a rotary
drive head 1386. The rotary drive head 1386 may comprise
spline members 1388 disposed circumferentially around an
external surface of the rotary drive head 1386 and oriented
co-axially with the shaft assembly 1314. The end effector
drive housing 1316 may comprise a spline coupling portion
1390 comprising spline members 1392 disposed circumfer-
entially around an internal wall of the end effector drive
housing 1316 and oriented co-axially with the shaft assem-
bly 1314. The barrel cam 1338 may comprise a spline
coupling portion 1394 comprising spline members 1396
disposed circumferentially around an internal wall of barrel
cam 1338 and oriented co-axially with the shaft assembly
1314. The rotary drive nut 1364 may also comprise a spline
coupling portion 1397 comprising spline members 1398
disposed circumferentially around an internal wall of rotary
drive nut 1364 and oriented co-axially with the shaft assem-
bly 1314. As illustrated in FIG. 93, the rotary drive shaft
1382 may be selectively retracted proximally to bring the
rotary drive head 1386 into operable engagement with the
spline coupling portion 1390 of the end effector drive
housing 1316. In this configuration, rotation of the rotary
drive shaft 1382 causes rotation of the head portion of the
surgical tool 1300 about the head rotation joint 1310,
including rotation of the end effector 1302 and the end
effector drive housing 1316. In this configuration, the por-
tion of the surgical tool 1300 that is distal to the head
rotation joint 1310 rotates with rotation of the rotary drive
shaft 1382, and the portion of the surgical tool 1300 that is
proximal to the head rotation joint 1310 does not rotate with
rotation of the rotary drive shaft 1382. An example of a head
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rotation joint 1310 is described in connection with FIGS.
64-82, 83-91 and 92-96. Other suitable techniques and
rotation means for rotating the end effector 1302 relative to
the shaft assembly 1314 are within the scope of the current
disclosure. It will be appreciated that a desired rotation
speed of the rotary drive shaft 1382 to drive the rotary drive
nut 1364 may be greater than a desired rotational speed for
rotating the head portion. For example, the rotary drive shaft
1270 may be driven by a motor (not shown) that is operable
at different rotary speeds.

[0345] As illustrated in FIG. 94, the rotary drive shaft
1382 may be selectively advanced distally to bring the rotary
drive head 1386 into operable engagement with the spline
coupling portion 1394 of the barrel cam 1338. In this
configuration, rotation of the rotary drive shaft 1382 causes
rotation of the barrel cam 1338. As described above, the
rotation of the barrel cam 1338 causes axial motions in the
closure link 1330. In result, the rotation of the rotary drive
shaft 1382 in a first direction (for example a clockwise
direction) around the central axis A may cause the closure
link 1330 to be advanced distally along the central axis A,
which may close the jaw assembly 1311. Alternatively, the
rotation of the rotary drive shaft 1382 in a second direction
(for example a clockwise direction) opposite the first direc-
tion may cause the closure link 1330 to be retracted proxi-
mally along the central axis A, which in turn may open the
jaw assembly 1311.

[0346] As illustrated in FIG. 95, the rotary drive shaft
1382 may be selectively advanced distally to pass the rotary
drive head 1386 through the lumen of the barrel cam 1338
into a space 1399 in the end effector drive housing 1316
between the barrel cam 1338 and the rotary drive nut 1364
wherein the rotary drive head 1386 is not in operable
engagement with any of the spline coupling portions. The
rotary drive shaft 1382 may then be further advanced
distally to bring rotary drive head 1386 into operable
engagement with the spline coupling portion 1397 of the
rotary drive nut 1364 as illustrated in FIG. 96. In this
configuration, rotation of the rotary drive shaft 1382 causes
rotation of the rotary drive nut 1364. As described above, the
rotation of the rotary drive nut 1364 causes axial motions in
the threaded drive member 1362. In result, rotation of the
rotary drive shaft 1382 in a first direction (for example a
clockwise direction) around the central axis A, may cause
the threaded drive member 1362 to be advanced distally,
which in turn may advance the I-beam member 1360 dis-
tally. Alternatively, rotation of the rotary drive shaft 1382 in
a second direction (for example a clockwise direction)
opposite the first direction may cause the threaded drive
member 1362 to be retracted proximally, which may retract
the I-beam member 1360 proximally.

[0347] The sequence of events causing the closure of the
jaw assembly 1311, the full extension of the I-beam member
1360, the full retraction of the I-beam member 1360, and the
reopening of the jaw assembly 1311 is illustrated in FIGS.
93-96 in a chronological order. FIG. 93 shows the jaw
assembly 1311 in a fully open position, the I-beam member
1360 in a fully retracted position, and the rotary drive shaft
1382 in a retracted axial position, wherein the rotary drive
head 1386 is operably engaged with the spline coupling
portion 1390 of the end effector drive housing 1316. In a first
phase of operation, the rotary drive shaft 1382 is rotated to
rotate the end effector 1302 into an appropriate orientation,
for example relative to a blood vessel. In a second phase of
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operation, the rotary drive shaft 1382 is advanced axially to
bring the rotary drive head 1386 into operable engagement
with the spline coupling portion 1394 of the barrel cam
1338. In this configuration, the rotary drive shaft 1382 may
be rotated in a first direction (for example a clockwise
direction) around the central axis A to close the jaw assem-
bly 1311 around the blood vessel. The electrodes 1378 in the
first jaw member 1304 and the second jaw member 1306
may be activated to seal the blood vessel. In a third phase of
operation, the rotary drive shaft 1382 may then be advanced
axially to bring the rotary drive head 1386 into operable
engagement with the spline coupling portion 1397 of the
rotary drive nut 1364. In this configuration, the rotary drive
shaft 1382 may be rotated in a first direction around the
central axis A (for example a clockwise direction) to
advance the I-beam member 1360 thereby transecting the
sealed blood vessel. In a fourth phase of operation, the rotary
drive shaft 1382 may be rotated in a second direction (for
example a counter clockwise direction) opposite the first
direction to retract the I-beam member 1360.

[0348] In a fifth phase of operation, the rotary drive shaft
1382 is retracted axially to bring the rotary drive head 1386
into operable engagement with the spline coupling portion
1394 of the barrel cam 1338. In this configuration, the rotary
drive shaft 1382 may be rotated in a second direction (for
example a counter clockwise direction) opposite the first
direction to reopen the jaw assembly 1311 thereby releasing
the sealed cut blood vessel.

[0349] As described above, a surgical tool can utilize a
drive system for translating a drive member distally within
an end effector of the surgical tool, to advance a cutting
member within the end effector, for example, and for trans-
lating the drive tube proximally to retract the drive tube
and/or cutting member. FIGS. 97 and 98 illustrate an
example drive shaft assembly 1400 that may be employed in
connection with an end effector 1420 and/or any of the end
effectors described herein. For example, the drive shaft
assembly 1400 (as well as the assembly 1400') may corre-
spond to various threaded rotary drive members described
herein including, for example, the threaded rotary drive
members 604, 654, 1040, 1248, 1364, etc. Further to the
above, the drive shaft assembly 1400 can be advanced
distally in order to rotate a jaw member 1422 of the end
effector 1420 between a closed position and an open posi-
tion, as illustrated in FIG. 97, and advance a cutting member
between the jaw member 1422 and a jaw member 1424
positioned opposite the jaw member 1422. In one example
form, the drive shaft assembly 1400 includes a drive mem-
ber, or tube, 1402 that can comprise a series of annular joint
segments 1404 cut therein.

[0350] In various example embodiments, the drive mem-
ber 1402 can comprise a hollow metal tube comprised of
stainless steel, titanium, and/or any other suitable material,
for example, that has a series of annular joint segments 1404
formed therein. In at least one embodiment, the annular joint
segments 1404 can comprise a plurality of loosely inter-
locking dovetail shapes 1406 that are, for example, cut into
the drive member 1402 by a laser and serve to facilitate
flexible movement between the adjoining joint segments
1404. Such laser cutting of a tube stock can create a flexible
hollow drive tube that can be used in compression, tension
and/or torsion. Such an arrangement can employ a full
diametric cut that is interlocked with the adjacent part via a
“puzzle piece” configuration. These cuts are then duplicated
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along the length of the hollow drive tube in an array and are
sometimes “clocked” or rotated to change the tension or
torsion performance. Further to the above, the interlocking
dovetails shapes 1406 are but one example embodiment and,
in various circumstances, the drive member 1402 can com-
prise any suitable array of articulation joints comprising
interlocking drive projections and drive recesses. In various
circumstances, the drive member 1402 can comprise an
articulation joint lattice comprising operably engaged pro-
jections and recesses which can be interlocked to transmit
linear and/or rotary motions therebetween. In a sense, in
various embodiments, the drive member 1402 can comprise
a plurality or a multitude of articulation joints defined within
the body of the drive member 1402. The drive member 1402
can include a plurality of articulation joints which are
intrinsic to the body of the drive member 1402.

[0351] Further to the above, the drive member 1402 can be
pushed distally such that a longitudinal force is transmitted
through the drive member 1402 and to a cutting member, for
example, operably coupled with a distal end of the drive
member 1402. Correspondingly, the drive member 1402 can
be pulled proximally such that a longitudinal force is trans-
mitted through the drive member 1402 and to the cutting
member. The interlocking dovetail shapes 1406 can be
configured to transmit the longitudinal pushing and pulling
forces between the joint segments 1404 regardless of
whether the joint segments 1404 are longitudinally aligned,
as illustrated in FIG. 98, and/or articulated relative to each
other to accommodate the articulation of the articulation
joint 1430 which rotatably connects the end effector 1420 to
the shaft of the surgical instrument. More particularly,
further to the above, the articulation joint 1430 can comprise
one or more articulation segments 1434 which can move
relative to one another to permit the end effector 1420 to
rotate wherein, in order to accommodate the relative move-
ment of the articulation joint segments 1434, the joint
segments 1404 of the drive member 1402 can rotate or shift
relative to each other. In at least the illustrated embodiment
of FIG. 97, the articulation joint segments 1434 can define
a passage 1435 extending therethrough which can be con-
figured to closely receive the drive tube 1402 and constrain
large transverse movements between the joint segments
1404 while concurrently permitting sufficient relative move-
ment between the joint segments 1404 when the articulation
joint 1430 has been articulated. FIGS. 99-101 illustrate
alternative example micro-annular joint segments 1404' of a
drive member 1402' that can comprise a plurality of laser cut
shapes 1406' that roughly resemble loosely interlocking,
opposed “T” shapes and T-shapes with a notched portion
therein, for example. The laser cut shapes 1406' can also
roughly resemble loosely interlocking, opposed “L” shapes
and L-shapes defining a notched portion, for example. The
annular joint segments 1404, 1404' can essentially comprise
multiple micro-articulating torsion joints. That is, each joint
segment 1404, 1404' can transmit torque while facilitating at
least some relative articulation between each annular joint
segment. As shown in FIGS. 99 and 100, the joint segment
1404D' on the distal end 1403' of the drive member 1402'
has a distal mounting collar portion 1408D' that facilitates
attachment to other drive components for actuating the end
effector. Similarly, the joint segment 1404P' on the proximal
end 1405' of the drive member 1402' has a proximal mount-
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ing collar portion 1408P' that facilitates attachment to other
proximal drive components or portions of a quick disconnect
joint, for example.

[0352] The joint-to-joint range of motion for each particu-
lar joint segment 1404' can be increased by increasing the
spacing in the laser cuts. In various circumstances, however,
the number and/or density of the laser cuts within any
particular region of the drive member 1402' can cause the
drive member 1402' to be particularly flexible in that region.
To ensure that the joint segments 1404' remain coupled
together without significantly diminishing the drive tube’s
ability to articulate through desired ranges of motion, a
secondary constraining member can be employed to limit or
prevent the outward expansion of the joint segments 1404'.
In the example embodiment depicted in FIGS. 102 and 103,
a secondary constraining member 1410 comprises a spring
1412 or an otherwise helically-wound member. In various
example embodiments, the distal end 1414 of the spring
1412 can correspond to and can be attached to the distal
mounting collar portion 1408D' and can be wound tighter
than the central portion 1416 of the spring 1412. Similarly,
the proximal end 1418 of the spring 1412 can correspond to
and can be attached to the proximal collar portion 1408P"
and can be wound tighter than the central portion 1416 of the
spring 1412. As a result of the tighter winding, the distal end
1414 and/or the proximal end 1418 can comprise coils
which are positioned closer together than the coils of the
central portion 1416. Stated another way, the coils per unit
distance of the distal end 1414 and/or the proximal end 1418
can be greater than the coils per unit distance of the central
portion 1416. In any event, the spring 1412 can define a
longitudinal aperture 1413 within which the drive member
1402', and/or the drive member 1402, for example, can be
positioned. The longitudinal aperture 1413 and the drive
member 1402' can be sized and configured such that the
drive member 1402' is closely received within the longitu-
dinal aperture 1413 wherein, in various circumstances, the
coils of the spring 1412 can limit the outward movement of
the joint segments 1404' such that the joint segments 1404'
do not become disconnected from one another when they are
articulated relative to one other. As outlined above, the distal
end 1414 of the spring 1412 can be fixedly mounted to the
distal end 1403' of the drive member 1402' and the proximal
end 1418 of the spring 1412 can be fixedly mounted to the
proximal end 1405' of the drive member 1402' wherein the
movement of the distal tube end 1403' can move the distal
spring end 1414 and, correspondingly, the movement of the
proximal tube end 1405' can move the proximal spring end
1418. In various circumstances, the spring ends 1414 and
1418 can be welded, for example, to the tube ends 1403' and
1405', respectively. In at least the illustrated embodiment,
the coils of the central portion 1416 may not be fixedly
mounted to the drive member 1402'. In at least one such
embodiment, the drive member 1402' can be configured to
at least partially articulate within the coils of the central
portion 1416 until the drive member 1402' contacts the coils
wherein, at such point, the coils can be configured to at least
partially expand or shift to accommodate the lateral move-
ment of the drive member 1402'. In various other embodi-
ments, at least portions of the coils of the central portion
1416 can be fixedly mounted, such as by welding, for
example, to the drive member 1402'.

[0353] Further to the above, the constraining member
1410 may be installed on the drive member 1402' with a



US 2020/0246063 Al

desired pitch such that the constraining member 1410 also
functions, for example, as a flexible drive thread 1440 which
can be threadably engaged with other threaded drive com-
ponents on the end effector and/or the drive system, as
described above. The drive member 1402' can be con-
strained from being revolved around its longitudinal axis
wherein, when a threaded drive input is engaged with the
thread 1440 and is rotated in a first direction by a motor, for
example, the drive member 1402' can be advanced distally
within the end effector 1420. Correspondingly, when the
threaded drive input engaged with the thread 1440 is rotated
in a second, or opposite, direction, the drive member 1402’
can be retracted proximally. It will be appreciated that the
constraining member 1410 may be installed in such a
manner that the thread 1440 includes a constant, or at least
substantially constant, pitch along the length thereof. In such
embodiments, the drive member 1402' can be advanced
and/or retracted at a constant, or an at least substantially
constant, rate for a given rate in which the threaded drive
input is rotated. It will also be appreciated that the con-
straining member 1410 can be installed in such a manner
that the thread 1440 includes a variable pitch, or a pitch
which changes along the length of the drive member 1402'.
For example, the variable pitch arrangement of the con-
straining member 1410 may be used to slow the drive
assembly 1400' down or speed the drive assembly 1400' up
during certain portions of the firing stroke of the drive
assembly 1400'. For instance a first portion of the thread
1440 can include a first pitch which is smaller than the pitch
of a second portion of the thread 1440 wherein the first pitch
can drive a closing member at a first rate and the second
portion can drive a firing member at a second rate, for
example. In at least some forms, for example, the drive shaft
assembly comprises a variable pitch thread on a hollow
flexible drive shaft that can be pushed and pulled around a
ninety degree bend or greater, for example.

[0354] As discussed above, the drive member 1402' can be
constrained from revolving about its longitudinal axis.
Moreover, the entire drive shaft assembly 1400' can be
constrained from rotating about its longitudinal axis. In
various embodiments, the drive member 1402' can comprise
a longitudinal slot defined therein which can be engaged
with one or more projections which can extend inwardly
from the end effector 1420 and/or the articulation joint
members 1434 into the longitudinal slot, for example. Such
an arrangement of the longitudinal slot and the projections
can be configured to prevent or at least limit the rotation of
the drive shaft assembly 1400' about its own longitudinal
axis. As used herein, the longitudinal axis of the drive shaft
assembly 1400', and/or the drive member 1402, can extend
along the center of the drive shaft assembly 1400' regardless
of whether the drive shaft assembly 1400' is in a straight
configuration or a bent configuration. As a result, the path
and direction of the longitudinal axis of the drive shaft
assembly 1400' may change when the end effector 1420 is
articulated and the drive shaft assembly 1400' articulates to
accommodate the articulation of the end effector 1420.
Further to the above, the drive member 1402' can be fixedly
mounted to and extend proximally from a cutting member
positioned within the end effector 1420. As described herein,
the cutting member can be closely received within various
slots and/or channels defined in the end effector which can
prevent the cutting member, and the drive shaft assembly
1400' extending therefrom, from being rotated, or at least
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substantially rotated about its longitudinal axis. While the
longitudinal axis of the drive shaft assembly 1400' can be
defined by the drive member 1402/, the longitudinal axis can
be defined by the spring 1412. In at least one such embodi-
ment, the center path of the spring coils can define the
longitudinal axis of the drive shaft assembly 1400'. In any
event, the drive shaft assembly 1400' can be constrained
from revolving around its longitudinal axis.

[0355] Turning now to FIGS. 104 and 105, the drive shaft
assembly 1400' can comprise an internal constraining mem-
ber, such as a flexible core 1417, for example, which can be
configured to limit or prevent the inward movement or
collapse of the joint segments 1404' of the drive member
1402'. The drive member 1402' can define an internal
longitudinal cavity 1415 which can be configured to closely
receive the flexible core 1417. In at least one such embodi-
ment, the internal cavity 1415 defined in the drive member
1402' can comprise a diameter or width which is equal to, or
at least substantially equal to, the diameter or width of the
flexible core 1417. In various circumstances during the
articulation of the end effector 1420, for example, portions
of the joint segments 1404' can deflect or be displaced
inwardly toward the flexible core 1417 wherein, when the
joint segments 1404' contact the flexible core 1417, the core
1417 can inhibit the inward movement of the joint segments
1404' and prevent the drive member 1402' from collapsing
inwardly. The flexible core 1417 can be mounted to at least
portions of the drive member 1402' such as the distal end
1408D' and/or the proximal end 1408P' thereof, for example.
In certain embodiments, the flexible core 1417 may not be
fixedly mounted to the drive member 1402' wherein, in such
embodiments, the flexible core 1417 can be held in place by
the drive member 1402'. In any event, the flexible core 1417
can be sufficiently flexible so as to permit the drive shaft
assembly 1400’ to bend or articulate as necessary to transmit
the pushing and pulling motions applied thereto, as
described above.

[0356] As outlined above, the shaft assembly 1400', for
example, can be configured to bend or flex to accommodate
the articulation of the end effector 1420 about the articula-
tion joint 1430. The drive member 1402, the flexible core
1417, and/or the spring 1412 can be resilient such that the
shaft assembly 1400' can return to its original longitudinal
configuration, for example. In various circumstances, the
end effector 1420 can be rotated from its articulated position
back to its longitudinal, or straight, position and, as such, the
shaft assembly 1400' can be configured to bend or flex in
order to accommodate the return of the end effector 1420.

[0357] Referring to FIGS. 106-108, a surgical tool 1000
may include a surgical end effector 1001 and a shaft assem-
bly 1003. Surgical end effector 1001 may be configured to
perform surgical activities in response to drive motions
applied thereto. Shaft assembly 1003 may be configured to
transmit such drive motions to surgical end effector 1001.
The surgical end effector 1001 may include a first jaw
member 1002, and a second jaw member 1004. The first jaw
member 1002 may be movable relative to the second jaw
member 1004 between a first position and a second position.
Alternatively, the first jaw member 1002 and second jaw
member 1004 may be moveable relative to each other
between a first position and a second position. The first
position may be an open position and the second position
may be a closed position.
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[0358] Referring to FIGS. 106-108, the first jaw member
1002 may be pivotally movable relative to the second jaw
member 1004 between a first position and a second position.
As illustrated in FIG. 108, the first jaw member 1002 may
include mounting holes (not shown), and the second jaw
member 1004 may include mounting holes 1008. The first
jaw member 1002 can be arranged relative to the second jaw
member 1004 such that a pivot or trunnion pin (not shown)
is inserted through the mounting holes of the first jaw
member 1002 and the mounting holes 1008 of the second
jaw member 1004 to pivotally couple the first jaw member
1002 to the second jaw member 1004. Other suitable means
for coupling the first jaw member 1002 and the second jaw
member 1004 are contemplated within the scope of this
disclosure.

[0359] Referring to FIGS. 106-108, surgical end effector
1001 may be adapted to perform multiple functions. For
example, surgical end effector 1001 may include gripping
portions 1010 disposed on exterior surfaces of the first jaw
member 1002 and/or the second jaw member 1004. Grip-
ping portions 1010 may be adapted for contacting and
bluntly dissecting tissue. Suitable gripping portions 1010 are
described, for example, in connection with FIGS. 116-131.
Surgical end effector 1001 may also include angled tissue
engagement surfaces 1012 for transecting tissue. Suitable
angled tissue engagement surfaces 1012 are described, for
example, in connection with FIGS. 132-142. The first jaw
member 1002 may include an interior surface 1014 and the
second jaw member 1004 may include an interior surface
1016. The first 1014 and second 1016 interior surfaces may
be configured to grip, pass, and/or manipulate tissue and/or
surgical implements such as needles 1015 for suturing
tissue. This gripping, passing, and/or manipulating function-
ality is described, for example, in connection with FIGS.
153-168. Furthermore, surgical end effector 1001 may also
include electrodes 1017 and/or another electrically active
surface for sealing blood vessels during a surgical proce-
dure. The electrodes 1017 may be configured to deliver radio
frequency (RF) energy to tissue clamped between the first
jaw member 1002 and the second jaw member 1004 when
in a closed position to weld/fuse the tissue, which may be
transected by translating a cutting member 1018. Suitable
electrodes are described, for example, in connection with
FIGS. 153-168.

[0360] Referring to FIGS. 108-111, surgical end effector
1001 may be releasably attached to shaft assembly 1003. An
operator or a surgeon may attach surgical end effector 1001
to shaft assembly 1003 to perform a surgical procedure. In
the embodiment depicted in FIG. 108, shaft assembly 1003
includes a coupling arrangement in the form of a quick
disconnect arrangement or joint 1019 that facilitates quick
attachment of a distal shaft portion 1020 of the shaft
assembly 1003 to a proximal shaft portion 1022 of the
surgical end effector 1001. The quick disconnect joint 1019
may serve to facilitate the quick attachment and detachment
of a plurality of drive train components used to provide
control motions from a source of drive motions to an end
effector that is operably coupled thereto.

[0361] As illustrated in FIG. 112, surgical end effector
1001 may be interchanged with other surgical end effectors
suitable for use with shaft assembly 1003. For example,
surgical end effector 1001 may be detached from shaft
assembly 1003 and a second surgical end effector 1024 may
be attached to shaft assembly 1003. In another example, the
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second surgical end effector 1024 may be replaced with a
third surgical end effector 1026. Surgical end effectors 1001,
1024, and 1026 may include common drive train compo-
nents that are operably engageable with their counter parts
in the shaft assembly 1003. Yet, surgical end effectors 1001,
1024, and 1026 may each include unique operational fea-
tures suitable for certain surgical tasks.

[0362] The surgical end effector 1001 may include an
actuation mechanism. The actuation mechanism may com-
prise a closure mechanism for moving the first jaw member
1002 relative to the second jaw member 1004. The actuation
mechanism may comprise a firing mechanism for transect-
ing tissue grasped between the first jaw member 1002 and
the second jaw member 1004. The closure and firing may be
accomplished by separate mechanisms, which may be
driven separately or contemporaneously. Alternatively, the
closure and firing may be accomplished via a single mecha-
nism. Suitable closure mechanisms and suitable firing
mechanisms are described, for example, in connection with
FIGS. 64-82, 83-91 and 92-96.

[0363] Referring to FIG. 113, an actuation mechanism
1028 is shown. The actuation mechanism may include a
reciprocating member 1030. The reciprocating member
1030 may define a cam slot 1032 configured to receive a cam
pin 1034 coupled to the first jaw member 1002. Distal and
proximal movement of the reciprocating member 1030 may
cause the cam pin 1032 to translate within the cam slot 1034,
which may, in turn, cause the first jaw member 1002 to pivot
from an open position (e.g., proximal position of the recip-
rocating member 1030) to a closed (e.g., distal position of
the reciprocating member 1030). In embodiments where the
first 1002 and the second 1004 jaw members are movable,
both jaw members 1002 and 1004 may comprise a cam pin
and the reciprocating member 1030 may define a pair of cam
slots or grooves. The reciprocating member 1030 may
comprise an [-beam member adapted to slide over the jaw
members 1002 and 1004 to close the jaw members 1002 and
1004, and/or to provide a clamping force tending to force the
jaw members 1002, and 1004 together. The reciprocating
member 1030 may include a cutting blade 1036. The cutting
blade 1036 may be attached to the reciprocating member
1030 and situated such that it can be extended and retracted
with the reciprocating member 1030. The cutting member
may be extended to transect tissue or material present
between the jaw members 1002, and 1004.

[0364] Referring to FIGS. 108-111, the actuation mecha-
nism 1028 may include a rotary drive nut 1038 and a
threaded rotary drive member 1040. The rotary drive mem-
ber 1040 may extend proximally from the reciprocating
member 1030. The reciprocating member 1030 and the
rotary drive member 1040 may be formed together as one
piece. Alternatively, the reciprocating member 1030 and the
rotary drive member 1040 may be formed separately and
welded together. Other techniques for joining the recipro-
cating member 1030 and the rotary drive member 1040 may
be employed and are contemplated within the scope of this
disclosure. The rotary drive nut 1038 may be operably
supported within the proximal shaft portion 1022 of the
surgical end effector 1001, which extends proximally rela-
tive to the jaw members 1002, and 1004. The rotary drive
nut 1038 may be rotated around a central axis extending
through the proximal shaft portion 1022, for example, as
described herein above. The rotary drive member 1040 may
extend proximally from the reciprocating member 1030
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along the central axis through the rotary drive nut 1038. The
rotary drive nut 1038 and the rotary drive member 1040 may
be arranged in a mating arrangement such that rotation of the
rotary drive nut 1038 around the central axis in one direction
(e.g. clockwise direction) may advance the rotary drive
member 1040, and rotation of the rotary drive nut 1038
around the central axis in the opposite direction (e.g. counter
clockwise direction) may retract the rotary drive member
1040. This actuation mechanism and other suitable actua-
tions mechanisms are described, for example, in connection
with FIGS. 64-82, 83-91 and 92-96.

[0365] Referring to FIGS. 108-111, the surgical tool 1000
may include a rotary drive shaft 1042 disposed longitudi-
nally through shaft assembly 1003. The rotary drive shaft
1042 may include a rotary drive head 1044 at a distal portion
thereof. The rotary (hive nut 1038 may comprise an actua-
tion coupler 1046 for mating arrangement with the rotary
drive head 1044 such that when coupled, the rotary drive
head 1044 may transmit rotary motions to the actuation
coupler 1046. The rotary drive shaft 1042 may be selectively
moved axially between multiple discrete positions. For
example, the rotary drive shaft 1042 may be extended
axially to bring the rotary drive head 1044 into operable
engagement with the actuation coupler 1046 as depicted in
FIG. 111. Alternatively, the rotary drive shaft 1042 may be
retracted axially to disengage the rotary drive head 1044
from the actuation coupler 1046. Such arrangement may
allow for a quick and efficient attachment and detachment of
a plurality of surgical end effectors to shaft assembly 1003.

[0366] Referring to FIGS. 108-110, surgical end effector
1001 is shown detached from shaft assembly 1003. The
proximal shaft portion 1022 of surgical end effector 1001 is
disengaged from the distal shaft portion 1020 of the shaft
assembly 1003. As depicted in FIG. 108, the proximal shaft
portion 1022 of the surgical end effector 1001 may include
a tapered end for mating arrangement with a funneling end
on the distal shaft portion 1020 of the shaft assembly 1003.
The rotary drive shaft 1042 may include a hollow distal
portion that extends distally along a central axis through the
rotary drive head 1044 and terminates at a distal opening
thereof. The hollow distal portion may receive a proximal
portion of the rotary drive member 1040 when the surgical
end eftector 1001 is attached to the shaft assembly 1003. The
rotary drive member 1040 may rotate freely in the hollow
distal portion of the rotary drive shaft 1042. As depicted in
FIG. 110, the surgical end effector 1001 is attached to shaft
assembly 1003 simply by inserting the proximal portion of
the rotary drive member 1040 into the hollow portion of the
rotary drive shaft 1042 and guiding the tapered end of the
proximal shaft portion 1022 of the surgical end effector 1001
into a mating arrangement with the funneling end of the
distal shaft portion 1020 of the shaft assembly 1003. As
depicted in FIG. 111, once the surgical end effector 1001 is
attached to shaft assembly 1003, the rotary drive shaft 1042
may be advanced to bring the rotary drive head 1044 into
operable engagement with the actuation coupler 1046 to
transmit rotary motions to the rotary drive nut 1038. Other
attachment means and techniques for releasably attaching
the surgical end effector 1001 to the shaft assembly 1003 are
contemplated within the scope of this disclosure.

[0367] As illustrated in FIGS. 108-110, the proximal shaft
portion 1022 of surgical end effector 1001 and the distal
shaft portion 1020 of the shaft assembly 1003 may have
aligning features to ensure that the surgical end effector 1001
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and the shaft assembly 1003 are correctly aligned upon
attachment. In an example embodiment, as illustrated in
FIG. 108, the proximal shaft portion 1022 of surgical end
effector 1001 includes a key feature 1048 and the distal shaft
portion 1020 of the shaft assembly 1003 may include a slot
1050 for receiving the key feature. Other aligning means and
techniques for aligning the surgical end effector 1001 to the
shaft assembly 1003 are contemplated within the scope of
this disclosure.

[0368] Referring to FIG. 114, the surgical end effector
1001 may include an actuation mechanism wherein the
firing and closure are performed separately. This actuation
mechanism and other suitable actuation mechanisms are
described, for example, in connection with FIGS. 83-91 and
92-96. In an example embodiment, as illustrated in FIG. 114,
the surgical end effector 1001 comprises a closure mecha-
nism 1052 and a firing mechanism 1054 which are driven
separately. The closure mechanism 1052 includes a closure
driver 1056 and the firing mechanism 1054 includes a firing
driver 1058. As described above, surgical end effector 1001
may be releasably attached to shaft assembly 1003. As
depicted in FIG. 114, the proximal shaft portion 1022 of
surgical end effector 1001 may be detached from the distal
shaft portion 1020 of the shaft assembly 1003. Once the
proximal shaft portion 1022 of surgical end effector 1001 is
attached to the distal shaft portion 1020 of the shaft assem-
bly 1003, the shaft drive 1042 may be extended distally to
a first discrete position to be in operable engagement with
the closure driver 1056. Alternatively, the shaft drive may be
extended distally to a second discrete position distal to the
first discrete position to be in operable engagement with the
firing driver 1058.

[0369] As illustrated in FIG. 115, the surgical tool 1000
may include an articulation joint 1060 for articulating the
surgical end effector 1001 about a longitudinal tool axis
“LT”. In this example embodiment, the articulation joint
1060 is disposed proximal to the distal portion 1020 of the
shaft assembly 1003. The articulation joint 1060 articulates
the distal portion 1020 of the shaft assembly 1003. When the
proximal portion 1022 of the surgical end effector 1001 is
attached to the distal portion 1020 of the shaft assembly
1003, articulation of the distal portion 1020 of shaft assem-
bly 1003 will cause the surgical end effector 1003 to
articulate.

[0370] In an example embodiment, as illustrated in FIG.
115, the articulation joint 1060 includes a proximal socket
tube 1062 that is attached to the shaft assembly 1003 and
defines a proximal ball socket therein. See FIG. 115. A
proximal ball member 1064 is movably seated within the
proximal ball socket. As can be seen in FIG. 115, the
proximal ball member 1064 has a central drive passage that
enables the rotary drive shaft 1042 to extend therethrough.
In addition, the proximal ball member 1064 has four articu-
lation passages therein which facilitate the passage of four
distal cables 1066 therethrough. As can be further seen in
FIG. 115, the articulation joint 1060 further includes an
intermediate articulation tube segment 1068 that has an
intermediate ball socket formed therein. The intermediate
ball socket is configured to movably support therein a distal
ball member 1070 formed on a distal connector tube 1072.
The cables 1066 extend through cable passages formed in
the distal ball member 1070 and are attached thereto by lugs
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1074. Other attachment means suitable for attaching cables
to the end effector ball 1070 are contemplated within the
scope of this disclosure.

[0371] Referring to FIGS. 116-120, a surgical tool 900
may include a surgical end effector extending from a shaft
assembly 903. The surgical end effector 901 may be con-
figured to perform surgical activities in response to drive
motions applied thereto. The surgical end effector 901 may
include a first jaw member 902, and a second jaw member
904. The first jaw member 902 may be movable relative to
the second jaw member 904 between a first position and a
second position. Alternatively, the first jaw member 902 and
second jaw member 904 may be moveable relative to each
other between a first position and a second position. The first
position may be an open position and the second position
may be a closed position.

[0372] Referring to FIGS. 116-120, the first jaw member
902 may be pivotally movable relative to the second jaw
member 904 between an open position and a closed position.
As illustrated in FIG. 120, the first jaw member 902 may
include mounting holes 906, and the second jaw member
904 may include mounting holes 908. The first jaw member
902 can be arranged relative to the second jaw member 904
such that a pivot or trunnion pin (not shown) is inserted
through the mounting holes 906 of the first jaw member 902
and the mounting holes 908 of the second jaw member 904
to pivotally couple the first jaw member 902 to the second
jaw member 904. Other suitable means for coupling the first
jaw member 902 and the second jaw member 904 are
contemplated within the scope of this disclosure.

[0373] Referring to FIGS. 116-120, surgical end effector
901 may be adapted to perform multiple functions. For
example, surgical end effector 901 may include angled tissue
engagement surfaces 910 for transecting tissue. Suitable
tissue engagement surfaces 910 are described, for example,
in connection with FIGS. 132-142. The first jaw member
902 may include an interior surface 912 and the second jaw
member 904 may include an interior surface 914. The first
interior surface 912 and the second interior surface 914 may
be configured to grip, pass, and/or manipulate tissue and/or
surgical implements such as needles 915 for suturing tissue.
This gripping, passing, and/or manipulating functionality is
described, for example, in connection with FIGS. 153-168.
[0374] Referring to FIGS. 116-120, the surgical end effec-
tor 901 may also include electrodes 916 and/or another
electrically active surface for sealing blood vessels during a
surgical procedure. The electrodes 916 may be configured to
deliver radio frequency (RF) energy to tissue clamped
between the first jaw member 902 and the second jaw
member 904 when in a closed position to weld/fuse the
tissue, which may be transected by translating a cutting
member. Suitable electrodes 916 are described, for example,
in connection with FIGS. 6-10 and FIGS. 153-168. The
surgical end effector 901 may be releasably attached to a
shaft assembly 903. An operator or a surgeon may attach
surgical end effector 901 to shaft assembly 903 to perform
a surgical procedure. Suitable techniques and mechanisms
for releasably attaching the surgical end effector 901 to the
shaft assembly 903 are described, for example, in connec-
tion with FIGS. 106-115.

[0375] Referring to FIGS. 116-120, the surgical end effec-
tor 901 may include an actuation mechanism. The actuation
mechanism may comprise a closure mechanism for moving
the first jaw member relative to the second jaw member. The
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actuation mechanism may comprise a firing mechanism for
transecting tissue grasped between the first jaw member and
the second jaw member. The closure and firing may be
accomplished by separate mechanisms, which may be
driven separately or contemporaneously. Alternatively, the
closure and firing may be accomplished by a single mecha-
nism. Suitable closure mechanisms and suitable firing
mechanisms are described, for example, in connection with
FIGS. 64-82, 83-91 and 92-96.

[0376] As illustrated in FIG. 117, an example actuation
mechanism 920 is shown. The actuation mechanism 920
may include a reciprocating member 918 similar to the
axially movable member 3016 described herein above. The
reciprocating member 918, or a cam pin 924 thereof, may be
received within a cam slot 922. Distal and proximal move-
ment of the reciprocating member 918 may cause the cam
pin 924 to translate within the cam slot 922, which may, in
turn, cause the first jaw member 902 to pivot from an open
position (e.g., proximal position of the reciprocating mem-
ber 918) to a closed (e.g., distal position of the reciprocating
member 918). In embodiments where the first 902 and the
second 904 jaw members are movable, both jaw members
may comprise cam slot 922 and the reciprocating member
918 may define a pair of cam pins. The reciprocating
member 918 may comprise an [-beam member adapted to
slide over the first jaw member 902 and the second jaw
member 904 to close the first jaw member 902 and the
second jaw member 904, and/or to provide a clamping force
tending to force the first jaw member 902 and the second jaw
member 904 together. The reciprocating member 918 may
include a cutting blade 926. The cutting blade 926 may be
attached to the reciprocating member 918 and situated such
that it can be extended and retracted with the reciprocating
member 918. The cutting blade 926 may be extended to
transect tissue or material present between the first jaw
member 902 and the second jaw member 904.

[0377] Referring to FIGS. 116-120, the first jaw member
902 may include an exterior surface 928. The exterior
surface of first jaw member 902 may include a first tissue
gripping portion 930. The second jaw member 904 may also
include an exterior surface 932. The exterior surface 932 of
second jaw member 904 may include a second tissue grip-
ping portion 934. The first tissue gripping portion 930 and
second tissue gripping portion 934 may grip tissue by
contacting and temporarily adhering to tissue. The first
gripping portion 930 and the second gripping portion 934
may contact and bluntly dissect tissue while the first jaw
member 902 and the second jaw member 904 is moving
relative to each other from the closed position to the open
position.

[0378] In an example embodiment, the surgical end effec-
tor 901 may be utilized during a surgical procedure to dissect
tissue. For example, the first gripping portion 930 and the
second gripping portion 934 may contact and temporarily
adhere to a first and second tissue portions (not shown)
respectively such that when the first jaw member 902 is
moved relative to the second jaw member 904 from a closed
position to an open position, the first tissue portion is
separated from the second tissue portion along facial planes
while substantially preserving locoregional architecture and
structural integrity of vessels and nerves. The first gripping
portion 930 and the second gripping portion 934 may be
configured to create operative space during a surgical pro-
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cedure by bluntly separating (dissecting) tissue layers as the
first jaw member 902 is moved relative to the second jaw
member 904.

[0379] As illustrated in FIG. 121, the first gripping portion
930 and the second gripping portion 934 may be formed
onto distal sections of the exterior surfaces 928 and 932 of
the first and second jaw members 902 and 904 by applying
a coating. In one embodiment, the first and second gripping
portions 930 and 934 are attached to the exterior surfaces
928 and 932 of their respective jaw members by an adhesive.
In one embodiment, the first and second gripping portions
930 and 934 are press fitted onto distal portions of the
exterior surfaces 928 and 932. Other techniques and attach-
ment means suitable for attaching or forming a gripping
portion onto an exterior surface are contemplated by the
current disclosure.

[0380] The first and second gripping portions 930 and 934
may include materials with high coefficient of friction to grip
tissue as tissue slides relative to the first and second jaw
members 902 and 904 upon moving the first and second jaw
members 902 and 904 relative to each other to the open
position thereby separating (dissecting) tissue layers along
fascial planes while substantially preserving locoregional
architecture and structural integrity of vessels and nerves.
Examples of materials with high coefficient of friction that
may be utilized to form the first and second gripping
portions 930 and 934 include but are not limited to Silicone
based elastomers, styrenic-based thermoplastic elastomers
(TPE), polyisoprene, low density polyethylene, polypropyl-
ene, sanoprene, silicone, polyurethane, natural rubber, iso-
plast, liquid crystal polymer (LCP), etc.

[0381] The first and second gripping portions 930 and 934
may include a semi-rigid material sufficiently flexible to
contour without shearing upon tissue contact. The first and
second gripping portions 930 and 934 may include a non-
allergenic biocompatible material. In one embodiment, the
first and second gripping portions 930 and 934 may com-
prise a material with a low Young’s modulus and high yield
strain such as an elastomer. Examples of suitable elastomers
include but are not limited to Silicone based elastomers,
styrenic-based thermoplastic elastomers (TPE), polyiso-
prene, low density polyethylene, polypropylene, sanoprene,
silicone, polyurethane, natural rubber, isoplast, liquid crystal
polymer (LCP), etc.

[0382] Referring to FIGS. 116-120, the first and second
gripping portions 930 and 934 may include gripping features
936. The gripping features 936 may be sufficiently flexible
to contour without shearing upon tissue contact. The grip-
ping features 936 may be in the form of protrusions 938. In
at least one embodiment, the gripping features 936 may be
in the form of depressions 940.

[0383] Referring to FIGS. 121-126., the gripping features
936 may be spatially arranged in a gripping pattern 942.
Gripping pattern 942 may include a plurality of protrusions
938. The gripping pattern may include a plurality of depres-
sions 940. In at least one embodiment, as illustrated in FIG.
127 the gripping pattern 942 may include a plurality of
alternating protrusions 938 and depressions 940. In one
embodiment, as illustrated in FIG. 123, the gripping pattern
942 may include four protrusions 938.

[0384] As illustrated in FIG. 128, gripping pattern 942
may include a plurality of protrusions 940 spatially arranged
in a circle. Other arrangements are possible and within the
scope of the present disclosure. As illustrated in FIG. 122,
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gripping pattern 942 may include a plurality of protrusions
938 spatially arranged in multiple rows wherein each row
includes several protrusions 938 aligned along the length of
the row. Each row may include alternating protrusions 938
and depressions 940.

[0385] Referring to FIG. 123-128, the gripping pattern 942
may include vertical protrusions 938 that extend horizon-
tally on gripping portion 930. As illustrated in FIG., the
vertical protrusions 938 may extend in opposing directions.
In certain embodiments, as illustrated in FIG. 124, the
protrusions 938 may extend in parallel rows. In at least one
embodiment, as illustrated in FIG. 125, gripping pattern 942
includes a first plurality of parallel protrusions 938a, and a
second plurality of parallel protrusions 9385, wherein the
first plurality 9384 is in a slanted arrangement with the
second plurality 938b. In at least one embodiment, as
illustrated in FIG. 125, the gripping portion 930 may include
a herringbone pattern.

[0386] Referring to FIGS. 129-131, the gripping pattern
942 may define vertical protrusions 938 that extend hori-
zontally on gripping portion 930 in a non linear fashion. For
example, as illustrated in FIG. 129, the non-linear protru-
sions 938 may extend in a in a zigzag fashion. In certain
embodiments, as illustrated in FIGS. 130 and 131, the
non-linear protrusions 938 may extend in parallel rows. In
certain embodiments, as illustrated in FIGS. 130, and 131,
the non-linear protrusions 938 may extend in opposing
directions.

[0387] Referring to FIGS. 132 through 137, an end effec-
tor 500 comprises a first jaw member 502A and a second jaw
member 502B. The first jaw member 502A is movable
relative to the second jaw member 502B between an open
position (FIGS. 132 and 136) and a closed position (FIGS.
133, 134, and 137) to clamp tissue between the first jaw
member 502A and the second jaw member 502B. The first
jaw member 502A comprises angled tissue-contacting sur-
faces 504A and 506A. The second jaw member 502B
comprises angled tissue-contacting surfaces 504B and 506B.
The first jaw member 502A comprises a first positively-
angled tissue-contacting surface 504 A and a first negatively-
angled tissue-contacting surface 506A. The second jaw
member 502B comprises a second positively-angled tissue-
contacting surface 504B and a second negatively-angled
tissue-contacting surface 506B.

[0388] As used herein, the terms “positively-angled” and
“negatively-angled” refer to the direction in which a tissue-
contacting surface is angled relative to the body of the jaw
member comprising the tissue-contacting surface and a
clamping plane of the jaw member. Referring to FIG. 138,
a first jaw member 502A' and a second jaw member 502B'
are shown in a closed position such as to clamp tissue
between the opposed jaw members 502A' and 502B'. This
closed position is analogous to the closed position shown in
FIGS. 133, 134, 135, 137, and 142. The first jaw member
502A' comprises a first jaw body 503A', a first tissue
gripping element 507A', and a first clamping plane 505A.
The second jaw member 502B' comprises a second jaw body
503B', a second tissue gripping element 507B', and a second
clamping plane 505B. Generally, the tissue gripping ele-
ments and the clamping planes of the jaw members of an end
effector are in an opposed orientation when the jaw members
are in a closed position such as to clamp tissue between
opposed jaw members.
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[0389] The first jaw member 502A' comprises a first
positively-angled tissue-contacting surface 504A' forming
an angle (a) relative to the first clamping plane 505A and
away from the first jaw body 503A' at the periphery of the
first tissue gripping element 507A' of the first jaw member
502A'". The first jaw member 502A' comprises a first nega-
tively-angled tissue-contacting surface 506A' forming an
angle (a) relative to the first clamping plane 505A and
toward from the first jaw body 503 A" at the periphery of the
first tissue gripping element 507A' of the jaw member
502A".

[0390] Accordingly, as used herein, the term “positively-
angled” is used to specify tissue-contacting surfaces that
angle away from a clamping plane and that angle away from
the jaw body at the periphery of the tissue gripping element
of the jaw member comprising the positively-angled tissue-
contacting surface. Likewise, as used herein, the term “nega-
tively-angled” is used to specify tissue-contacting surfaces
that angle away from a clamping plane and that angle toward
the jaw body at the periphery of the tissue gripping element
of the jaw member comprising the negatively-angled tissue-
contacting surface.

[0391] Thus, the second jaw member 502B' comprises a
second positively-angled tissue-contacting surface 504B'
forming an angle (a) relative to the second clamping plane
505B and away from the second jaw body 503B' at the
periphery of the second tissue gripping element 507B' of the
second jaw member 502B'. The second jaw member 502B'
comprises a second negatively-angled tissue-contacting sur-
face 506B' forming an angle (o) relative to the second
clamping plane 505B and toward from the second jaw body
503B' at the periphery of the second tissue gripping element
507B' of the second jaw member 502B'".

[0392] Referring again to FIGS. 132-134, the first jaw
member 502A comprises a first jaw body 503 A and a first
tissue gripping element 507A, and the second jaw member
502B comprises a second jaw body 503B and a second tissue
gripping element 507B. The first positively-angled tissue-
contacting surface 504A of the first jaw member 502A is
angled away from the first jaw body 503 A at the periphery
of the first tissue gripping element 507A. The first nega-
tively-angled tissue-contacting surface 506 A of the first jaw
member 502A is angled toward the first jaw body 503 A at
the periphery of the first tissue gripping element 507A. The
second positively-angled tissue-contacting surface 504B of
the second jaw member 502B is angled away from the
second jaw body 503B at the periphery of the second tissue
gripping element 507B. The second negatively-angled tis-
sue-contacting surface 506B of the second jaw member
502B is angled toward the second jaw body 503B at the
periphery of the second tissue gripping element 507B.
[0393] When the first jaw member 502A and the second
jaw member 502B are in a closed position, such as to clamp
tissue between the first and second jaw members, the first
positively-angled tissue-contacting surface 504A opposes
the second negatively-angled tissue-contacting surface
506B. When the first jaw member 502A and the second jaw
member 502B are in a closed position, such as to clamp
tissue between the first and second jaw members, the first
negatively-angled tissue-contacting surface 506A opposes
the second positively-angled tissue-contacting surface
504B.

[0394] As shown in FIGS. 132-133 and 136-137, the first
positively-angled tissue-contacting surface 504A and the
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first negatively-angled tissue-contacting surface 506A are
disposed along substantially the entire length of the first jaw
member 502A. The second positively-angled tissue-contact-
ing surface 504B and the second negatively-angled tissue-
contacting surface S06B are disposed along substantially the
entire length of the second jaw member 502B.

[0395] The end effector 500 comprises an “I-beam” mem-
ber 508, which in some embodiments, may function as a
closure member and/or a tissue-cutting member. The I-beam
member 508 may operate in a manner similar to that
described herein above with respect to the axially movable
member 3016 described herein above. The I-beam member
508 may be sized and configured to fit at least partially
within channels in the first jaw member 502A and the second
jaw member 502B. The I-beam member 508 may operably
translate along the channels in the first jaw member 502A
and the second jaw member 502B, for example, between a
first, proximally retracted position correlating with the jaw
members 502A and 502B being at an open position, and a
second, distally advanced position correlating with the jaw
members 502A and 502B being at a closed position. In this
manner, for example, the I-beam member 508 may be
configured to operably translate within the channels in the
first and second jaw members 502A and 502B to close the
jaw members using a camming action and/or to advance a
cutting member through the first and second tissue gripping
elements 507A and 507B to transect tissue clamped between
the first and second jaw members 502A and 502B.

[0396] The movement of the first jaw member 502A
relative to the second jaw member 502B between an open
position (FIGS. 132 and 136) and a closed position (FIGS.
133, 134, and 137) to clamp tissue between the first jaw
member 502A and the second jaw member 502B may be
actuated with a suitable closure actuation mechanism. Trans-
lation of the I-beam member between a retracted position
and an advanced position may be actuated with a suitable
translation actuation mechanism. Suitable closure actuation
mechanisms and suitable translation actuation mechanisms
are described, for example, in connection with FIGS. 64-82,
83-91 and 92-96.

[0397] Referring to FIGS. 139 and 140, an end effector
510 comprises a first jaw member 512A and a second jaw
member 512B. The first jaw member 512A is movable
relative to the second jaw member 512B between an open
position (FIGS. 139 and 140) and a closed position (no
shown) to clamp tissue between the first jaw member 512A
and the second jaw member 512B. The first jaw member
512 A comprises angled tissue-contacting surfaces 514A and
516A. The second jaw member 512B comprises angled
tissue-contacting surfaces 514B and 516B. The first jaw
member 512A comprises a first positively-angled tissue-
contacting surface 514 A and a first negatively-angled tissue-
contacting surface 516A. The second jaw member 512B
comprises a second positively-angled tissue-contacting sur-
face 514B and a second negatively-angled tissue-contacting
surface 516B.

[0398] The first jaw member 512A comprises a first jaw
body 513 A and a first tissue gripping element 517A, and the
second jaw member 512B comprises a second jaw body
513B and a second tissue gripping element 517B. The first
positively-angled tissue-contacting surface 514A of the first
jaw member 512A is angled away from a first jaw body
513 A at the periphery of the first tissue gripping element
517A. The first negatively-angled tissue-contacting surface



US 2020/0246063 Al

516A of the first jaw member 512A is angled toward the first
jaw body 513A at the periphery of the first tissue gripping
element 517A. The second positively-angled tissue-contact-
ing surface 514B of the second jaw member 512B is angled
away from a second jaw body 513B at the periphery of the
second tissue gripping element 517B. The second nega-
tively-angled tissue-contacting surface 516B of the second
jaw member 512B is angled toward the second jaw body
513B at the periphery of the second tissue gripping element
517B.

[0399] When the first jaw member 512A and the second
jaw member 512B are in a closed position, such as to clamp
tissue between the first and second jaw members, the first
positively-angled tissue-contacting surface 514A opposes
the second negatively-angled tissue-contacting surface
516B. When the first jaw member 512A and the second jaw
member 512B are in a closed position, such as to clamp
tissue between the first and second jaw members, the first
negatively-angled tissue-contacting surface 516 A opposes
the second positively-angled tissue-contacting surface
514B.

[0400] The first positively-angled tissue-contacting sur-
face 514A is disposed along a proximal portion of the length
of' the first jaw member 512A. The second positively-angled
tissue-contacting surface 514B is disposed along a proximal
portion of the length of the second jaw member 512B. The
first negatively-angled tissue-contacting surface 516A is
disposed along substantially the entire length of the first jaw
member 512A. The second negatively-angled tissue-con-
tacting surface 516B is disposed along substantially the
entire length of the second jaw member 502B.

[0401] The end effector 510 comprises an “I-beam” mem-
ber 518, which in some embodiments, may function as a
closure member and/or a tissue-cutting member. The I-beam
member 518 may be sized and configured to fit at least
partially within channels in the first jaw member 512A and
the second jaw member 512B. The I-beam member 518 may
translate along the channels in the first jaw member 512A
and the second jaw member 512B, for example, between a
first, proximally retracted position correlating with the jaw
members 512A and 512B being at an open position, and a
second, distally advanced position correlating with the jaw
members 512A and 512B being at a closed position. In this
manner, for example, the I-beam member 518 may be
configured to operably translate within the channels in the
first and second jaw members 512A and 512B to close the
jaw members using a camming action and/or to advance a
cutting member through the first and second tissue gripping
elements 517A and 517B to transect tissue clamped between
the first and second jaw members 512A and 512B.

[0402] The movement of the first jaw member 512A
relative to the second jaw member 512B between an open
position (FIGS. 139 and 140) and a closed position (not
shown) to clamp tissue between the first jaw member 512A
and the second jaw member 512B may be actuated with a
suitable closure actuation mechanism. Translation of the
I-beam member between a retracted position and an
advanced position may be actuated with a suitable transla-
tion actuation mechanism. Suitable closure actuation mecha-
nisms and suitable translation actuation mechanisms are
described, for example, in connection with FIGS. 64-82,
83-91 and 92-96.

[0403] The first jaw member 512A and the second jaw
member 512B comprise a first distal textured portion 519A
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and second distal textured portion 519B, respectively. The
first distal textured portion 519A of the first jaw member
512A is disposed distal and directly adjacent to the proximal
tissue gripping element 517A of the first jaw member 512A
comprising the first positively-angled tissue-contacting sur-
face 514A. The first positively-angled tissue-contacting sur-
face 514A does not extend distally along the length of the
first jaw member 512A into the first distal textured portion
519A. The second distal textured portion 519B of the second
jaw member 512B is disposed distal and directly adjacent to
the proximal tissue gripping element 517B of the second jaw
member 512B comprising the second positively-angled tis-
sue-contacting surface 514B. The second positively-angled
tissue-contacting surface 514B does not extend distally
along the length of the second jaw member 512B into the
second distal textured portion 519B. The first and second
distal textured portions 519A and 519B of the first and
second jaw members 512A and 512B may be opposed and
may allow the end effector 510 to grip, pass, and/or manipu-
late surgical implements such as needles for suturing tissue,
in addition to gripping tissue, for example, during dissection
operations. This gripping, passing, and/or manipulating
functionality is described, for example, in connection with
FIGS. 116-131 and 154-164.

[0404] The first jaw member 512A and the second jaw
member 512B comprise a first gripping portion 521A and
second gripping portion 521B, respectively. The first grip-
ping portion 521A is disposed on an outwardly-facing
surface of the first jaw member 512A, and the second
gripping portion 521B is disposed on an outwardly-facing
surface of the second jaw member 512B. The gripping
portions 521A and 521B may function to aid in tissue
dissection as described, for example, in connection with
FIGS. 116-131 and 154-164.

[0405] FIG. 141 is a perspective view of an end effector
510" similar to the end effector 510 shown in FIGS. 139 and
140, but comprising electrodes 522 located in the second
tissue gripping element 517B of the second jaw member
516B and located between the second positively-angled
tissue-contacting surface 514B and the second negatively-
angled tissue-contacting surface 516B. The electrodes 522
may be configured to deliver RF energy to tissue clamped
between the first jaw member 512A and the second jaw
member 512B when in a closed position to weld/fuse the
tissue, which may be transected by translating the I-beam
member 518 comprising a cutting member. Although FIG.
141 shows two electrodes 522, it is understood that an
end-effector in accordance with the embodiments described
in this specification may comprise at least one or more
electrodes comprising any suitable shape and orientation, as
described, for example, in this specification. The second jaw
member 5168 also comprises an offset electrode 524 at the
distal tip 525 configured to deliver RF energy to tissue
during dissection operations, for example. In some embodi-
ments, the first distal textured portion 519A and second
distal textured portion 519B may also be electrodes config-
ured, for example, to deliver RF energy to tissue during
dissection operations. This electrode functionality is
described, for example, in connection with FIGS. 154-164.
[0406] Referring to FIG. 142, an end effector 530 com-
prises a first jaw member 532A and a second jaw member
532B shown in a closed position clamping tissue 545
between the jaw members. The first jaw member 532A
comprises a first positively-angled tissue-contacting surface
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534A and a first negatively-angled tissue-contacting surface
536A. The second jaw member 532B comprises a second
positively-angled tissue-contacting surface 534B and a sec-
ond negatively-angled tissue-contacting surface 536B. The
tissue 545 physically contacts the angled tissue-contacting
surfaces 534 A, 534B, 536 A, and 536B. The physical contact
between the tissue 545 and the angled tissue-contacting
surfaces 534 A, 534B, 536 A, and 536B compresses the tissue
545 between the first jaw member 532A and the second jaw
member 532B. As shown in FIG. 142, the clamping of the
tissue between the first jaw member 532A and the second
jaw member 532B compresses the tissue 545 between the
mutually opposed tissue-contacting surfaces 536A and
534B, and also between the mutually opposed tissue-con-
tacting surfaces 534A and 536B, which establishes a tortu-
ous deformation in the compressed tissue 545. The tortuous
deformation improves the clamping action of the end effec-
tor 530 on the tissue 545, which in turn, improves the
welding/fusion of the tissue 545 and/or the transection of the
tissue 545. The tissue 545 can be welded/fused, for example,
by the application of RF energy through electrodes 542
located in the tissue gripping element of the second jaw
member 532B and located between the second positively-
angled tissue-contacting surface 534B and the second nega-
tively-angled tissue-contacting surface 536B. The tissue 545
can be transected, for example, by translating the I-beam
member 538, which translates the cutting member 541
through the clamped tissue 545.

[0407] In some embodiments, an end effector may com-
prise a first jaw member comprising a first positively-angled
tissue-contacting surface and a first negatively-angled tis-
sue-contacting surface, and a second jaw member compris-
ing a second positively-angled tissue-contacting surface and
a second negatively-angled tissue-contacting surface. The
angled tissue-contacting surfaces may form angles (a) rela-
tive to a clamping plane as described, for example, in
connection with FIG. 138. The magnitude of the angle (o)
between a tissue contacting surface and a clamping plane
may range from 5-degrees to 85-degrees or any sub-range
subsumed therein such as, for example, from 10-degrees to
80-degrees, from 20-degrees to 70-degrees, from 30-degrees
to 60-degrees, from 40-degrees to 50-degrees, from 25-de-
grees to 50-degrees, or from 30-degrees to 45-degrees.

[0408] In some embodiments, angled tissue-contacting
surfaces may independently form angles relative to respec-
tive clamping planes. The angle formed by the angled
tissue-contacting surfaces may be substantially the same or
different in a given end effector. For example, two opposed
angled tissue-contacting surfaces (e.g., a first positively-
angled tissue-contacting surface and an opposed second
negatively-angled tissue-contacting surface) may both form
a common angle (a,) relative to respective clamping planes,
and two other opposed angled tissue-contacting surfaces
(e.g., a first negatively-angled tissue-contacting surface and
an opposed second positively-angled tissue-contacting sur-
face) may both form a common angle (a,) relative to
respective clamping planes, wherein la, [=la,l.

[0409] In some embodiments, an angled tissue-contacting
surface may extend a predetermined distance normal to a
respective clamping plane coincident with a horizontal tis-
sue contacting portion of a jaw member. For example,
referring to FIG. 138, the first positively-angled tissue-
contacting surface 504A' extends a distance normal to the
first clamping plane 505A, and the second positively-angled
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tissue-contacting surface 504B' extends a distance normal to
the second clamping plane 505B. Likewise, the first nega-
tively-angled tissue-contacting surface 506A' extends a dis-
tance normal to the first clamping plane 505A, and the
second negatively-angled tissue-contacting surface 506B'
extends a distance normal to the second clamping plane
505B. In some embodiments, an angled tissue-contacting
surface may extend a distance between 0.025 inch to 0.25
inch normal to a respective clamping plane, or any sub-range
subsumed therein such as, for example, 0.025 inch to 0.01
inch or 0.025 inch to 0.05 inch.

[0410] While the angled tissue-contacting surfaces shown
in FIGS. 132 through 142 are illustrated as being planar
surfaces, it is to be appreciated that in some embodiments,
the angled tissue-contacting surfaces may be curved surfaces
or a combination of planar surfaces and curved surfaces.
[0411] In some embodiments, end effectors comprising
angled tissue-contacting surfaces may be configured to
operably couple to robotic surgical systems such as, for
example, the robotic surgical systems described in connec-
tion with, for example, FIGS. 1-45. In some embodiments,
end effectors having angled tissue-contacting surfaces may
be configured to operably couple to hand-held surgical
devices such as, for example, the hand-held surgical devices
described in connection with FIGS. 46-63.

[0412] The angled tissue-contacting surfaces described in
connection with FIGS. 132 through 142 provide various
advantages to end effectors configured to grip/clamp tissue,
weld/fuse tissue, transect tissue, or any combination of these
operations. For example, in some embodiments, as illus-
trated in FIGS. 132 through 142, the positively-angled tissue
contacting surfaces are integral with the outer surfaces of the
jaw members (i.e., formed from a single piece of material).
As such, the positively-angled tissue contacting surfaces
provide for a thicker jaw member structure in the thickness
dimension (labeled dimension T in FIGS. 141 and 142). The
thicker jaw member structure increases the strength and
stiffness of the jaw members, which provides improved
gripping/clamping load to tissue. In some embodiments, for
example, a thicker jaw member structure provided by posi-
tively-angled tissue contacting surfaces may increase the
moment of inertia of the jaw members by 20-30% relative to
jaw members comprising co-planar tissue-contacting sur-
faces. An increased moment of inertia may provide an
improved weld zone for fusing and cauterizing tissue
clamped in an end effector comprising angled tissue-con-
tacting surfaces by providing a more focused area for RF
energy to enter and fuse tissue.

[0413] Any of the electrosurgical tools described herein
may be energized utilizing current/energy paths extending
from the generator or other signal source (such as generator
3002) through conductors, such as the supply 3012 and
return 3014 conductors (see FIG. 6), through the shaft
assembly to the electrode or electrodes. Within the shaft
assembly, the current paths may be provided by wires that
extend through the shaft assembly. Wires, however, must be
configured to avoid kinking, twisting or other deformation at
the various articulation and rotation joints of the tools,
including the articulation joint 3500 described herein. In the
illustrated embodiments, an electrosurgical tool may utilize
components of the shaft assembly as current paths for
energizing electrosurgical electrodes. This may eliminate the
need for wires and simplify articulation and rotation of the
surgical tool.
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[0414] In the illustrated embodiments, a rotary connector
assembly may be utilized to allow a rotary drive shaft or
other internal component of the shaft assembly to provide an
energized current path between a generator and the end
effector and/or an electrode thereof. The rotary connector
may be configured to maintain a connection between the
energized current path and the end effector despite rotation
of the shaft and/or end effector. In bi-polar configurations, a
return path may be formed by conductive components of the
shaft and end effector such as, for example, a skin of the
shaft, the I-beam member or other knife, portions of the
various jaw members, etc., as described herein

[0415] FIGS. 143-146 illustrate one embodiment of a
rotary connector assembly 1100 installed in an end effector
550 and shaft assembly 560 as described herein with respect
to FIGS. 64-81. FIG. 143 is a cross-sectional view of one
embodiment of the end effector 550 and shaft assembly 560
illustrating an example installation of the rotary electrode
assembly 1100. FIG. 144 is an exploded view of one
embodiment of the end effector 550 and shaft assembly 560
showing the rotary electrode assembly 1100 both installed
on the rotary drive shaft 630 (indicated by reference num-
bers 1100', 1104', 1106") and exploded (indicated by refer-
ence numbers 1100, 1104, 1106). FIG. 145 is a cross-
sectional view of one embodiment of the end effector 550
and shaft assembly 560 showing the rotary electrode assem-
bly 1100 with a rotary drive head 632 in a proximal position.
FIG. 146 is a cross-sectional view of one embodiment of the
end effector 550 and shaft assembly 560 showing the rotary
electrode assembly 1100 with the rotary drive head 632 in a
distal position.

[0416] The rotary electrode assembly 1100 may be posi-
tioned within the end effector drive housing 608 and may
comprise an outer contact 1102 and an inner contact 1103.
The outer contact 1102 may be positioned around an inner
wall 1108 of the end effector drive housing 608. In the
illustrated embodiment, and in functionally similar embodi-
ments, the outer contact 1102 may be in the shape of a
cylinder or other figure of revolution. The outer contact 1102
may be in electrical communication with one or more
electrodes 1112 in the end effector 550 via one or more leads,
such as lead 1110. The lead 1110 may be in physical contact
with the outer contact 1102 and may extend through the
lower jaw member 602B to the electrode 1112 as shown. The
lead 1110 may be fastened to the electrode 1112 in any
suitable manner including, for example, with a solder or
other similar joint. For example, multiple energized elec-
trodes may be utilized with one lead 1110 directed to each
electrode. In the illustrated embodiment, the lead 1110 may
be insulated so as to avoid electrical communication with
other portions of the end effector 550 and shaft assembly
560.

[0417] The inner contact 1103 may be physically coupled
to the rotary drive shaft 630, for example, proximal from the
hex coupling portion 634, as shown. The inner contact 1103
may be in electrical contact with the outer contact 1102. For
example, the inner contact 1103 may be in physical contact
with the outer contact 1102. In the illustrated embodiment
and in functionally similar embodiments, the inner contact
1103 may maintain electrical contact with the outer contact
1102 as the rotary drive shaft 630 and/or the end effector 560
rotates. For example, the outer contact 1102 may be a figure
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of revolution such that the inner contact 1103 is in physical
contact with the contact 1102 as the rotary drive shaft 630
rotates.

[0418] In the illustrated embodiment and in functionally
similar embodiments, the inner contact 1103 may also be a
figure of revolution. For example, as illustrated, the inner
contact 1103 may comprise a ringed brush 1104 and a
grooved conductor 1106. The grooved conductor 1106 may
be positioned around the rotary drive shaft 630 proximal
from the hex coupling portion 634. The grooved conductor
1106 may define a groove 1107 to receive the ringed brush
1104. The ringed brush 1104 may have a diameter larger
than that of the groove 1107. In the illustrated embodiment
and in functionally similar embodiments, the ringed brush
1104 may define a slot 1105. For example, the slot 1105 may
allow the diameter of the ringed brush 1104 to expand and
contract. For example, the diameter of the ringed brush 1104
may be expanded in order to place it over the remainder of
the grooved conductor 1106 and into the slot 1107. Also,
when the inner contact 1103 is placed within the outer
contact 1102, its diameter may be contracted. In this way, the
tendency of the ringed brush 1104 to resume its original
diameter may cause the ringed brush 1104 to exert an
outward force on the outer contact 1102 tending to keep the
ringed brush 1104 and outer contact 1102 in physical and
electrical contact with one another.

[0419] The inner contact 1103 may be in electrical com-
munication with a suitable shaft component, thus complet-
ing the current path from the electrode 1112 to a generator,
such as the generator 3002 described herein above with
respect to FIG. 6 and/or an internal generator. In the illus-
trated embodiment, the inner contact 1103, and particularly
the grooved conductor 1106, is in physical and electrical
contact with a coiled wire component 1114 wrapped around
the rotary drive shaft 630. The coiled wire component 1114
may extend proximally through the shaft where it may be
coupled directly or indirectly to the generator. As described
herein, the coiled wire component 1114 may also act as a
spring to provide rigidity to the rotary drive shaft 630 around
an articulation joint, for example, as described herein with
respect to FIGS. 31-31 and spring 3612. In some embodi-
ments, the rotary drive shaft 630 may comprise an outer
insulated sleeve. The inner contact 1103 may be in electrical
contact with the outer insulated sleeve in addition to or
instead of the coiled wire component 1114. An example
insulated sleeve 1166 is described herein with respect to
FIG. 151. Another example of a potential insulated sleeve is
the constraining member 3660 described herein above with
respect to FIG. 45.

[0420] In the illustrated embodiment, the a current return
path from the electrode 1112 may be provided by various
components of the end effector 550 and shaft assembly 560
including, for example, the jaw members 602A, 602B, the
end effector drive housing 608 and other shaft members
extending proximally. Accordingly, portions of the ener-
gized current path may be electrically isolated from other
components of the end effector 550 and shaft assembly 560.
For example, as described above, the lead 1110 between the
outer contact 1102 and electrode 1112 may be surrounded by
an electrical insulator 1111, as shown. Also, the outer contact
1102 and inner contact 1103 may be isolated from other
components of the end effector 550 and shaft assembly 560.
For example, an insulator 1118 may be positioned to elec-
trically isolate the outer contact 1102 from the end effector
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drive housing 608. An insulator 1116 may be positioned to
isolate the outer contact 1102 and inner contact 1103 from
the rotary drive shaft 630. The insulator 1118 may be an
additional component or, in some embodiments, may be
provided as a TEFLON or other insulating coating. As
illustrated in FIGS. 145-146, the insulator 1116 may extend
proximally, also isolating the coiled wire component 1114
from both the rotary drive shaft 630 and from other com-
ponents of the shaft assembly 560 such as, for example, the
end effector drive housing 608.

[0421] In the embodiment illustrated in FIGS. 145-146,
the outer contact 1102 may be extended proximally and
distally such that electrical contact between the outer contact
1102 and inner contact 1103 is maintained with the rotary
drive shaft 630 and rotary drive head 632 in different
proximal and distal positions. For example, in FIG. 145, the
rotary drive shaft 630 and rotary drive head 632 are pulled
proximally such that the male hex coupling portion 636 of
the drive shaft head 632 is received by hex shaft coupling
portion 609 of the end effector drive housing 608. In this
position, rotation of the rotary drive shaft 630 may cause
rotation of the end effector drive housing 608 and end
effector 550, as described herein. Additionally, as illustrated
in FIG. 145, the inner contact 1103 may be in physical and
electrical contact with the outer contact 1102. In FIG. 146,
the rotary drive shaft 630 and rotary drive head 632 are
pushed distally such that the hex coupling portion 634 of the
rotary drive head 632 receives the threaded rotary drive nut
606. In this position, rotation of the rotary drive shaft 630
may cause rotation of the threaded rotary drive nut 606 that,
in turn, causes rotation of the threaded rotary drive member
604 and distal and/or proximal translation of the I-beam
member 620. Additionally, as illustrated in FIG. 146, the
inner contact 1103 may be in physical and electrical contact
with the outer contact 1102.

[0422] FIGS. 147-148 are cross-sectional views of one
embodiment of the end effector 550 and shaft assembly 560
where a longitudinal length of the outer contact 1102 is
selected such that the rotary connector assembly 1100 alter-
nately creates and breaks an electrical connection limited by
the longitudinal position of the inner contact 1103. For
example, in FIG. 147, the rotary drive shaft 630 and rotary
drive head 632 are positioned proximally such that the male
hex coupling portion 636 is received into the hex shaft
coupling portion 609 of the distal shaft portion 608. As
illustrated, the inner contact 1103 (and specifically the ring
brush 1104) may contact not the contact 1102, but instead
may contact the insulator 1118. In this way, there may not be
a completed electrical connection between the electrode
1112 and the generator when the rotary drive shaft 630 and
rotary drive head 632 are in the proximal position shown in
FIG. 147. When the rotary drive shaft 630 and rotary drive
head 632 are positioned distally to contact the threaded drive
nut 606, as illustrated in FIG. 148, the inner contact 1103
may be in electrical (and physical) contact with the contact
1102, completing the current path between the electrode
1112 and generator. The configuration illustrated in FIGS.
147-148 may be useful in various different contexts. For
example, it may be undesirable to energize the electrode
1112 when the jaw members 602A, 602B are open. In the
illustrated embodiment, the jaw members 602A, 602B are
closed by the rotary drive shaft 630 when the shaft 630 is
positioned distally (FIG. 148) and not when the shaft 630 is
positioned proximally (FIG. 147). Accordingly, in the con-
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figuration of FIGS. 147-148, the current path from the
generator to the electrode 1112 is complete only when the
rotary drive shaft 630 and rotary drive head 632 are posi-
tioned distally.

[0423] In some of the embodiments described herein, the
end effector 550 may be removable from the end effector
drive housing 608 and, for example, may be interchangeable
with other end effectors (not shown). Examples of mecha-
nisms for implementing interchangeable electrodes are pro-
vided herein with respect to FIGS. 106-115. In such imple-
mentations, the lead 1110 may comprise an end effector
portion and a shaft portion connected by a connector assem-
bly. FIGS. 149-150 illustrate one embodiment of the end
effector 550 and shaft assembly 560 showing a configuration
including the lead portions 1130, 1132 and connector assem-
bly 1120. For example, as illustrated in FIGS. 149-150 and
as described herein, a proximal portion 603 of the jaw
member 602B may be received within the end effector drive
housing 608. The proximal portion 603 of the jaw member
602B is illustrated within the end effector drive housing 608
in FIG. 149 and separated from the end effector drive
housing 608 in FIG. 150. The connector assembly 1120 may
comprise an end effector side-lead 1122 and a shaft-side lead
1124. The respective leads may be brought into physical and
electrical contact with one another when the proximal por-
tion 603 is received into the distal shaft portion 608, as
illustrated in FIG. 149. In various embodiments, the con-
nector assembly 1120 may be configured so as to maintain
electrical isolation of the energized current path from other
components of the end effector 550 and shaft 560. For
example, insulation 1126, 1128 may electrically isolate the
connector leads 1122, 1124. In the illustrated embodiment
and in functionally similar embodiments, the insulation
1126, 1128 may take the form of plastic or other insulating
shrink tubes positions over all or part of the leads 1122,
1124. In some embodiments, the insulation 1126, 1128 may
comprise a TEFLON or other insulating coating applied to
portions of the leads 1122, 1124 and/or surrounding mate-
rial.

[0424] FIG. 151 illustrates a cross-sectional view of an
alternate embodiment of an end effector 1140 and shaft
assembly 1142 showing another context in which a rotary
connector assembly 1147 may utilized. The end effector
1140 may comprise jaw members 1146A, 1146B that may
operate similar to the jaw members 3008A, 3008B, 602A,
602B, etc., described herein above. For example, the jaw
members 1146A, 1146B may be actuated by an I-beam
member 1156 that, in the illustrated embodiment, may
comprise a cutting edge 1148 for severing tissue between the
jaw members 1146 A, 1146B. The I-beam member 1156 may
be driven distally and proximally by rotation of a threaded
I-beam member shaft 1154. The I-beam member shaft 1154
may be rotated via a main drive shaft 1149. For example, the
main drive shaft 1149 may be coupled to a gear 1150. The
gear 1150 may be in mechanical communication with a gear
1152 coupled to the [-beam member shaft 1154 as illustrated.

[0425] The end effector 1140 may comprise an electrode
1158 that may operate in a manner similar to that of
electrode 1112, etc., described herein above. An insulated
lead 1160 may be electrically coupled to the electrode 1158
and may extend proximally to an outer contact 1162. The
outer contact 1162 may be positioned on an inner wall of a
shaft member 1141 in a manner similar to that in which the
contact 1102 is coupled to the inner wall 1108 of the end
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effector drive housing 608. A inner contact 1164 (e.g., brush)
may be positioned around the main drive shaft 1149 such
that the brush 1164 is in electrical contact with the contact
1162. The brush 1164 may also be in electrical contact with
a conductive sleeve 1166 positioned around the main drive
shaft 1149. The sleeve 1166 may be clectrically isolated
from the main drive shaft 1149 and from the remainder of
the shaft 1142, for example, by insulators 1168, 1170.
[0426] It will be appreciated that the rotary electrode
assembly 1100 may be utilized with any of the end effector
and/or shaft assembly embodiments described herein. For
example, FIG. 152 illustrates a cross-sectional view of one
embodiment of the end effector and shaft assembly of FIGS.
83-91 illustrating another example installation of a rotary
electrode assembly 1100 including the outer contact 1102
and inner contact 1103 as described herein.

[0427] FIGS. 153-168 illustrate various embodiments of
an electrosurgical end effector 700 comprising a proximal
tissue treatment zone 706 and a distal tissue treatment zone
708. The proximal tissue treatment zone 706 utilizes various
electrodes and cutting edges to treat tissue, for example, as
described herein above with respect to end effector 3000
shown in FIGS. 6-10. Treatment provided by the proximal
tissue treatment zone 706 may include, for example, clamp-
ing, grasping, transsection, coagulation, welding, etc. The
distal tissue treatment zone 708 may also comprise one or
more electrodes 742 and may be utilized to apply treatment
to tissue and, in some embodiments, to perform other
surgical tasks such as grasping and manipulating suturing
needles and/or other surgical implements.

[0428] FIG. 153 illustrates one embodiment of the end
effector 700. The end effector 700 may be utilized with
various surgical tools including those described herein. As
illustrated, the end effector 700 comprises a first jaw mem-
ber 720 and a second jaw member 710. The first jaw member
720 may be movable relative to the second jaw member 710
between open positions (shown in FIGS. 153-156) and
closed positions (shown in FIGS. 166 and 165). For
example, the jaw members 720, 710 may be pivotably
coupled at a pivot point 702. The jaw members 710, 720
may be curved with respect to a longitudinal tool axis “LT,”
as illustrated. In some embodiments, the jaw members 710,
720 may be instead straight, as illustrated with respect to jaw
members 3008A, 3008B shown in FIGS. 6-8. In use, the end
effector 700 may be transitioned from an open position to a
closed position to capture tissue between the jaw members
720, 710. The tissue captured between the jaw members 720,
710 may be clamped or grasped along portions of the jaw
members 710,720 for application of one or more tissue
treatments such as transection, welding, dissection, and
electrocauterization.

[0429] The proximal tissue treatment zone 706 of the end
effector 700 may treat tissue in a manner similar to that
described above with respect to the end effector 3000. Tissue
between the jaw members 720, 710 in the proximal tissue
treatment zone 706 may be secured in place, for example, by
teeth 734a, 734b. See, e.g., FIGS. 154-159. In the proximal
tissue treatment zone 706, the jaw members 720, 710 may
each define respective longitudinal channels 812, 810. An
I-beam member 820 (FIGS. 155 and 159) may traverse
distally and proximally within the longitudinal channels
812, 810, for example, as described herein above with
respect to the end effector 3000 and axially movable member
3016. In some embodiments, distal and proximal translation
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of the I-beam member 820 may also transition the jaw
members 720, 710 between open and closed positions. For
example, the I-beam member 820 may comprise flanges
positioned to contact cam surfaces of the respective jaw
members 720, 710, similar to the manner in which flanges
3016A, 30168 contact cam surfaces 3026A, 30268 in the
embodiment described with respect to FIGS. 6-10. The
I-beam member 820 may also define a distally directed
cutting element 822 that may transect tissue between the jaw
members 720, 710 as the I-beam member 820 advances
distally. In some embodiments, the jaw members 720, 710
may comprise tissue-contacting surfaces 730a, 73056, 732a,
7325 similar to the tissue-contacting surfaces 504 A, 5048,
506A, 5068 described herein above with respect to FIGS.
132-137.

[0430] The proximal tissue treatment zone 706 may addi-
tionally comprise various electrodes and/or current paths for
providing electrosurgical (RF) and/or other energy to tissue.
The second jaw member 710 may comprise a supply elec-
trode 848 positioned around the channel 810. See e.g., FIGS.
153-155 and 157. The supply electrode 848 may be in
electrical communication with a generator for providing RF
energy, such as the generator 3002 described herein above.
For example, the supply electrode 848 may be coupled to
one or more supply connector leads 846. The supply con-
nector leads 846 may extend distally through a shaft assem-
bly to a tool interface 302 and/or handle 2500 and ultimately
to a generator, such as the generator 3002 or an internal
generator, as described herein. The supply electrode 848
may be electrically insulated from other elements of the end
effector 700. For example, referring to FIG. 10, the supply
electrode (indicated on either side of the channel 810 by
848a and 848b) may be positioned on an insulating layer 844
(again indicated on either side of the channel 810 by 8444,
8445b). The insulating layer 844 may be made of any suitable
insulating material, such as ceramic, TEFLON, etc. In some
embodiments, the insulating layer 844 may be applied as a
coating to the jaw member 710. The supply electrode 848
may operate in conjunction with a return path to apply
bipolar RF energy to tissue, such as tissue 762 shown in FI1G.
159. Current provided via the supply electrode 848 may flow
through the tissue 762 and return to the generator via the
return path. The return path may comprise various electri-
cally conducting components of the end effector 700. For
example, in some embodiments, the return path may com-
prise bodies of the first and second jaws 720, 710, the I-beam
member 820, the tissue-contacting surfaces 730a, 7305,
732a, 7325, etc.

[0431] In the illustrated embodiments, the supply elec-
trode 848 is offset from the return path. For example, the
supply electrode 848 is positioned such that when the jaw
members 720, 710 are in the closed position illustrated in
FIG. 159, the electrode 848 is not in electrical contact (e.g.,
physical contact) with conductive portions of the end effec-
tor 700 that may serve and a return path for RF current. For
example, the first jaw member 720 may comprise an oppos-
ing member 878 (indicated in FIG. 159 as 8784 and 8786 on
either side of the channel 812) positioned opposite the
electrode 848 such that upon closure of the jaw members
720, 710, the electrode 848 is in direct contact with the
opposing member 878 and not with any other portions of the
end effector 700. The opposing member 878 may be elec-
trically insulating. In this way, it may be possible to close the
jaw members 720, 710 without shorting the supply electrode
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848 to the return path. In some embodiments, the opposing
member 878 may be selectively insulating. For example, the
opposing member 878 may comprise a positive temperature
coeflicient (PTC) body, as described above, that is conduc-
tive below a temperature threshold (e.g., about 100° C.) and
insulating at higher temperatures. In this way, the opposing
member 878 may form part of the return path, but only until
its temperature exceeds the temperature threshold. For
example, if the supply electrode 848 were to be electrically
shorted to an opposing member 878 comprising PTC or a
similar material, the short would quickly drive the tempera-
ture of the opposing member 878 about the threshold, thus
relieving the short.

[0432] The distal tissue treatment zone 708 may define
distal grasping surfaces 790a, 7905 positioned on jaw mem-
bers 710, 720, respectively. The distal grasping surfaces
790a, 7905 may be positioned distally from the proximally
treatment zone 706. The distal grasping surfaces 790a, 7905
may, in some embodiments, be configured to grasp and hold
tissue. For example, the distal grasping surfaces 790a, 7905
may comprise grip elements 741 for increasing friction
between the grasping surfaces 790a, 7905 and tissue and/or
surgical implements, as described herein below. The grip
elements 741 may comprise any suitable texture defined by
the surfaces 790a, 7906, a friction enhancing coating applied
to the surfaces 790a, 7905, etc.

[0433] In some embodiments, the distal tissue treatment
zone 708 may also be configured to apply monopolar and/or
bipolar electrosurgical (e.g., RF) energy. For example, the
surface 790a may be and/or comprise a distal supply elec-
trode 742. For example, the surface 790q¢ itself may be made
from a conductive material and therefore be the distal supply
electrode 742. In some embodiments, as described herein,
the conductive electrode 742 may comprise a conductive
material coupled to an insulating layer 845. The insulating
layer 845 may be a dielectric layer and/or a coating applied
to the jaw member 710. The distal supply electrode 742 may
be in electrical contact with a generator, such as the gen-
erator 3002 described herein above and/or an internal gen-
erator. In some embodiments, the distal supply electrode 742
may be in electrical contact with the supply electrode 848 of
the proximal tissue treatment zone 706. In this way, the
distal supply electrode 742 may be energized when the
proximal supply electrode 848 is energized. In some
embodiments, the distal supply electrode 742 may be ener-
gized independent of the proximal supply electrode 848. For
example, the distal supply electrode 742 may be coupled to
the generator via a dedicated supply line (not shown).

[0434] A return path for electrical energy provided by the
distal supply electrode 742 may also comprise any suitable
conductive portion of the end effector including, for
example, the jaw member 710, the jaw member 720, the
I-beam member 820, etc. In some embodiments, the distal
grasping surface 79056 may also form a distal return elec-
trode 748 that may be part of the return path from the distal
supply electrode 742. For example, the distal return elec-
trode 748 may be in electrical contact with the jaw member
720 that may, in turn, be in electrical contact with a
generator such as the generator 3000. The distal return
electrode 748 may be formed in any suitable manner. For
example, the surface 7905 may be conductive, thus forming
the electrode 748. In some embodiments, a conductive
material may be applied to the surface 7905, where the
conductive material makes up the electrode 748.
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[0435] In the illustrated embodiments, the distal supply
electrode 742 is not offset. For example, the distal supply
electrode 742 is aligned with the return electrode 748.
Accordingly, the end effector 700 may be configured such
that the distal supply electrode 742 does not come into
contact with the return electrode 748 when the jaw members
720, 710 are in the closed position. For example, a gap 780
may exist between the distal supply electrode 742 and the
distal return electrode 748 when the jaw members 720, 710
are in a closed position. The gap 780 is visible in FIGS. 160,
161, 162, 163, 164 and 165.

[0436] In various embodiments, the gap 780 may be
generated as a result of the dimensions (e.g., thickness) of
various components of the proximal tissue treatment zone
706. For example, the opposing member 878 and the proxi-
mal supply electrode 848 may extend towards the axis LT
such that when the electrode 848 and member 878 are in
physical contact with one another (e.g., when the jaw
members 720, 710 are in the closed position), the distal
grasping surfaces 7904, b are not in physical contact with one
another. Any suitable combination of the opposing member
878, the supply electrode 848 and the insulating layer 844
may be utilized to bring about this result.

[0437] Referring now to FIGS. 160, 163 and 164, the
insulating layer 844 and the insulating layer 845 may be
continuous (e.g., form a continuous insulating layer). Simi-
larly, the proximal supply electrode 848 and distal supply
electrode 742 may be continuous (form a continuous elec-
trode). The opposing member 878 is also illustrated. As
illustrated, the electrode 848 (e.g., the portion of the con-
tinuous electrode in the proximal zone 706) is thicker than
the electrode 742. Accordingly, when the electrode 848
contacts the opposing member 878, the thickness of the
electrode 848 may prevent the distal grasping surfaces
790a,b from contacting one another, thus forming the gap
780. FIG. 161 illustrates an alternative embodiment of the
end effector 700 where the electrode 742 and the electrode
848 are of the same thickness. The thickness of the opposing
member 878, however, is selected such that when the
electrode 848 contacts the opposing member 878, the distal
grasping surfaces 7904,6 do not contact one another, form-
ing the gap 780. FIG. 162 illustrates another embodiment
where the insulating layer 844 is thicker than the insulating
layer 845, thus preventing contact between the distal grasp-
ing surfaces 790a, b and forming the gap 780.

[0438] In some embodiments, the distal supply electrode
742 may extend distally to a portion of a distal edge 886 of
the jaw member 710. For example, FIG. 153 shows a distal
electrode portion 744. The distal electrode portion 744 may
be utilized by a clinician to apply electrosurgical energy to
tissue that is not necessarily between the jaw members 720,
710. In some embodiments, the distal electrode portion 744
may be utilized to provide bipolar and/or monopolar cau-
terization. In bi-polar embodiments, the distal electrode
portion 744 may utilize a return path similar to the return
paths described herein. In some embodiments, the respective
jaw members may comprise external depressions and/or
protrusions 800, 802 similar to the protrusions described
herein with respect to FIGS. 116-131. The depressions
and/or protrusions 800, 802 may be conductive and may
provide possible return paths for current passed via the distal
electrode portion 744. In some embodiments where the
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distal electrode portion 744 is present, the insulating layer
845 may extend distally under the distal electrode portion, as
shown in FIG. 164.

[0439] It will be appreciated that the length of the respec-
tive tissue treatment zones 706, 708 may vary with different
implementations. For example, FIG. 165 shows an embodi-
ment where the distal tissue treatment zone 708 is relatively
shorter than the zone 708 shown in the other figures. For
example, in FIG. 165, the distal tissue treatment zone 708
extends proximally by a lesser distance from the distal tip of
the end effector 700 than the zones 708 illustrated elsewhere.
[0440] In some embodiments, the distal tissue treatment
zone 708 may be utilized as a general surgical grasper. For
example, the distal grasping surfaces 790q,b may be utilized
to grasp and manipulate tissue. Also, in some embodiments,
the distal grasping surfaces 790q,b, may be utilized to grasp
and manipulate artificial surgical implements such as
needles, clips, staples, etc. For example, FIGS. 160, 161,
162 and 163 show a surgical implement 896 secured
between the distal grasping surfaces 790q, 5. In FIGS. 160,
161 and 162 the surgical implement 896 has a round
cross-section (e.g., a suturing needle). In FIG. 163, the
surgical implement 896 has a non-round cross-section (e.g.,
a trailing end of a suturing needle, a clip, etc.). When used
as a grasper, the distal treatment zone 708 may or may not
apply electrosurgical energy to objects between the tissue
surfaces 790q,b. For example, it may not be desirable to
apply electrosurgical energy to a needle or other surgical
implement.

[0441] It will be appreciated that, as described above,
some components of the proximal tissue treatment zone 706
may be common and/or continuous with some components
of the distal tissue treatment zone 708. For example, FIG.
167 illustrates one embodiment of the jaw member 710 with
the electrodes 878, 742 removed to illustrate the insulating
layers 845, 844. As illustrated, the insulating layers 845, 844
define a common, continuous layer 899. A distal portion of
the continuous layer 899 may make up the insulating layer
845 while a proximal portion of the insulating layer 899 may
make up the insulating layer 844. The insulating layer 844,
as illustrated, defines a notch 897 corresponding to the
channel 810, as shown, such that the I-beam member 820
may traverse the channel 810 without contacting the con-
tinuous layer 899. Also, as illustrated, the insulating layer
845 defines a distal portion 843 that extends over a part of
the distal end 886 of the jaw member 710. The distal portion
843, for example, may be positioned under the distal elec-
trode portion 744.

[0442] FIG. 166 illustrates an embodiment of the jaw
member 710, as illustrated in FIG. 167, with the electrodes
742, 848 installed. As illustrated, the proximal supply elec-
trode may comprise regions 850a, 8505, 850c¢ and the
opposing member 878 may comprise corresponding regions
864a, 8645, 864¢. Regions 8504 and 8505 are positioned on
either side of the channel 810. Region 850c¢ is positioned
distal from a distal-most portion of the channel 810. FIG.
168 illustrates an alternate embodiment where the third
region 850c¢ is omitted. Accordingly, first and second regions
850a, 8505 of the electrode 848 extend distally to the distal
supply electrode 742.

Non-Limiting Examples

[0443] In various embodiments, a surgical instrument can
comprise an end effector and a shaft assembly coupled
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proximal to the end effector. The end effector comprises a
first jaw member, a second jaw member, and a closure
mechanism configured to move the first jaw member relative
to the second jaw member between an open position and a
closed position. The shaft assembly comprises an articula-
tion joint configured to independently articulate the end
effector in a vertical direction and a horizontal direction. The
surgical instrument also comprises at least one active elec-
trode disposed on at least one of the first jaw member and the
second jaw member. The at least one active electrode is
configured to deliver RF energy to tissue located between
the first jaw member and the second jaw member when in
the closed position.

[0444] In various embodiments, a surgical instrument can
comprise an end effector and a shaft assembly coupled
proximal to the end effector. The end effector comprises a
first jaw member, a second jaw member, and a closure
mechanism configured to move the first jaw member relative
to the second jaw member between an open position and a
closed position. The shaft assembly comprises a head rota-
tion joint configured to independently rotate the end effector.
The surgical instrument also comprises at least one active
electrode disposed on at least one of the first jaw member
and the second jaw member. The at least one active electrode
is configured to deliver RF energy to tissue located between
the first jaw member and the second jaw member when in
the closed position.

[0445] A surgical tool can comprise an end effector, com-
prising a first jaw member, a second jaw member and a
closure mechanism configured to move the first jaw member
relative to the second jaw member between an open position
and a closed position. The surgical tool further comprises a
shaft assembly proximal to the surgical end effector, wherein
the surgical end effector is configured to rotate relative to the
shaft assembly, and a rotary drive shaft configured to trans-
mit rotary motions. The rotary drive shaft is selectively
movable axially between a first position and a second
position relative to the shaft assembly, wherein the rotary
drive shaft is configured to apply the rotary motions to the
closure mechanism when in the first axial position, and
wherein the rotary drive shaft is configured to apply the
rotary motions to the end effector when in the second axial
position. In addition, the closure mechanism of the surgical
tool comprises an I-beam member configured to translate in
an axial direction to cam the first jaw member toward to the
second jaw member. The I-beam member is connected to a
threaded rotary drive member coupled to a rotary drive nut,
wherein the rotary drive shaft is configured to engage with
the rotary drive nut to transmit rotary motions to the rotary
drive nut. Rotary motions of the rotary drive nut actuate
translation of the threaded rotary drive member and the
I-beam in the axial direction. Furthermore, the first jaw
member and the second jaw member comprise channels
configured to slidably engage with the I-beam member,
wherein rotary motions of the rotary drive nut actuate
translation of the I-beam in the channels between a proxi-
mally retracted position and a distally advanced position.

[0446] A surgical tool can comprise an end effector, com-
prising a first jaw member, a second jaw member, and a first
actuation mechanism configured to move the first jaw mem-
ber relative to the second jaw member between an open
position and a closed position. The surgical tool further
comprises a shaft assembly proximal to the surgical end
effector, and a rotary drive shaft configured to transmit
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rotary motions. The rotary drive shaft is selectively move-
able between a first position and a second position relative
to the shaft assembly, wherein the rotary drive shaft is
configured to engage and selectively transmit the rotary
motions to the first actuation mechanism when in the first
position, and wherein the rotary drive shaft is configured to
disengage from the actuation mechanism when in the second
position. In addition, the first actuation mechanism com-
prises an I-beam member configured to translate in an axial
direction to cam the first jaw member toward to the second
jaw member, the I-beam member connected to a threaded
rotary drive member coupled to a rotary drive nut, wherein
the rotary drive shaft is configured to engage with the rotary
drive nut to transmit rotary motions to the rotary drive nut,
and wherein rotary motions of the rotary drive nut actuate
translation of the threaded rotary drive member and the
I-beam in the axial direction. Furthermore, the first jaw
member and the second jaw member comprise channels
configured to slidably engage with the I-beam member, and
wherein rotary motions of the rotary drive nut actuate
translation of the I-beam in the channels between a proxi-
mally retracted position and a distally advanced position.

[0447] A surgical tool can comprise an end effector com-
prising a first jaw member, and a second jaw member,
wherein the first jaw member is movable relative to the
second jaw member between an open position and a closed
position. The surgical tool also comprises first and second
actuation mechanisms, and a clutch member configured to
selectively engage and transmit rotary motion to either the
first or the second actuation mechanism. In addition, the first
actuation mechanism comprises an I-beam member config-
ured to translate in an axial direction to cam the first jaw
member toward the second jaw member, the I-beam member
connected to a threaded rotary drive member coupled to a
rotary drive nut, wherein the clutch member is configured to
engage with the rotary drive nut to transmit rotary motions
to the rotary drive nut, and wherein rotary motions of the
rotary drive nut actuates translation of the threaded rotary
drive member and the I-beam in the axial direction. Fur-
thermore, the first jaw member and the second jaw member
comprise channels configured to slidably engage with the
I-beam member, and wherein rotary motions of the rotary
drive nut actuate translation of the I-beam in the channels
between a proximally retracted position and a distally
advanced position.

[0448] A surgical tool can comprise an interchangeable
end effector, a handle assembly and a shaft assembly. The
interchangeable end effector comprises a first jaw member
including a first electrode and a second jaw member includ-
ing a second electrode. The first jaw member is moveable
relative to the second jaw member between a first position
and a second position. The handle assembly is proximal to
said surgical end effector. The shaft assembly extends
between the handle assembly and the interchangeable end
effector. The shaft assembly comprises a rotary drive shaft
configured to transmit rotary motions. The rotary drive shaft
is selectively axially moveable relative to the shaft assembly
between a plurality of discrete positions. A coupling
arrangement can releasably attach the interchangeable end
effector to the shaft assembly.

[0449] A surgical tool can comprise an interchangeable
end and a shaft assembly. The interchangeable end may
comprise a first jaw member including a first electrode, a
second jaw member including a second electrode, a closure
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mechanism configured to move the first jaw member relative
to the second jaw member between a first position and a
second position, and an actuation driver configured to drive
the closure mechanism. The shaft assembly extends proxi-
mal to the interchangeable end effector and comprises a
rotary drive shaft configured to transmit rotary motions to
the actuation driver. A coupling arrangement can releasably
attach the interchangeable end effector to the shaft assembly.
[0450] A surgical tool can comprise, an interchangeable
end effector and a shaft assembly. The end effector com-
prises a first jaw member including a first electrode, a second
jaw member including a second electrode, a closure mecha-
nism configured to move the first jaw member relative to the
second jaw member between a first position and a second
position, and an actuation driver configured to drive the
closure mechanism. The shaft assembly extends proximal to
the interchangeable end effector and comprises a rotary
drive shaft configured to transmit rotary motions. The inter-
changeable end effector is releasably attached to the shaft
assembly. The rotary drive shaft is selectively extendable
axially to operably engage and transmit the rotary motions
to the actuation driver.

[0451] A surgical end effector can comprise a first jaw
member and a second jaw member. The first jaw member
defines an exterior surface on a distal portion thereof. The
second jaw member defines an exterior surface on a distal
portion thereof. The first jaw member is moveable relative to
the second jaw member between a first position and a second
position. At least one of the exterior surfaces of the first and
second jaw members includes a tissue gripping portion.
[0452] A surgical tool can comprise a surgical end effector,
a handle assembly and a drive shaft. The surgical end
effector comprises a first jaw member defining an exterior
surface on a distal portion thereof and a second jaw member
defining an exterior surface on a distal portion thereof. The
first jaw member is moveable relative to the second jaw
member between a first position and a second position. At
least one of the exterior surfaces of the first and second jaw
members includes a tissue gripping portion. The handle
assembly is proximal to said surgical end effector. The drive
shaft extends between said surgical end effector and said
handle assembly and is configured to move the first jaw
relative to the second jaw between the first position and the
second position in response to actuation motions in the
handle.

[0453] A surgical tool can comprise an actuation system,
a surgical end effector and a shaft assembly. The actuation
system is for selectively generating a plurality of control
motions. The surgical end effector is operably coupled to
said actuation system and comprises a first jaw member and
a second jaw member. The first jaw member defines an
exterior surface on a distal portion thereof. The second jaw
member defines an exterior surface on a distal portion
thereof. The first jaw member is movably supported relative
to the second jaw member between an open position and a
closed position in response to closure motions generated by
said actuation system. At least one of the exterior surfaces of
the first and second jaw members includes a tissue adhering
portion. The shaft assembly is for transmitting said plurality
of control motions to the surgical end effector.

[0454] An end effector can comprise a first jaw member
and a second jaw member. The first jaw member is movable
relative to the second jaw member between an open position
and a closed position. The first jaw member comprises a first
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positively-angled tissue-contacting surface. The second jaw
member comprises a second positively-angled tissue-con-
tacting surface. At least one of the first jaw member and the
second jaw member comprises at least one active electrode
disposed on the jaw member adjacent to the positively-
angled tissue-contacting surface. The at least one active
electrode is configured to deliver RF energy to tissue located
between the first jaw member and the second jaw member
when in the closed position.

[0455] An end effector can comprise a first jaw member
and a second jaw member. The first jaw member is movable
relative to the second jaw member between an open position
and a closed position. The first jaw member comprises a first
positively-angled tissue-contacting surface and a first nega-
tively-angled tissue-contacting surface. The second jaw
member comprises a second positively-angled tissue-con-
tacting surface and a second negatively-angled tissue-con-
tacting surface. The first positively-angled tissue-contacting
surface opposes the second negatively-angled tissue-con-
tacting surface when the first and second jaw members are
in the closed position. The first negatively-angled tissue-
contacting surface opposes the second positively-angled
tissue-contacting surface when the first and second jaw
members are in the closed position.

[0456] An end effector can comprise a first jaw member
and a second jaw member. The first jaw member is movable
relative to the second jaw member between an open position
and a closed position. The first jaw member comprises a first
proximal tissue-contacting portion, a first distal textured
portion adjacent to the first proximal tissue-contacting por-
tion, a first positively-angled tissue-contacting surface dis-
posed along the first proximal tissue-contacting portion, and
at least one first electrode located in the first proximal
tissue-contacting portion adjacent to the first positively-
angled tissue-contacting surface. The second jaw member
comprises a second proximal tissue-contacting portion, a
second distal textured portion adjacent to the second proxi-
mal tissue-contacting portion, a second positively-angled
tissue-contacting surface disposed along the second proxi-
mal tissue-contacting portion, and at least one second elec-
trode located in the second proximal tissue-contacting por-
tion adjacent to the second positively-angled tissue-
contacting surface. The at least one first electrode and the at
least one second electrode are in a bipolar configuration to
deliver RF energy to tissue located between the first jaw
member and the second jaw member when in the closed
position.

[0457] A surgical tool can comprise an end effector. The
end effector can comprise first and second jaw members, a
shaft assembly, a rotatable drive shaft, a first electrical
contact and a second electrical contact. The first and second
jaw members are pivotable relative to one another from an
open position to a closed position. An electrode is positioned
on the first jaw member. The shaft assembly extends proxi-
mally from the end effector, is at least partially hollow, and
defines an inner wall. The rotatable drive shaft extends
proximally within the shaft assembly. The first electrical
contact is coupled to the inner wall of the shaft assembly and
positioned around at least a portion of the drive shaft. The
second electrical contact is coupled to and rotatable with the
drive shaft. The second electrical contact is positioned to be
electrically connected to the first electrical contact as the
drive shaft rotates.
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[0458] A surgical end effector for use with a surgical tool
can comprise a first jaw member and a second jaw member.
The second jaw member is pivotable relative to the first jaw
member from a first open position to a closed position,
where the first and second jaw members are substantially
parallel in the closed position. The second jaw member
comprises an offset proximal supply electrode and a distal
supply electrode. The offset proximal supply electrode is
positioned to contact an opposing member of the first jaw
member when the first and second jaw members are in the
closed position. The distal supply electrode is positioned
distal of the offset proximal electrode and is aligned with a
conductive surface of the first jaw member when the first and
second jaw members are in the closed position. When the
first and second jaw members are in the closed position, the
proximal supply electrode is in contact with the opposing
member and the distal supply electrode is not in contact with
the conductive surface of the first jaw member.

[0459] A surgical end effector for use with a surgical tool
can comprise first and second jaw members pivotable from
a first open position to a closed position. The first and second
jaw members define a proximal tissue treatment region and
distal tissue treatment region. The second jaw member
comprises, in the proximal tissue treatment region, an offset
proximal supply electrode positioned such that when the jaw
members are in the closed position the proximal supply
electrode is in physical contact with the first jaw member
and is not in electrical contact with the first jaw member. The
second jaw member further comprises, in the distal tissue
treatment region, a distal supply electrode positioned such
that when the jaw members are in the closed position, the
distal supply electrode is aligned with a conductive surface
of the first jaw member. When the jaw members are in the
closed position, the jaw members define a physical gap
between the distal supply electrode and the conductive
surface of the first jaw member.

[0460] 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 can
be reconditioned for reuse after at least one use. Recondi-
tioning can include any combination of the steps of disas-
sembly of the device, followed by cleaning or replacement
of particular pieces, and subsequent reassembly. In particu-
lar, the device can be disassembled, and any number of the
particular pieces or parts of the device can be selectively
replaced or removed in any combination. Upon cleaning
and/or replacement of particular parts, the device can be
reassembled for subsequent use either at a reconditioning
facility, or by a surgical team immediately prior to a surgical
procedure. Those skilled in the art will appreciate that
reconditioning of a device can utilize a variety of techniques
for disassembly, cleaning/replacement, and reassembly. Use
of such techniques, and the resulting reconditioned device,
are all within the scope of the present application.

[0461] Although the present invention has been described
herein in connection with certain disclosed example embodi-
ments, many modifications and variations to those example
embodiments may be implemented. For example, different
types of end effectors may be employed. Also, where mate-
rials are disclosed for certain components, other materials
may be used. The foregoing description and following
claims are intended to cover all such modification and
variations.
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[0462] 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
conflicting material incorporated herein by reference. Any
material, 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
disclosure material.

1. A surgical end effector comprising:

a first jaw member, wherein the first jaw member com-
prises a first electrode configured to be electrically
coupled to a first polarity of an energy source;

a second jaw member, wherein the second jaw member is
pivotable relative to the first jaw member from a first
open position to a second closed position, wherein the
first and second jaw members define a gap in the closed
position, and wherein the second jaw member com-
prises:
an offset proximal supply electrode configured to be

electrically coupled to a second polarity of an energy
source, wherein the offset proximal supply electrode
comprises a contact surface positioned to contact a
contact surface of an electrically insulative opposing
member of the first jaw member when the first and
second jaw members are in the closed position, and
wherein in the closed position, the gap is defined by
the offset proximal supply electrode contact surface
contacting the contact surface of the electrically
insulative opposing member; and

a distal supply electrode positioned distal of the offset
proximal supply electrode and aligned with an elec-
trically conductive surface of the first jaw member
when the first and second jaw members are in the
closed position, wherein the distal supply electrode
is positioned closer to a distal end of the second jaw
member than the offset proximal supply electrode,
and wherein in the closed position the offset proxi-
mal supply electrode is in contact with the electri-
cally insulative opposing member and the distal
supply electrode is not in contact with the electrically
conductive surface of the first jaw member.

2. The surgical end effector of claim 1, wherein the distal
supply electrode comprises a distal electrode portion that
extends distally over at least a portion of a distal edge of the
second jaw member.

3. The surgical end effector of claim 1, wherein the
proximal supply electrode and the distal supply electrode are
in electrical contact.

4. The surgical end effector of claim 1, wherein the second
jaw further comprises:

a first insulating layer positioned between the proximal
supply electrode and a first portion of the second jaw
member; and

a second insulating layer positioned between the distal

supply electrode and a second portion of the second jaw
member.
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5. The surgical end effector of claim 4, wherein the first
and second insulating layers form a continuous insulating
layer.

6. The surgical end effector of claim 1, wherein the first
jaw member defines a first longitudinal channel and the
second jaw member defines a second longitudinal channel.

7. The surgical end effector of claim 6, wherein the end
effector further comprises a cutting element positioned to
extend distally through the first and second longitudinal
channels to sever tissue positioned between the first and
second jaw members.

8. The surgical end effector of claim 6, wherein the first
longitudinal channel extends distally through at least a
portion of the offset proximal supply electrode.

9. The surgical end effector of claim 6, wherein the distal
supply electrode is positioned distally from the first longi-
tudinal channel.

10. The surgical end effector of claim 6, wherein the offset
proximal supply electrode comprises a first region on a first
side of the first longitudinal channel and a second region on
a second side of the first longitudinal channel.

11. The surgical end effector of claim 10, wherein the
offset proximal supply electrode comprises a third region
distal from the first longitudinal channel.

12. The surgical end effector of claim 1, wherein the distal
supply electrode and the conductive surface define grip
elements.

13. The surgical end effector of claim 1, wherein the
electrically insulative opposing member is an electric insu-
lator.

14. The surgical end effector of claim 1, wherein the
electrically insulative opposing member comprises a posi-
tive temperature coefficient (PTC) material.

15. A surgical end effector comprising:

a first and a second jaw member pivotable from a first

open position to a second closed position:

wherein the first and second jaw members define a

proximal tissue treatment region and distal tissue treat-
ment region and wherein the first jaw member com-
prises a first electrode configured to electrically couple
to a first polarity of an energy source;

wherein the second jaw member comprises, in the proxi-

mal tissue treatment region, an offset proximal supply
electrode configured to be coupled to a second polarity
of an energy source, wherein the offset proximal supply
electrode comprises a contact surface positioned to
contact a contact surface of an electrically insulative
opposing member positioned such that when the jaw
members are in the closed position the offset proximal
supply electrode is in physical contact with the elec-
trically insulative opposing member of the first jaw
member and is not in electrical contact with the first jaw
member;

wherein the second jaw member further comprises, in the

distal tissue treatment region, a distal supply electrode
positioned such that when the jaw members are in the
closed position, the distal supply electrode is aligned
with a conductive surface of the first jaw member,
wherein the distal supply electrode is closer to a distal
end of the second jaw member than the offset proximal
supply electrode; and

wherein in the closed position, the jaw members define a

physical gap between the distal supply electrode and
the conductive surface of the first jaw member, and
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wherein the gap is defined by the offset proximal
supply electrode contact surface contacting the contact
surface of the electrically insulative opposing member,
wherein in the closed position, the offset proximal
supply electrode is in contact with the electrically
insulative opposing member and the distal supply elec-
trode is not in contact with the conductive surface of the
first jaw member.

16. The surgical end effector of claim 15, wherein the
offset proximal supply electrode contact is not in physical
contact with an electrically insulative opposing member of
the first jaw member when the first and second jaw members
are in the closed position.

17. The surgical end effector of claim 15, wherein the
electrically insulative opposing member is an electric insu-
lator.

18. The surgical end effector of claim 15, wherein the
electrically insulative opposing member comprises a posi-
tive temperature coefficient (PTC) material.

19. The surgical end effector of claim 15, wherein the
distal supply electrode and the conductive surface define
grip elements.

20. The surgical end effector of claim 15, wherein the
offset proximal supply electrode and the distal supply elec-
trode are in electrical contact.

21. (canceled)
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