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ARTICULATION DRIVE FEATURE IN SURGICAL INSTRUMENT

BACKGROUND

Avaristy of surgical instroments include ¥ tasue culting clement and one o more

slements that transmit radio freguency (RE) ensrgy o tssup {e.g., 1o coagulate of seul the

i"r‘:

fissue)  An example oi such an elpctrosurgicsl instrumant i the ENSEALR Tisame

A ‘eaﬁfzgi gvice by Bilicon Endo-Surgery, Inc., of {incinnati, Ohio. Further ﬂ;\:ﬂﬂ'gg,ies of

“Electrmsurgicsl Systoms and Techanigues for Sealing Tissue,” Issusd Decsmber 31, 2802
the disclosure of which is inporpovated by refergnce hereing LIS Pan Neoo 7,112,208

srosurgtoal Instroment and Method of Use)” issued September 35, 2006, the
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disclosure of which 1y fncorporated by reference heramn; ULS. Pat, Noo 7,125,408, entid

strosurptosl Working Bnd for Controdled Evergy Belivery,” fasusd Ooiober

the disclogire of which iy incorporated by reference bersing UL Par Noo 7,168 146
‘Flectrosurgieal Probe and Method of Use” issued January 30, 2007, the
disclosure of which 15 incotporated by refrence herenn, ULS. Pat Wo, 7. 186,383, sutitled

Faw Structure for Comrolled Envrgy Debiv

the disclosure of which s lncorporsted by reforence hereing WS P Noo 7188233
eutitied “Electroswrgiea! Tostnoent” Issued March 13, 2007, the disclosure of which i

incorporated by reforence hersin, USRS Pat, Koo 7220951, entitled “Suargical Sealing
Serfaces and Methods of Uee” dssued May 22, 2807, the discloswrs of which 1
incorporated by reference horein; US. Pal Noo 7308349, enutled “Polymer
Conpostiions Exhibiting a PTC Propety and Methods of Fabrication,” issued December
18, 2007, the disclosgre of which I8 incorporated by reforence herein; WS Pat No.

ks

issusd Deconmber

7

7311708, ontitfed “Blectrosurgies! Instroment and Muthod of Us
25, 2007, the discloswre of which is meormporated by reference herging US Pat No

334,440, sutiled “Blechrosurgical Inatrument and Methed of Use” izsusd Apnd §
HHEB, the disclosure of which is incorporated §}§; referance horeny U Pat No,
TIRL209, enntied “Hisctrosurgical Instrument.” issusd June 3, 200§, the disclosurg of

~

which s ncorporated by reference hereiyn,

I
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(O3}

[3064]

Addivonsd mam;aiaﬁx of elscirosurgioal culting nstruments and rdated concepts

N,

are dinclossed {n 118, Pub, Np, 20110087318, emitled "Suwrgicsd Instrument Compris

el
e
440
e
%
=

First and Scoond Drive Svetems Actuatable by a Comuoes Trigesr Mechanisny,

April 14, 2011, the disclosure of winch iy hworporated by reforence herelwy
& J0TTO083ITES, entitted “Surgics! Indtrument with Jaw Menther,” published
2, the disclosure of which 18 incorporated by referance hereing LS Pub. No,
entitfed Moty Driven Blectrosurgicgl Deviee with Mechanical angd

Hleotrival Foodback,” published May 180, 2012, the disclosure of which is ingerporated by

refirencs hevenn, LLE, Pub, No, 201270078243, entitled “Contred Feutures Hy Aticnlating

Surgical Device,” published March 28, 2012, the disclosure of which s incorporaisd by

veference hepstin:, US, Pub Naoo 3013

WITEIAY, ontitled “Artioaigtion Joednt Features for

Arvtrcudating Swgieal Deviee” published March 28, 2012, the disclosure of which i

wncorporated by reference hersing USRS Pub Moo 30130030428, entitled “Surgical
Bstronsent with Mult-Phase Trigger Bigs.” poblshed Favuary 31, 2013, the disclosare of

¥

which 13 incorporated by veforence heredn) and US Pub, Noo 20130033863, entitled
.

“Rargieal atnevent with Contained Dral Helix Actuator Assembly,” published January

L2013, the disclosure of whuch w incorporated by reference herain,

Sl other exam giea b electrosurgical cofling tnstrumnents and related concepts
are disclosed in LLS Fat Moo 8.536,565, ontitled “Hleoirosurgival Devices” issued
Drecernber 27, 2010, the disclosare of which ts incorporated by reference hersin; TR Pa
Mo, 0,492.224, entitled "Multi-Fanction B-Polar Forceps” issuad November 13, 2016,
the disclosure of which iy incorporated by reference bereln; and TR Pub. Np,
TH/OTOORRY, entitled “Methods and Devices for Articnlating Laparoscopio Energy

&

Device,” published Apnl 14, 2016, the disclosure of which ix incorporated by veforence

herein,

¥

While a vartety of surgieal instraments bave beon made and wsed, 1 12 helieved
that po one prior 1o the rverdors bas made or weed the wvention deseribed e

appendad claims,

BRIEF DESCRIPTION &3 THE DRAWINGS

X
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B0esy While the spenification convludes with claims which particulasly polnt out and

e

distinctly olaim this technology, 1 5 believed this technology will T better anderstood

-

taker

52

from the following desoription of oottty example W ooajunction with the

accompanying drawings, 1 which like reforence numersls Llentity the sume eloments and

HEEES FIG. 1 depicts a poespeative vigw of an exsoplary slectrosurgioal mstrument;

13007} FHGe 2 depicts a perspective view of an exemplary arBoulation assembly and end

sffector of the electrosurgica! instrument of FERL 1L

18008}
FIG 2

{3008} FIG. 4 deptots 3 crossesectional reay wisw of a shail assembly of the
slectrosurgacal tstrument of Fix. 1, taken along line 44 of FIG. 1

{3010} FIG, § depistz a

crossesegtiongl regr view of the anttcnlation asserably of FIG. 2

taken atong hoe S8 of PR 3

o

EHHT RS FIG. ¢ depiots p oross-sectiong! rear view of the end effector of FIG 2, &

gy
e
%

it}

ot

along Hne &6 of FIG. 2;

{061 2)

TA depioty a stde elevsional view of g handle assembly of the

0

where the end effector s In an open andunfived

>

slectrosurgical nstrument of FiGe 1

3

N

sate, where a povtion of the bandle aasembly Bx omitied for purposes of olasity,

whets thy ond effector 18 fn g closed and wnfived state, whers & porsion of the andle

¥

assembly s onutted for pumposes of dlanty;

)

EHHB R FIG. 7C depiots a2 side elevational wigw of the handle assevably of FIG 74,
where the end effector 16 In g closed and fired sfate, whete a portion of the handle

assombly 18 omitted for purposes of clarity,



WO 2018/200240 PCT/US2018/027777

1B0015] FII. SA depiots 8 croas-sectional side view of the s effector of FIG. 2, wi

the end affector ia in the open and uniired stale, taken along line 88 of FIG, &,

"

ja0018] FIG. 8B depiots & oroevsectiongd side view of the sod effector of FIG

the end sffecror s in the Clossd and unlived state, taken along Hne S8 of FHG. §;

Py

U R FIG BC deplota & orosysectional vide view of the snd effector of FEG. 2, where

the end sffector s in the closed and Sred stats, taken along e SR of FRY. &

[B0018] FIG. 248 depiois g olevational side viwwe of the haodle assembly of FIG 74,

whers the articudation assembdy of FIG. 2 & 8 nonarticslated configuration, whers

selected portions of the handie atsenbly are omittad for purposes of clagity

"4-’

3

HELEA FIG. OB depiots an slevatonal side view of the handle assembly of FIG 74,

where the arftcnlation a&&emh%y of FIG. 2 ixin g Hrst articulated conflration, were

setected portions of the bandle assembly are cemitted Ry purposss of clarity;
{3020} FIG, 20 depicts an elevational side view of the handle assembly of FRG 78

where the ardoudaiion assenbly of FIG 2 iv in 4 second arficniated configuvation, were

sedented portions of the handls asserably are omittad for purposes of clarity,

{0021y FIG. 10A depicty o top plan vigw of the end effector and articedation assembly of

5
;‘ff

FH:. 3, where the grttoulaton assembly s i the nov-ariionlated configuration;
{0022} Fi 108 depiots a fop plan viow of the end offector and srticulation assemlbiy of

FHG. 2, where the arttoulation asssmbly isin the fivst arficolated configuration

{082 FIG 100 depicts atop plan view of the end offector and articulation assembly
FIG. 3, where the articulation assembly i hncthe second amicalnted configuration;

180024} FiG, 11 depicts o peespective view of a monolithic amenlation of the
glectrosuwrgion! Instroneent of FIG 1

0028 FIG 12 depiots an enlarged porspective view of a distal portrow of the moualithic

articudanion conmecsor of FIGL 1T

«
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HUHTREY FIGL 13 depiois & perapective view of 8 monslithiv jaw closurs connector of the

slestrosurgical tnstrument of FIRG. 1o and

]

02Ty FIG. 14 depivis an enlavgsd perspective view of a distal portion of the monodithic

jaw closurs comnsetr of FIG 13

U TR The drawingy are not niended 1o be fumiting tn any way, s i contemplated

'

that various smbodimenty of the te si@z‘;aisﬁiagys 1ay be carvied cut i a varisty of other ways,

inmrpo‘;izitad in and fi‘sz\ms‘ﬁ, & part of the specification iHustrate several aspaois of the
present technology, and westher with the desoription explaiy the principles of the
technology; 1t being undersicod, however, that s techaclogy s not Hmited to the

prepise grrangemenis shown,

DETAILED DESCRIFTION

10029 The followimng desoription of cottaly sxamples of the technology showdd nof be
unid Lo hmit iy scope. Other examples, featurey, aspeoly, ambodiments, and advantages

of the techucdogy will become apparent to those skilled it the art from the following
description, which s by way of tustration, one of the best moder contemplated for
carcving out the technology.  Ax will be renlized, the technology described herain i

»

capatie of other differsnt and obvious aspects, alb without departng fom the technology,

Accordingly, the dvawings and desoriptions should by regarded ax illustrative v nature
and not restuctive.
{80036 H o focther anderstood that any owe ov more of the teachmgs, sxpresyions,

smbodiments, examples, sto. dexcortbed hersin may be combined with any one or movg of

the other teachings, expressions, embadiments, examples, sde. that ave desoribe

The following-desortbed teachings, exprassions, embodiments

therefore not be viewsd i olation relative to sach other

whish the teachings herein mav be combined will be readily apparent 10 those of nadinary
skl in the st view of the teachings bereln. Such modifications and varisHons are
futendded 1 be included within the scope of the claims,
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HUHIRE S For olanity of discloaure, the toms “proximal” and “distal” are defined hasein
redative (0 8 swrgson or other operstor praping & surgicyl natrument having 8 distal
surgoal end effector. The tonn “proximal” refiws the position of an clement clossy 1o the

N

surgenn or other operator and the term “distal” refiors 1o the poesttion of ap clemsnt closs

f the swrgical snd effector of the surpical strument and furthey away from the surgenn
ar other opersor.

{86632} i Exsmplary Blectrosurgioal Tustrument

FH0033) FIGR. 1210 shosy an exsmplary electrosurgical instrament {100). As best sesnin

gival instroment {100} includes & handle asssmbly {130, a shafi
articulation as\gmbi}r (110) and an end offector (180), Ax will be
detail below, end sffectar (180 of ﬂi%&:{msmg,icai Toairument {1 i
ut, and seal or weld Gssue {22, o blood vessel, ofv . In this sxampls,

.

B0 15 configurad to seul o wald tissus by applyving bipolar sadio Feguenoy

1

{RFenergy to fssne, However, it shoudd be understood electrosurgica] instvument (100}
may b confipursd to seal or weld tissur through any other suitable means that would b
apparent to one having ordinary skill  the st o view of the eachings lwwein, For
example, electrosurgical imstrument (1003 may be configured to seal or weld tssie via an
ultrasonic blade, staples, ete. In the prosom example, electroswrgivs! instrument (100 15

£ SN

slectrivally coupled 1o 8 power sawree {not shown} vig power cable {10}

0034} The power sourer may be configured to provide all or somig of the electuical
mrwer requircnents for use of eloctrosurgical instrumerd (100}, Any suitable powsy
seurse may b used ay would be apparent 1o one having ovdinary skill in the artin view of

EN04

the teachings hergin, By way of example only, the powsy souwrse may comprise a G

11 sold by Ethicon Endo-Surgery, o of Gincinngtt, Oluo, o addition, or in the
aliernative, the power sowree wmay be construoted in accordancs with at least some of the

teachings of U8, Pob. No, 30110087312 « enerator Tor Ultrasonte and

Elegtrosuwrgieal Deviges,” published &pnt 14, 2011 the disclosuwre of wiach s
invorporated by ceference hereln. While 1o the current example, electrosurgica
poatrursent (100} 18 coupded 1o a powsr spruce vig power cable (1), electrosurgica
instrament (100} may contan & indersal powsr source o plurality of power sourses,
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such an a battery andéor supercapacitons, 1o electrically power electroaurgical instnnment
{1003, O course, any suitable combination of power sources may be utilized © powse

pival instrument (1 as would be spparent 1o one having ordinary skill in the

art i view of the woach h:::‘em

1R0035) Handle assembly {120} iy vonfigured to be graspad by an operator with one hand,
such that an operator may sonrol end manipadate electrosurpival strument {100) with g
single hand.  Shaft assembdy {140} extands distaily from handle sesemddy {(120) and

conpects to articulation assembly (1103 Anticulation asssmbly (1163 1x also connegted 1o
v prosimal end of end effector (180} Ax will be described i greater detail below,
sernponents of handis asssmbly (120} are vonfigured 0 contred end effctor (180} such
that an opgrator may grasp, oul, and seal o weld tissus. As will also be desoribed in

fadl beloww, antfculation sasembly (110) 15 confipured 1o defledt end effector

tuding! axis dofined by shafl sssenbly (140)

i

(1223, a pistol arip {124} a 1aw closurs

o

0 button (130L an articulstion sostrol

{132} and a kool (134) Agwill be deseribed in greater detall below, Jaw clesure trigger

T

{120) sy b pivoted woward and away frony pistol geip (124 andfor body (1225 to open

and close jaws {182, 184) of ond effector {180} to poasp tsswe. Mnife migger (128) may

be preoted toveard and gway from pistol goip (24 andfor bady (122} 1o actuate g kaile
mwember (360) within the confines of faws (137, 184) 1o o Hssue captored between jwws

(IRY, 1843 Activation button (1303 may be pressed 10 apply radio frequency (RF) energy

s

=

fortiasee vig elebtrode surfaces (194, 1901 of jaws (182, 184}, respectively,

o,
oot
3
v
o5
]
7
o
7
;’,‘“
=
e

of griculation control {'i ‘3;.4} pmi‘md’as from. Avticulgtion contrnd
dispossd within body {1221 such that an opsvator mgy ratate the portion of anicalstion
gontrol {132 protroding from opewing {1333 1w rotme the pomion of acisudation contrad
{133 located within body (132} As will be dosoribed in grester dotad] below, rotation of
articulation control {132} velative 1o body (132} will dive deflection of end effector (18

from the longiudinal axds defined by chall agsembdly {140y
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HEHIRES Knob {134} ix rotatably disposed ow the distal end of body (123} and confimwed
to rotate end sffector {181, articulation ssvembly {110), and shall asssmbly (180 abowt
the longiudingl axis of shaft assembby (140) relative 1o handle assambly {1203 Whls in
the cuwrrent example, ond effvctor (180}, articulstion assembly {110}, and shalt sssembly
{1407 are rotated by kool (134), konob (134} may be configured o rotane sud effvcin

{1803 and arculsfion sssembly (110) relative to selocted poctions of shatt gssem ‘m‘i}_-’

artisadation sssembly (110}, and shall assembly (1407 a5 would be spparent ©0 ons h_avizzg

ordinary skill in the art in view of the teachings hersin.

[B0839 As bent sesn in FIGS, 7ATC, shaft t\\mnb\ {140 inolndes distal poron {143}
extending distally from handle assembly (130), snd 2 proximal portion (134) housed

e

withan the conflues of hody (130 of han f,i asserably (E20) As seon in FIGL 4, disgd

portion (142} of shalt assembly (140} includes an extornal sheath (146) and & housing

o

member (148) disposed within external sheath {146}, Housing member {(148) defines

four longitudinal psthwayvs {149} disposed around a contral longitudingd pathweay {147

Longitudinal pathways (149} slidably house two rod portions (3023 of two monolithic

RN

artienfation connestors (300}, 2 rod portion {332 of monelithic jaw closure counector

{330}, and a kntfe rod (384} of knife voomber (300 while central {onginudinal pathway

R

{147} houses clectnical coupling (18} &s will be desonbed in greater detatl below,

menolithic ardeudation conneators (300} are configured o couple certain actuating

3 . PR N ¥ Y

portions of handle assembly (1201 with end effector (180} Articudstion connectors (3003

~

are configured to tanslate relative 1o shafl assembly {140} v drive aclicudation of eug

St

affector {1807 refative o the looghudinal aas defined by shafl assombly (188) A will

o

alse be desoribed in greater detad below, monobihic jaw olosure cometor (33 &

conffgured {0 conple an actuating portion of handle asserably (120} with cnd effeciyr

{180} Closare connector {330} 13 coufigurad o translate relative 1o shall assembly {146y

o open and close jaws (82, 184) of snd sffector (180} &x will also be desenbed in

greater detail belone, hrtle member (360} 5 configured 10 coupde 10 an actuating portion
of handle assembly (120} {o {ranslate o distal ontting edge (362} withm the confines of

el effector {188},

-
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HUHIR A Proximal porfics (144} of shaft sasembdy {140} stendy within handle assembly
{1203 and through cortain actuating portions of handle assembly (1207 that ane configursd

o longiadinally drive vod portions {302, 333, 364} g5 will be described in greater detal
below.  As will also be dosonibed in greatwr detaid below, rod portions (302, X
extend within proximsl poction {144} and couple with correspond actuating porions of

handle mw“ﬁi\ {'i:l‘-ii}}. Ax bost shown in FUGS, 9A-9C, provimal portion {149) defines

{1207 relative to shafl sssembly {140 ‘;engims;%iﬁaiij drives rodd porions {302, 332, 364}
Y

ridative 1o shaft sssembly (180 Bod portiows (303, 334, 3645 are coupled 0 cortain

actuating portions of handle assondby (130) snch that rod portions (302, 332, 364y may

rotate with shalt assemblby (140 relative to aotustiog portions of handle assembly (120}
bt also such thay rod porprons (303, 332, 364} lovghudinally translate with sctusting

o

portons of handle assembly (1203 relative 1o shaft assenably (140 In other words, an
operator sy otfize knob (134 o rotate shafl ascembly {148 aud rod porions (303, 333,
364y redative to handle assembly (120% but also may agiuate rod portions (302, 332, 384y

fongiudinally relative to shafl assembly (140},

O FIGS. 2-3 show end offetor (180), articulation 1, and g distad

~,

portion {142} of shaft assernbly (140} Artoulation section (110} exiends from a nigid

provimal povtion (112} o & distal portion (1141 Rig

W proxiosal portion {1123 1 fixed o
outer sheath (14683 of distal portion {142} of shaft assembly (1401 Ax bexy seenin FIG 6,
distal porow {114} of articudation seotfon {110} inclndes distad projechions {115} inserted
within the confines of proximal body {183} of lower jase (182 A Hexible wember (11 f’é}

stends from the distal ond of rigid procimal porton (112} foward distal portion {114

Az seen in PRy 3, i the present example, two flexible members {116} are late miiy
conpled with cacl other such that both Sexible members (116} extend alopg the same
fongitudingd axis. However, sy other soitable combination o asssmbly of flagibis
smgmbers {118) mayv be used az would be apparent {0 pne having oydinary skill in the ant
i view of the teachings hersin.

0043 Fleoible menrbers (116} wclude 8 plurality of guide members {118} that are
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configured 1o sludingly vesive o band povtion (308} of monolithic aniculation consedtor

{3003, Flexibls members {116} and band portions {308} sre sufficiently Oexible 1 bend

refative o the longitudinal axis defined by shaft fzsmrxsix {140} (s shown in FIGR, 108

003 As best seon in FIGH. 2 and 6, distal coupling portion {310} of monolithie

dy (183) of o lower jaw (182} As

arpeuntation connsctor (300 1s fxed o proximal o

will be desoribed in grester ditail helow, rranslation of monndithic snticulation connestors

\

{300y will dhiive deflection of end effoctor (180 relative to the Tongitndingl sywis defined

jO0843} As shown o FEG & rigd proxdmal portion (112} of arsculation section {118}
defines & par of laterally offset pathways (111} and o contral pathway {1133 Laterally
offset pathways (111} ave dimensioned to shidably homse corresponding band portions

{308} of monolithic aticulation connegtor (300} angd elecinesl coupling (13) whilg

(7’

comteal pathway (113) 1 dimensioned o slidably houss corvespondiug povtions of kmf

raember (3607 sndd band portion (338) of nwmalithic jaw closure pomnecior (330), Contend

pathesy (313} extends through Hevible member (316) and ooy

kY

/
=
,.,

nal portion (31)

provide & pathway for koefe member (360} and band portic of monolithic jaw

clusure connector {330} frone shett sssembly (1407 10 eng offector (1803 Therefive,

o

kit momber (380} and band portion {338} of monolitlie jaw closu

© conngetor (33N
are both sufficientdy fexible 1o bend welative 1o the longitnding! axix defined by shalt

assonbly (140} {as shown o FIGE 1OR-10)

FUUIRERY Az best seen in FIGH 2-3 and BAMC, end gffecter (180} inclodes lower jaw

i
{182} pivotally coupled with an uppey jaw {184} vig pivot conphings (198}, Lowser jaw

Tk

{183y includes o provimal body (183} defiuing ¢ dop (186), while upper jaw (184}
uolndes proximal aous (185) defining o siot (188) Lower jaw {1¥3) also defines a
centeal channel (190} that ik ‘.»f:«fzfigus‘s;‘:d 10 reosve proximal srms (1851 of upper jaw
{184}, portions of kotde womber (360}, band portion (338} of monclitlne Jaw closure
sonnectey (330, and pin (0501 Slots (T8G, 188 cach siidably receive pin (380 whichi s
attached o a distal couphing portion (330 of monedithie jaw closure connector (330} As
se desetdbed dn groater detstl balow, wonolithic avw closure conneptor (330} i3

N

opevable 10 transdate within central channed (190) of lower jaw (182} Translation of

N
¥

~

s
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a

monotithiz jaw closure comnecior (3307 drves pin (3501 As will be desoribed v greater

detall below, becauss pin (330} ix kocated within both dot {186, 188) and dots (18

188) are anpled relative to cach other, pin 330} cams agains proxinal aras {183} o
pivet upper jaw (134} toward amt away from lowsr jaw {183 about pivet couplings

{198), Thersfore, upper jaw {184} w confipured &

’v./

pivor seenand and away from lower

jaw {182} about pivot couplinas {198} to grasp tssue.

{004 5] The term “pivet” dpes not nevessanily require rotation about a fxed axis, but may
includs rotation about an axis that moves relative to end effector {1803 Therefore, the
axis at whivh upper jaw {184} pivots about Towsy jaw {182} may tanslate rlative 1o both
upper jaw (184) and lowwer jaw (1E2). Any suitabde travslation of the pivot axis may be
used gy would be apparent 1o one having ordinary skill in the ant in view of the wachings

e

havein,

JH0048} Lower jaw {182 and npper jaw (184} slse define a knify pathway (182) Knite

5
g
&%
ot

ot
=
e

7
-~
[
4
A
i
?‘
[os
?.(/

pathway (192} s eonfigursd o shdingly recsive kmfe moember (360}, such that knify

pember (360} may be rotracted (as shown i FIGE 8A-8BY, and advanoed {ax showa in

FIG. 8{?}, o ot Hssue captured botween jaws {182, 184). Lower jaw (182) aud upper jaw
{184) earh coanprize a rexpective electrods surfyse {104, 196)  The power sourse may
provide RE energy to elostrode surfaogs (194, 198} via electricsl ooupling {18) that
extends through handle aseerably (1203, <halt sssembly (140}, articudation assewmbly

{110}, avd elecinioglly couples with one or both of electrode murfaces {184, 186}

Sleg

erical coupling (15 may selegtively activate electrode srfaces (194, 196} in response

o an operstor prossing activation dutton {(130)

30847 FIGR, TASRC show s exemplary ose of instrument (100} for end effsctor {188
o arasp, oo, aud seal/weld issue, As deseribed shove, and as shown bebwegn FIGR TA-
B and SARE, jaw closure trigger (1261 may be pivated toward and away from pisiol
grip {134y anddor body {123 to open and olose jaws (182, 1847 of end effecir (180} to
grasp Sssue In particudsr, handle assembly (120} Rcther nclades a vole (158) that i3
stidably conpled along proxvimal portron (144) of shatt asserably (18 Yoke (158) &

"3 Ny

conpled with rod portion (333} of movolithic jaw closure comnector 3307 such that

Y.
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wranstativn of vobe {158} relative to proxinsal portton {144} of shafl assembly (1483

>

ranslates rod portion G32) of wonslithic jaw dlosure connector {330 relative 1o shafl

Ecd

asseably {140), Howsver, rod portton {333} of ;nonciimicja\« closure sopnectow (330} s
a;wa‘“\iz to rotate with proxieal portion (1441 of shaft asserbly (1407 relstive to voke
1), such that an openttor may rotate kuob (1343 {0 rotste end offector {180) abou the

fongitudinal axis defined by shall assembly (140 In other words, rod pontion (332 may

rotate with saft assembly (140}, independently of yoke (1538) vet rod portion {3

fongitudinally fixed with voke (158). Aoy sultsble coupling mechamisn wmay b ussd as

o in the antin view of the teachings hersin,

wonild be apparent 0 ong having ordinary

&

For instance, voke {158} may include an imsrnal recess configured to gliow rotgtion of 8

conpling member velative © yoke (188}, while the futerngl recess of yoke (158 may abut

against srde walls of the coupling menmber o longiudinalby dyvee rodd portton {3333,
0848 As best sesn in FIGR. TASTC, vole {138) 1 conpled to a body {150} of jaw

Link {18y is ;3%* otatty oo ip? o with yoke {i‘i?i.} vig

wrigger {126} vig pin {1 Additionally, jaw closure tngger { 1263 s i“s!\{mi‘\ vmpﬁ sd

2y of handle sssembly (128} via pin (170} Therelore, as shown between

g operator may pull ;d’»% Closure igger (128) towsard pistol gaip (1243

=8
thereby rotating jew closure trigger (126 abond pin (179). Rotbon of Jaw elosure tiigger

&

o rodation of Hok (1584 yabout both plos (182, 158}, which o v didves yoke

o

126) leads

i,
LS

{1588y in the proximal divection along proximal portton (144) of shafl assembly {140y As

3
+

desenibad gbove, monolithic jaw closure connector (330 wxtends within shall assembly
{1y, articwlation section {(110), and contral chansed {190 of lower jaw {182)

TN

Additionalby, monohithie jaw closuwre cowsector (330} I8 also alfached to pin (330

el

Therefore, as seen between FIGE. SA-SR, provimal transdation of yvoke (158} teads 0

procimal ranslation of ple (O3 which i turn cams agast slots (I88) of provimal anms

{185} of upper faw {184, therely rotabing upper jaw (1534} about prvot couphings {188}
foward lower jaw {182} such that Jaws (182, 184} achisve & tlossd configuration
HELIR Asn best seen in FIGS. TASTB, yoke (188 15 also couplad with a bias speing (1585},

3

Bias spring (185} i also coupled to & portion of body (122}, such that tas spring (185

12
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biasss voks {138) to the position shown i FIG 74 {associsted wiih the open
vonfiguraton of end effsctor ‘M{}} as shown i FEG SAY . Thersfore, i an opevator

releases fmw olosure trigger {120), Mas spring (155) will pranslam \eiu, {158} 1w the

position shows in FRG ?’A.g:z chy opening aws {182, 184) ol end effecior {18)

< L

10036} As desoribed above, and 8s shown between FIGS, TRIC and BRBC, kmf

<&

triper {1283 may be pivoted towand gnd away fronn body {123 andlor pistol grip (134)

3

0 actuats knile member {3601 within kuife pathway {E?E‘E'} of jaws {182, 184} to cant fisaue

‘:famurﬁ%d hebwsen jaws {182, 1845 In parncudar, handls sssembby {120} further includes s

<

dably coupled along proximal portion (144} of shafi

y {174} that is §

~

assembly {141‘}} Foaoife coupling body {1741 is coupded with koife rod (3641 of kaife

<

that transiapon of knife t:'@upi;inz;; bady (174 relattve to proximal

jord
e
1
i}
ot
o
[4
2!
o~
”
%
o
o
pod
&
&
,,M
it

portton (144} of shalt assombly (140) ranslstes koife rod (364} and kaife menber (3805

~ ~ 3

relative to shall assembly (1403 However, knife rod (364} of kaifs member (360} 15

operabie 1o rotate with procimal portion (144) of shaft assembly (1407 relanive 10 kaife

3 3 ~

coupling bedy {174} sueh that an operator may rotate kaob {134) to rotate end offector

~

shatt gssemblv {140, by other words, kaife

{180} about the longindingl axis def

rod {264} may rotate with the rest of shaft ;zzsge:mi}i}r {1403, such that Raafe rod (264) and

the rost of shalt assembly (140} rotate togethor relative to body (122}, independently of

koife eoupling body (174); vet kanife rod 264} is fongiudinally fixed o kaife coupling

-5
i
&9

body {174} Any suitable conpling mechantsm may be used as would be apparent i one

having ordimary slall s the et in view of the teachings beretn, For instance, &

D)

mith

coupling bode (174 may include an internal recess that 18 contigured o alfow rotation of

a counpling member relative to katfe conpling body (174, while the wternal vecess of
knfe conpling body {174 may alag agansst side walls of the coupling wember o

Lot

fongudinally dyrve knife wember (388

0081 A best seen fn FIGS, 7R-TO, knfe conpling bady {174) 15 conpled o 8 second

piyvotmg ann (H68Y via a protrugion (176 of the kadfe conplivg body (1743 and ¢ ol

{172} delined by second prvoting amy (168) Second prvoting amm (163} is pivotally

conpled with body (122} of handle assembly {120) via pin (1701 Second pivoling ann

g3

{108} 15 conpled 1o 8 first pivoling anm (160 via g protmasion {100} of second prvoiing

P
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arm {1681 and a slot { 164} defingd by fest phvoting svm (1603 Fira pivoling ann (160} s

pivatally conneoted 10 a pin {163) and is unitanily aMached to buife trig

3

Tharefore, as hufe tngger {138) prvols toward body {122} andfor pistal grip {124, first

piveting arm {160} pivets sboawt pin (162} in » fivst gugular direction. & first ;}i&r‘@tim
arm {160} mvots about pin {163}, second pivoting arm (108} pivots about pin {17

sevond, opposite, sogular divection due o slot {184) attuating protrusion 'e"is‘fi{i}. As

second pivobing arm (1687 pivots abont pin {1770 1 the second sangalar disestion, kil

1 body (1794 transhtes along proximoal portion {144} of shall assembly (1403 dus

e

iy slet (172} actuating protrusion {1763 of kaife coupling body (174} Beomwe loufe

3

soupling body (174} is coupled to kwfe menber 368}, knife member {300} wandsies
distally within shaft assombby (140}, articudation seation {110), and within koife pathway
{192} of end effector (180}, as begt shown between FIGS fB-8C. Kaife wember {380y
includes distal putting edpe (367 that 1s conflgnred to sover tissue captursd bebwesn jasws
{1 ‘?2 184, Theretore, pivoting koufe trigger (1381 canses knife member (360} 1o achate

nife pathway (192) of eod effector (180} 1o sever tissue caplured betveen jawes

i

o

[

JRBB32Y Az best sorrvin FIGE, TR-FC, knife whgger {128} 45 hiased 1o the posttions shawn
iy FRG 7A-TE by a bias arm (139 Bias avn (125 may include any sullable bissing
mechanism ay would be gpparent 10 one heving ovdipary skill in the st in view of the
jeachiogs hevein. For instance, Mas avvo (129) way include o torsion sprivg. Biss arm
{129} 1w gleo coupled to 8 portion of body (122}, such that bas am (129} Bases ke
frigger (128) 1o the postiion shown 1o PRG TASTE (associated with the ks woomber
{3600 1u the retracted postuond, Therelore, i an operator releases koife frigger {128}, bias
avmy {129) retorns katfe tgeer (128) 1o the position shoeay in FIGS, 7ATR, therely

travslating bnife member {3807 toward the retracted posiBion.

0083 With distal cotting edge {363) of koife avtuated to the advance position {posiion
shown in PIG. 8O, an oporator may press activaiion buatton {130} 1o seloctively aotivate
clectrode swrtaces {194, 196} of jmws (182, 184) to weldfeal severed tissue that is

captured betovean ows {182, 184y

NE I SN
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HUHIRE 3 As desooibed abovs, and as best ahown batween PN SAGIOC, rotation of
artivelation control (132} relative o body {122} of hand assembly (120} will dvive

dellection of snd effctor {180} frevn the lomgtinding! sxis detined by shafl assswably

{14 frenn 8 non-articudsted configwration (FIG 10A) o an articudated configumtion
(FIGS. OR-100) I pastivular, as bost shown tn FEGS, SASC, handle assembly (1203

further includes an griticulation drive assembly {300y Articulation diive sssemibly (200}

mcludes s rotatable housing

Yihat s wnitanily conpedted to arhienlation control {137},

such

e restation of

T

(132}, Half of rodatable housing {3207 1s

-

rotatable housing (220} relative 1o body

o

purposely omitted from FIGE, A for purposes of clarity.

UL Rotatable housing (320) and srticulation control {132} sve rotatably coupled to 2
202y anad & proximal cap (210}, which are both fixed to body (133) of handle
housing (230 includes § first interng! threading (220 and 2
Fust intormal threading {222) ix theeaded i an opposits

oripmagonddirection as comparesd to second internal threading 2

LB TR Additionatly, articulation drive assembly (300} includes a first lead serew {234)
and & sseond tead sorew {230} shidably coupled glong p-mximai portion {144} of shaft

assembly (1401 First load serew (2307 and second fead sorew

extending through thom, Pins {204} ave Hived 1o proximasl cap { Y

QUSRS Pins (2 4y extond through lead sorows 230, 2543, lead sorews {f‘fé’;i;“;i'), 250}

arg also rotonally fixed relaivve o body (122} of handle asserbly {120y However,
first lead sorsw (2307 and seocond lead sorew {350} are stidably attached 1o ping (304}
Therefore, lead sorews (230, 230) may tanalate, withost rolating, along ping (304) and

proximst portion {144} of shalt sssombly (1403 within the condines of votatable hovsing

(220).
00037 Figst fead sorew (230) includes threading (332} that s configured fo mesh with

R L

fivat suternal threadiog (222} of rotalable housing (220} Second lead serew {38

inchudes throsding (2532} that s configured to mesh with second wternal tweading {224}

-1

L
i
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of rotatable howsing (22803 Beomee load svrews (230, 2307 are rotatioually fixed redative

s

o sodatable housing (220}, and because sach fead sorew {230, 250) has threading {232

rg"»

252} that  weshes  owith  otersal theeading (323, 234y heving  opposing

ey pesy

Gty

onddirection, rotanon of rotatable hoonsing {220} in ouw dare*m:m leads 1o

otherwords, rmtation of rotatable o sing {2:“(‘:‘} CRUZOR i“zrst and xu‘-mj inteenal threading

against thresding (232, 252} of losd sorews {230, 250} respectively,
such that lonpitudingl sctusting lead sorews (230, 250) in opposite lonpituding

divecticats,  For imstanee, i an operator rofates aniculation contigd (132 and rnatable

housing (2207 W a fesd rodational dirgction, tead screws (230, 25407 wall translase away
from esch other (s shown between FIGH, S4-OR) due 1o rotation of wntermal threading

elets O S Seigr £ SN o
22, 224 causing confact with flveading (337 282) af

cad screws (130, 230)
respectivaly,  Howewer, i an operator rotates srticulation control {133) and sotatsble
honsing {220) 1 a second rotationsl divection, lead sovews (230, 380 will anslate

= \

toward each other {as shown betweon FHGS, 248 and 90) doe to rotation of nternd

threnrding (222, 3347 cousing contaot with threading (232, 232) of tead sorevws {230, 250},
respectivaly.

HHIGRRY Each lead sorew (330, 250} 18 coupled with & respective rod portion (302} of
monolithic articulaiions conmectors (300} such that translation of lead sorews 234, 250}

P

M

refative tooproatmal portion {144} of shatt aasembly {140} travsbates vod porgons (302} of

monolithic articudation connectors {300 redgtive to shatt assembly 4\(“5 However, sod
I3

portions {3023 of monolithic arttoulation connectors (30 are operable 1o wotate with

&

provimal portion (H) of shaft assobly (140} refative o their respective lead sorews
{230, 230}, such that an operator may rodate koob {134} to votate end effoctor (188 about
the longitudingl axis defined by shafl assemibly (1403 In other words, mouolithic
arfioulaiion connectors (300 may rotate with shafl assembly (140} independeowtdy of tead
My 280 vet articulanion comnectors (300} are longiudinally fixed with Jead
serews {2383 Any suttable couphing machanism may be used 8s would be apparent in
s having ordinary skill in the ant in view of the teachings herein. For {ostancs, lead
serews {230, 250) may each include an intemal recsss contigured s allpw rotation of 8

souphing member relative 1o load sorews (I3, 2503, whils the internal recess of lsad
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o

serews {238, 250) may abut against side walls of the coupling membey to lungindinally

drive monglithic arficalation connection (300},

)

ja003R] Az mentioned ghove, monehithic armculaion consscww {3003 inchudes rod

ol

portions (302} that are configured to longhtudinally ransiate relative to shaft ssxembdy

??”3
-
e
k723
e
2
i
puse;
>
2]
i
Py
pYVeS
ey
The
Lhe
fovo
oy
=
ot
o
fosst
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o
o
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fos
£
e
7
b
Lv]
i
3
&
e

{140} by coupling with lead scr

ulation comnsetor 300} include g flexible band portion (308) slidably

mengdithie artd

disposed  within articulstion ssotion {E 10} of mstrument {(100) whils monglithic

1 coupling portinn {310} fixed o

e

articulation connectors {3003 ecach wnclude & dist

proximal body {183} of owe {182} Dhstal coupling portan{310) may be fixed
proximal boady (831 of lowe S {LBZ Y through sny suitable means known 1o Q person
having ovdinary sl in the art in view of the teachings herein, such as welding. Asalso

wentioned above, avticuianon section {110} slso ndludes Bexable menbars (116 that are
configursd 1o bend relative to the longituding! sxis defined by the shaft asssably {E«i\%’}} 0

,v-(
&,
%
&
g

allow engd effector (180 w defleot velative 1o the longitudinal axs defined by s

EEEHSH In an exemplary use, an cperaley may ol stoulation couprol (133) and

rotgtable housiag ".»."{.}j} i a first rotations! direction such thay lead sorews (230, 288

pransiate away from each of Because lead sorows

bt {as shown hetween FIGS, 97

3, 2503 are each coupled Yo 8 respective munnolithic articnlstion connector G304), sach
monolithic avtiadaiion connector (300} tonsiates with s respective lead sorew {230,

¥

5 The

we, monolithic artoulation Conneetors 300 translate in opposing directions

e rospouse o votation of articulation control (131} and votatgble housing (320 &s
described above, monolithic articuddation connegtors 3003 are mitached o proximal body
{183} of {ower jaw (183} via distal conpling portions (310} Io particudar, distal coupling

portion {310} of each wonclithic snitculation convector 300} iy attached 1o an opposite

sigde of proximal bady (183 of lower Jaw {182) As best shown in FIG 108, opposing

granslation of monclithie arboudation connectors (300} caunes one monolithic articulation
connecior (300 to drive end sffector (180) proxdmally, whils causing another monolithic

arfreniation conpector G00) dive ond effoctor (180) distally, thereby artoulating ond

effector {180} and Bexiblo momber (118) of ariicolation section {110 1o & o aritaudated

1T -
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2

configuration,  Band porfion (348} and portions of knife nyember

{360} within central
pathway (113} are alse Sexible fo bemd with Hexibls momber (116} The degres 1o which
orul effsctor (1307 articulates relative to the longiudival axis defined by shaft asssmbly

A

{ 1403 may be determined by the longituding! distance Tead sovows (230, 250) travel away

s

romt sach other compared o thetr positions shown in FEG. 8A0 Thersfore, s opseator

may choose the degree at which ead offecror (180} srticulates based o the rotational

o~ -

displacemant of arteslation coptral (133} front Us home position shown in FIG. B4

f".'

HEEESE Additionally, an opsrator may rotate artisulation control (1323 amd rofatable
housing {220} i a second rotational dirsetion such that tead serews {338, 230) tunslate
toward gach other {as shown between FIGE 94 and ST Because lead serows (230, 230}

are each coupled 1o a respestive monolithic amenlation somector (300}, sach monolithic
Y

artioudation connector (300 vansdates with By respoctive lemsd sorew (230, 2503

Therefore, monolithic sriiculation connectors (300} translate i opposing divections. As

"Z.‘&"
«i
m

hown iy FIG WO, warslation of movolithie armcolation conneciors (300) {eads 1o

end effector {180) hemg driven o g soevond amonlated state. As deseribed gbove,
monciithic antfcalation comnectors (300} are attached 1o a proximal body (183) of lower

faw (182 via distal coupling portions (3101 Yo particader, sdistal coupling portion (310}
of cach monclithie articulation contector 300} 1 atached 1o @t opposite side of
proximul body (183) of lower jaw {182} As best shown in FIG 100, opposing
iransiabon of monohthic sritenlation covnectors (300} canses vue wonolithic arttaulation
connector {300 1o dibve and effgcior (130) proximally, while causing another wonolithie
grticidation connector (HEN to drive snd effector (180 distally, thereby anicalating end
effector (180 and flexible wember (118} of articulation section {110} 0 8 second

artioulnied configration.
308621 it Exvemplary Avticudation Connector

Has3] Irvsone gleomative verstons of instriments having articolation connectory that arg

somowhatl similar to articulation comnectors G300} desedbed above, the atticalation
corttectors may nchide & separate rod portion and g separate band portion that are

wetded together at & comman potnt o eventually form avtoulation congestors (300) In

~ 18~
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2

such vaniations, band povtions may be uiized within articulation sextion (10} white rod
poetions are utiized within portiony of shaft sssembly (140). Therefore, such varistions
of articulstion connegtors (300} may be walded af 3 point such that the rod portion of
articutation connector (300} extends through proximal portion {1447 and distal poyon

{142) of shall asssmbly {130} while the separste band portioa stends within amicnistion

e

seotion {110} couple with end effoctor {1803 However, weliling or othgrwise coupling

N

the rod portion angd band portion together may oreate s andesired foderance stack and

weak points within the aricudation comector esirable 1o

have g monohithic artodaton connector (300) that s foomed Hom 3 single mecs of a
raterial o reduce the undesired tolerance stack amd weak points formed from welidling ot

other conpling methods,

0064 FIGS 11413 show excemplary sonolithie aricnlation consedtor (300 osed within
slectrosurgizal istrument (100} as desorthed sbove.  Monolithic aniculstion connsctor

{300} c:f‘ sthe presont exsraple consists of 3 single, vnitary, homopenous continoum of

iy

{300} Includes 1 rod portion (30} extending

L3

mgterial, Monolithio articulation connettor
shistally tmio g band portion (308} with a trausiion portian (312) leonted batwveon roed
portion (302} snd band portion (3081 As descoribed abowve, red portion (302) s
configured o oxtend through shalt assembly (180). Rod portion {302) includes g
proximal coupling portion (306) snd g bend (304} Proximal coupling porhion (306} 18
configured o longtedinally couple with either lead sorevy {230, 350) as previogly
deseribed above. Beod (304) may be sized 1o acconpodate for changes o dimensions
withiyy shatt asseinbly (140} For example, the dimensions of provimad pothion (144 of
shaft assembly (140} may differ from distd portion {1423 of shafl assembly (144
Therefore, bond (304} way ensure rod porbion (302} s propaly Jocaled within botl

i

portions (142, 144} of shall assenbly (140 OF cowrse, bond (304 w merely optionsl.

%

Any other sutlabde changes i shape and dimensions of rod porton {302} may be utihized

as would be apparent to one having ordimary skl i the ant o view of the teachings
hersan.
HEEESY Az desovibad above, band porbion (308} 15 dunensionad o stidably couple with

artigudation seotion {110} and fix 1o proxinm] body {183} of lower jaw (182) via distal
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coupling po

flexib

0066}

bstween rod portion (302} and hand gmriim}

portion {3

sbove

& menthar {

Stamping

and heloww s

iy {'

Te R

g andior ol

i)

(4;

fransitioning arcuste ;‘;s{;:-ri:.io‘n (it hasay

f‘”/

ORI

of the cnrrent sxampls s

may utilized as

o

S

3

teachings

t:

100067}

any other o

single umitary workpieee

3

fhstead of

12} includes o frausiioning srouws

end 0 itx distal ena;i, uril ti‘amsi'i‘ia‘;ming arw

wetion (308} s alwe suffic

gsetign {110

e
b

By CIcate 8

ransitivn portion {312} located

PCT/US2018/027777

tently Hleibly o Hex with

(308}, In the ourrent sxample, transdsion
gte portion (3163 having fat surfaces (3143

£3an
{312}

& transiiion ® DITION §

n'ms*ﬁ}'}f e:x'em.;:shm,-x Any other suttable dimensions and slzes
winhd be apparent 0 one havieg ordinary shill o the gt o view of the
el

sipling method,

eret example,

hand portion (308} and rod portion {(308)

monaiithic artioulation oo

coupling band portion (308} with red pmi on (3021 via 2 wald point v

»,

may sart as § continuous v, Then, the contingous rod may be formed into moncdithie
articulntion connector (300} via stamping andéor rolling processes 1o croste fansdtion
portion {313} as well az band portion (308).  Avny subtable combingtion of stamping

avdfor rolling processes way be nsed ag wou

thie as

¥

PIOCESBES Ay

maonolithio atticulation

{302} come

portion (308) and rod portion (302) may be redused,

shmensioned articdation connector §

road 15w

\\N{JQ i St

the

i
e

1 oin ovieww of the

¥
SRR

wen fwrein.
e

teachin

“work Bardes”

™~

Sommeetor {3003

.
¢
dd

Unitke weolding,

band portion (308}, thereby Increasing the

Beg

frome the same continuous prece of rod, the

N

used as would be apparent

achings herein,

€3

b

1o one having ordinary skill in

300),

While 11 the

guse band portion {308} and

agvent ex »i?ﬁ‘“ﬁx,

be apparent 1o one having ordinary skill in

the stamping anddor rolling
portion
oferance stack bebwesn band
secorat

& gontingons

sest to form monolithic wriicolation convector 300}, any other suttable contivuous

the gt wview of
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80068 Hi Exenplary Faow Closwre Connegter

[RHUEN foosome aliernaiive versions of instruments having e closure conpecions that we

scamewhat simidar o jaw closure connsclrs {330} deswibed gbove, the jaw closure

sonnecters {3307 described above may wncluds 2 separats rod portics and 3 separste band
portion that are welded together &t & commo pant to eventually formy jaw closure
connectors (330}, I such variaticws, hand portions may be withized within srtioudation

&~

section {110} while rod portions are utilized withiy porfions of shaft assembly (140}

o~

Therefors, such varationy of jaw closure connectors £330) mav be welded st & point sush

that the rod portios of jaw closure connector {330 extends the prosumal porlion
{144y and distal potion (342} of shaft assembly (140} while the separate band portion
extends within articulation section (110} to conple with engd effector (1801 Howsver,
welding or otherwise coupling the rod portion and hand portion together may oreate au
undesired  tolerancs stack and wesh points within jaw  closure connsctor (330,

~

Therefore, # may be desinable ©© have ¢ wmonolilue jaw closure convector (330} that i

formed from a single plece of & material to reduse the undesived wlemnee stack and weak

points Formed fromy welding or other coupling nwthods.

D

3-14 show exemaplary monolithic aw closurs connestor {3307 used within

”

jo0078] FIGE. |

ithic jaw closurg connesior

};‘4\

slectrosurgiesd Instrument {100y desortbed ghove. Mo

{333} of the present example consists of a sungde, unitary, homogenous contimapn of

by Pt

material, Monolithic jaw dosure connector (330) inclndes g vod portion {302} extending

distally into 2 band portion (338}, with 2 transition portion {342} locsted berwesn rod

N

porfion {332} and bgnd pm‘ﬁmz {’335“}. Az deseribed aixw-;-:, sod portton {332} is

‘~
3

configursd to oxtond throogh shafl assembly (403 Rod portion (333 includes a

e

g portion (330} configurad to longitudinally conple with yvobke (158) as

Lo

proximal soupling

proviousty described above,

a7 Az also deseribed above, haved portion (338) is dimensioned 1o be inserted through
central pathway {113} of articalation asserably (110) and couple with jaws (132 1843 of

eud offector (180} In parbicelar, the distal end of dand portion (338) weludes distad

conpling portron (340) defining & pin hole (345) Pin Q80 may bowserted through stots

i3

¥~
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{180, 188} of jaws (182, 184), reapertively, mnd mn hole (343} to couple distal soupling

poetion {340} with jaws (182, 1845 Band portion (3381 is slso sufficiently fexible to flax

withine ceviral pattoway (113} defined by flaxibly nusanber {110} of articulation sestinn

jaRg7T Stamping andfor rodling provesses way oreate 8 bay

ase]

iowt portiony {342 located

):\\

batween rod portion (332} and band porticn (338),  In the current examply, ansifion

=

'pa‘;‘ii&isr; {342) invdudes & transitioning arcunte portion (3463 having Hat swrfaces (344}

above and Delesw wransifioning arcuats portion (346}, Alse i the cwrrent example,
fransttioning arcuste povtion (348) hax & changing radius that increases from 18 proximal
snd ty s distgl end, until transiticuang arcuaty portion (345} twrny inte band portion
{338). The trsusition portion {343} of the ourrent example i mersly scemplary,  Any

pther suitable dimensions and sizes may be utihzed as would be apparent to oue having

ordinary skall o the ant i view of the teachings hergin,

(06738 Instead of coupling band portion (338} and rad portion (332) via a wald point or
any other coupling method, hand portion {(338) and rod portion {333) are formed of &
single unitary workplece. I the current example, monolithic jaw connector 333 may

start as a continutus rod. Then, the continuous rad may be formsd into monolithic jsw

slosure Connector (3307 via stamping andfor rolling processes 1 Create fransition portion

2}, band portion {338}, and pin hole (345} Any suilable combination of stamping

Py

andfor rolling processes may be nsed aswould be apparent to one baving ordinary skill in

A

the ant i view of the eachungs herein.  Unlike welding, the sismping andéor rolling

v

\Wf}
Ay

processes may “work harden” band portion (338), thereby ingreasing the strongth of

monolithic jaw olosure connectyr (3303 Bedawse band portion (338) sad rod portion

N

{332} come from the same contimuous pece of vod, the tolerance stack bebwesn band
portion (338) and rod portion (332) may be redused, lesding to a wore socumately
simengioned faw Closure connector (330). While In the current ervample, 8 comtingous
rodd 13 used fo form swonolihic faw closure convector (330}, any othey suttable continunus
shape may be used as would be spparent 1o ous having ordinary skill in the art ioview of

the teachings hergin,
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HUHTE 3 IVe Exemplary Dombinations

RS The following examples relate e various nom-exdiaustive wavs in which the
wrachings borein may be combined or applisd. K should be understood that the following

sxanples are nod trdended 1o restrict the coverage of any olaims that may be presented 3t

any o in iy application of i subsequent filings of this apphication, No disclaimer {8

intendded. The following sxamples are being provided for nothing more than mersly

iustrative purposss. I v contenuplated that the variows teschings herein may be
arranged and applied i numerous other wavs B ois siso contemplated that soms

pasy

o

variatiosrs may omit certain foatuves refurred 0 in the below exanydes. Therelore, none
of the aspeony of Teaturss reforred 1o badow should be desmed oritical wiless pthepwiss
exphicitly indicatedt as such at a latey date by the inventors or by g successor in intersst 9

the wventors. I any cls ave presented 1o tlds apphostion or in subseganent §i

Lo

related to this application that inclade additional features bevond these referred o below,
those schiditional features shall not be prosumead o have been added for any reasou relating

o patentability,
{0076 Exampla 1

1ROeT Yy An apparatus comprising {8} @ body; ) an ead effector; {8) an arnonistion
section] and {4} & shaft assembly extonding distally from the hady fovward the end
effector, wherein the shall asserably comprises: (1) 2 sheath defining & longitudingl agig
{it} a first monolithic articulation comnector onmprising a Hrst distal portion and & st
proxunal portion, wheratn the frst dhstal portion and the first proximal portice consist of
& homogencus contimaan of matenal, whersin the fivst distal portion is s .ais,sf;figured o flex

vefative 1o the first proximal potion, wherein the first distal portion ix at least partislly

.

housed within the sheath, and (8} 8 second monolithic as‘i‘icu‘iagicsz} comnector at feast

¥

parnially housed within the shealy, whersin the Hrst monolithic articulation connector and
the second roonclithic srticulation connetior are configured 1o longludinally travslate i
opposing directions relative to the sheath 1o deflect the articulation section and the end

~

effector rolative 1o the longituding! sxiy,

[BORTHY Example 3

3

pr]
P
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UL The apparatus of Example 1, wherein the find proxinml portion comprises 2

N

proximal rod portis:m Boused withan the sheath, whereln the fivst distal portion comprises

2%

& distal bansd portion associated with the articniation ssotion,
{EHESH Exampla 3

180481 The sppaats of Example 2, whereln the distal band porfioe coampaises & distal

coupling ssotions attached 1o the end effestor
{80883 Example 4

U The apparatus of Example 3, wheredn the distal conpling section 1 welded 0 the

HEHIRE | Example S

EHEESY The apparatas of any ove ov more of Exaraples 2 through 4, wherein the proximal

rod porfion comprise

a prowimal coupling section gttsched 1o a deve componont within
the bady, wherein the drive component is confignred o longitudinally actuate the first

maonolithie gritcalation connoctor relative 16 the sheath,
HHI08E] Example &

HEEIR The apparatus of Exampls 3, wheretn the deive component comprises a lvad sorg
and rotatable housing, wherein the proximal coupling section 18 coupled w the fead

SOTOW,
[UREY Exampie ¥

OG8N The apparatus of Example 6, wherein the first monolithis articulation conneptor 15
configured to tandate with the lsad serew, whersin the first monolithic artizulation

conneotor is configured o rotate relative 1o the lead sorew.
HEEHSH Exampla 8

HELEAS 8 The apparatiy of any one or more of Examples 2 theough 7, wherein finst

Pty
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monolithic amonlation conpeeiy fwther comprisss & fanaigon porfion positioned

taxtwesn the rod portion snd the band portion,

UL Exampde 8

00093} The apparatuy of Example 8, whevem the fransition portiosn somprises

franstioning aroudte poriioss with an increasing vading from 3 proxingal end to 3 distal

snd.

{30084} Exaaple 10

HEEISY The spparatus of ay one o more of Examples 2 through 9, whereln the Hug

monoitthic wocudstion connector is formed frone 8 continuons rosd,

HEEHS Example 1

$

HHEB The apparaius of any one of wmore of Bxamples | dwough 10, wheren the end

'

affector-turther comprises s pivotable jaw

anaeRy Exampls 12

.

00 The apparstus of Examply T, wherein the shaft assembly fugther comprises a
monciithic jaw closure connedtor shidable relative o the sheath, wheretn the monohithic
e closnre connector is configored ® torslate relanve o the sheath o pivat the

prvetable jaw,
j00108] Eaanyde 13

HEGIZEIEE The appwates of E

12, whersin the moneiithic jaw closurs connegior
further comprizes: {4 & rad o honsed within the sheath, ang 2 band portion
further comprises: {A} a rad portion housed within the sheath, and (8} 2 band portinn

housed within the articulation section.

U RERE Exampde 14

P
(o

£
Z
]
ped
bov?
m
,..
%
]
&

(OO 03] The apparatis of Example 13, whersin the monolithic jaw olosure

further comprisex a fransition portion looated betwesn the rod postion of the moncdithic

,

3

LA
P
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jaw oloaure compertor and the band poction of the wonolithie jaw closure connector,
HEHITE Exampls 13

i~

[R08185] The apparatus of any oue o maore of Bxg

i.v
food
et
beec
o
s
&
Wy
Snmnic
a2
L ocd
.
s
=
ot
cal
v
)';:
S
R
P
,,{,':‘.
i
i
prec
%
o
4"3
o
ps
b
Frocd
oo
vy
b
B
pooc
oW

powtion of the monolithic faw closure connector further C{)‘§¥'§;i‘st?‘§":§§‘.t§ & diatal es;mpiing

feature defining a pin bole atfached {02 camunng pin.
[panIaG] Example 16

1 T
3

800167} The apparatus of any oune o more of Examples

P

throngh 18, wheredn fhe vod

portion 13 coupled 1o s actuating member, whergln the sotusding member v configured

1.

o travalate the peonolitdue e dosure connecter relative tothe sheath,
EEHI I Example 17

00169 The apparatus of Exanple 16, wheveln the rod porhion 13 longitudinally fised 1o

s

H

the gotiiing member but configured 1o rotate relative to the sctualing member,

O08119] Example 18

UG 3 An apparatus comprising: (3} & body, (b} an end effector comprising: {:i ¥ a first

jawe, sad 1) & seconsd jaw, wherein the second jew is preotable relative 1o the

{c} ap articulation section; and ) a shafl assembly extending distally from the body

N

toward the end effecior, whergin the shalt asserably comprises: (1) & sheath defimng &
fongitudingl axis, and (1) & monolithic jaw cosure codnector configured o plvot the

second jaw relabve o the Hrst law, whergn the monolithic jaw slosure connector

§

comprises: {A) 2 wod portion siidably boused within ©

Py

1o sheath, and (B) a band portion

stidably twused within the articulation section, wherein the band portion comprises &

distal coupling roember slidably coupled to ol the Frst jaw and the second jaw

HHLIE R RS Example 19

.

100113 The apparstuz of Example 1§, wherein the distal coupling momber of the

‘i

ool ithae Jaw Closure CoTmector COMpPrises @ cCamnung pin,

e
‘:,‘-
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{06114} Examypde 20

HEU RS An apparsios comprising {a) & bodyy () an end effector comprising {3} & first
jaw, and {311 @ second ;e& w, whersin the sevond jaw is mvolable relative to the first faw,
{2 s articniation ssctioey, andd {d) ¥ shaft assembly sxtending distally from the body
fowand the ol effector, wherstn the shaft assemldy comprises: (1) 3 sheath dofining a
fongiiudinal mag (1) 2 monclithic srticulation contieptor comprising a first proximad

rigd gm;.zzn:ion and a fisst distal flexible porlion, whersin the first provamal s‘igi{? portion
b

and the first distal flexibde portion consist of a homouesous comtinuum of matenial,

wherein the monolithic articulation vonwector iy conligured o longiidinally tramslate

3
3

redative 1o the sheath 10 deflect the aniculation sectios and the end effector relative to the

fonpltudingl axis, and (1) a monolithic jz\ clostrs Cormeeinr Somprisimg a second

por

>
;,"
ped
&5
Vo
b

proximal nghd poriion and 8 second distal Hlexible portion, wherein the second proximal

vigid portion and the second distal Qexible portion consist of & homuogenous continuum of

saterial, wherem the monolithie jaw closure conneator s configured mansdate relative o

the sheath to pivot the second jaw velative to the first jaw,

postis] v

scellansouy

U S ¥ It should by understood that sy of the versions of the nsiruments desoribed
frein may include vartous other femtures 1 addition 0 o in ey of
ahove. By way of example only, any of the devices horain may also inchude one or more

 the vartous festures disclosed i any of the vartous refl

eneds that are tneorporated by

<3t

erence herein,  For instauee, the teaciings herstn oy be resdily combuned with

R

~ s

vartous teachings m ULS. Pat Na. 95265865, the disclosure of which is incorporated by

reforsnce herein, ULS. Pat Np, 5,492,224, the disclosure of which is ncorporpted hy

&

refevence herstny andins UK Pub, No I18/0U0HEED, the disclosure of which i

3
H

neorporated by reference hereln, Vanous sultable ways v which such teschings nay be

pombined will be apparent 1o those of ordingry sdall in theart

3.

[BOGTIR} I oshould also by onderstood that any of the devices desonbed herein may be
modified o inchude a motor or other elevtriesily powered device 1o dive an otherwise

manually moverd component Vatious examples of such modifications are desaiibed o

£
3
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[E

Pub. Ny 201270116379, enfitled “Motor Dyiven Elestrosurgical Device with
Mechanizal and Blectrical Fesdbaok.” pubdished May 1, ._%‘}E‘B, the disclosure of which iy
incorporated by ceforence horsin, Various other suitably ways 1 which s motar or other

slectrivally powered device may by incorporated nto any of the deviges herein will be

appurent 1o thess of ordinary skill fnthe art in view of the teachings haveln

LU § 34 it should alse be understood that any of the devives desented hergin may be

modified (o contam maost, 1 not all, of the required components within the meadical devics

itemlf Move speuifically, the devives deseribad herein mav be adapted 1o use an internal

ﬂu
=
o
L
Ly
<z,
=
,M
&
f"/
Lo
s
oo
e
=
o
ny
et
=1
>
s
f“)
-d
B,

gide power source insteast of requiring the devics to be plugged
powst source by a cable. Various examples of how medical devices may be adapted o
o ¥ S

inclugde a portable powser source are disclosed i UR. Provisionsl Applivation Serial Ko

X

SLAA10603, filed November 8, 2000, wotithed “Energy-Based Surgiesl Tustruments,” the
shsclosure of which i incorporated by reference horgin, Vanows other suitable wavs i
which a poweer source may be ncorporated into any of the devices horamn woill be appavent

o those of orinary skill {n the ant in view of the teachings herein

LA While the evumples herein are desoribed mainly 1o the context of glectrosurgcal

instromieats, 1t should be understood that various teachings horein may be readily applied
toa variely of other types of deviees. By way of example only, the vartous teschings
berewn may be readily appled to other tepes of electrosurgicsl imsinubents, tissus
3 ¥ ORRR § & ‘
graspers; Hssue reneval pouch deploving Instroments, swrgieal staplers, surgical elip
BEY ﬁ' e ,‘:\; NI ﬂ;‘;-\. LS A S T T :‘{v‘, § “i' ; i P § 3 iﬁ = 'ik:r"""‘\"\"i i} 33 “’Li 2
RPROIOTS, GHPaSENG sy E.Q?\ sHOnsivgments, el 1 oShoud Ao Do ungarsiood hat ae

teachings berom may be readily applied to any of the instroments deseribed i auy of the

&

veferences cited hereln, such that the teschings boretn may be readhily combined with the

teachings of any of the veforences clted berern v moverous ways,  Other types of

instroments o which the toachings hovetn may be ncorporated will be apparent 1o those

of ordingry skl i the vt

HHET RS E In versions where the togchings bereln are spplied to 2 swges! staplivg

mstrament, 1t should be nnderstood that the teachings beroit may be combinad with the
feaclings of one ormore of the following, the disclosarey of all of which ave imworporated
v reference beratny U8 Par No 4808 823, enttiled “Pocket Coasfigusntion for Internsd

€3

5
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Qurgical Srapler Instrwsnent,” tssoad Janugry 28, 1907 LLE P Noo 5,632 432,

entitted “Surgical Instnommat,” dssued Muy 27, RO UGS Pat Noo 3,673 840, satitled

“Qurgical Instrument)” issued October 7, 1997 UK Pst

“Articulation Assombily for Surgical Tnsinuents” issued January 6, 1998, WS Pat No.
5,814,085, entitded “Surgical Clamping Mechanisny,” issusd Septomber 29, 1988, U

Pat, Moo 0,978,921, entitted “Suwgival Stapling strument Incorporsting an E-Bram

Firing Meochanism,” issusd Decomber 27, 2008, U8 Pat Noo 7000818, ennitled
“Surgical Stapling Instroment Having Separate Distingt Cloging and Fuing Systems,”

fasued Febmuany 21, 2006, UR Pat No. 7143923, entitled "Sorgical Stapling Instrument

N

Having a Firtng Lockout for an Unclosed Anvil” Sssued Deceanber §, 2006, U S, Pat Neo.

T3 108, entitled "Swcal Sapling Distnament 33‘34;{31‘}3{33?3&?}5;: g Muhit-Stroke Firug
Mechaman with a Flexible Rack”™ tssted Diecember 4, 2007, USRS, Pat No. 7,387 485,

eutiffed “Sorgical Stapling Instroment Incorpossting & Muldsiroke Find

Having & Rotary Trapemission” tssued May 6, 2008, ULS Rap Mo *

“Suraical Swmphing Instrument Having & Singde Logkout Mechanism §r Prevention of
b ] - b

¥

5

Furing” issped Jupe 3, 2008 UR Pat No T380.6%0, entifed “Asticudating Sargical

Stapling Instrament E'nc:;np@';fatiny a Two-Pisce B-Bean Fiing Mechamsm,”™ teaned June

3, 3008 LS. Pat. Moo 7,404 508, entithad "Surgical Stapiing and Catting Device,” 1ssuad

July 29, Z00E LR, Pat Moo 7434715, entitded “Sorgical Staphing Instrament Having
Multistroke Finng with Opening Lockout)” issued Qoober 14, 2008; US Pat No,
7721930, aatitled *‘E)isgasabiﬁ Cartridge with Adbesive Tor Use with g Swapling

Provice” tsaned May 25, 201 LIS, Pob No, SUHA264 193 entitled “Sargieal Mapling

)

“
{

Instropveant with &n Articubatatde Bad BEifectorn” putdished Getober 21, 2010 and UN

Pub. Noo 20120239012, enutled “MotonDaiven Swrgicel Cutting  Instrument with

N

Electric Actustor Directional Control Assembly,” published Septomber 20, 3012, Other
sitable wavs in which the isachings heveln may be applisd to 3 surgical stapling

jnstrment wall be apparent {o those of ordinary skill in the art {n view of the teachings

havedn.

L
P
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HUETE Read In versions where the teachings bersin are applied to an ultrasoniy su-;gi{:aié

firtng beamy. The components dexeribed heretn for fravslating 3 fiving boaw wmay imgteﬁ

stmpdy transtate a jaw closing meimber,  Alternativedy, such tandsting Features may

simply be smitted. fo any case, it should be understood that the teachings hersin may be

sombined with the teachingy of ong or mure of the following US. Par Pub No

JOUH00798 T, entitled "Tissue Pad for Use with an Uliasonie Surgical Instruneny,”

Blished April 13, 2006, the disclosure of wiaeh is incorporated by referense hereing

Pat. Pub Noo 20070091713, eantled “UHuasonic Device for Cutting and

Coggulating,” published Angost 16, 2007, the disclosure of which iy invorporated by

veference hevetn; LA Pat Pub. Mo, @ entitled “THrasonic Waveguide and

Blade,” published Decomber & 2007, the duclosure of which ik ingorporated by
aference herstty, LS Fat Pob, Mo 20080200040, ewtitlied “Ulirgsonic Dewice for

Cugting and Cosgulaung” published Apgogst 21, 2008, the disclosure of which

invorporated by reference herpin; LS. Pat Pub No, 2011/0015660, entitled "Rotating

L
§

Transducer Movat for Wlirasonie Surgics! Tostruments,” p:h%;*«i‘w{i awuary 20, 2011, the

disclosure of which 13 incorporated by reference herainy ULS. Pat o, 6,500,176, eatided

“Eleotrosurgioat Systoms and Techolgues for Sealing Tisspe” tssned Decermber 31, 2002,
the discloswee of which i ineorporaied by referssce hergin, U5 Pat Bub No

o :

20110087218, entitlad " Surgieal Instrument Comprising First and Second Drive Systems
Agtostable by 2 Common Trigger Mechanizm,” poblished Apsil 14, 2011, the disclosurs
of which 18 incorporated by refersnce hereln, andfor US. Pat No 6733324, entitled

“Robotie Surgieal Tool with Ultrasound Canterizing and Cutting loytounien” issusd
August 31, 2004, the disclosurs of whieh s incorporpted by seburence hevein, Other

suttable ways i which the feachiogs beroin may be applied o an ulirasonie surgical

&

3

ynstrument will be apparsoet o those of ordimary skill in the art in view of the teachings

o

HELH BRS ftoshouldd be undsestond that any oug o more of the tsachings, expressions,
embuodiments, exanples ote. described heveln may be combined with any ous or maore of

the other teachings, nbodinments, sxamples, otc. that are desoribed hevemn,

The shove-desoribed isachings, expreasions, smbodimanis, exwuples, ole should

Rt
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3

theretore pot be viewed m isolation relalive to each ofher Vadows suitabls wayy in

L]
s
e
[
&,
';:*

which the tsachings hersln may be combined wdl be readi

g

apparent © those of ordinary

shall in the st i view of the wachings heveln,

g,
=
%
r/
foect
et
Rr>)

intenaded o be included withdn the scope of

{00124 it should be gppreciated that suy patsnt, puldication, v other disclosure matertal,
i whole oo in part, that is suid 1o be hwcorporated by reference hereln is incorporated

hereln only 1o the extant that the incorporated muaterial does aot conflior with existing

defimticns, statements, oy other disclosure material set forth v this disolosure. As such,

o

and to the extent necgssary, the disclosure ax explivithy set forth hoveln supersedes any

comthicting matenal invorporated hersin by referenvs Any material, or portion thereof,

o

hat s said o be incorporated by reforence herein, bt which conflicts with existing

L.

defimtions, statements, o other disclosurg materigl set fonth heretn will oaly be

i1t ospmaid to the extent that no conflial avises between that incorporated watenal and

LU RAS| Varstons of the devices desonbed above may have spplivation n conventigaal

EN

somnal gs well ag

medizal treaiments and p;‘aceﬁur{zs conductest by a medicgl profe
application in robotiv-assisted medical treatnwaiy and provedures, By way of example
ondy, vartous teachings herein may be readily incorporated fitto 1 robotic sungieal system

such gy the DAVINCI® gystem by Intuitive Sorgical, Ine, of Sweorvate, California

Sinntardy, those of ordinary skl In the avt will r.'es;:ﬁgs}iz that various teachings herem

oy bo readily combined with vadious dgachungs of US Pab Mo, 6.783,524, entitle
“Bobotic Sergical Tool with Ulrasonnd Camerizing and {’Z?m’rii.{;_g Tostnonent)” pobhished

August 31, 2004, the discloswre of which s Incorporated by reference heronn

- o~

00126} Yersions desovibed above may be destgoad 1o be disposed of afier g singlo use, or

they can be designed (0 be gsed owdtiple tmes, Vorstons sy, 1o oither or both cases, be

¥

recondhitioned  for rense afler at least one use.  Recondifioming may ndlude any
combination of the steps of disassembly of the device, followed by clesaning o
roplacomant of parhioplay pleces, and submequent reassembly. I partioulan, sowe
versions of the devics may be disassembded, and any number of the particalar pleces o

parts of the device may be seleciivaly replaced o removed in any combinstion. Upon



WO 2018/200240 PCT/US2018/027777

cleaning andfor replacenient of parioular pans, stane versiony of the device may be
reassumbled v subsequent uss either #t a2 recondittoning fasility, or by an operator
inunediately prior v & procedurs. Those skillsd n the an will appreciste that

recondditioning of & devive may ulilize 3 vatiely of fechuigques for disasszanbly,

cleaning/replacoment, and. roassembly. Use of such techniguss, sl the resulting
reconditionod device, are all within the scope of thy presemt spplication,

je0a12Ty By way of sxample caly, versions descrived herein may be stecilized befors

ﬂ/

andfor after a procedure. In one stenlization techaigque, the devize ix plaved in a closed

and sealed cortaingr, such as g plastie or TYVEK hag. The container and device ney
ther be placed n a Held of radiation that csn penstaate the contginer, such as pamma
radiation, x-rays, or high-energy slectrons. The ratHation may kil bacteria on the devics

¥ B

anad o the container, The sterthized device may then be stored i the

o

& sterile contginer fur

fatey wse. & devive nay gleo be stenbized using avy other tectunque koown inthey asg,

including bt not Irotted 1o bata or gamma radiabion, ethylene oxade, or sieam.
H0e128] Having shown and desoribed various embodiments of the presant invension,

further adaptations of the methods and systerns desenbed hergin may be accomplished by
appropriate moedifications by one of ordinary skill in the an without depaniing from the

scope of the m

ant inveontion.  Several of such potential modificstions have been
memtioned, and others will be spparent © those skilled in the art. For instancg, the
examples, embodinents, geometiies, materialy, dimensions, ratios, steps, and the tike
discussed above ave illostrative and are oot required. Agcordingly, the scope of the
present ivention should be constdered in torms of the following dlatmy and Is understood

b 3 N o

ot o be hmited o the detwls of structure and opeation shovwn and desoribed in the

\“(’Uii(&i}{}?i and draw i'?
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FWe {aim:

An apparstus Compuising
{23 # body;
{bY  an sud offecton
{ey  anameulstion seetion; gnd
{dy  ashalt assomnbly extending distally from the body toward the ol effector,
wherein the shaft assembly comprises:
{1} a sheath defining a longitudingl axig
() a first monolithio griculaton connector comprising a fivsy disead
porton and a frst proxamal portion, whersin the frst distal portion
and the first proximal portion consist of 8 homogenous contimany
of marenial, wherein the fivst distal pontton 1s confipured o flex
relative to the Hrst provimal potion, sehedain the first distal portion
15 at tosst partially housed within the sheath, and
(i} a second mosolithic avoulstion covnector at toast partially boused
within the sheath, wherein the first monolithic  artcuistion
gonnootor and the second monolithic articulation connegtor are
configured o longitudinglly translale in opposimg divections
redative to the sheath to defleot the artioudation seotion and the end
effector relative to the longitehingl agiz
2. The apperatus of olaim 1, whersin the first proxinal portion s.;’.»:s.z‘np;‘iSas & poroovimal
rod porion housed within the sheath, wherein the Hrst distal porion comprises a distal band

porion associated with the artoulation section.

v

The apparatus of claim 2, wherein the distal band porton comprisss a distal

(597

souping seotinn aitached 1o the end sffectay.

4, The apparatus of claim 3, whersin the distal coupling zection is widded to the end
sffentor

P

P

s

Lo
P
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3, The apparatus of claim 2, wherein the proximal rod portion comprisey 3 proosimal
soupling section sttached toa dove component within the body, wherstn the drive compeasent is

configured to lengindinally acluate the finst monalithic srtioulation connestor relative to the

5. The appavatas of alain 5, wheretn the dive componont comprises a lead sorow

¥

and rovatable housing, whersn the proximal conpling section is conpled 1o the lead serew,
7. The apparatus of claim &, whersin the first monolithic arnicnlation connsetor s
sonfigurad 1o tanstate with the lead sovew, wherein the st monolithic articulation connegtor is
configoared fo votate relative 1o the fead sorew.
8. The apparstus of olaim 3, whersin fivst wonolithie artioniation connector frther

connprises 8 tansiiioy poction positioned between the rod portion and the band porbion.

1

23 The gpparatus of claim 8, wherein the Gansipon portion copipises transilioning

arcuate poriion with ax increasing radios from & prosimal ond 10 g distal end,

o The appavstus of olaim 1, wherein the end effvotor further comprises a pivotabls
W
12, The apparsney of el 11 whersin the shall assembly funther comprises a

monohthic jaw gloswre connsctor slidable relative o the sheath, wharein the monalithic jaw

closurs conngcior is configured to translate relative to the sheath 1o pivot the pivotable jaw.

13, The apparatus of claim 12, wheretn the monolithie jaw closure connegter further

comprises,
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(A} arod portion howsed within the sheath, and

{BY  aband porfics housed within the aticulation seenion,

14, The apparatos of claim 13, whersin the monolithic jaw closure connector further
soraprises a tomsinon porion located between the rod povtion of the monolithie jaw closues

connector gud the band portion of the monolithis jaw clesure connestor,

)

'S, The spparatus of clatm 13, whersin the band portion of the m atsr;m‘i‘i:hic; W LIOBUS

connsctor further comprisss 8 distal coupling featurs defining 2 pin hole attached 3 & camming

pin,

W The sppavatus of olatme 13, whereln the rod portion i coupled o an actuating
smnber, whereiy the setuabog wember I8 configured 1o traslate the monolithiv jaw closure
connecter vetative 1o the sheath

V7. The spparstus of olanm 16, wheramn the rod portion 13 longtndinally fixed to the

setuating menmber but confignred o rotare relative tothe sotnating member.

T8 An appsratus comprising!

(i av end effector comprising
{1} a first javw, and

{11} a second faw, wherath the second jaw is pivedable relative 1o the

Hest jaw

{} au avtioudabion section and
{d} a shafl assembly sovtending distally frow the body toward the snd effector,

wheretn the shaft assembly comprizes;

{1} a sheath defintng a longitslingl axdy and
{i1} a monsdithic jaw closure connestor contigurad o pivit the sscond

Jaw velative o the St jaw, whereln the monolithiz jaw clusure

CONBSLIOr Cernprises:
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(A} arod povtion alidably boused wathin the sheath, and

{BY @ hand portion slidably houssd within the ariiculation

section, whereln the band portion comprises §  distal

coupling member slidably coupled o hoth the

thae secomd jaw

> fivst faw and

B The appasatus of clanm 18, wherein the distal coupling member of the monolithie

Faw clOSUre SORnSCIOr COMISES 4 CRNUNInG pin

An apparatus copprising

{ay abodds

{h} an end effector comprising

{n g frst paw and
() a second jaw wheroin the second jaw i prvotable relative o the
fivst jawg
() an artioulstion section and

{d} a shaft agsembly ext

1 the shatt assernbly comprises:

{H) a sheath defining a longitndinal axig

{1} a monolithic articulation vonnectey comprising a

wiing distally from the body toward the

endd effector,

firat proximal

rigid portion and a By distel Hexible portion, whevein the Brst

proxunal ggid porGon and the fivst distal Seuble portion consist of

a homogenops continbom of mafenal, whereln the monolithic

Y

asticulation conpector s configered o longitudinglly fransiate

retaiive 1o the sheath to defleoct the griculatiom section and the on

sffector relative to the longitadinal wxis, and

{iy 2wl

rigid portion and a second distal flexble portion,

de jaw closure connector comprising a second prosimal

whetsin the

second proximal nigld portion and the sevond disted flexible portion

somsist of 2 homogenons comtinuum of matenial,

&

wheveint the
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maoncdithio faw closure connectoy I8 configured transials relative i

L
R

o

the sheath fo mvol the second Jaw relative 1o the findt jaw,

-3
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Fig. 1
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Fig.10B
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