SURG CAL | NSTRUMENT | NCORPORATI NG A FLU D TRANSFER CONTROLLED ARTI CULATI ON
MECHANI SM FI ELD OF THE | NVENTI ON [ 0001 The present invention relates in
general to surgical instruments that are suitable for endoscopically
inserting an end effector (e.g., endocutter, grasper, cutter, staplers,
clip applier, access device, drug/gene therapy delivery device, and an
energy device wusing ultrasound, RF, laser, etc.) to a surgical site, and
nore particularly to such surgical instrunents with an articul ating shaft.
BACKGROUND OF THE | NVENTI ON [ 0002[ Endoscopic surgical instruments are often
preferred over traditional open surgical devices since a snmaller incision
tends to reduce the post-operative recovery tinme and conplications.
Consequent | yYSURGICAL dNSTREVHNTINCORRO RATENGnA FLUTD TMRANSFER1doscopi ¢

surgical instrunment SCUMIR@IELEDMR’Q‘[E[MM?QNME@!%ESNBM of a distal end
effector at a desired surgical site through a cannula of a trocar. These
distal end gfifiF6FS %g%@§§§@§¥¢£e tissue in a nunber of ways to achi eve a

di agnostic UT“%?ETE ct (e.qg., endocutter grasper, cutter,

stapl ers, I 0 apphl ce ice / thera del i ry deV|ce
and ener gy 10 ot BleserfiFFe R GRS e HuH et MR RS T8V 0P
of the end eff ecf@rcmdqseppw@lﬂ}smsreamnenjeddyffedm (d,g,cmdncuttﬁegmpa,l dutter, staplesse

endoscopi ¢ sur gi ﬁé‘lﬁ,&? é}siccéégﬁeg;ﬁ% r%%gs s qg r%yar dgﬂ’g{yh e%E L o RERYESH élebl%e end

effector and a clrnician> Thrs I ong shaft
enabl es inserti @sing @itréourdegl? raser, eleptola S@r@dallsm andingnme panténylarly pesu¢tongi t udi nal

axis of the shafgriliRGtERMPRH dnlaRidhiRghg shdphe end effector to a degree. Wth
j udi ci ous pl acerrent of the trocar and use of graspers, for instance,

t hr ough anohge AR OF%f {(frgNount of positioning is sufficient.
Sur gi cal st unments, such as described in U S. Pat.
No. 5, 465, 8@‘!921 ar eE"é?FCMCaWtﬂ“@ mtmaﬁntéﬁae%f@cvmfweé ayeg fredifionphpen sypEsat ¢ hat
successfully pQgides SR aes&aﬁa%cﬁfoﬁ%as% reﬁt‘l’ce'ﬂfé?@it g&snvawio& #thd 49- [ 0004]
More recently, U S. Pat. Serial . .10/ 443, 61 URG CAL STAPLI NG

| NSTRUVENT | NCOWM%%@CRRWEWB'@AWWN@WMWW%"&a‘S’I‘f@I"f on IV et al.
filed on 20 My edddcdpic\elirpicd] insGurhicisaidy are BG@bIP fof plecist pceméit 6f £dita edd) 1.

effector at a desired surgical site through a cannula of a trocar. These distal end
effectors engage the tissue in a number of ways to achieve a diagnostic or therapeutic
effect (e.g., endocutter, grasper, cutter, staplers, clip applier, access device, drug/gene

therapy delivery device, and energy device using ultrasound, RF, laser, etc.).

{0003) The positioning of the end effector is constrained by the trocar. Generally, these
endoscopic surgical instruments include a long shaft between the end effector and a
handle portion manipulated by the clinician. This long shaft enables insertion to a
desired depth and rotation about the longitudinal axis of the shaft, thereby positioning

"the end effector to a degree. With judicious placement of the trocar and use of
graspers, for instance, through another trocar, often this amount of positioning is
sufficient. Surgical stapling and severing instruments, such as described in U.S. Pat.
No. 5,465,895, are an example of an endoscopic surgical instrument that successfully

positions an end effector by insertion and rotation.

[0004] More recently, U.S. Pat. Serial No. 10/443,617, "SURGICAL STAPLING
INSTRUMENT INCORPORATING AN E-BEAM FIRING MECHANISM" to
Shelton IV et al., filed on 20 May 2003, which is hereby incorporated by reference in
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its entirety, describes an inproved "E-beant firing bar for severing tissue
and actuating staples. Sone of the additional advantages include
affirmatively spacing the jaws of the end effector, or nore specifically a
stapl e applying assenbly, even if slightly too much or too little tissue is
cl anped for optimal staple formation. Mreover, the E-beamfiring bar
engages the end effector and staple cartridge in a way that enabl es several
beneficial |ockouts to be incorporated. [00051 Dependi ng upon the nature of
the operation, it may be desirable to further adjust the positioning of the
end effector of 1&I’¢nﬁﬁt§inﬁmés€an$tﬂﬂirg\iedaE-béaﬂﬂﬁhﬂgTﬁlﬂforsdvarirtgafsideahﬂ ar, it is

of ten desirablet ori r at_an ransver se to the

| ongi t udi nal axt ttl)r’fg ?’ﬁl é a%glh%nal ér?lig o Heh h%fﬁ:'e twers et éhem)vemant
of the end eff ecawof ﬂm@h@tﬁfwer,toommh@pemﬁgtllwmm arwbafgtassembbfomeﬁu onal l'y
referred to as " i ed by a pivot
(or articulati on@gﬁ di nt égl(aﬁtwh%[glgzs ?ﬁlai{lﬁégfglioltp g@%ﬁ@g‘ﬂin%@ﬁ] ust proximal to
the staple appl ngovasﬂwerﬁbbeymﬁnmbararhaameteweef@erprgveéﬁtamlecar@lﬂmleal ate the

stapl e appl yi ng @53%tlayied SUBLIBERALIR 18KEIAED bSinbliipdrAka, bEt ter surgi cal
pl acenent of the Staple lines and easier tissue nanipulation and

or i ent at | 0Nkl S DELLGGHILA 8 nRES b hOFLAGD R ) boadiicth hitGladflt 0 10T €

easily engage bissug I nEsome - I'nstance suc an_organ. In
addi tion, arti cuhenrosiompgefithesnd #&cfamfanplaig@emgwngém@wnahl rafg88tope to be

posi tioned behi el b BOAbIE L Giehhe b LARKY B LOOL R R Bifgihligal NSt T urent
shaft. 100061 Approaches to articulating a surgical stapl |%g and severing

i nstrunent tend ¥ °be shapbibe ingirmenty The tpygiampegertohthe snd efecton e

articul ation al gagivitd fhe InBRunfeai thifols c&vaexﬁlbmy fwenea s eflcudfibectraikist o ¢l anp
tissue and fire the_end effector é,l a(Lo gzand sevenng%{eln within the
agion) jdqt b eriignied

smal | di aneter dBHRHlY agepprlisgad bya p HHB%‘E%CB eiRgPieced Bdh t he
three control nahifoas pﬁmmaiolthetsta@msﬁ;ﬁylﬁ@dsembryoughalrobzethsbﬁ@éona@ I ongi t udi nal

transl ations. For nst anc 67 scl oses. an

accordi on-1i ke &P ﬁlﬂéﬁSFaBﬁap#@%a&f‘PF&’h‘nrﬁm‘ftTlQ? ngé f(’t’h%ﬁer?uég“’é Fticul ated by
sel ectively dr a\mamgndmaﬁkhmleoihestameaseanmmtanipglauiamdad brliumtigh Thiee i npl enent
shaft, each rod 91 at%(ti OSIShJeCtI i t%( 0 Qi goolgcl)rgem Sén asetlgsu tnhe shaft
centerline. The Cénnec S rat chet through sy e ee™ 8" GMecret e

posi tions. 100071}stamt8héra8éﬁlmtherm In Oidglbn,@mcuiatbd mmpmott adyéntagaowslyt i cul at i on

mechani smis U Godidh -endoscope to be positioned behind the end effector without being blocked
by the instrument shaft.

(0006] Approaches to articulating a surgical stapling and severing instrument tend to be
complicated by integrating control of the articulation along with the control of closing
the end effector to clamp tissue and fire the end effector (i.e., stapling and severing)
within the small diameter constraints of an endoscopic instrument. Generally, the
three control motions are all transferred through the shaft as longitudinal translations.
For instance, U.S. Pat. No. 5,673,840 discloses an accordion-like articulation
mechanism (“flex-neck”) that is articulated by selectively drawing back one of two
connecting rods through the implement shaft, each rod offset respectively on opposite
sides of the shaft centerline. The connecting rods ratchet through a series of discrete

positions.

[0007] Another example of longitudinal control of an articulation mechanism is U.S. Pat.
No. 5,865,361 that includes an articulation link offset from a camming pivot such that

pushing or pulling longitudinal translation of the articulation link effects articulation
2.



No. 5,865,361 that includes an articulation link offset froma camm ng pivot
such that pushing or pulling longitudinal translation of the articul ation
link effects articulation 2. to a respective side. Simlarly, US. Pat. No.
5,797,537 discloses a simlar rod passing through the shaft to effect
articulation. 100081 In co-pending and comonly owned U.S. Patent
Application Ser. No. 10/615,973 "SURG CAL | NSTRUVENT | NCORPORATI NG AN

ARTI CULATI ON  MECHANI SM HAVI NG ROTATI ON ABOUT THE LONG TUDI NAL AXI S* to
Frederick E. Shelton IV et al, the disclosure of which is hereby

i ncor por at ed by to & esgrivecile Simildrly, & /1 Hat. 8bys,793,58 Ddisddsesrmasimitap tddpassing used t o

transfer arti Cu'tﬁ%&%@w{%ﬂ%ﬂ%%ﬁ?&mﬁﬁﬂaﬁ%ﬁ? ernative to a |ongitudinal notion.
y

[ 0009] Wil e these chani ca comuni cated articul ati on notions have
successful | enabl ed an. endpscopi ¢ surgi st apl.in nd,s i

i nst runent %gslart %ﬁ?"ﬁ?r@fng aﬁ‘g‘i?&"g’ﬁﬁé’hvfle‘ﬁ?'g%gmd%l caﬁﬁnn%,rgﬂoﬁ@ﬁ%}%nges and
barriers to entr$URGIGAL INSTREIMENT INCOBRORATINWYNARIIQULATIOXEt s i ncl ude a
shaft of as smapE ANPHRVIRSRB2RHION Ra60r TRELORGITUBRAAR Rxffd e sur gi cal

opening yet with sufficient strength to performthe sever notions (e.qg.,
cl osing, firingFrefenqkdiyPhaltonhy ctiabthgdiselpsureef which is herebytig¢orposied byr ansf erri ng

sufficient forcCgefiehdd@its datird) NBtaBbtdl MR ks ubddl 16 trarRiAPArtiEUIABh §0Fon HPOS ES
design constraints that |imt desirable features and reliability. [0010][

Consequent | y, a 2BPEERAYCRAdongimdipabRetions for an articul ating surgi cal
instrunment that incorporates an articulation mechanismthat enploys an
articul ati offflor cewl“llféges?rﬁ*?mﬁ@ca“b’ RRITBPARtsE articulgtiommatiens Bave sersessBnf i nes

t hereof without chiMedmah ekdost@pivhirgicdl Repling AdReveRRinstulnefiitd gtiddd, ons. BRI EF
SUMWARY OF THE | NVENTI ON L%Oll The |%ent| on . over comss.th§F ab%ve- not ed and

ot her defi ci encidg¥ BMeRtFENG5PPIMUTPOus © le'ﬂﬁe%%r&&’i“ﬁﬁ“&?‘ﬂ?&t% MARKES: r ument
havi ng an arti cuoaflictirg desig dbjeats irembegshbfe bfae &halln didngena hepoasitle witedated ef f ect or

that uses fluid presspure to effect articylation. 0l l.n one aspect of the
nvention & suttoant et et antiog v bt Mt Pt Pe Ryl | <
mani pul at ed ext edofians (¢.8, dogiy firtig} articalafas rdtdtion) ewr). [abdditincithnefeingat e shaft and

end effector tg ci(g%?érge}?lvgim%llljtrb%d?n% 'anothe? frtelSial ot ms iloR8desBR - AT
artlculatlonjom attaches
constraints that limit desirable features and reliability.
[0010] Consequently, a significant need exists for an articulating surgical instrument that
incorporates an articulation mechanism that employs an articulation force that may be

incorporated within the close confines thereof without interfering with the firing and

closing motions.

BRIEF SUMMARY OF THE INVENTION

[0011] The invention overcomes the above-noted and other deficiencies of the prior art
by providing a surgical instrument having an articulating shaft attached between a

handle and an end effector that uses fluid pressure to effect articulation.

[0012] In one aspect of the invention, a surgical instrument includes a proximal portion
that is manipulated external to a patient to position an attached elongate shaft and end
effector to a desired surgical site inside of the patient. An articulation joint attaches
the end effector to the elongate shaft to give further clinical flexibility in reaching
tissue at a desired angle. A fluid control, which is attached to the proximal portion,

transfers fluid through the elongate shaft through a first fluid passage to a first fluid
3.



the end effector to the elongate shaft to give further clinical flexibility
in reaching tissue at a desired angle. A fluid control, which is attached
to the proximal portion, transfers fluid through the elongate shaft through
a first fluid passage to a first fluid 3. actuator that responds by
articulating the articulation joint. Thereby, design flexibility is

achi eved by avoiding the design constraints of transferring a nechanical
notion through the tight confines of the elongate shaft sufficient to
effect articulation. 100131 In another aspect of the invention, a surgical

i nstrunment i ncl wdtstonthitrespends bnartigllating theertichildtibejoiThedebyy desigafiskibitity f | ui d
through two fl U'i@aa@&%é@tgr%% ihiﬂgﬂl@d&kgﬂ@%&zﬁn@%&hférpg%aemt A caPRBEBANI cate with

opposing fluid actuators that coo&erate [0 articu e articulation
joint. Thereby, thepghthotight ¢onfinesgéthe elengpieshiaftspifipientyo effedt aticulaien el y in
response to an increase in fluid pressure may be used to articul ate the
articul ati omepi nt In anethaaspedtiof e tnventiona sirgitdl énswiriwat inflhdes d flaidicomrol conpr essed
thereby. (0014( tgiel‘aﬁn% gﬁﬁlg%&%sﬂl@ @%B t@@‘ﬁuﬁ% é‘ﬂ%ﬁel%%graﬁe*lﬁaf%ﬁse“t

i nvention shall _apparent nthe ac anyi ng draw ngs and the
descri ption t hereagfcomprpicyte piticopposing fiyid aofmatprsthatsaopgrptstoaiFubte thehe

acconpanyi ng dr aiidifafien jofit. TherédyCachidoRIROpRoRtlefiflednd Rohikly Wt € a part of
this specification, illustrate enhodi nents of the | nvention,. and, together
with the gener dPPAREanIRTese B fluid Reessurqymay bf Bygd b artisHlatehA AZcHIRRORIAEE det ai | ed
descri ption of tihene duetrivd iwik Hethgt Medachot @wipresed thereb expl ain the principles
of the present invention. [00161 FIGURE 1 is a front top perspective view of
af fSUf gi cal shapl i lrrgneadwxlds_ewﬁibjee@ anrg) alﬂﬁdnfaﬂéi?ﬂ&p §:laszmﬂ%ﬁ$h saim RRRide e_ng
effector, or staple a i Nng_asse .an t the staple cartridge
Feroved. ' 100171 BreReb Yedleorprgiie ey tb i HedherbBR AL of ¢ ne surgi cal
stapling and severing instrunent of FIG 1 with an articul ation nechani sm
act uat ed by BRIEF DESCRIFKIONOF DHE RIGURES| . (00181 FIGURE 3 is a perspective
di sassenbl ed view of an elongate shaft and articul ati on nmechani sm of the
surgi cal st apkji Ng BHRAc@BPEIYinGArawitish, whith e iftbrpbiated inland ¢80 alhe€MRE 4 is a

erspective di sassenhlLed vi.ew of di st al t.ions of .an i npl enent ortion of
Phe buryl cal st dbt e ABOETS sripoRiners B i eBronpne Rt M B8 ng s he

stapl e general description of the invention given above and the detailed description of the

embodiments given below, serve to explain the principles of the present invention.

[0016] FIGURE 1 is a front top perspective view of a surgical stapling and severing
instrument shown with an open end effector, or staple applying assembly, and with

the staple cartridge removed.

{0017] FIGURE 2 is a front top perspective view of the surgical stapling and severing
instrument of FIG. 1 with an articulation mechanism actuated by a fluidic actuation
control.

(0018] FIGURE 3 is a perspective disassembled view of an elongate shaft and

articulation mechanism of the surgical stapling and severing instrument of FIG. 1.

[0019] FIGURE 4 is a perspective disassembled view of distal portions of an implement
portion of the surgical stapling and severing instrument of FIG. 1, including the staple

applying assembly and articulation mechanism.



appl yi ng assenbly and articul ati on nmechanism 4. 100201 FIGURE 5 is a top
perspective view of the staple applying assenbly of FIGS. 1 and 4 with a

| ateral half of a staple cartridge renoved to expose conponents driven by a
firing notion. 100211 FIGURE 6 is a front perspective view of an inplenent
portion of the surgical instrunment of FIG 1 with a double pivot closure

sl eeve assenbly and end effector renoved to expose a single pivot frane
ground articulated by a fluidic articulation nmechanism 100221 FIGURE 7 is
perspective detail view of an alternative articulation joint for the
surgical i nmmurrenEIGmREl%l i€ top pekepectiveiviey ofithel stegiié q:p}yingasdemglycofﬂﬁ&b sl eeve
assenbly at a iRl I § o 100231
FIGURE 8 is a bo ? gﬁ |aéﬁ¥§185ellrf§%e¥:¥ﬁeeae&egéﬁa&éﬁg%‘%&ggwc%’@lﬁe a err?’atl ve
articul ati on j oiafiringfmoppi. 7 i ncl udi ng a doubl e pivoting fixed-wall dog bone
link and a frame ground incorporating rail guides for a lateral noving
menber (T-bawy 10KIBUREN iSSURent persctive pielvef in ipplesip pbitive ofagduegiketl vi ew of a
further alternatjyg, e&rE#ﬁUE%!idé%odb[%'p%&osﬁretsﬂé‘v %#Ergﬁlc%d%ﬁ%&éc%nem of FIG
1, including an al'ternate sol F mechant sm 1 ncor por at ed
into a | ower doubhevepioRzposg p pikgle UV@lﬁpmesltou@ artfcphieﬁgy phvidig adicylptionudi ng a rai |
gui ded | at eral | yd¥RMisgg nmenber (T-bar). 100251 FIGURE 10 is a top
diagrammatic view of an alternate articulation |ocking mechanismfor the

surgi cal i nghhHuUMENEGRREM 1§5perébeéﬂvé Hleta?] \E\J“R?f'dﬁ Rtera AR \RiARAG DY for he&MOVed to
expose a backl oadi ng di senga ar for automatic articul ation |ock

engagenment and GP%HU&WWP?F@OOQ@PUFE Tgrgle piyoting clesurefiecyp agrabnatei ¢ vi ew of

an addi ti onal a|&&ﬁﬂﬁ%bg{@nwlﬁjlagﬁk@b{v%mﬂg%hﬁdﬁl sm for the surgical
instrument of FIG 1, a spring brases rack on a T-bar with |ocking features

that engage o@'ﬁe tOFI@g‘RE'@@B&meﬁgﬂmeé&c%‘ixﬁ&feﬁ%woflef?%YaJavé: | QURE 12 is an

alternative T-bar frame ground 1 ncorporating |ateral ~guidance for the
surgical i nst r ur?Ef?PlaB‘?“JPJP@fF - Tihgime 2 dogblgmivoting f“@d?‘@il dogbong Hink andaal

alternative T- bafanargﬁbuﬁdaempcgmym guid&sForkqkterhl @ ingInesneAT-1gy] dance for the
surgical instrunment of FIG 1.

(0024] FIGURE 9 is top left perspective exploded view of a further alternative
articulation joint for the surgical instrument of FIG. 1, including an alternate solid
wall support plate mechanism incorporated into a lower double pivot link to support a

firing bar and including a rail guided laterally moving member (T-bar).

[0025) FIGURE 10 is a top diagrammatic view of an alternate articulation locking
mechanism for the surgical instrument of FIG. 1 with a closure sleeve assembly
removed to expose a backloading disengaged T-bar for automatic articulation lock

engagement and disengagement.

[0026] FIGURE 11 is a top diagrammatic view of an additional alternative articulation
mechanism for the surgical instrument of FIG. 1, a spring biases rack on a T-bar with

locking features that engage due to backloading from an end effector.

[0027] FIGURE 12 is an alternative T-bar and frame ground incorporating lateral
guidance for the surgical instrument of FIG. 1.

(0028 FIGURE 13 is yet an additional alternative T-bar and frame ground incorporating
lateral guidance for the surgical instrument of FIG. 1.



5. [0029] FIGURE 14 is a left top perspective disassenbl ed view of an
alternative articulation nechanismincluding a double pivoting frane
assenbly and single pivoting closure sleeve assenbly for the surgical
instrunment of FIG 1. [0030] FIGURE 15 is a |l eft bottom perspective view of
the alternative articulation nechanismof FIG 14. [0031] FIGURE 16 is a
diagramof a laterally noving fluidic articulation nmechanismwith the rack
and gear segnent pivoting depicted in a nonarticulated state. [0032] FlI GURE
17 is cross-section, front viewin elevation of the fluidic articulation
mechani sm ofieedl G EXUREdris alef ap peispretive kastembl¢dO@IBIf ak hIBMEVELS | s a di agram
of the laterally Lo he rack and
gear segnent pi v%’ﬁ?‘xag‘&g’é‘ulh?‘g"’ &flﬁ&g%&wu% nghag%gﬁgggg‘?@hy %&gﬁ% FIGURE 19 is
cross-section, fRPS @P%‘W slegvesaseombly fortheurgicakingmumpntiof FIgx 1 cul at i on

mechani smof FIG 18 taken along lines 19-19. [0035] FIGURE 20 is a top

di agr ammat i ¢3¢ ew BIGUREsWSrigs lefibotiomsiterspevtivet vieaw dfitiealterngive byicétion] east one

| ongi tudi nal |y hg?‘s]p&{ﬁ@rl gqthat laterally cans a slide bar, which in turn
articulates an encf ector. [0036] FIGURE 21 is a top diagrammtic view of

t he surgi cal st r peRe QF; i APl FlI GURE
22 is front Iposs sect |l§ﬁs J\;{‘l%?rggfal%}erﬁgwﬁﬁggﬁ %agéﬂ%?%%&?‘g@ary i nk
mechani cal cont rtb?ra@y@si@wmme@tpwm%m@wgtnpremcﬁlﬂteéﬁtatm GS. 16 or 20 for

| aterally translating respectively a T-bar or slide bar, depicted in an
unarti cul at é®2st at BEGURF0I8S cressaxgren, frantjvigwdn ¢levgrien of theflyidiceariquistion/i ew i n

el evation of th%&h&n@sﬁMF‘ldQﬂﬁEﬂlbfn linftq7.1pEChani cal control systemof FIG
22 in an articulated state. [003 |§ GURE 24 is a top diagrammatic view of a

Surg cal 1 NahUTeniichA Ag, Ay mgftpagmﬁ aa,?g' dydlaoa%%fahgmgchms pair of
buckl i ng ne each with adongitu ust abl'e proximal endpoint,
to articulate arWléﬁUe @ﬂf@é@@ﬂf SCM@UPUIFBI@MIB@ mcldatqd(ﬁ@tqjl agrammatic view

of the surgical instrunent of FIG 24 depicted in an articulated state. 6.
[0034] FIGURE 19 is cross-section, front view in elevation of the fluidic articulation

mechanism of FIG. 18 taken along lines 19-19.

[0035] FIGURE 20 is a top diagrammatic view of a surgical instrument articulated by at
least one longitudinally moving member that laterally cams a slide bar, which in turn

articulates an end effector.

[0036] FIGURE 21 is a top diagrammatic view of the surgical instrument of FIG. 20 in an
articulated state.
[0037] FIGURE 22 is front, cross-section view in elevation of an alternative rotary link

mechanical control system for a surgical instrument of FIGS. 16 or 20 for laterally

translating respectively a T-bar or slide bar, depicted in an unarticulated state.

[0038] FIGURE 23 is a front cross-section view in elevation of the alternative rotary link
mechanical control system of FIG. 22 in an articulated state.

[0039] FIGURE 24 is a top diagrammatic view of a surgical instrument having a slide bar
laterally positioned by a pair of buckling members, each with a longitudinally

adjustable proximal endpoint, to articulate an end effector.

{0040] FIGURE 25 is a top diagrammatic view of the surgical instrument of FIG. 24
depicted in an articulated state.



[00411 FIGURE 26 is a top diagrammatic view of a surgical instrunent having
an electromagnetic lateral articulation control mechanism [00421 FI GURE 27
is atop diagrammatic view of the surgical instrunent of FIG 26 in an
articulated state. [00431 FIGURE 28 is a top diagrammtic view of a surgical
i nstrunment incorporating a pressurized fluid source and an articul ation
control nechanism [00441 FIGURE 29 is a top diagrammatic view of the
surgical instrument of FIG 28 in an articulated state. 100451 FIGURE 30 is
a diagrammatic view of a bladder having a | ateral conpression spring.
100461 Fl GURE1131 | HGHRERG s a tordiggsnsaic viewf ¥ suegical insteineuthtaviogamf a t ubul ar
shaft of the s i i i Lifg a pair of collapsible

bell ows for bla Efgig%ﬂgﬂ%&vaﬁ%gmqﬁﬁ@a@%géﬁfﬁ&anlar'ti cul ated position and one
bel | ows exp ed bel |l o col | apse 0471 E J top
di agr ammat i @&gi ewalggugggarlsgﬁ ® a%ﬁ?%r ?\r%ngarnﬁ rrv%‘r"{to fhﬁcg:lgrgl f)%?néﬂl]%fﬁf}? %’i 23%% ?nansf er
articul ati on of aoppl®dstetepi st on-driven bl adders on a T-bar that pivots an
articulation mechanism 100481 FIGURE 33 is a top diagrammtic view of the
sur gi cal i npbsjuMerRIGORERB 63 a topdiaglanfifiatic &etviof albuadieatlinsthuadeat in¢odidélihg | GURE 34 i s
a top diagranmatic vi i cal instru.tjrrrent i ncorporating fluid

transfer arti culpé?fug'ﬁ%ﬁ“?osﬁgrcﬁiﬁr‘?g'"%%&‘&ﬁ‘@? CONQUPERERP act uated by lateral Iy

nmovi ng pi nch roll a T-bar that. pivo an .articul afi chani sm
100501 Fi G35 0REds S ion Resmimitaie Yoy Qus g meG AL TG BT Snent . of
FIG 35 in an articulowd stated state. (00511 FIGURE 36 is a top diagrammtic
view of a surgical instrunment incorporating a fluid transfer articul ation
of opposi ngpadkist al FIGUREI30 % didgramnsatiaigibwe ofd didethadng £ leemh¢dngkdssion act uat ed by
a md-portion pinch roller. 7. 100521 FIGURE 37 is a cross-section of the
m d- portion pi néh¥ol 1 er al ong lines 37-37 of the surgical instrunent of

FI G 36.

[0046] FIGURE 31 is a front, cross-section view in elevation of a tubular shaft of the
surgical instrument incorporating a pair of collapsible bellows for bladders showing
the T-bar in an articulated position and one bellows expanded and one bellows

collapsed.

[0047) FIGURE 32 is a top diagrammatic view of a surgical instrument incorporating
fluid transfer articulation of opposing piston-driven bladders on a T-bar that pivots an

articulation mechanism.

[0048] FIGURE 33 is a top diagrammatic view of the surgical instrument of FIG. 32 in an
articulated state.

[0049] FIGURE 34 is a top diagrammatic view of a surgical instrument incorporating

fluid transfer articulation of opposing bladders, which are actuated by laterally

moving pinch rollers, on a T-bar that pivots an articulation mechanism.

[0050] FIGURE 35 is a top diagrammatic view of the surgical instrument of FIG. 35 in an
articulated state.
(0051] FIGURE 36 is a top diagrammatic view of a surgical instrument incorporating a

fluid transfer articulation of opposing distal portions of a single bladder differentially
actuated by a mid-portion pinch roller.



[00531 FIGURE 38 is a top diagrammatic view of the surgical instrunent of
FIG 36 in an articulated state. 10054] FIGURE 39 is a cross-section of the
m d-portion pinch roller along |lines 39-39 of the surgical instrunent of
FIG 38. 100551 FIGURE 40 is a top diagrammatic view of a surgical

instrunment incorporating a fluid transfer articulation of opposing distal
portions of a single bladder differentially actuating bellows conpression
menbers. [00561 FIGURE 41 is a top diagrammatic view of the surgical
instrunment of FIG 40 articulated to the right. [00571 FIGURE 42 is a top
di agr amat i Geoszj ew BIGURESATriga erads-seatisn ofulbpmitl-pputigropipadirelier aigngline$ 31437bft r ansf er

articul ati on of - . BF % oupled to a lateral spool valve

transl ated by pitg?;(glﬁg%?sp acg{jg%?kdui:;g novenent. [00581 FIGURE 43 is a top

di agrammati c vi ew surgical instrument. of FIG 42 in rticul ated

State. (05 cUABURE 83 L B fermiic e ne Sreet) s ien BBt M St s e
i ncor porating | edrficulageddtatei ght fluid bores that distally project fluidically
transl ated distal pistons to differentially articulate an end effector

about its pigeaf al BIGURBBIREY crbss-séfioebfARgmt-Portichisindh.rolleDNORY IMeéAIRFV of5 1S a top
di agrammatic view of .the surgtiogg{ iL,pstrunment of FIG 44 in a leftward
articul ated st at®® PHEPLEEBRYS Gdtation of an articulation control that

differentially and i mal | ransl ates proximal .pjistons in respective
[1ui d bor es o0 T TOiE 8 oie pialemdls Vit AFHEY FEVT-G U EYPRRP g1 cal

i nstrunent i ncorfid @dnsfiagprdculatiomoeflegpdsing Histslipapiens dila aitdgle bladdvodi€ferentmtlal end

| ateral ly transl a&gsn %nuarstcioé:lurlesasttoin%re]mbeq?chani smin response to fluid

di spl acenent by KUAmS. 6o°“fi OnProt ary purnp. 100621 FIGURE 47 is a top

di agrammati c vi ew Qf e.surgical instrument of FI.G 46 w he rotary
punp act uat &coun gr"@%d‘dll%tgﬁg m?ﬂcé’fﬁ/tg’c??fh%‘ﬁg‘fﬂémmﬂe"\fmﬁft]ﬁgu@e ri ghtward
articul ati on of ativulrd tethé ggiit.or. 8. (0063( FIGURE 48 is a top diagrammatic

view of a surgical instrument incorporating fluid transfer articulation
mechani sm cqegpy i SEeHGURE2 tistopy didgarfkhatic alewlofl & kurgieal instrument incorporating a

fluid transfer articulation of a T-bar proximally coupled to a lateral spool valve

translated by piston displaced fluid movement.

[0058] FIGURE 43 is a top diagrammatic view of the surgical instrument of FIG. 42 in an
articulated state.
[0059] FIGURE 44 is a top diagrammatic view of a surgical instrument incorporating left

and right fluid bores that distally project fluidically translated distal pistons to
differentially articulate an end effector about its pivotal attachment to an elongate
shaft.

[0060] FIGURE 45 is a top diagrammatic view of the surgical instrument of FIG. 44 in a
leftward articulated state in response to rotation of an articulation control that

differentially and proximally translates proximal pistons in respective fluid bores.

[0061] FIGURE 46 is a top diagrammatic view of a surgical instrument incorporating a
tuning-fork shaped bladder whose distal end laterally translates an articulation

mechanism in response to fluid displacement by a mid-portion rotary pump.

(0062] FIGURE 47 is a top diagrammatic view of the surgical instrument of FIG. 46 with
the rotary pump actuated counterclockwise when viewed from the top to cause

rightward articulation of an end effector.
8.



differentially and fluidically coupled to a proximal two-vane control.
[0064] FIGURE 49 is a top diagrammatic view of the surgical instrunent of
FIG 49 with the proximal two-vane control rotated counterclockw se as
viewed from above to cause |leftward rotation of an end effector. [0065]
FI GURE 50 i s back diagrammatic view of a surgical instrunent with a fluid
transfer articul ation mechani sm using opposing pistons to create a
rotational notion about a circular fluid passage in an el ongate shaft.

[ 0066] FIGURE 51 is a back diagranmatic view of the surgical instrunment of

FIG 50 W tfep I OFREUREEEE 0 gmgﬁﬂhnﬁh@ﬁmﬁ@u@éﬁ ifsBudedt ir@bipyvasidg | at er al

control |nput [00671 FIGURE 52 is a top diagramatic view of a surgical

i nstrument of a fyf franster afieylation MechapsThEQUIPRSHIOR? Broayans gstelduhine h a 1 ui d
transfer. [00681diftichiRiy bl fluidially &Rpled RQHavxal two-Whewneél. t he sur gi cal
instrunment of FIG 52 articulated to the right. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON Oyjgakay i eWFRfUlﬁﬂf g @b'lo?leanQmﬁlQﬁJJ:ew $tQQQ91]g1cliHﬁé&hﬁ9ntT09FIhh@9 W ngs,
wherein |i ke nuneral s denote onponent s hr oughout the several views,

FIG | depicts at §Bﬁ"g‘i“lﬁ‘b‘l‘”°rvﬁ%“c°r°ﬁ?\%Fﬁtate‘\ﬁﬁP’E‘HClP‘i‘FWtsﬁésV‘?"Yelde@E“raQt’Ye\}% versions is
more particul arl pause 16fwaad Dakioséfapkidigfeattd severing i nstrunment 10, that is
capabl e of practicing the unique benefits of the present invention. In
particul ar, oks¢ SuFHURH 5(51%w&kHiagraxamﬁhc%amedfh@lggiw&{sfruﬁ&mviﬂwﬂha Si zed for
insertion, in a _no éé\%‘?lfl % state as omg .(s:tteq intFIG fidna ﬁo

trocar cannula pREESHEHAPIPLME argiﬂ‘bslmég}’pg RIstoR; 1 el ¢ ok ‘Hgf’ §1hown) f or
perform ng a sur ghostal ciprladbdipagage@naeelangate shafpl enent portion 12 is inserted

t hrough a cannul a passageway, an articulation mnechanism 14 incorporated
into a di st adossport 'Fm}Um:fﬁama BdcR B ghmstitaddw of the Qiirgicdl nstrifidlt 6AWGE S0por ti on 12

may be renotely artic ate |cte n FIG 2 Db articulation
co%trol 18. Anye?i’dh‘é?o el n rﬁgﬁg(??’éla"‘?e “’f‘r?é”ig]‘ti‘vﬁétl?t?i%]lc\?@(\}&pgtr on as a
staple appl |nga i.s distall o the.articulation
mechani sm. 141 thusf‘@@rémmmmmﬁ i R SERET et 863 B recian om 14
t her eby arti cul airdaqildtinemedhagisneposhiopddywithg flakisendfdry 20 from a | ongi t udi nal

axis of the elongate shaft 16. Such an
[0068] FIGURE 53 is a top diagrammatic view of the surgical instrument of FIG. 52

articulated to the right.

DETAILED DESCRIPTION OF THE INVENTION
Overview of articulating shaft.

[0069] Turning to the Drawings, wherein like numerals denote like components
throughout the several views, FIG. 1 depicts a surgical instrument, which in the
illustrative versions is more particularly a surgical stapling and severing instrument
10, that is capable of practicing the unique benefits of the present invention. In
particular, the surgical stapling and severing instrument 10 is sized for insertion, in a
nonarticulated state as depicted in FIG. 1, through a trocar cannula passageway to a
surgical site in a patient (not shown) for performing a surgical procedure. Once an
implement portion 12 is inserted through a cannula passageway, an articulation
mechanism 14 incorporated into a distal portion of an elongate shaft 16 of the
implement portion 12 may be remotely articulated, as depicted in FIG. 2, by an
articulation control 18. An end effector, depicted in the illustrative version as a staple

applying assembly 20, is distally attached to the articulation mechanism 14. Thus,
9.



angl ed position may have advantages in approaching tissue froma desired
angle for severing and stapling, approaching tissue otherw se obstructed by
ot her organs and tissue, and/or allow ng an endoscope to be positioned
behind and aligned with the staple applying assenbly 20 for confirmng

pl acenent. Handl e. 100701 The surgical and stapling and severing instrunent
10 includes a handle portion 22 proximally connected to the inplenent
portion 12 for providing positioning, articulation, closure and firing
notions thereto. The handle portion 22 includes a pistol grip 24 toward

\M|1I ch a cl ?sur e rérﬁdtaglaﬁhc‘mng the Riti¢@1AtRh Iméciamign “’f] ﬂazsﬂeltssvdrlluaﬁlawSMmpu t henbI 0.
clinician to cause clanpin 0S| e staple_a ing assenbly

A firing tri ggé‘?p Y8e §s "?bé’g% J@P%%Qfgﬂa’ﬂi‘ OétWF@lQPsﬁgﬂ?@lg% 26 and is

p: vot aljl %/ dr awn aned ﬁogﬁorﬁxhlttyr’]lla% ?ﬂaﬁ@eﬂﬁhﬁ)ﬁ)aﬂh@ t&ﬁlﬁlﬂom’@ieézigbd aﬁ@efTh RFf i P? of
clamped tissue clanped.in the s : asse ereafter, a
cl osure rel ease Sf)vﬁg%) d apling, aﬁgﬁ?cg’élggffu{)‘gl‘%wg “gﬁé\é@ PLARRYE™) osur e
trigger 26, and titsdnegand/heallseimgmedadmcbesd te{plogitionedbkhindfand dlgned vitipeed  t i ssue.
The handl e port%Q&eﬁg¥ g“%ggHHQq%o gggﬁgﬁgmknob 32 coupl ed for novenent

with the elongate's rotate t 16 and the articul ated staple
appl yi ng assen?%&n 0 about the longitudinal axis of the shaft 16. The
handl e portion al'so includes a firing retraction handl e 34 to assist in

retracting firi |ct in 1: ul g bi ndi ng

occur, sot ﬁ"&?‘ ope F ﬁurglc"ﬁa?‘fus p‘sl gaaﬁlfi éeve%’ﬁllv ent 5&5‘% h‘?@le 13' ogzcur

t hereafter. 1001‘>ﬂo&imaﬂlywdnbctddeo tp pupdameat pedioh haforpﬂoadmgpmlohmg,om mal " and
distal" are us%ﬁlcgguros c osmetagd ﬁrﬁqef eorngrl retto Tﬁ‘esl%m mP(g: 1%5529153118}9&{]9 a handl e of

an instrunent W th
respect to the muméglpﬂ#)towmdl wtmahd(tlauwamggmo’&ﬁ ipgivotally aud proxitvelly drawtt Yyer

appr oot af ed Nty litinPANKERLEATFy Bkt upi il a0 O 25

"vertical" and "horizont re use ereln wt espect to the draw ngs.
However, surgi c&ring {rigger 2§ isdsrther ofheard efthe qlwuwmero?ﬁaemsmvpaﬂxdrambspos| tions,

and these ter NS gRlAnibiH to chudb &@Q@alng EndaBvelihddflcialPePichedREMEh e slaP@ 721 An

illustrative nulti-stroke hand gortlon 22 for the surgical stapling and
2

severing instr uﬁwngl%seﬂ’lblylil(’@ere , 4 closyre Eedepsebutton; 39 iydeptessed todeeast | in t he

co-pendi ng 10. the clamped closure trigger 26, and thus the severed and stapled ends of the clamped
tissue. The handle portion 22 also includes a rotation knob 32 coupled for movement
with the elongate shaft 16 to rotate the shaft 16 and the articulated staple applying
assembly 20 about the longitudinal axis of the shaft 16. The handle portion 22 also
includes a firing retraction handle 34 to assist in retracting a firing mechanism (not
depicted in FIGS. 1-2) should binding occur, so that opening of the staple applying

assembly 20 may occur thereafter.

{0071} It will be appreciated that the terms “proximal” and “distal” are used herein with
reference to a clinician gripping a handle of an instrument. Thus, the surgical stapling
assembly 20 is distal with respect to the more proximal handle portion 22. It will be
further appreciated that, for convenience and clarity, spatial terms such as “vertical”
and “horizontal” are used herein with respect to the drawings. However, surgical
instruments are used in many orientations and positions, and these terms are not

intended to be limiting and absolute.

(0072 An illustrative multi-stroke handle portion 22 for the surgical stapling and
severing instrument 10 of FIGS. 1-2 is described in greater detail in the co-pending

10.



and commonl y-owned U. S. patent application entitled "SURG CAL STAPLI NG

| NSTRUMENT | NCORPORATI NG A MULTI STROKE FI RI NG PCSI TI ON | NDI CATOR AND
RETRACTI ON MECHANI SM' to Swayze and Shelton IV, Ser. No. 10/374,026, the

di scl osure of which is hereby incorporated by reference in its entirety,

wi th additional features and variation as described herein. Wiile a nulti-
stroke handl e portion 22 advantageously supports applications with high
firing forces over a long distance, applications consistent with the
present invention may incorporate a single firing stroke, such as descri bed
i n co-pendi ng anld canmenn)-yxned W gatédt ppligatibredititl @P SURGECAIOSTABURG CAL STAPLI NG

| NSTRUVENT HAVI " to
Frederick E. S%F?W%MW%@&%%%\E@H&!@%I garn, Ser.
No. 10/441, 632, INPECATOR ANDRETRASITION MECHANISM! el8wayzecod Slrltas BH Skry r ef er ence
inits entirety.J t [ b | and staple
appl yi ng assenb!h%: Wﬁ%@@f}’ fﬁ&&%@&gﬁ@&# %} pﬁ%@%&;gﬂ%@@ P%{l]hﬁz . .
advant ageousl y ientretypeitteaddisionah fatmgh tridyreatiomestdessribadrhersist Woilsa mhltit ongi t udi nal
rotation, arti cubleidie fhthsh Goabchidy bt ﬁngli%%i%&vgmg% g%gm?r sui tabl e

for endoscopic an aparoscopi ¢ procedudres. T ] , ng assenbly 20
("end ef f ect or " )overadong disgnge, apligatigrcansisienoyipcheiesFyvrRyentipa fla¥t ed as an
(e::ongat e chgnnleIind&&oy&eta]fm@lﬁmmgstailké,xu@tag &L6ed MRYpbndthg ahddddmonty 2, 4- 5%1_. |
osure and cl anpi of the anyil, t i s achieve
by | ongi tudi nal IO;‘;}’)‘“EﬁﬁpQﬂef‘f Wﬁﬁﬁaﬂ‘é‘ §ﬁﬁ@%§ﬁmg%§éﬁm¥gﬁvﬁﬁe assenbl y
44 (FI G 3) rot SEPABAYE DISTINCITELOSING ANDIFIRINIGS YSTEM U to PrédesivieE. Whi ch a
doubl e pivot cl e.sleeyve enbl 46, l.ongi.t udisnally Q inpart a
cl osi ng and ope%ﬁ%’ni’sl%%?ell @ﬁtﬁﬂt%}{gﬂﬁf%bgﬁ%{ﬁaﬂ“’ S&t {51%1 lr%rﬁﬁy’ﬁ%r ?’8n to the
anvil 42, even wistlsurdef wdichd lerckp pborpaigiedtyseferbhog iifs eatiefycul ated as in FIG
2. 100741 Wth particular reference to FIG 3, the frane assenbly 44
i ncl udes a si nglimapleineroportibr @rtieulating vlodgakShathems etaple applytirgglasemtlly).s engaged to
the rotation knob 32, with a right half shell 50 thereon shown in FIG 3.
It shoul d bgesippr a6 FEES d-5ath intpldnivad poftivdl 1Didvirtaeouslydkoiporateh e viltpsenbl y 46,
specifically of a closure straight tube 5 enconpasses.the . proxi mal end of
the frame groun&“ﬂ%’,‘mB‘QQ%‘}SHg{oPﬂg?‘H@fm?tﬁP’éﬁgf’T?’ ‘iq%u eﬁ‘@‘?ﬁ%’fﬁﬂ” brtion 22 to
engage cl osur e cmalpdita¢itrSuitabletforzhdnssvpictahblbpakcopictpudeduads| Thetstaplas| at e t he
cl osure

applying assembly 20 (“end effector”) has a pair of pivotally opposed jaws, depicted
as an elongate channel 40 with a pivotally attached anvil 42 (FIGS. 1-2, 4-5). Closure
and clamping of the anvil 42 to the elongate channel 40 is achieved by longitudinally
supporting the elongate channel 40 with a frame assembly 44 (FIG. 3) rotatingly
attached to the handle portion 22 over which a double pivot closure sleeve assembly
46 longitudinally moves to impart a closing and opening respectively to a distal and
proximal motion to the anvil 42, even with the staple applying assembly 20 articulated
as in FIG. 2.

[0074] With particular reference to FIG. 3, the frame assembly 44 includes a single pivot
frame ground 48 whose proximal end is engaged to the rotation knob 32, with a right
half shell 50 thereon shown in FIG. 3. It should be appreciated a proximal end of the
closure sleeve assembly 46, specifically of a closure straight tube 52, encompasses the
proximal end of the frame ground 48, passing further internally to the handle portion
22 to engage closure components (not shown) that longitudinally translate the closure
sleeve assembly 46. A circular lip 54 at the proximal end of the closure straight tube

52 provides a rotating engagement to such components. Engaging components of the
11.



sl eeve assenbly 46. A circular lip 54 at the proximl end of the closure
straight tube 52 provides a rotating engagenent to such conponents.

Engagi ng conponents of the 11. rotation knob 32 pass through a | ongitudinal
slot 56 on a proximal portion of the straight closure tube 52 to engage an
aperture 58 proximally positioned on the frame ground 48. The | ongitudi nal
slot 56 is of sufficient length to allow the closure |ongitudinal

transl ation of the closure sleeve assenbly 46 at various rotational angles
set by the rotation knob 32 to the closure sl eeve assenbly 46 and the franme
ground 48. 1007&itionlkeobsd2pasyalireugh laddngituialsiny poort ssprodimaliportiongf thot | on by

receiving a firi t Ig]g| ' [fid eRapents of the
handl e portion fgg%}{tlgltgsugﬁ%é\%?.t_oﬁi%gée%&? ng¥éggﬁ§%§ﬁyeéu({s{enrpé&§gproxﬁﬁal openi ng
62 al ong t he | ostpund/d. Hhd lorgitndingl Slot6 ingf sefficiert feagth to allowrectls®e The di st al
portion of the fy4 ol A8l fodof | : gits
bott om t hat comruni cat etg#\%g?oh%tf ﬁg‘éllg%’hge%?e r?%l “Sggf)“‘éﬁ?ﬁgwéﬂ.é‘lsz&?@?‘i"r?gélgﬂr 66
| ongi t udi nal | y tetay8iesatetionkpobt3Rdo the elpyyey skeave assewbly @4 andthe fraved mroknd an upwardl y
projecting proyjgmal pin 68 that engages a distal end 70 of the firing rod
60. 100761 The el ongate shaft 16 supports articulation by incorporating a
rect angul ar gl eSer ok &A1 bilgahiton BPteldiitl S6RIgGhEE bt @ di stal
portion of the rot at}eorrlléaEnob. ﬁ%pogp@%tltog%ﬂcoﬁpp)gft ment 74t hat resi des
within the rect Ziielyengegesdings pempopgpistof thy bandls pertion 2ptngl showmpEhedigng par t | ef t

and right baffl e&i66@mer28-pmﬁﬂnaasﬁehﬁ%ml@n@mwa&{gu@&m cefdrling bf @l@fahart eral Iy

overtop of the bottom conpart nent its downwar d Iaterall¥ spaced |eft
and right fl ang&@ouahAs. Bhe disigl pectionefhediamp gropnd 48rindlydes p,ing baksler8? 78, each
communi cati ng | alofig @ Hodorh erat @himuaidsles'viGhke pRdkia) Bpening83. Bfiringdfr éd1at ext end
outwardly fromthe re@pective. shﬁn,l Qal V{af’s o(;, thg rotati on knob 32. The

| ateral novenentongifudinglly tragslatesin the firige bax slpt paapd inglydes an, ypwardly prolsehige - ghy

fl anges 82, 84 pwainal piangithhiengdgera distd endeiOtof thefisingrod 6the | eft and ri ght
baffl es 76, 78, operating against left and right reservoir bladders 90, 92
of a fl uidiererti qué eibngate skafslcanppsds artuationtyastdporaif} a Baangalanmuni cat i ng
respectively and distally to left and right..fluid conduits or ssageways
96, 98 that in feﬁ?rﬁouccgﬁ%’]ﬁr %néetl%er?lé)glﬁlg%ﬁp\ggepip am#?“ﬁ p?nce%f’ 1 (L)jflaér\e 0‘%‘@%@& actuating
bl adders 100, 1062 A bbtem carhpastment|yp thotresided withih e adclapgylarvestrveir davita?2 104 of t he

has laterally spaced apart left and right baffles 76, 78. An articulation actuator 80

slides laterally overtop of the bottom compartment 74, its downward laterally spaced
left and right flanges 82, 84, which are outboard of the baffles 76, 78, each
communicating laterally to left and right push buttons 86, 88 that extend outwardly
from the respective shell halves of the rotation knob 32. The lateral movement of the
articulation actuator 80 draws left and right flanges 82, 84 nearer and farther
respectively to the left and right baffles 76, 78, operating against left and right
reservoir bladders 90, 92 of a fluidic articulation system 94, each bladder 90, 92
communicating respectively and distally to left and right fluid conduits or
passageways 96, 98 that in turn communicate respectively with left and right
actuating bladders 100, 102. The latter oppose and laterally pivot a T-bar 104 of the

articulation mechanism 14.

[0077] The frame assembly 44 constrains these fluidic actuations by including a top and
distal recessed table 106 of the frame ground 48 upon which resides the fluid passages
96, 98 and actuating bladders 100, 102. The T-bar 104 also slidingly resides upon the

recessed table 106 between the actuating bladders 100, 102. Proximal to the T-Bar
12.



articul ation nmechani sm 14. 100771 The franme assenbly 44 constrains these
fluidic actuations by including a top and distal recessed table 106 of the
frame ground 48 upon which resides the fluid passages 96, 98 and actuating
bl adders 100, 102. The T-bar 104 also slidingly resides upon the recessed
tabl e 106 between the actuating bl adders 100, 102. Proximal to the T-Bar 12.
104, a raised barrier rib 108 is aligned thereto, serving to prevent inward
expansion of the fluid passages 96, 98. The franme assenbly 44 has a rounded
top frame cover (spacer) 110 that slides overtop of the frame ground 48,
preventing vertH&ahréwphnﬂﬁowIO&ﬁaﬁpedﬂ*mbdprQSGQEEmQBWMQBnamﬂmaétuating

bl adders 100, 1Q2 I nt of the
T-bar 104. In partl %aaréelsgﬁ%clﬁlg%&%%\gfqer ya%Fﬁdg&&)sﬁtaﬂg%{ﬁrgﬁs t hat enabl e
it to al so provi(secenr 1hetstidds avdriopof tb‘tﬂxanwg;rqmﬁ%me!@mng vretical xpangion | n gr eat er
detail bel ow as { ks 0781 A
distal end ("r acE&% h‘il%aSQ#esa% b#&ﬁg%tﬁa ggﬂlgelﬁ%g@s ﬁ?"g&;‘f%t% prlrgéél)na 1y
directed gear wg‘fpémlmwwofélthe&bml@ﬁlharaé@ubt,&eé!amppmllr%m@ps 114 of the

articulation mGRARIKMLAGE ltﬁpalﬁrﬂrdv%la@&rﬁ&lﬁhﬁ’ﬁ%ﬁ‘%&%r 1h6qR80eaPasses the
articulated frane nenber and I ncl udes._a_ horseshoe aperfure 118 t hat

engages t he anvi“}gTQPée’dﬁ‘&'&ﬁﬂi‘f@paﬁP%PfqﬁblatH’Pﬂ%E‘Hﬁﬁ‘ﬁ‘fhaPlgmﬂb%rred bet ween t he

cl osure straight tube 52 and articul ati n% closure ring 116 over the

arti cul at i n§#echahiigpherdi(“ragk) it alhe Ghajil PLcmeeess t°c£’!"8§*hli’f8xm‘ﬁlbt4"6ﬁe‘bven when

the articul ati n@edi'@é‘ghﬂﬁt'l%fbf]aﬁaftﬁul@téddhﬁ&l'ﬁ@fn@ﬂnemtdﬂlpﬁdﬁﬂleca&ical’anoﬁ op and bottom
distally projecting pivot tabs 118 120 on the cl osure strai tube 52

having ~pin hol @§chppism 14An araculaied clogug tyber16 encampastes the Articlted d away from
correspondi Nng  hkfbénd akDiné1des pnasehmhﬁeymanm @&tehfgesthovabil ABSIIAS, 128 on

the articul ating. cl.osur n avi ng |n hol es 132 respectlvely
An upper doubl ePBPRSETRY Rnti%‘fg"?figewf%‘ﬁ}geicf YF pfEpyght E‘b% Yei8l y di rect ed

di stal and aft plonse d[,16 ﬂx&Bt‘rkIaﬂibulﬁnga@ammsm 14,avdvasg lbﬁ@tudﬂ:ﬂ(hlomespect ively
and. a 1 ower doublofoplplnds iRl ey AR LRSI 1n BRAGRS, GPUG e 90

projecting dista I'ns engage pl 132
respectively. 1®mdlwlb'lprwhng mvet tabs H&f léf)emdleclpwrd?dtr@ghmbetméa‘amgl cul ating

ol osur & 1119 L1 81e8 DOl Qpec SN0 R ERRN'AELHRA Hbhi ko ude & short

tube 146 attachfd 16 an’ arti
' top and bottom proxunally pro;ectmg pivot tabs 126, 128 on the articulating closure

ring 116 having pin holes 130, 132 respectively. An upper double pivot link 134 has
longitudinally spaced upwardly directed distal and aft pins 136, 138 that engage pin
holes 122, 130 respectively and a lower double pivot link 140 has longitudinally
spaced downwardly projecting distal and aft pins 142, 144 that engage pin holes 124,
132 respectively.

[0079] With particular reference to FIG. 4, the articulating closure ring 116 is shown for
enhanced manufacturability to include a short tube 146 attached to an articulating
attachment collar 148 that includes the proximally projecting pivot tabs 126, 128.
Similarly, the straight closure tube 52 is assembled from a long closure tube 150 that
attaches to an aft attachment collar 152 that includes the distally projecting pivot tabs
118, 120. The horseshoe aperture 118 in the short closure tube 146 engages an
upwardly projecting anvil feature 154 slightly proximal to lateral pivot pins 156 that

engage pivot recesses 158 inside of the elongate channel 40,

[0080] The illustrative version of FIG. 4 includes a dog bone link 160 whose proximal

pin 157 pivotally attaches to the frame ground 48 in a frame hole 161 and whose
13.



attachnment collar 148 that includes the proximally projecting pivot tabs
126, 128. Simlarly, the straight closure tube 52 is assenbled froma | ong
cl osure tube 150 that attaches to an aft attachnent collar 152 that
includes the distally projecting pivot tabs 118, 120. The horseshoe
aperture 118 in the short closure tube 146 engages an upwardly projecting
anvil feature 154 slightly proximal to lateral pivot pins 156 that engage
pi vot recesses 158 inside of the elongate channel 40, 100801 The
illustrative version of FIG 4 includes a dog bone |ink 160 whose proxim
pi n 157 pivot al |;}foyaﬁlhlqﬁh59 ﬁgﬂlyta”aechésrtaaprogmunﬂeréﬁfabmléaofmaamcmmng 161 and
whose 13. proxi rigi.d artach dersurface 162
of the articul aplgrﬂfp mbehgm t!h& ﬁvllflgpfvﬁ%ﬂeuﬁ’f/orgpeg%ble s Aptl’o\%lf]al support

t her ebet ween. A louogditudinal khtﬁsrn;pttlﬁﬂjmnialdogbnné hnlslmgmilﬁ&nlamculhtmgquyomome link 160
gui des an artic ton.of . the firi r Th rticulating frame
menber 114 al so%ﬁ%’?%@g 'trheoap?%iriq\nn Qamel?emgflglé?% lgu%éﬂ%?%r guiding a

di stal portion olbngltluénzfuslotrﬁgfhgnidﬁﬁadﬁmmmmnmqhbﬁnm@aﬁ@qaar atus (End
Effector). 100811 Wth reference to FIGS 4-5, the firing bar 66 distally
term nates i n anStpldeppyiddAppaiatua (EndBetkedtehes upper gui de pins 166 that enter
an anvil slot 168 in the anvil 42 to verify and assist in maintaining the
anvil 42 in @sicl osetthsifatee LAIGRG- ssﬂlaﬁﬁmgbimﬂ'érmdllgafenamdes inaw Ebeangl65Spaci ng
between the elo hanne by the
E- beam 164 by hQ@?ﬁm‘“%“d‘BPe‘g“ﬁ" gl '%%“‘f/"“%‘a“ d"on Slmﬁhe ““%‘6?% £€8§ t he

el ongat e channelami@ssmmn@n@anbngmm\'ﬂ @marlbiedappdsnmﬁaplestbmwaaﬂong t he

ndersur T ace, ol sekdifis SRARALG E0ADRGlaad QTS o 2 L ARGl oPer o

174 in the el ongate resented cutting surtace 176 of
t he E-beam 164, Wtﬁrb¢aml6ﬁérmrqlﬁﬁemmdé9 slgieplaegtb¢msqr®se efrfe i ddl e pin

L70, severs_cl argadat b}ﬁaﬁé%()’\@hlle% tolighn foEnb/@e,spo ipaiesdiRhasaake Stapl e

cartridge 178 by di hat causes staple
drivers 182 to cojme&b\wwwm\a‘r‘}%mdéya}ﬂ%@d@ﬂ&pﬁw 134 in thyRleneefey open stapl e
holes 186 in a %&&hﬁocgatsfauﬁﬂesehedam&@&Jrfat:@rmoﬂme 83e4r $64, hickisapl e form ng

under surface 19Q of the anvi a ca tr|d e tray 192 nconpasses
fromthe bottom H’Vée‘b'thﬁé‘?peb%’r‘fjﬁ@ﬁ’éﬁ@sa FP‘J(de S5 %%WW¥B§B° WhiE they hol d

themin place. THbcafitaafahtes 2rapliceatitOstaplelcantidgO P7sivp dlstillemoding £aédpacled y open sl ot
194 t hat

180 that causes staple drivers 182 to cam upwardly driving staples 184 out of
upwardly open staple holes 186 in a staple cartridge body 188, forming against a
staple forming undersurface 190 of the anvil 42. A staple cartridge tray 192
encompasses from the bottom the other components of the staple cartridge 178 to hold
them in place. The staple cartridge tray 192 includes a rearwardly open slot 194 that
overlies the longitudinal opening 174 in the elongate channel 40, thus the middle pins
170 pass inside of the staple cartridge tray 192.

[0082] The staple applying assembly 20 is described in greater detail in co-pending and
commonly-owned U.S. Patent Application Ser. No. 10/955,042, “ARTICULATING
SURGICAL STAPLING INSTRUMENT INCORPORATING A TWO-PIECE E-
BEAM FIRING MECHANISM?” to Frederick E. Shelton IV, et al., filed 30
September 2004, the disclosure of which is hereby incorporated by reference in its
entirety.
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overlies the |ongitudinal opening 174 in the el ongate channel 40, thus the
m ddl e pins 170 pass inside of the staple cartridge tray 192. 100821 The
stapl e applying assenbly 20 is described in greater detail in co-pending and
comonl y-owned U. S. Patent Application Ser. No. 10/955, 042, "ARTI CULATI NG
SURG CAL STAPLI NG | NSTRUMENT | NCORPORATI NG A TWO Pl ECE E- BEAM FI RI NG
MECHANI SM' to Frederick E. Shelton IV, et al., filed 30 Septenber 2004, the
di scl osure of which is hereby incorporated by reference in its entirety.

14. Articul ation Locking Mechanism [00831 In FIGS. 3-4 and 6-8, an

articul ation | ock neghRilkioNL0Eng Mechshisant ageously incorporated to maintain
the staple applying assenbly 20 at a desired articulation angle. The

articul ati oposhock mAEed R 830l RRdUIERM 16R AEShafiem LOEis h@fahagagkly | ght
actuating bl adders 100, 102.,I31part|cTLar, a conpression spring 202 (FlI G
3) is proximal 'SFopgeiedimapaigdeieply apphineazsembly 28 ate degiredgrtichlglions, ¢ i cul ati on
: OCII? ng meger ahdld, (;I&Hdﬁﬁtf]ﬁiohwaﬁunﬁchﬁ:ﬁﬁﬁ twﬁfcﬁ&s l&?ﬁ&itﬁﬂleﬁbﬂiﬁg}ﬁi cul ation

ocki ng menber 111 di ) j articular referen FlG 4, two
boral 1o sl ots SomuinaBlsaes 10, 0%, 0pls S fersSh fRR00h B al Fon | ocki ng
menber 111 r eceipvimallypedtidnedbeywedpavprogimgl ¢ad d)4ed theagicglatichdocking iemBd2, 214 on
the frame grounq §8. Tq% Ui ri,ns. 2 % %&ﬁ ar kpng{t dinﬁl. shorter
than the parall eI1 %I}dot{'es 5‘8%?%%’822%1?531% r?ﬁ 5" ?téorrllgoec 4] re'élg%ftlilv%ls%(l)yhgi t udi nal
travel . Ther ebWithpartisulpzrefereped ta F1G. dftep paallsl dags 062088t a disthlend 2Wef abut t i ng
engagenent of a gl : hetiana i : recess 216
distally proj ect@nﬂc?iragﬁlﬁkg{g art !ErclaFg%?gﬁeﬁp%?ﬁélﬁﬁﬁ%@eg%%ﬁlﬁg engaged to
a correspondi ng ibe &l G ofdherfrage granpd 48. Phepuidp ribs 232,24 asg|lepgitudiplly r ecei ved i nt o

a top proxi ml reaRsRardBOpadilel s W6l 108 Wl MinghGangt bERRHHTEL didel flaveDi St al and
proxi mal holes 221, 222 in the brake plate 218 receive I stal and proxi nmal

y the bra
pi ns 223, 224 t Hasrekypwith parficulsy wfesope to Fldt slective pbying epgpgsmenpefadistal 50
100841 Wt h par tli®idha furfatd, @épRitedas b dothédzecess 216 Bistaly srojgaing fiomaket 16 i s
depicted in an articula edg%gi élgn with the cl os%gl[sl.eeve assenbly 46

renoved from ar GUHFHETREC L L sPEreshio 4 SreiRoPting ook Rgeca] SHBRE e channel

40 and anvil 42.21Amtaibedkt plate QNS received into a top proximal recess 220 of the articulating
frame member 114. Distal and proximal holes 221, 222 in the brake plate 218 receive

distal and proximal pins 223, 224 that upwardly project from the top proximal recess
220.

[0084] With particular reference to FIG. 6, the elongate shaft 16 is depicted in an
articulated position with the closure sleeve assembly 46 removed from around the
frame assembly 44 and without the elongate channel 40 and anvil 42. Articulation
actuator 80 is shown moved laterally to the left to compress right proximal reservoir
bladder 90 and expand distal right actuation bladder 100 moving T-bar 104 to the
position shown. Thus, lateral movement of the articulation actuator 80 articulates the
distal frame 114 clockwise about the single pivot frame ground 48 as shown. The
articulation actuator 80 advantageously also automatically engages and disengages the
articulation lock mechanism 200. In particular, a toothed detent surface 225 along a
proximal top surface of the articulation actuator 80 receives an upwardly projecting
locking pin 226 from the proximal end 204 of the articulation locking member 111.
The engagement of the locking pin 226 within the root of the toothed detent surface
225 provides sufficient distal movement of the articulation locking member 111 for

locking engagement of the locking gear segment 217 in the brake plate 218. Lateral
15.



actuator 80 is shown noved |aterally to the left to conpress right proxinal
reservoir bladder 90 and expand distal right actuation bl adder 100 novi ng
T-bar 104 to the position shown. Thus, lateral novenent of the articul ation
actuator 80 articulates the distal frame 114 cl ockwi se about the single

pi vot frame ground 48 as shown. The articulation actuator 80 advantageously
al so automatically engages and di sengages the articulation |ock nechani sm
200. In particular, a toothed detent surface 225 along a proximl top
surface of the articulation actuator 80 receives an upwardly projecting

| ocki ng pin 226 mowmehtte apbpmitmrtheaﬂnpwéioraﬁemﬁeeznrptdxmdllamigamthb ocki ng nmenber

111. The engagenent of Lh 226 r.oot of, t t oot hed
detent surface {é‘é% ro:\zlzf6 éosxms“b T| gf]@nglseagags r#ﬁc\}ﬂe#r'enoc%?g? %beépﬁl cul ati on

| ocki ng menber 1ﬁdmﬂmrbmk¢mcﬂ:2tﬂg“§ng&gexmn1rr@éasdsldeattxoulkuongtctgaaﬂos@grrent 217

conpr essi on menp ek 2353k Byt colBEEIR Prind oo MBI AR TS (g
t hus di sengages ddtrat surfa¢e@dp MIPQBMdlwkEmgCW%éil andither¢hydha staple applgike pl at e

218. Wen the Opﬁgé?ﬁbWZOr £1d88 58 Swabl e AfidulaGbl ALch AP M RHQ rePfticulalibn | OCKi NG
pin 226 is urged by the conpression spring 202 into the adjacent detent in

detent surface 2B%5UPRPY CSERTiERS apdewrHyethedtlird hapq afthe %{ﬂ’ﬂmt‘lﬂ%qaé’ﬂy the staple

appl yi ng assenbfight #ervoiitthdi@s 9mustrain the articul ati on nechanism 14 at a
desired articulation position by constraining and expanding the inflated

shape of t hgyg oXi Malpodtighstor e @rtichlhtdR fock ﬁﬁ&ﬁfﬁah Qodur@&t@&fb&i 2 QreafdPdet2i00851
Portions of the articulation_|ock nmechani e described in greater

detail in conmoiconBoRfEavsdd) S Baew s iﬁ3’§416‘7 S@E@ CA\ BURE WAENT NG TRUVENT™

to Dale R SchszleRaswmm&a%&e&s WaleE St al Stiled 0 Markh | 8@, thOdibdidsel 0996, t he

di scl osure of s hereb orated by reference in its entirety.
100861 Al ternat|\Yf§?1§/lsh?relﬁ'dﬁ‘i°f‘%‘/’8ﬁ§% er%{’ﬁe‘Br“f‘F‘{“Ee@' may be provided within

parallel fluid bladders 236, 238toc trol the flow rate_be en the
proxi mal act4%t i ng? ﬁ?f&%&lv gr ddgigignalipy gn ?lﬁ‘eﬁ}aéf’%?m%@é’f‘%i HmHFIzi{S‘ rs 90, 92.
In FIGS. 16, 18,bliddersbiqipii tﬂ&&ﬁﬁ@WramB&%mnMrWam&uﬁln@Blﬂddefs provi de

resi stance to ch i the an f..ar as the orifices
or to include a @pﬂbﬁgﬁdﬁ%‘% “Ibai‘?fietr?é?gggtl? ut 6 li([a?fdh“/‘%afsﬁgelylaﬁ 10, an
al ternat e | ocki my8yase hapnbessized @itoide redistantd tb Chahgihg the angiecdf articdation,

serving as the orifices or to include a fluid flow rate limiting structure.

[0087] In FIG. 10, an alternate locking mechanism 2000 of an articulation mechanism
2002 of a surgical instrument 2004, is normally unlocked and is activated by cocking
a laterally moving T-bar 2006 due to back loading. A slot 2008 is located in a frame
ground 2010 to receive and guide a rib 2012 extending down from the T-bar 2006. A
slender longitudinal section 2014, which is orthogonally attached to the rib 2012
deflects if an end effector 2016 is backloaded. For instance, as the end effector 2016
is forced to the right as depicted at arrow 2018, for instance, its proximal gear
segment 2020 acts upon a rack 2022 of the T-bar 2006, imparting a nonorthogonal
backdriving force, as depicted at arrow 2024. Thus, the slender longitudinal section
2014 bends, cocking rib 2012 in slot 2008. This cocking produces opposing binding
forces, as depicted by arrows 2026, 2028, that lock the T-bar 2006 and prevent further
articulation. Unlocking occurs when actuation of the articulation bladders uncocks the
laterally moving T-bar 2006. Thereafter, the rib 2016 may assist in guiding the T-bar
2006.

16.



2002 of a surgical instrunent 2004, is normally unlocked and is activated by
cocking a laterally noving T-bar 2006 due to back | oading. A slot 2008 is

| ocated in a frame ground 2010 to receive and guide a rib 2012 extendi ng
down fromthe T-bar 2006. A slender |ongitudinal section 2014, which is
orthogonal ly attached to the rib 2012 deflects if an end effector 2016 is
backl oaded. For instance, as the end effector 2016 is forced to the right
as depicted at arrow 2018, for instance, its proximl gear segnent 2020
acts upon a rack 2022 of the T-bar 2006, inparting a nonorthogonal

backdri vi ngpbser ce, In&5G. de,giecdnaddlaﬁmwrﬁ@maﬂaehngﬁwmlsmmocsfoemdﬁgxcall ongi t udi nal

ti 2014 b .12 I 0 .Thi ki d
opposi ng bi ndi narepar ALY i @efled Al forsehn ARkl dnbasr kB SR OV e
T-bar 2006 and poreerentor from the@d demtpresuteamm@from@eﬂrmmzrh@fl afao end=fiadten

2006, Ther eat { ot B K e TR 2 UTWRE 6 chdfincloPh 869 patlallBeg 08 T 0%
100881 In FIG _‘a&dep}cmdbamomgommwalrlmtmjbmtu@m V@@kpﬁ@embIEm sm 2100 for
a surgical instp and
activated by thé %g% 1ctgq1aqa?'%\§%glg\%§s{e§ge?lt%%tr%l'l(ﬁpr g@e&?ﬁgg’%‘?@g‘gﬁre angl e
from gear teet h foreQvecief is applisthie asfiff spring 2118 belowd axrack 213¢ K tb?a’é‘bﬁzihQDS of a T-bar

2110. Wien the emgbn@felspate®112dPbetd & TOREKI10 8@ proxAtallf Qekz @t 26
nonort hogonal arrow 2112, the |ongitudinal vector of the wgos‘%ag angl e,

depicted as arr d’WJeﬂ’lgflpm’H’B%lb'sﬁ%@e el 20 are Drouglit gq spgagepent gi t udi nal
force vector | S e&mahtb erb2} distallypdjdctingsand lakgall? Aligaed@Y gi6ind fame B124%k20 of the

T-bar 2110. I ects as I- 2110 es proximlly,
ookl ng toet h 2209 1 BfKRRIFHG2 A0 Bhe SRE SOP RN 2GStk OBUE ar & br ought
i nto engagenent pmxtﬂihl Forelsietror is eh&mteﬁmﬁax&?by rdm&h@ theybapk hding oMl and

| ateral ly aligned a fra 4 |OCkI teeth 2126 and
| ocki ng el ement §n %%ﬁtofjﬂgg gddaugmwﬁ 'bar éogéfjr}o %ﬁ%lf §?ruégm\ﬁe P& reduced
or elimnated bylr&novi ng the back Ioadl ng of the end effector 2106 and
allowing T-bar 2110 to nove distally under urging fromspring 2118. Double
Pi vot C osure SiDeeblePiatrdClGure@leevdlind Single PROEFrinic0Gdthd@ibinadsn. on. [ 00891 Wt h
reference to FIGS. 3-4 and 7, the inplenent portion 12 advantageously

[0089) With reference to FIGS. 3-4 and 7, the implement portion 12 advantageously

incorporates the double pivot closure sleeve assembly 46 that longitudinally translates
over and encompasses a single pivot frame ground 48. These mechanisms and their
operation will now be described in further detail. With particular reference to FIG. 7,
the articulation mechanism 14 is depicted in an articulated state with the closure
sleeve assembly 46 retracted proximally to an anvil open state. With the anvil 42
open, actuation of the articulation control 18 causes the articulated closure ring 116 to
pivot about the upwardly directed distal pin 136 and downwardly directed distal pin
142 respectively of the upper and lower double pivot closure links 134, 140. The
frame ground 48 pivots around a single pin, depicted as the proximal pin 157 that
joins frame ground 48 to distal frame member 114. With the anvil 42 open, the
proximal pin 147 of frame ground 48 is aligned with the distal most position of upper
and lower double pivot links 134, 140 of the closure sleeve assembly 46. This
positioning allows easy pivoting and rotation of the staple applying assembly 20 while
the anvil 42 is open. When the closure sleeve assembly 46 is moved distally to pivot
anvil 42 closed, the closure straight tube 52 moves distally about frame ground 48 and
the articulated closure ring 116 moves distally along the articulated distal frame

17.



i ncorporates the double pivot closure sleeve assenbly 46 that |ongitudinally
translates over and enconpasses a single pivot frame ground 48. These
mechani snms and their operation will now be described in further detail.
Wth particular reference to FIG 7, the articulation nechanism14 is
depicted in an articul ated state with the closure sleeve assenbly 46
retracted proxinmally to an anvil open state. Wth the anvil 42 open,
actuation of the articulation control 18 causes the articulated closure ring
116 to pivot about the upwardly directed distal pin 136 and downwardly

directed distal pRinBer 1142;(15@%9%%@@&%&11,@13& hgo. BRRGIvoAREpikOME 13danb! e pi vot
cl osure links 134 140 round 48 pivots arl%ﬁnd a_single pin,

depicted as the ﬁ?d%?\"d!nkf)i% b9 facylifats engpegment with shivregighube2@pd g st al frame
rrerrbler 113 Wth fanfﬁm@té@awuh tthg 1 PR ey ta}aarge@fomamle di@tarbéasléh% peimcglrwaﬁﬁl ground 48
is aligned with the distal an ower do e pivot
| i nks 134, 140 él?edfﬂéeléi’rf}%‘ﬂ?t‘éjs(g?tém ﬁg’ﬁﬁﬁ?’w Brep?fﬂ‘i‘qé‘ the gains #8%dng al | ows
eas_yI pi4\2/oti ng ampdotp efbﬂomwﬁml)mﬁlstramﬂany ﬂ@ﬁdwhm?roaﬁﬁzepbbtypuﬁﬂéwcihd te I ][ het
anvi is open e sl eeye ass A moyed .distally to
oot anvil a2 s plaBteRtbRce f e PR RRLYao e Ba B G Y, “about
frame ground 48pamdBs, ﬂ%hkmomngaffwvci}'osure ring 116 noves distally al ong
the articulated distal frane 17. nmenber 114 axis as urged by pivot |inks
134, 140. Dual [SbiEitimgBapSogpot36, 138 and 142, 144 on |inks 134, 140
facilitate engagenent with closure straight tube 52 and articulated closure
El ing 116 asmdshey] dﬁEIGJrggﬁdjarﬁdr?M&dﬁedhhﬁmﬂA qhmiﬁs-'am Ghsﬁﬁﬂfaﬂy@@lﬂdédﬁﬁ when ht hfe
eviceisarticuatf ot sho . At the di 0 regsmlq the frane
. . 1 S ;
ground pivot pi'ii"E %‘? gﬁe {formy, shewing 7 3olid va F“Eé ﬁ}égﬁ ) MR pr oxi mal
pi vot pins 138, 140)4hat éfferd advdntagestaverichmventivhal flexibleyuppart plated Seppyrt piesit bet ween

di stal pins 136, .14 ﬁeﬂ %@ﬁ effectively.

Solid F:Orl ng Baf" lsfépoﬂ?dgg[hgéén%? ﬁm% %ﬁ @ﬁﬁ} ﬁ%ﬁ%}% %Ngr}r% “hani sm 14 of

FIG 7 is parti @bm?gremmedﬁ@mionmnémdi mﬂmﬁmbvewmwmhw\meng a solid

wal | firing bar, @&fd%uﬁaﬁ?ggba cw&alsmaés shovith FiRY, £fli9freadvant ages
a XI b dto

over convention e sup ates. port plates are use
bri dge the gap amqpegdvatmg@n%hf@aw@ﬂmﬂﬁb&ﬁamewumh% igdudehiz Gaphkndfe si ngl e

LL f‘”fhgr ound pi vig 884 fhhiGhls3iong the bttt of b0 grodila@¥ bl FailthikhiBaRges are known,

U ()

runs along the bottom of an articulating distal frame member 114 for the sliding
reception of the firing bar 66 (not shown) therein. Frame ground 48 described above
includes a direct single pivotal connection 157 with the distal frame member 114. The
fixed wall dog bone link 160 that is rotatably connected on proximal pin end 157 and
movably connected on distal pin end 159 includes left and right lateral guides 1818,
1820, defining therebetween a guidance slot 1822 for sliding passage of a firing bar
66 (FIG. 4).

{0091] Thus, to bridge the gap between frame ground 48 and the distal frame member

114, the fixed wall pivoting dog bone link 160 is pivotally attached to frame ground
48 and slidingly attached to frame member 114. Proximal pin 157 of the pivoting dog
bone 160 is pivotally received in a bore 1824 in frame ground 48 enabling pivotal dog
bone 160 to pivot about pocket 1824. A distal pin 159 extends upwards from pivotal
dog bone 160 and is slidingly received in a slot 1826 in distal frame 114. Articulation
of staple applying assembly 20 to an angle of such as 45 degrees from the longitudinal
axis pivots pivoting dog bone 116 in bore 1824 at its proximal pin 157, and distal pin

157 slides in slot 1826 at its distal end 1814 to bend firing bar 66 to two spaced apart
18.



incorporation of solid wall firing bars such as those shown in FIGS. 4, 8
and 9 offer unique advantages. Referring nowto FIG 8, frame ground 48
includes a frane knife slot 1802 that runs along the bottom of frame ground
48 and a distal knife slot 164 runs along the bottom of an articul ating

di stal frame nenber 114 for the sliding reception of the firing bar 66 (not
shown) therein. Frane ground 48 described above includes a direct single

pi votal connection 157 with the distal franme nmenber 114. The fixed wall dog
bone link 160 that is rotatably connected on proximal pin end 157 and

movabl y connect eﬁgle@ hatliré halt of flieRn@ O 6k tHhpicnpplyinessdnidlyt 20aUalikeipghioudyat er al

gui des 1818, d n the ebet ui.dapce t 1822 for sliding
passage of a fi F‘? ?{alcﬁﬁt{lex%: ??ﬂoép 2Py g’at\i%ﬂg%if‘%}ﬁ]’ %# W& 2p8le Wap bet ween
frame ground 48 ﬁmdvaulbarodn@o@boﬁerlaor‘eenmbﬁning biﬂ% to tvhﬁpide& ert\aagdlés ofi vot i ng

dog bone I|ink 160 IS otaII a f.r.a r 4 nd slidingly
attached to frafe %%ge%/grfiszfa Hﬁ& qlﬁi“ﬁle r%fg[[ it?/l@?fitﬁegmélgg bone” 160
is pivotally recesthebendnstras incliecfirib§ Baks 66*tobnmﬁogmmfmd1d418coamﬁbdahg pi votal dog
bone 160 to piv Kk 2 A.di . pin.l wards from
pi votal dog bo%%c@%ggguﬁg%s Eédl“%% fl Fenmnéé}g?erég’ %m5b9 rg{"é%éy e|Dn di st al
frame 114. Arti pessibilityord petmﬁnegtbakﬂnémapmﬂaymagsqawmry b@@, redpcesrtheangl e of such

as 45 degrees fpamuiiig JraRsy JEIHQleﬁkﬁJes lo@&' fﬁm?bé&?@u%cﬂn\f&ﬁzésn&d‘ﬂ%d@sone 116 in
bore 1824 at its proximal pi'’n 157 al pin 157 slides in slot 1826

at its distal eﬁ@%&@efa&O%@ﬁ%Fﬁanm&mbar 66 to two spaced apart 18. angles
that are half of the angle of the staple appsegl ng assenbly 20. Unlike
previ ousl y 00p%f er &mElEid9.falsesgich) iestramens 6900 insjudesaloutihedesutsaingt. Singleffiame ng bar 66

to a 45 degree ﬁQ&laﬁlcultaﬂﬁl joihd PQ@fish\’i@i in aﬁbﬁ%& éﬂgﬁﬁﬁppﬁpﬁaté@):chgﬁms the firing
bar 66 to two spaced apart ang ch. Bending the

flexible firing!¥: ér‘habfeplﬁ‘éfﬁg’e%”ef@“ﬁléipf"mtl% lﬂ}ﬂfié%‘?ﬂ&? gn‘? K2 Béﬁﬁ“dst ress in
the firing bar Sn@ﬁﬁh@gmapr&lsfwm‘ 1Qdaakterfdﬁlkjﬂddlymoﬁmvﬁﬁtdbﬂﬂb’ﬂdwotﬁiiktI cul ation

supports- Reduci ben the firin 66 reduces the
oo b ity of - pUB A ERBI st a0 % iy | DO R RIS | g bar o
reduces the pogxsudalllbldfoemeﬁﬁng‘bafsupgmsam 19981&lﬂ’aeﬂa$thmelbsui‘ddldeﬁg bar

(00021 1 71 0 Soem G Bndkes Sy PTG 0 moBBE LR & s B ol odur e pivor.

Single frane proximally to open anvil 42. Like the above described pivoting dog bone 1812, the

alternate lower double pivoting link 1910 also bends and supports the firing bar 66
(not shown in FIG. 9) to have two spaced apart bend angles that are up to one half of
the bend angle of the staple applying assembly 20.

Lateral Member Guide Mechanisms.

{0093 With further reference to FIG. 9, left and right upward flanges 1918, 1920 on the
frame ground 1916 include distal and proximal lateral pin guides 1922, 1924 that pass
laterally through holes in a T-bar 1926, assisting in minimizing binding in an
articulation mechanism 1928. As another example, in FIG. 7, the T-bar 104
advantageously includes a dovetail lateral guide 1930 that laterally slides within a
dovetail channel 1932 formed therein. As yet a further example, in FIG. 12, a raised
rib 1934 on a frame ground 1936 is received within a rectangular slot 1938 formed in
a T-bar 1940. To further facilitate non-binding lateral translation, distal and proximal
lateral bearing tracks each include a respective plurality of ball bearings 1946, 1948.
As yet a further example, in FIG. 13, a plurality of frame lateral grooves 1950-1954

are formed in a frame ground 1956 with éonesponding T-bar lateral grooves 1958-
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pivot articulation joint 1902 shows an alternate solid wall support plate
mechani sm 1904 that replaces the | ower double pivot Iink 140 and dog bone
link 1812. Left and right firing bar supports 1906, 1908 extend upwardly
froma | ower double pivot link 1910 of a closure sleeve assenbly 1912.

Cl earance 1914 is provided in a frame ground 1916 for the firing bar
supports 1906, 1908 to travel as the closure sleeve assenbly 1912 noves
distally to close the anvil 42 (not shown in FIG 9) and proximally to open
anvil 42. Like the above described pivoting dog bone 1812, the alternate
| ower doubl e pi V062 ing T-ban k9649 de adllers 19660 @side tﬂpmdonﬂxm redpective paimg bar 66
(not shown in FI to h | &Sed are up to
one half of thée ater% gmov quﬁ) 15%‘%1552?12&?é@5§§%§2y?ﬁe@9533 'I%f/a‘ng%{ Lat er al
Menber GCui de I\/bmhhmstsmhst of@@%kulwtmémhetsltiatpre\@ﬁtemwmei dockifg @Brotétjon| ef t and

right upward flapges 19 1920 on the franme ground 1916 include distal and
pr oxi mal Iateral p| n gul es 1922 1924 that pass laterally through holes in
a T-bar 1926, a | an. articul ati on mechani sm
1928. As anot he :gb"ﬁtﬁram% 99'%?152”?“%%1"“6%5’1’“5 Pant ageousl y i ncl udes

d tail |at I 30 th t t I d t. hi . tail
Channel - 1038%figr %a%éﬁﬁ@% R alehie espe gipud g Saspsiprenioh B asctidS 5 | o e
rib 1934 on a frsamealg‘nsuumehtzmﬁhat mchmdoubbwlmngﬁmeassembwaﬂ%har sl ot 1938
formed in ngrat.llcl}i 40&&8523&?&% {oﬁ&‘éc i fodfiul ﬂ%‘ ?.ﬂ)gb LGLA!

translatlon ahd era earing S eac i ncl ude a
respective pI ur &’l“lot ﬁarnn‘dOB&blte ZBéhhalvmgsp@ml,plmmSZZlZ%V%V ergaging 2 her exanpl e,

in FIG 13, a pl f. formed in a
frame ground 143 EJ%AI é/r(e:ginls“lri|ﬁ§}’? %%8% aﬁ%‘?@%@ w%?ﬁ%%éi%%@ggﬁ% 1962 in a
T-bar 1964. S| i distal bare 8418 Oig%@@?@embGﬂw ﬁwﬂmﬁslwzﬂﬁﬁlﬁlqu ve pairs
of lateral groo%ﬁéersl&%qld %eZﬁQ%/dk%@igztncé-%% 6466 Ve SRwALEFIBY. NO NBans an

exhaustive list of |atera ui dance menbers prevent unwant ed cocki ng or
S

rotation of thd4tophsreindisfc slobi?at is lgsptedin Wbﬁ@@ﬁhﬁ@@ﬁd‘%ﬁ?@ »e Pivot

Cl osure Conbi nataitRlatidndP 8 Clobule flg@330 th4 43 Begred Angld irfiduliddsQistal M gr ound and
cl osure nechani sm 2200 includes a surgical instrunent 2202 that includes

doubl e pivoting member2208. 048,45 |d§,gr?zaggfg ardggrticulates frame dog bone 2210 to half that
angle. Consequently, firing bar 66 is subjected to the two shallow half bends that are

spaced apart and obtains all the benefits listed above.

{0095] Outermost closure sleeve assembly 2224 is different in that only one pivot axis of
the double pivoting design of the frame assembly 2204 accommodates its longitudinal
closure motion. As shown, a closure tube shaft 2226 has a clevis 2228 at a distal end.
Clevis 2228 is pivotally engaged with a closure ring 2230. Closure ring 2230 has a
proximal gear 2232 formed at a distal end and pin 2234 pivotally engages an upper
tang 2236 of clevis 2228 and a lower arm 2238 engages with a lower tang 2240 of
clevis 2228. Holes 2242 in the clevis 2228 receive lateral guides pins 2243 and
slidably attach a T-bar 2244 therein to engage proximal gear 2232 of the closure ring
2230. Thus, this alternate mechanism 2200 uses a reversed single/dual pivot alternate
concept from the previously described mechanism. That is, the alternate closure
mechanism has a single pivot and the alternate frame ground has a dual pivot, unlike
the previously described dual pivot closure mechanism with a single pivot frame

ground.
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particular, a franme ground 2206 is connected to distal frane nenber 2208 by
a dual pivot frane dog bone 2210 having a proxi mal pivot pin 2212 pivotally
engagi ng a proximl bore 2214 in frame ground 2206 and a distal pivot pin
2216 engaging a distal bore 2218 of distal frame nenber 2208. A gui dance
slot 2220 is located on the wunderside of dog bone 2210 for the gui dance of
a firing bar 66 (not showmn in FIGS. 14-15) therein. Knife slot 2222 is

| ocated in distal frane nmenber 2208. As shown, articulation of the closure
ring 2230 to a 45 degree angle articulates distal frane mnenber 2208 to a 45

degree angl e and .gkdily v @stidulaafEMEEniRONe 2210 to hal f that angle.
Consequently, firing bar 66 is subjected to the two shallow half bends that

are spacedgggart AGOREAbNTadhhy hiVenoRARGhidnSndchadlshid 36 R icted 0095(
Qut ernmost cl osure sl eeve asse 220k Is different in that only one pivot

nbl
axi s of the doupreamapsallpto shep h@g){glﬁti@fbe@aése# topiiectadisulatianef sped accommodat es

its | ongitudi nalefeGhASo TR teFIPnbdh is he mSTEMMRY of & 16b{RY EIBménd BRI hilay2226 has a
clevis 2228 at a distal end. Cevis 2228 is pivotally enga th a

en . : . ed w
cl osure ring 223tm the lyagifudingliaxig obsyrgiogbdevige 23, Bl rﬁwongsewerégmn%r ned at a
di Zt al | end and Qhélgsgta%lcﬁigit@ﬁrﬁ! ix%s emga@eaorazanmpﬁgméecﬁmf ﬁ?o%_ﬁmﬁﬁz 2c2:I8eviH§I 2228
an a lower arm ngages t a lower tan . Cl evl s . es
3242 i the of vl 38 P etk gBa 3PS ot BRGu A InDn 15Ul SefiRein
attach a T-bar 2ditdlatidvaneghamisho carigdy@lypcoatedalshapedn FRBS326-8F ort he cl osure ring
2230. Thus, thi qu[%im%tnrcéll?ftc A SR SIFfdP9.ises a reversed single/dual pivot

alternate concep e previously déscribed nechanism That is, the

alternate cl osure ani S. a.single pivot and the alternate frane
ground has a du&lateﬁiﬁ‘??%{}’,"lnéﬁr“}‘{%m‘ﬁﬂ@ng&gﬁw sly described dual pivot closure
mechanismw th a single pivot frame ground. 20, Lateral It\l( Vbvi n

Articul ati of*Rkec haﬂ}egﬁ?’?ﬂg’d’g‘é’inglaﬁl"lﬂf“@sme pnigrg 230%,is showayschempticatly, infdGS.

articul ati on neqbagiasdindddds b Suid efitol stem ST HanRg b killed ganllaheinnt dgier al not i on
being used to effe rt tion.of an en effector 232. lateral notion is
the novement of f{’:l‘ld‘;qHaélggf 5%@&?“@%‘?&“@3@@?@” Bere TPYS atteﬁtmfrgtf? i t udi nal

axi s of a surgi eall-bdead0 taerd Gy themavemait ofdluids 3429 Al @iredtibiys asd in rdfgérice toangl es to
the 1 ongi t udi naly, A S s60 Rofterfle RO FRbBhed PS8 T6 L1 7 g mechani sm

distally located end effector 232 pivots about pin 244 and has a gear segment 246 at a

proximal end. Pivot pin 244 is attached to a frame (not shown). A rack 248 at a distal
end of the T-bar 240 operably engages gear segment 246. T-bar 240 and rack 248 are
laterally moveable along axis A-A. A distal portion of the long left and right fluid
bladders 236, 238 lies laterally to the laterally moveable T-bar 240 and is laterally
constrained within a closure sleeve 250 and vertically constrained by a frame 252
below and a spacer 254 above. Left actuating fluid bladder 236 is filled with fluid 242
and has left distal actuating bladder 256, left fluid passageway 258, and a left
proximal reservoir bladder 260. Right fluid bladder 238 contains fluid 242 and has a
right distal actuating bladder 262, right fluid passageway 264, and right proximal
reservoir bladder 268. A fixed divider 270 extends from the frame 252 and separates
the bladders 260, 268 and the fluid passageways 258, 264 . The fixed divider 270 and
the closure sleeve 250 constrain the fluid passageways 258, 264 and prevent
expansion in the fluid passage sections 258, 264 of the bladders 236, 238. A laterally
moveable “C”-shaped compression member 272 is included in articulation control
mechanism 230 for the compression of one of the proximal reservoir bladders 260,

268 and the articulation of the end effector 232. In addition, other components such as
21.



230, and does not involve rotational notion or |ongitudinal notion.
Laterally nmoving articulation nmechanisns can be fluidly actuated as shown
in FIGS. 16-19 or nechanically actuated as shown in FIGS. 20-23. Laterally
Moving Fluid Articul ati on Mechani sm 100971 The laterally noving articul ation
mechani sm 230 i s shown schematically in FIGS. 16-19 and includes a fluid
control system 235 having fluid filled parallel left and right fluid

bl adders 236, 238 extending longitudinally therein that nove a | ateral

menber or T-bar 240 laterally by the novenent of fluids 242. Al directions

are in reference firfhg bir294 barsigy kbl Afiringbbrsslot Resfie the ifra@e RS2 hdybeunar ti cul at ed
view of FIGS. 16 and 17, gg %ftal ly located end effector 232 pivots about
pin 244 and has laCOdeégé He 46 at a proximal end. Pivot pin 244 is
attached to a frame (not shown). A rack 248 at a distal end of the T-bar
240 oper abl y8ngagdsshgenin @Y fend 181 lateral pgyeneniof Sridiened cenprassionr e | ateral |y

noveabl e al ong %naaem/z\tozﬁeﬁ&%ﬁﬁreda&rﬁ@%xﬂﬁal Irela&vdlmmdé@fsb fcﬁaﬂ; ﬂlduﬂ ht fluid
bl adders 236, 238 lies |aterally |lateral | y myv le T-b 1240 and is

laterally const’?tai"ﬁ]gdluﬁﬂaﬁﬂ?wéy %qsd‘g‘ﬁ?@t @F‘é‘é‘%“%@lag‘??&zvef\f P&léfl‘ls
constrai ned by aacﬁxﬁtaiglblaaw 25608bve¥T-BirR4@ ate G B the1BH, tlaehéwenstallaeﬁxhnr@ct uati ng

fluid bl adderl e?n? dfiTr2f6i 1s cod Vgsédhmgggrgde%ﬂ&gZ%}s a?}c%atec? egaq?x resaCt uating

bl adder 256, urd G ervoir
bl adder 260. Ri g{bibcMaqladwa@cfdmthe@BamwwrmGmxpfelsmmbfzwzefadldalhasatag ri ght

Feservorr bl addolRasE b Buig ul S0t prblibhfy ROSARMRI S b pBlEe T 7 01 ™
separates the [H6hduinte I<AGEoxing Sesemalr blivderi266i lupanirs ba guoktepled2B, Wall64. The
fixed divider 72@%2%}% %éﬁgeféogﬁ}égs?on%e%ﬁ)¥&7gﬁlgve%(?(ﬂtﬁg¥ ﬁ'c&gﬁ%@oxﬂﬂr&%g

passageways 258 ansion in assage sections
258, 264 of the %5thsaightpsoxpmed resgragr blaﬁldwaé(é#\aﬂorrf,:spowmrréem Eftof#mped

conpr essi on Nen@sichéd18f wall R73drd €dshhged %rﬂﬂr&blbrﬁrhéxﬁ’d%r SR Prévides spaBLBANT sm 230
for the corrpressmn of one of the proxj Iadder 260, 268 and

nal oi.r
the articul ati orfbsfuid figm é‘WéP“’éfqdée@trﬁﬁe"%Eladqehz 2&8? ﬂB‘ﬁ%%’f ’r’i‘E’r Tonponent s such

as 21. a firing eRpundidd kitpassiial@sdrivirdli@lerasd. i ri ng bar slot 276 in the frane
252 may be incorporated (FIGS. 17, 19). [0098[ As shown in FIGS. 2 and

18-19, | atepab MOVARERid QhtedrspaPre f&WRkR SRR mechanism 230 offers at least
several advantages. First, the orientation of the actuating bladders 256, 262, proximal
to the articulation joint or mechanism 230, allows the use of long bladders 236, 238
and longer T-bars 240 within the instrument 234. As a fluid-driven system, increasing
the output force of the fluid control system 235 may be accomplished in two ways.
First, for a fixed fluid area on the T-bar 240, the fluid pressure onto the fixed area
may be increased. Second, for a fixed fluid pressure, the fluid contact area on the T-
bar 240 may be increased. The first method results in a more compact design and
higher system pressures. The second method results in a larger design and lower
system pressures. To decrease cost, simplify the design, reduce system stress, and
reduce risk of bladder rupture, the illustrative version depicts long distal actuating
bladders 256, 262 in an advantageous position proximal to the articulation mechanism
230 within an elongate shaft of the instrument. It is this placement of the bladders
256, 262 that enable the bladders 256, 262 to be long and the articulation output force

to be high for a low input pressure.

(06100] Thus, the output force of the articulation mechanism 230 can be increased (for the

same input pressure) simply by increasing the pressure contact area of the distal
22,



menber 272 to the left conpresses right proximl reservoir bladder 260
forcing fluid into right fluid passageway 258 and right distal actuating
bl adder 256. As right distal actuating bladder 256 noves T-bar 240
|aterally to the left, the left distal actuating bladder 262 is conpressed
and the end effector 232 is articulated to the right (clockw se as viewed
fromthe top as shown). Conpression of the left distal actuating bl adder
262 causes fluid to flow proximally through the left fixed fluid passageway
264 and into left proximal reservoir bladder 266. In particular, an attached
right wall 280b£1foonsm§6(262bm13<bd%ammssmesdoomctmmmsmermwwsdtoo the left
causi ng conpres ht. pI,0X

correspondi ng th ah %}} S 8 %Erllmget?r kﬁve&'{l?n%ﬁn\éggc qlpif%gg?#n tﬁ:%%nt& shaped
conpr essi on rrerrberﬁxedﬁﬁ cptamdlauhwrSpazseﬂlfough inguffifatibh pory, this tmiteheheiggssed | ef t

reservoir bl add t proximal
reservoir bl addglléané%éhﬁ?gggg]lé%ogm{a})rgwgrecon%t&r% systég]%&g%% &fd p
articul ati on neetahles thelaRks) owpritdoree ofthe|deviestto besadvantageously wmed @ge‘sﬁngﬂ r st , the
orientation of ielﬂgih)atﬁh{é@ttvhﬂgvé% %r&tgé@stmg@%mregr oximal to the

articulation join mechani sm | Ows the use of |ong bl adders 236,
238  and | opgsy Trhﬁc{s%se%é}{?amem nwhngdev{egh;ntsg@%r%%épmsmear fluid-driven
system |ncrea3| ng the out put orce of l'uid control system 235 may be
acconpl i shed i nincowproggible. As ysp¢ kerein, theters "flyi'eccqmprisgs quidsegasesreelshe T- bar 240,
the fluid pr essHﬁ&oﬁ%ﬁs,%ﬁ@an&'oﬁ%ﬁ&ﬁﬁwlu%n p@mid@%ﬁ’ﬁ&@wee§§§@§hﬂm for a
fixed fluid pressure, the fluid contact area on the T- bar 0 may be

i ncreased. The giefignt. Waiansy flpid sen hedsqdpstegilipadseluionppigh os 9las ginerhall ~ hi gher

syst em pr essur eg:siliddf fE&pRIyBeeacs.results in a larger design and | ower
system pressures. To decrease cost, sinplify the design, reduce system

stress, and reQg@,@ll}ngthMe@m%cmyﬁnm@m{ﬁe illustrative version
depicts long distal actuating bladders 256, 262 in an advant ageous position

proxi mal tQqehe akfHefdd ﬁxhél RABCHIRGIAR & Bribi38oid Bl lﬁ&aﬁh&f@ﬂ@:{t%ﬁhaft of the
instrument. It is this placenent of the bl adders 256, 2 that enable the

bl adders 256, 2@&ticylgiopanechanizalipaghanisas gy sceomplish bﬁmamlfﬁml BeYPRes to be high
for a | ow i nput pRERSSHY Be mh@@nl&@ils 2041468 ItHhGS%Qﬂ’%aft&ﬁﬁ@la&fall?hﬁwﬁét' cul ation

mechani sm 230 can be increased (for the sanme input pressure) sinply by

i ncreasi ng the figHalion meghapism 390 eqploys bF‘e"chF\‘é“H?%F%llsys'PZ“ in particular a

longitudinally moving member, to affect lateral motion and articulation for a surgical
instrument 301. In the illustrative version, with particular reference to FIG. 20, a
laterally moving slide bar 302 has at least one pair of angled left and right cam
surfaces 304, 306 extending laterally therefrom on opposite sides of an elongate
longitudinal shaft 308. In the illustrative version, another pair of proximal left and
right angled cam surfaces 310, 312 are also included. A right longitudinally moving
link 314 includes corresponding inwardly directed distal and proximal counter ramped
surfaces 316, 318 that register and slidingly engage to distal and proximal right cam
surfaces 306, 312 such that distal longitudinal movement of the moving link 312
causes leftward lateral movement of the slide bar 302. It should be appreciated that
this ramping contact may be reversed such that distal movement causes rightward

movement respectively.

(00103] It should be appreciated that a spring bias (not shown) may be included on the
slide bar 302 to urge the slide bar 302 rightward into engagement with the right
longitudinally moving link 314 so that the opposite proximal movement of the right
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bal | oons 256, 262 on T-bar 240. Pressure contact area increases are
restricted to height and I ength. Since the dianmeter of conventi onal
endoscopi c surgical instruments are fixed at certain dianmeters to pass

t hrough insufflation ports, this limts the height change. Changing the

| ength of the pressure contact area has the greatest effect and enables the
| ateral output force of the device to be advantageously tuned (by changi ng
| ength) to neet whatever output force the systemrequires. [001011 Fl uids
used in a laterally noving device can be either conpressible or

I nconpr essi bl e. kﬁ% ﬁx‘iﬂn&gﬂgq{nﬂali GseEﬁﬁQArdfn'oWnQ &%Rﬁae%%?:;dz' qU' ds, gases,
gels, mcroparti er materi al can be nade to fl ow
bet ween a pr essditematyelygn é‘ﬁt‘”“smVF gergonya kﬁm@ﬂ@mllmoij 330 meludes zed

sol utions such a&res@inmagmwmd}zam&w&ldml aﬂfpréérhdl@&ﬂﬁ:r eEspeGl 8l y preferred.
Laterally Movin chani cal ticul ation Mechani sm 1001021 Wiereas fluid

mechani sns are g%‘% ptiregaster anpsilidingly engagede distal.and proximal dghbeam supfares 304 i cul at i on,
gEChﬁni fcial _ geglha(rju'd@rtﬁatgigm 1&@&@&@1208 lms%n@nwfmghegnodgaﬁmaaymmhgﬁmclm plrf)duced
y the flui adder s . ..20- al ternate rally

movi g art cul SURGTERSEHIHFEoyent R o o ARl Brass L ot em i n
particular a | digampidg cvatabtymaybe raversedsndhahat proomalheement agusesdéfiwant | on and

o UL oLt o0, €Okl 8 as e PRI, 30 o RS SR T SO0,
at | east one paBt4, 320 and gliding HapJOR a@ﬁebmn@hYlﬂlmmelosmﬂfSécibéZGSMallmG ext endi ng
lateral ly therefrom fPa‘PHB%n&eﬁto?‘kl{iq‘énﬁxfanﬁ‘ﬁte‘ﬂl%%ﬁeﬁtofltﬂén it udi nal  shaft

308. In the illustrative version pair of proxinma ‘eft and right
angl ed cam faces AW e [ ally
nmoving i nlﬁoll@m ?‘n%ﬁa]lgréds corsﬁﬁeegbag!; i rﬁegi%hysd‘1 g?kefabéi lr3 gé(;%Selja&:}g LVi:;{ﬁhgnd

proxi mal count eV-shapepeain grgqneﬁé@p,rgmmlﬁ' aligried and;mcxlmelm gpiget pinid2 of andi ngl y

engage to di Staknmﬂctarﬁwﬁﬁé il @i, Wkal%&ﬁ&?&tﬁ@%ht%ﬁmﬁ& afy that distal
| ongi t udi nal novenment of the nmoving 1in causes leftward l'ateral

novenent of t heMyipgilinksf anfypstal vatﬂfél‘el%‘ lopgifudinallymoping Hak 320t hi s r anpi ng

contact may be ERVBhzRFaR%Herhdhbdf tRH shllidg baBYSHBIY cofrdpsingirigfiai@r d  novenent
respectively. [00103[ It shoul d be gﬁ)prem ated that a %Z?rl ng bias (not

shown) may be i MEYRRFBLPLHI spaker bal 28y Eisdhe ofppedsathegove 10 ISR bar 302
rightward into gggege pantingWstoiost dial ehdB36 to the left. Alternatively, lateral movement

of the slide bar 302 may be converted to articulation of the end effector 334 by the

rack and gear engagement described above with respect to FIGS. 16-19. Thus,
mechanical systems that use longitudinal movement can be used to provide lateral

articulation for the surgical instrument 301,
Rotatable Link.

100105] In FIGS. 22 and 23, a further alternate articulation mechanism 400 uses a rotatable
link 402 to move a lateral member, depicted as laterally moving slide bar 404, to
cause articulation for a surgical instrument 406. The laterally moving slide bar 404
may operably engage with a rotary gear or a cammed groove as described above for
FIGS. 16 and 20 at a proximal end of an end effector (not shown). Rotatable link 402
may be located below the slide bar 404 with at least one arm 408 extending rotatably
transverse to the longitudinal axis therefrom to engage within a socket 410 within the
slide bar. The slide bar 404 is vertically constrained between a top spacer 412 and a
bottom frame 414, the later having a longitudinal trough 416 that receives the

rotatable link 402 and accommodates rotation of the arm 408. The spacer 412 and
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| ongitudinally nmoving Iink 314 so that the opposite proximal novenent of the
right 23. longitudinal noving |ink 314 causes leftward "cenent of the slide
:302. Alternatively, in the illustrative version, a left longitudinally
nmoving |ink 320 includes corresponding inwardly directed distal ani. .,,,L
a) counter ranped surfaces 322, 324 that register and slidingly engage to
di stal and proximal right cam surfaces 304, 210 so that distal |ongitudinal
novenent of the left longitudinally nmoving link 320 so 4l1(Li V causes
rightward | ateral novenent of the slide har 302. It should be appreciated
that ...s ranpfmage ¢drraamtonmaysedly a tebudar sleaye 4 18c Rotatrmtof the ootaryriihk 468V e ment

causes leftward Ug%rgﬁgh%lh%ﬁ%g@oﬂeﬁ’g P‘f&é&%@e{) flad4 gﬁgrafrl)hiﬁtl{e' ght and | eft

| ongi tudi nal Iy novi ng e supported within
an el ongat e shafliccBaofefational | ows this | ongi tud| nal nmovenent of the forner
and | ateral novenment of the latter 1001041 A distal end of the slide bar
302, depicted adrzulstaniddéchitadni H8AG Oppesingdudklme Hleyible Members. shaped cam gr oove
sju proximally aligned and proximal to a pivot pin 332 of an end effector
334. Thus, (pomsf i i ilnFI&i 24, awnioa) idsirirkenB8300 hawucklidd mémstier fd\atipeedalonfat he | ef t
Iongltudlnally | L5 3 rl i sl i ding har
Amwi th a corr esmgéhggﬁlgaklrs?Sﬁﬁ?ﬁg&ﬁﬁé%ﬁggp Eo\gﬁﬁat r%ﬁ%ﬁ%& beg‘geleflgge 8. Thus,

t he V-shaped c ahycllingoyemteriPoiand giright busklingimgmberbf8landgis vesticelyconstrainedhet | di st al

end 336: by a frhthd ﬁﬁ@@a&r‘(ﬁdt%ow&‘nﬁﬁfc‘h%hckﬂ@/ﬁm; 5060§08thg§a Rigellifebar 302 may
be converted to articulation of the end effector 334 b he ‘rack and gear

engagenent descfixedalistah pitaghanagt 316, ?léé’ﬁﬁe?clt’“&'tbdlﬂnﬁsans?ﬁiblfg’f°x%ﬂhBnk51f’r?echan| cal

systems that useid REGLkiVEeR dhd HERYVRIBRImdaDErs BE8, SREAWiGy B6 WY dpBoditRher al
circulation for the sur %I cal_instrunent 301. Rotatable Link, 100105] In

FIGS. 22 and 2328aHskths flidebar §0% M%Qfé‘n%“f?f&%ﬁrﬂﬂ%‘ﬁ%ﬁ‘éﬂﬁ?ﬂné?ﬂ‘“?| It uses a
rotatabl e |inkiofihdingl rﬁm&ﬁmﬁom&lﬂe@bcuneﬂbﬁﬁm 16R P14 5 B Inin uhéti@ilatddl y novi ng A

link 402 to nove a | ateral rril ber epij.c tera m-sl.i de bar 404,
to cause arti ctfafiodh “f%p'gﬁg’&pﬁ’f‘@?f l“&ﬁgft“r %}r%éFftm % ere“ﬂ%hy %/Qé{“@?egi |y moving
slide bar 414 myhlﬁ[aﬂfsﬁbj'yroﬁﬂg\@gﬁ 520 dflﬂ1ealideeﬁearbyr fgeasrceﬁxéreawmﬁ eWed groove as

?ﬁzf r Isﬁg\(/jm? boéﬁf*%ﬁerglgﬁg 8T°°¥ﬁ§122 glap prox1malFl opens ?ela 1ve {r% p1vop pin 956 of an en effector

effector 528. In FIG. 25, the left proximal link 514 has been distally advanced and the
right proximal link has been proximally retracted, causing the slide bar 502 to
laterally translate to the right, thereby causing camming of the distally projecting tip
522 against a right portion of the V-shaped cam groove 524 with resultant leftward
articulation of the end effector 528 about the pivot pin 526.

Electromagnetic Lateral Articulation Control Mechanism.

{00107] In FIG. 26, a surgical instrument 600 has a distally connected end effector 602
that is selectively articulated in an arc about its pivot pin 604 relative to an elongate
shaft 606 by lateral motion of a slide bar 608. In particular, a distal socket 610 of the
slide bar 608 engages a V-shaped cam groove 612 opening proximal to the pivot pin
604. The slide bar 608 is vertically constrained within the elongate shaft 606 by a
frame and spacer (not shown). Left and right compression springs 614, 616 that are
inwardly directed on opposite lateral sides of the slide bar 608 are proximate to a
distal end 618 of the elongate shaft 606. These springs 614, 616 provide a centering
bias on the slide bar 608 and thus on the end effector 602. Left and right
electromagnets 620, 622 on opposing sides of the slide bar 608 are selectively
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may be | ocated below the slide bar 404 with at | east one arm 408 extendi ng
rotatably transverse to the longitudinal axis therefromto engage within a
socket 410 within the slide bar. The slide bar 404 is vertically
constrai ned between a top spacer 412 and a bottom frane 414, the later
havi ng a | ongi tudi nal trough 416 that receives the rotatable |ink 402 and
accommodates rotation of the arm 408. The spacer 412 and 24. frane 414 are
enconpassed by a tubul ar sl eeve 418. Rotation of the rotary link 402 noves
the arm 408 in an arc and thereby noves the slide bar 404 laterally in the

Ic:I: recL: onMc;Lbr ohaivhtemso afiattl aGerkout fafpdt V8 Gltegtal &mﬁu&aw'tortge @a@wismg&guﬁw ing g
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al lows | ateral offceieoR, adxzpiorenh RG] 29f Kor siblidity] aigngitedihealy-afififed asitis a ri ght
B e D eld b 05 R BBl BB P
attachnent 510, akgh2d @pdbdace aomagndtia dield pbrpgndicnlamts tha tslide|ber @Bpmclrmla link 514,

516. Respect i Ve kel 0o loyh) 40 onf BONAE SR Tne a0 il DO [ 1

opposi tion aga nst “the sl'lde b e anou eral intrusion
in relation to #itheaghcoi] @ﬁ@gmmmﬁmﬁwwmd with thgateral mevepsettaxigef pr oxi nal
link 514, 516. kidsedevdregiiculated state shown in FIG 24, the proximal

| inks 514, 516 are not differentially positioned, and thus a distally

proj ecting tip agruldfiod (sl MO B WE Pralige SchrceeNt €red within a V- shaped
cam groove 524 that proxinmally opens relative to a pivot pin 526 of an end

ef fect or n I n distally
advanced an@mtJn Aﬁﬂh%“ﬁr fall Pr\tl Lﬂﬁaﬂw’%g%{ﬁpg}ag%ﬁﬁg@fvg?@t racted, causing
the slide bar 50120*{amsmf7%@$tahlus¢s left apdstight dongase pisten supports, 704,118¢ @bty causi ng

cammi ng of the Qt'ta%ﬁﬁkel-a‘x‘lygﬁ9alcﬁ§1¥1éMpihppxnﬁ)%%fﬁ%ti@ﬁ“écuﬁﬂd ANpod?Q4ttd ON of the
V-shaped cam groove 524 'with resultant |eftward articulation of the end

ef fector 528 abdlhis slifinelylogted i bores) g of yolve &ipme, Al gma ProxmaLRogtioR(e- 8y t i cul at i on

Control Mechani gindle] PALPHE sirficdt ifsirunddt 708 afidWeBétHaly commtiithis @lprefllft has a
distally connected ?nd effe tor 602  that is.sel ectl gl \éqsartl culated in an
arc about its pPREE pErfoBEH @%1%?’?\/‘5‘@%”%"'@?%@’&? REFMSOEHy | at er al

moti on of a sli drs. Daéralahi¥eménd ofspodlivalid AR alldvsdhuis &l flosofdeepreSdikedf t he
; material 718 into one of piston supports 704 or 706. Pressurized material 718 from

the pressure source 716 may be fluid or pneumatic. For instance, the spool valve 712
may selectively communicate a hospital vacuum source to one of the elongate piston
supports 704, 706, drawing back on the selected side as the other side expands when
exposed to atmospheric pressure or is otherwise allowed to expand. It should be
appreciated that an incompressible or compressible fluid may be used. Moreover,
translating material in each elongate piston support 704, 706 may further include a
proximal dynamic spool seal that is acted upon by the pressure source 716. As
depicted in FIG. 29, the respective decrease and increase in longitudinal length of the
elongate piston supports 704, 706 may result from a piston sliding in an elongate tube

or alternately result from elongation of a circumferentially flexible material.
Fluid Bladders.

{00109] In FIG. 30, a bladder 800 is depicted to include an actuating bladder 802 in fluid
communication through a fluid passage or conduit 804 to a reservoir bladder 806. In

this illustrative version, a compression spring 808 laterally biases the actuating
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slide bar 608 engages a V-shaped cam groove 612 opening proximl to the
pivot pin 604. The slide bar 608 is vertically constrained wthin the

el ongate shaft 606 by a frame and spacer (not shown). Left and right
conpression springs 614, 616 that are inwardly directed on opposite |ateral
sides of the slide bar 608 are proximate to a distal end 618 of the

el ongate shaft 606. These springs 614, 616 provide a centering bias on the
slide bar 608 and thus on the end effector 602. Left and right

el ectromagnets 620, 622 on opposing sides of the slide bar 608 are

sel ectively 25.blaidei 802t ekrndddtstageC Advanthgepusdersuré¢saf gpedrp&tbniofithegr al  or
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and right el ong¥0cFopmattiple pars pavetrucgony gicastpogofithediadders maxbe attaghed 01 | y on each
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slidingly located in bore 7 of valve franme 715 in_a proxinmal portion

13
(e.g., handl e)asemblyspch asaveldingggleeapress fi theal ffakine, sroep Gitpgssdamns dittpgy y
comuni cat es | a jlafn%&ﬁdlthg llikeS Wb Bﬁic(tﬁ)egof,ﬂuﬂ%gl‘ddﬂﬂgél%b aﬁy b@bﬁﬁ&ml cRlli BrieGen t ]9 |
institutional aor. portable pressur ur.ce). teral. nmovement, of spoo
val ve 712 al | ovBEFRRPHE notsHriE He Blsfep rom sier ddonslae Bpoy maarie o one. of
pi st on suppor t sthe/@Herdwa 1696 preuesdasomedcbaliner i al 718 from the pressure
source 716 may be fluid or pneunmatic. For instance, the spool valve 712 nmay
sel ect i vel yooG)MURigiiciaBoon ninesipls hra knosadn themsdicd] arearddareassed fof ditalien @l ongat e
pi ston supports .7 C e _as the other

si de expands V\haé‘ﬁogg%%g%cf xg%%\é\ff %?ﬁ%g ﬁ"g g@@%g%f%ﬁfé:ﬁgig %I%l BN se al | owed
to expand. |t shallfidmben-cappiastor bivedmplinat magrials tlzormpinabei debignedisize onpr essi bl e
fluid may be usa%g 'shall\)/g) &n%gr\ﬁl?ghhpressure loading. Typically, these balloons are thin walled and
are formed from high tensile materials with low elongation. Typical materials for
these balloons are polyvinyl chloride (PVC), cross linked polyethylene, and polyester
(PET) polyethylene terrapthalate, nylon and others. For angioplasty balloons, thin
walled sections of PET tubing can be blow molded into a balloon shape. Each of the
left and right fluid bladders may be formed from a continuous piece of thin walled
tubing with both the proximal and distal bladders formed by expanding local sections
of the thin walled tubing. Expansion of the proximal and distal bladder areas can be
accomplished by locally heating the tubing and blow molding the bladder shapes
therein. One of the open ends of the formed fluid bladders may then be sealed, and the
other open end of the bladders may act as a fill port for fluids. After filling, the open
fill port is sealed. Alternately, the fluid bladders may be assembled from multiple
pieces rather than a single piece. Non-bladder portions of the fluid bladders 800, such
as fluid passageways 804, may be formed from rigid or semi-rigid tubing or other

materials.
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translating material in each el ongate piston support 704, 706 may further
include a proxinmal dynam c spool seal that is acted upon by the pressure
source 716. As depicted in FIG 29, the respective decrease and increase in
| ongi tudi nal | ength of the elongate piston supports 704, 706 may result
froma piston sliding in an elongate tube or alternately result from

el ongation of a circunferentially flexible material. Fluid Bladders. [00109]
In FIG 30, a bladder 800 is depicted to include an actuating bl adder 802 in
fluid communication through a fluid passage or conduit 804 to a reservoir
bl adder 80@onidin  Ahérfatdly, lelastbmérici bdkooyedan alodbe wBedo bR Sl biadiersi8g0.808

| ateral ly bias th ctuating,26.. bl adder.802 to an. anded. st ate.
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Ri gi d bal | oon ngiedndigather. Blagorkaniobadders 21 622 0ved ibe formad fronala@x,anbetised f or
dilation or angiopl ast r t ansj on of nts within blopd vessel
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bal | oons, t hi n conventional blow molding techniques use a hollow tube or molded hollow preform
that is heated and moved to an injection station where low pressure air is typically
used to initially inflate the rod or preform. A burst of high-pressure gas is then applied
to force the expanded hot tube or preform into contact with the walls of the mold to
cool the blown material in the net shape. While producing thin walls, the preform
blow molding process produces thin walls that are much thicker than the less than 4
mil angioplasty balloons. This process forms many current products such as soda
bottles, disposable pipettes with a rigid tube and expanded bladder, and containers.
For the formation of bladders 800, a preform shape is first injection molded with the
appropriate material thickness at the expandable bladder areas to provide the desired
wall thickness when the bladders are expanded in the blow molding process. Once the
bladders are blow molded into net shape, they can be filled with fluid and sealed.
Appropriate blow molding materials include nylon, polyester (PET), polyethelene,
polyprolelene, high density polyethelene (HDPE) and any one of a number of known

blow molding materials.
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wal | ed sections of PET tubing can be blow nolded into a balloon shape. Each
of the left and right fluid bladders may be fornmed froma conti nuous piece
of thin walled tubing with both the proximal and distal bladders forned by
expandi ng | ocal sections of the thin walled tubing. Expansion of the

proxi mal and di stal bl adder areas can be acconplished by locally heating
the tubi ng and bl ow nol ding the bl adder shapes therein. One of the open
ends of the formed fluid bladders.nay then be seal ed, and the other open
end of the bladders may act as a fill port for fluids. After filling, the
open fill oot ik additibred rigidlabdelasmimetio/bladdere, biadder dorstrectiommsay beespritgy assenbl ed
frommltiple I fh gtqgee ortions of
the fluid bl add’glﬂg&giggﬁﬂ ﬁéfam fﬁfﬁ’ﬁ%&%@&érg%%om etaﬁformed from
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ressure air i s typicall
P b¥es the comgressed spring bladder to expand and draw fluid back into the

compressed spring bladder. This process is spring rate controlled and if both bladders
have the same spring rate, the fluid will be drawn back in to the released compressed
spring bladder until both spring bladders are equally filled. If desired, mismatched
spring rates for the spring bladders can be used to draw and store fluids into one of the

bladders as desired.

[00115] While the proximal reservoir bladders 806 and distal actuating bladders 802 are
shown in a rounded rectangular shape, the actual cross sectional shape of the bladder
can be modified to be any shape. For example it could be advantageous to construct
the distal and/or proximal bladders 802, 806 as a pleated bellows. For instance, a
tubular shaft 810 of a surgical instrument 812, as depicted in FIG. 31, has a spacer
814 spaced apart from a frame 816. A firing bar 818 longitudinally translates in a
firing bar slot 820 provided in a bottom surface of the frame 816. The left actuating
bladder 802 and a right actuating bladder 824 are both of a rectangular pleated design.
The right actuating bladder 824 is shown in a compressed state and the left actuating
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used to initially inflate the rod or preform A burst of high-pressure gas
is then applied to force the expanded hot tube or preforminto contact with
the walls of tide nold to cool the blown material in the net shape. Wile
producing thin walls, the preform blow nolding process produces thin walls
that are much thicker than the less than 4 m|l angioplasty balloons. This
process fornms many current products such as soda bottles, disposable
pipettes with a rigid tube and expanded bl adder, and containers. For the
formati on of bl adders 800, a preformshape is first injection nolded with
t he appropri at ebladieesoRdd shovm inlan expandad sthth in respaainaiad beright kit caviy 88s t o
provi de the desi i ed in the
bl ow nol di ng proé:%%gﬂ%?%:t‘e&{hhtfemg@ﬁ%%r%zo %nlragis 4%%%%%3& oza[rl}gtfn shape,
they can be fil | edlows 824 chlapseckasilydnts tha bendined arga of thp righi laterdd Icaxity §86 & ng
material s includ elel ; . ene, high
?eg%éh%@, égazetd%ft a{cﬁ@g ]glﬂgsﬁgf n{}g%ﬁg?sﬂ% PRl %P5 &

density pol yet he : ~any one o nown I 'ow nol di ng
material s. 28. 160 latetdl cavity 2% While notskown; pjpated bladdest can plsgrea ysed fior thelder s,

bl adder const r uchhamaiTe%rBE bRaletI8Y, 2606 Fit§.G6.16 1t shBRE bd Sppredihtch @St one of
t he proxi mal bl adders or at |east one of t di stal = bl adders may be

he
constructed fronfcpatnghladger stah Plagdgryimay i gasily formed dnfprpthqricrosyectiondlal  shape
after conpressi oshapleuch @t RAKE, sqididsSiriftiples hyxagdts, degsnk, 0@ Ay dier kHage thatoxi mal
bl adders or at |eas on{; ?f thﬁmdj stal bl adders nay be constructed froma
general 'y flacci BHE PP BB Reak spring rate or, floppy non-rigid
materials that won't attenmpt to expand back to the original pre-deforned
shape. Flaccid prdiddmnglerpridstiongy bl adders such as bl adder 800 may i ncl ude
the internal conpression spring 808 that forces the walls of the bl adder

800 out war d.fle | Mheteprthe arfsicesbeddreralfhuidpechrabmsgs tadders rddaerl r om a
var i etybff rr:at erﬂn@s‘eﬁgehtﬂ&&a‘dﬂiaﬂﬁ:uﬁ}i&ﬁbthériluﬁ%?sﬁﬂé&mlﬁﬁ%%WIHn]:éWbb Pglsi ;FamS, g
squeezabl e el astonerics. and the Like. A seal ed asse of a fu acci
bl adder with a {Fa7Pp ITF“EF'aF‘FI“é‘&feéb‘F?hﬂ‘Qs“Efl"i‘BH@?at“B‘i‘P"é"%&%"&”é@evvay) results in
t he spring bl addgéchamtsnza the PseatidvedticibingnéferHhgididsdront dne Idchtiomas d bl adder .
Assenbly of a pair,  of rtially conpressed spring bladders (of equal spring
rate wal s and si"9® rt?gtzeﬁh@cu#aﬁmboth spring bladders being in the partial
conpressed position. npressi on of one of the partially filled spring
bl adders resiitlls iﬁ‘}?lgfqz’%%ﬁginﬁfﬁ‘“l?wg%@cﬂ é&?&%@@ﬂ%ﬁ?‘%gﬁ adder and
containing fluid 242 between a proximally directed gear segment 904 on an end
effector 906 that engages a rack 908 on a T-bar 910 that laterally translates with an

elongate shaft 912 in response to differential expansion and compression of left and
right distal bladders 914, 916. Such compression and expansion is remotely controlled
by left and right control pistons 918, 920, which, in the illustrative version, are
oriented for lateral movement within respective left and right cylinders 922, 924.
Respective left and right dynamic seals 926, 928 make a moveable fluid tight seal
between the control pistons 918, 920 and their respective cylinders 922, 924,

[00118] A fluid transfer articulation system 930 thus formed moves the articulation
mechanism 902 selectively to the right or left. In FIG. 33, the right control piston 920
has been actuated to expand the right distal bladder 916, causing the left distal bladder
914 to compress and extend the left distal bladder 918. With the corresponding
leftward movement of the T-bar 910, the rack 908 rotates the gear segment 904
clockwise pivoting the end effector 906 to the right. It should be similarly appreciated
that the left control piston 918 may have been pulled, drawing fluid from the left
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reduction of the conpressed spring bl adder. Rel ease of the conpressed spring
bl adder enables the conpressed spring bl adder to expand and draw fl uid back
into the conpressed spring bladder. This process is spring rate controlled
and if both bladders have the same spring rate, the fluid will be drawn
back in to the rel eased conpressed spring bladder until both spring

bl adders are equally filled. If desired, msmtched spring rates for the
spring bl adders can be used to draw and store fluids into one of the

bl adders as desired. 1001151 Wile the proximal reservoir bladders 806 and
di stal actuati ngqibhamdess1PG4nab&h corltOMPkidnilo R, §E%&q€ééhin€c§ﬁya&ﬂ1€lla@% shape, the
actual cross sectionagl shape of the bladder can be nodified to be any
shape. For exanpevqdtferentiplly iBEonsef;ant ageous to construct the distal and/ or
proxi mal bl adders 802, 806 as a_ pleated bellows. For instance, a_ tubular
shaft 810 oflHoisur §i &I 34 hsrgieakingungsnl 00 clydes pr-ariieplatipn peehanigy 100898 5 spacer
814 spaced apart i hrogifaly difedt0®gcdlRgméht 1008 oG R@ELTBHE1008 AL & Bsliapealtd ¥
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alternate FIG. 35, squeezes fluid from the right proximal bladder portion 1028 into the right

distal laterally-operative portion 1018. The expansion of the latter effects leftward
lateral movement of the T-bar 1010 and thus rightward articulation of the end effector
1006. Cooperating with this movement, the leftward movement of the left pinch roller
1034 against the left proximal bladder portion 1026 provides space for fluids to flow
in from the compressing left distal laterally-operative portion 1016 of the left
continuous bladder 1020. One or more springs 1042 urge the laterally moving control
bar 1032, and thus the pinch rollers 1034, 1036, toward their respective pinch surfaces
1038, 1040.

[00121] In FIGS. 26-27, a surgical instrument 1100 includes an articulation mechanism
1102 of a proximally directed gear segment 1104 of an end effector 1106 that is
engaged to a rack 1108 of a T-bar 1110 that laterally translates within an elongate
shaft 1112 in response to a fluid transfer articulation system 1114, In particular,
respective left and right distal laterally-operative portions 1116, 1118 of a U-shaped
bladder 1120 are defined between a mid-point pinch roller 1122 acting against a pinch
surface 1124 (e.g., flat surface, opposing pinch roller), thereby effectively separating

the U-shaped bladder 1120 into two portions. Differentially forcing fluid from a
31.



mechani sms of the present invention for transferring fluids fromone

| ocation to another to effect articulation. 7-- iin n.l containing fluid
242 between a proximally directed gear segnent W on an enCt el ongate shaft
912 in response to differential expansion and conpression of left and right
di stal bl adders 914, 916. Such conpression and expansion is renotely
controlled by left and right control pistons 918, 920, which, in the
illustrative version, are oriented for lateral novenment within respective

|l eft and right cylinders 922, 924. Respective left and right dynam c seals
926, 928 make a th@offﬂwétﬂmfdirghttdls&eateraupeﬁmapamscmm;mb aldwst ons 918,

920 and their regpective. c 1 fluid tr nsfer
articul ation sys r%or@%’i%wf q?%%ﬁg%\?éﬁheﬁﬂké%é?&g ﬁﬁf §RC l?Tré’ Hani sm 902
sel ectively to thE2hagirversed tb éietright] expdnling thd Bighttdisal lategpliy-opaative portigi St on 920

has been actuate 0. ex t ht o he left
di stal bl adder %lecfug gi%gvlﬁe@nslovgﬁ%t ftgeﬁharlrk alngﬂ} 8@’%‘?%? %flﬁ%}l&e& 918. Wth
t he correspondi nghe ehddffesiar dOGrovenent of the T-bar 910, the rack 908 rotates
t he gear segnent 904 cl ockw se pivoting the end effector 906 to the right.
It shoul d bepim | awshwlammﬁneélabmat ﬂehﬁihaﬁdﬂ%lah@iﬂl?ﬂ@iﬁebﬂiedﬁéIﬁbﬁg\a 918 may
have been pul | ed aw ft r.9/4 or that
both control pi s lo%g @T@g gb%rvev lﬁechgﬁfsgﬁylme l?°1n§%fmihrglll q%’mg
differentially i porrawndsates respeCiiyely yialleft ﬁﬂ@ghtzdnunm@unagblubibr Rortions Ul28nt 7000
ncl udes an ar ti ¢1do3) hoRAGREAFRUSIAONS dhreci R BB ITR I bbb e gear
segnent \444 of an end effector 1006 I S engaged rack 1008 of a T
bar 1010 that | at@pnEis¢ §gid caadeis gt eﬂuldmswgﬁfomden @hgawt%mm@@mm n

response to a fl Mpghatelsiddsifi¢s. articul ati on system 1014. |In particular,
respective left an right distal laterally-operative portions 1016, 1018 of
left and ri ght,;contif hdhggPective
si des of thga 'Bar % QL gﬂ%ﬁém%%éﬁ?%agﬁéggést'ﬂﬁ%LPQQﬁHQR %&gﬁte shaf t
1012 portions famqmeﬁllh%zgﬁctbégear seenent $30¢ phanend effogtor £206|thagisengsgrditaze t hat

deflects from ro}aker2088nf Bbhr 1210 that laterally translates within an elongate shaft 1212 in

response to a fluid transfer articulation system 1214. In particular, respective left and

right distal laterally-operative portions 1216, 1218 of left and right continuous
bladders 1220, 1222 are positioned on respective sides of the T-bar 1210 within a
closure sleeve 1224 of the elongate shaft 1212. Left and right proximal bladder
portions 1226, 1228 are part of a lateral control mechanism 1230, In particular, left
and right bellows compression members 1232, 1234 compress the left and right
proximal bladder portions 1226, 1228 and respectively force fluid into the left and
right distal laterally-operative portions 1218. In FIG. 41, the right bellow compression
member 1234 is actuated inward, compressing the right proximal bladder portion
1228, expanding thereby the right distal laterally operative portion 1218. Thereby, the
T-bar 1210 is laterally moved to the left, articulating the end effector 1206 to the
right. In addition, the left distal laterally-operative portion 1216 is compressed,
expanding the left proximal bladder portion 1226 and moving the left bellows
compression member 1232 outward. Articulating to the left would entail the reverse

operation.

[00124) In FIG. 42, a surgical instrument 1300 includes an articulation mechanism 1302 of
a proximally directed gear segment 1304 of an end effector 1306 which is engaged to

a rack 1308 of a T-bar 1310 that laterally translates within an elongate shaft 1312 in
32.



articulation of the end effector J 006. Cooperating with this novenent, the
| eftward novenent of the left pinch roller 1034 against the |eftproximal

bl adder portion 1026 provi des space for fluids to now in fromthe
conpressing left distal laterally-operative portion 1016 of the |eft

conti nuous bl adder 1020. One or nore springs 1042 urge the laterally noving
control bar 1032, and thus the pinch rollers 11034, WB6, toward theft
respective pinch surf aces 1038, 1041D. MP123) In FIGS. 26-27, a surgical

i nstrument 1100 includes an articul ation mechanism 1102 of a proximally

di rected gear segspoint talidflidd dnsfarartntitiaf §yaab 0314 Tk patittkat a preximalPprtios el ect ed

one of the Teft Gad rdghlioh 2Bl vhidd CHAINGRAGA A iRl hlefiodibbt 1118

alllows the conpressive e ot I'n FI GS.
3S-39, the pi nchl3ri8)thhteaomm1nllmestba%vem1a®mds’8hlﬂcllidnameﬁiﬂjﬁt132%)‘6plaﬁﬂnng t he

right distal |at r I I venment of
the T-bar 1110 atﬁ%é}érl%utg gtrﬁﬁd H’ﬁwﬁ)g'rt%'dlrl gﬁ“%‘%“?%% t‘g@ﬁm%hl ﬁt’*mﬁﬁfbg’g?gr 11, 36.

1001221 It shoul1d26d34phefeand sigktrorieal piftaes 1828 hidgskidesn lkfigad right 20 i s depi ct ed
as having a bl %@Q@&w%x@xxﬁﬁ%&é&”ﬂklﬁ% T0tpkevbht n&.dws@\spo&ﬁﬁaqiselamme m d- poi nt

pinch roller 1122 comuni cat es respecti vel é left and ri ght
comuni cat i ng bl ladHEe losaed ewmeaively ogeach &flﬂl? Ryoximal pisfons @F? At 274 lghenddi st al

lateral Iy Operatrigvsedlaars&aum% Ilszﬂsla&,10&&a&speamemnnwande@mﬁmmm gid conduits

or a fluid passa r t her ur.al | ons he. ., el ongat e
shaft 1212. 1005%%1 q‘ﬁenllsq%‘&‘sﬁ%’wna{“ ??r #l FgHl mr?s %T@ont?e Tgil%[ﬂllenn ﬁdes an
articul ation necﬁnannnaﬂmis&ﬁ@%%huseslatpnabmmbdtytodwﬂ@abﬁubﬂgbadistd@gtmnt 12,04 of

an end effector 1%? andl qé{oﬂir%alﬁ%%ﬁqgﬂi %rﬁcu tin @gﬁ%gtg orqBO@to-ﬁl . 1210 th.at

laterally translates wthin a ongéesa response to a fluid

transfer articul at Sy Stem 1 cul ar ect and right
distal latef8y-o fﬂ%?% \/"es“f%ctaff'%ﬂgler%ﬁ es§“§#‘°f’1§?$‘ hanfsf"glﬁbi cont i nuous
bl adders 1220, 1&2&chis aposiat ¢ommdord|404mnan and effectbe $400fand leeldngatbar 1210

within a cl osur gl @ews d2asonk o} 09,8 haRAALEHNH Ltaddio bl 11 oNt
gk of 5w b

proxi mal bl adder portions are part ateral contro
mechani sm 1230. l¢fhand pightifluid Hoges | 141|2€]‘4t14 provide fluid commumcatlon between proximal

and distal ends 1416, 1418 of the elongate shaft 1408. The left fluid bore 1412

terminates respectively at a left proximal cylinder 1420 and a left distal cylinder 1422.
The right fluid bore 1414 terminates respectively at a right proximal cylinder 1424
and a right dista] cylinder 1426. It should be appreciated that the fluid bores 1412,
1414 may comprise a unitary cylindrical tube or other assembled fluidic components.
A left distal piston 1428, sealed by a left distal piston seal 1430, longitudinally
translates distally out of the left distal cylinder 1422 into abutment to the end effector
1406 to the left of the pivotal connection 1404. A right distal piston 1432, sealed by a
right distal piston seal 1434, longitudinally translates distally out of the right distal
cylinder 1424 into abutment to the end effector 1406 to the right of the pivotal
connection 1404. A left proximal piston 1436, sealed by a left proximal piston seal
1438, longitudinally translates proximally out of left proximal cylinder 1420 and is
coupled to a left-side attachment 1440 to a rotational articulation control actuator
1442. A right proximal piston 1444, sealed by a right proximal piston seal 1446,
longitudinally translates proximally out of right proximal cylinder 1422 and is
coupled to a right-side attachment 1448 to the rotational articulation control actuator
1442. Left-side fluid 1450 trapped in the left fluid bore 1412 fluidically
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and right bellows conpression nenbers 1232, 1234 conpress the left and right
proxi mal bl adder portions 1226, 1228 and respectively force fluid into the
|l eft and right distal laterally-operative portions 1218. In FIG 41, the
right bellow conpression nmenber 1234 is actuated inward, conpressing the
right proximal bladder portion 1228, expanding thereby the right distal

| ateral |y operative portion 1218. Thereby, the T-bar 1210 is laterally
noved to the left, articulating the end effector 1206 to the right. In
addition, the left distal laterally-operative portion 1216 is conpressed,

expandi ng the | ebloibaxi Il ehlAUARE RO LEATLidAA030 0% Y 0 i, | ef L el | ows

conpr essi on nenber entail the

reverse oper at i 42 Righpgigesfuid H5¢F@Peﬂwth€‘d1gblf?lgﬂw lﬁlﬁgvlﬂlﬁ#b’nt 1300 i ncl udes

an articulation daﬁmﬁeat&rﬂl&exaagoﬁﬁen@tﬁaﬂeﬁhmwnmwte%t SeApispggmENt 1304
of an end effector 1306 which is engaged a rack 1348 of a T bat 1310

that laterally ti¥dhdhus esdnFlG A, ﬁ°%’%‘l‘°@5\‘i§%ﬂ°@“%‘}féffﬂie rqtational agticylationr esponse to a

fluid transfer afoﬁ&&wt@a&drqmzsyﬁmf&&%etéwdmrytdd%b@rme hiprexima@l portion
of the T-bar J 310 is a spoof val ve ("distal, piston") 1316 fornmed in a

| ateral spool bdisen 144 gghtside ﬂB’S%?‘@é‘E‘EQ‘e Rﬂ@é’ﬁP‘Ft@‘H‘Bﬁr\@ﬂ?l ght fluid
passages 1320, Jr&QaZnﬁgqﬁmﬂauymw 1&&1@:0}@11151%&&1&4%1&% leﬁlsﬁiéif‘l,uldWQw&hdet urn

or oxi mal i st ondhets eigieed P AR WA gl o7 a2 1825 o

bores 1324, 13261ga1ﬂ'anthp|emi/ﬁfebtorf 1406 chukesmﬁwarpmimlmh Rxeearsing thd 3itgtiond334 ar e

| ocat ed respectiye Bl R nd | eft
and tight di st Jg%g%@la‘i@bﬁgn%g h ?%ca W(fmrdzrgsggc r}g’}}% ong‘?ah? and ri ght
ends of the E vement (to the
left) of thga% ght %(?/o 1%%‘1 g“’ﬁu“s“t “°‘\§g§‘{9rh&aém§8%"sf‘ %‘ngtl Irlmm\‘;‘(:raigrrrélnrf’ (to the

| eft) of both tHéOlj@fstpadxlqmllstdinmed gé3 segmantd S04adf tn md@ﬁ'equISQﬁ is trigaged 328,

articulating the, ?&Qli?%)g%f;é?%argﬁﬁpm&t?at&ﬁ@ oSt witLuQ%Elgxﬂﬁ @4@2 # a

surgl cal instrunent i nclu an artlcu+at|on nmec t hat
i ncl udes a pi votresponseorachud @ﬂSfi@mcble@Wnalrﬁlérlelpaﬁff“éﬂ@tfesm‘?ﬁl%@a%(’nd an

el ongate shaft LA4Qfedh Dadaly, &Qt'ilfe Qanr%Cls 19 8hile'bhd of 4 BRRS BFk-dhhfeliCUl ation
system 141 0. In parti culz;sllry P ?} piYh fIellb doboresé 141 I;'31414 provi de

fluid comuni catbﬂaéﬁF’Ba%\éé?fa’ﬁP’(’Rl? hséfz a“%l‘ﬂ’él“ gificplar midrpeetion 453 of e fupings ¢ he
el ongate shaft ¥4R8napddBadder 524, eiféctlvdhpdepardithd the bladder 1520 into two

differentially adjustable portions, differentially forcing fluid into a selected one of the

left and right distal laterally-operative portions 1516, 1518 while allowing the
compressive force to be transferred to the other to force fluid from the other. In FIG.
47, the rotary pump 1522 has rotated counterclockwise as viewed from the top,
expanding the right distal laterally-operative portion 1518 causing leftward movement
of the T-bar 1510 and thus rightward articulation of the end effector 1506.

[00127] In FIG. 48, a surgical instrument 1600 includes a fluid transfer articulation system
1602 that includes a proximal cylindrical cavity 1604 that is laterally bisected by a
rotary control actuator 1606 and longitudinally bisected by a stationary sealing barrier
1608 to form left and right proximal reservoirs 1610, 1612 that are the two distal
compartments of four thus defined. A smaller distal cylindrical cavity 1614 is also
similarly bisected by a lateral follower actuator 1616 and longitudinally bisected by a
stationary sealing barrier 1618 into four quadrants, with the proximal two being left
and right distal compartments 1620, 1622. A left fluid conduit 1624 communicates
between the left proximal reservoir 1610 and the left distal compartment 1620 and a
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term nates respectively at a left proximl cylinder 1420 and a |eft distal
cylinder 1422. The right fluid bore 1414 term nates respectively at a right
proxi mal cylinder 1424 and a right distal cylinder 1426. It should be
appreciated that the fluid bores 1412, 1414 nmay conprise a unitary
cylindrical tube or other assenbled fluidic conponents. A left distal

pi ston 1428, sealed by a left distal piston seal 1430, longitudinally
translates distally out of the left distal cylinder 1422 into abutnent to
the end effector 1406 to the left of the pivotal connection 1404. A right

distal piston 143 fls@adnaelt tmeaomxﬁnirgiafessﬁnsaeatheﬂhmtpMim&keﬂ(ﬁémzand

l'ongitudinally translates distall of the ri i sta |nder 1424

i nto abut ment "t oE‘? g‘ﬁta&@ Bt %fgl(-)l%usf ﬁ#ﬂ%wc{ ‘i"%ﬂ‘% 4gT°°f“f‘ %rclﬁﬁ%"(')

connect i on 1404. roftiéradfthepoianyicomtiol hwtoolt04 486:es the sikedf tpyright dreﬁmalpr oxi mal

pi ston seal 1438 o) t proxinmal
cylinder J 420 ana Jogqgic%‘ﬂ‘ﬁ# @%l Hnéd&?fgﬁk %&ﬁ%] ,QJe qﬁid‘yhl #Jﬂfgsfp?%dgg
rotational arti chedction aiﬂlemhttamleftahstaum!mmnWEZZ )362|0| @hcndp:ffgo&brrfmlt pi st on
1444, seal ed by : & Iy

transl at es prOX|§E§+3&%3?R§§h$?%wgh%&%ﬂ?ﬁgﬁ&g%%ﬁ% aml%ﬂgf% g&@ coupled to
a right-side at tasedylaterin resppag thegete.he rot ati onal articul ati on control actuator
1442. Left-side fluid 1 450 trapped in the left fluid bore 1412 fluidically
33. conmuni gares nipEGENt a wigicahigstiugkt 1He00Riormtatey  datasaily BBigicontiohe | ef t

di st al piston 1 BanisH 97'@5 ofslhtgrgll)t ép?resqing]le dhgﬂBﬂﬁgs 17'34“'7@6 th‘vae f uid bore

1414 fluidically comruni cates nove he ri ght f@r ‘oXI ma BI ston 1444 to
the right distalcopsesush thatampary fiyidBow qudweftm@w@sar i\ naesage 1IIPHERWI se

rotation of the Jo%ﬁh'cﬂéﬁheréb%de&ﬂi@ﬁahféﬁlmc&% Fi&hn ﬁ?@h Uab® whitftdluag@s Vi ewed
fromthe top, distal|ly advances the ti oxi mal . piston 1444, right side

fluid 1452, and ®WeRive k8 a 4@&%&%%!? lﬁpslﬂ 1542032’3%Fﬂe@“"e’ryé’3?59131‘41g

proxi mally the I@htcypﬁdaxwaln@l1svmﬂlem:3x6mﬂtuheoda@mwaﬁbzd®tfxéwcdlarl 50 and thus
the left distal ton 14% The d rentlgﬂ g t he |stal pi st ons
1422, 1432 agal afﬁ‘ﬁ%ele? aé’f"f*“@‘&? TAYY "eddseen H’Péfsf‘?e itat i on.

Reversing the r ahmn)Mcmfzed rbthg nfeﬁlbettlﬂmafotamdﬂ)ydud <ﬂ£f¢renmal:mm flaw abaattauat or 1442
WOU' dresult in rl}%ﬂ'tl&lr}llav? 1) 4] a;[1 Ielgllfl la%t ba(%ﬂ’/]?({ %26 c!ilr}nslt:r!l%ent[}?qé(')ogl F?(;Slr gi cal

i nstrument 1500 't I NC Ea°3r curation chan
proximally dir edﬂemghgmdlawagmmeﬂtﬁﬂﬂ;e prrstonsri7@4qdi706fcﬁlsc¢tbﬂommaﬁnhes engaged

tsﬁ a? t ' ig§21?28 qtnéato movp g]§ck§&s frrt)g%lieé aélocﬁc%!)élt}/onttcg &0 § 2 o%l?pé%tltop it an el ongate

should be appreciated that the rotary member 1718 is operably coupled to a rotary
drive mechanism (not shown) such as the gear drives described in co-pending and
commonly-owned U.S. Pat. Appln. 10/615,973 "SURGICAL INSTRUMENT
INCORPORATING AN ARTICULATION MECHANISM HAVING ROTATION
ABOUT THE LONGITUDINAL AXIS" to Wales et al., filed July 9, 2003, which is

hereby incorporated by reference in its entirety.
Tiller Articulation.

[00129] In FIG. 52, a surgical instrument 2400 includes a tiller articulation mechanism
2402 of a proximally directed tiller 2404 of an end effector 2406 that is pivotally
engaged to an elongate shaft 2412 at a vertical pivot pin 2408 presenting a tiller arm
2410 that pivots inside of the elongate shaft 2412 in response to a fluid transfer
articulation system 2414, In particular, respective left and right distal laterally-
operative portions 2416, 2418 of left and right continuous bladders 2420, 2422 are

positioned on respective sides of the tiller arm 2410 within a closure sleeve 2424 of
3s.



response to a fluid transfer articulation system 1514. In particular,
respective left and right distal |aterally-operative portions 1516, 1518 are
part of a tuning fork-shaped bladder 1520. A rotary punp 1522 acts upon a
circular md-portion 1522 of the tuning fork shaped bl adder 1520,
effectively separating the bladder 1520 into two differentially adjustable
portions, differentially forcing fluid into a selected one of the |eft and
right distal laterally operative portions 2326, 1318 while all ow ng be
conpressive force to be transferred to the other to force fluid A urn the
other. In FIG 4ihe etohgte shafaz4l 2 Jiefipnd HPprivemalrbiidddr portiom 242 & 24d8aedpattse as
viewed lion the t erative portion
Bpaolat ra?&@&%e&%mﬁ?%«f}d %&%@ﬁlﬁ' @1 8;08&#3{ {%Ilgll Yesdiots

1518 causing | eftward novenent s rightward
articul ati on of m@b@ﬁ%%f%%mwr@stmaftm]prmmmbtaddasomans@a?&gu cal

instrument 1600 D%'aH@'f%ﬁ:e@thy%r@e ﬁlf@iﬂﬁftﬁerlef%nfd'ri%h&'d?s'&a'l RRraty Sp&hve 1602 t hat
i ncludes a Proxima( cylindrical cavity 1604 is laterally bisected by a

rotary control aBertersdf!sBABGaRedthe BH@FQ‘%R&‘?S%H mﬁ?‘%’é%‘pééfi a5tpatgd Bardi onary

seal ing barrier c&nﬁlrésﬁngﬂaeBg{tmokﬁfatblﬁa&pbhﬁbt4z@r&isa Ftlfeﬁ:%?ﬂﬁéﬁgﬂts 1616, 1612
that are the two distal ggartrrents of smal | er

di stal cylindri cé‘lsta]défﬁﬁa‘ﬂ)yoi’f Y Rogiog 241§ n‘oefeﬁi’ Iﬂé?rqnﬁf aﬁ?‘gélﬁ‘éﬂ'vw lgtenally g g
fol | oner act uat osndoked Rk 1bfqragicﬁmdigrﬂalehd/efhbt&eme% tﬁb}'ngﬂht IrSidainbﬂﬁl&r y sealing

barri er 1618 in adra and
ri ght distal n%ﬁﬂsﬁzhfeg‘ﬂi@%a V‘lg 221% &f ? Sseddexgg‘r‘?ﬂlﬁlﬂfﬁifg’gﬂm?gmm ni cat es
bet ween t he | ef t blpddoxpantivin 24 Ysamd woiing 6 k@ camptession member 2d32stueward onpar t ment

1620 and a 34. rkgﬂ&]g%q a?e%’lﬂoldldtenéﬁﬁéd& Gt es between the right
[ sta

proxi mal reservoir e right corrpartrrent 1622. Thus, as

depicted in FIG 4 caunt er cl ockw tar control
act uat or 16d?§’13?]edu§%hsﬂeﬂﬁ@re§? mvenf”f%éb?ef’qhatm ?rﬁﬁ'p 0?8SS§¥6\5%| r 1612 while
expandi ng the | eémhbodinexisaed wlmksmxmuatw&&im)dmmts hafe(bemrcbs;:pbwdn ng reaction at

the right and | ezotnm érﬁtlea&etaﬁagﬁ%éttt{;% 10&?12%@3 arpgiﬁégt’ t? gtrlgtrl)ql g%§§ or (not

shown) that is prvo y cou Fower  ac 1616 woul d
thus arti cul at elimitthe seppe pisthe étph@demauniﬁ@ﬂgitall Adgifional glyantzgesandgi cal

i nstrument 1700 hg&ggaggf[sq,;aggeag,bj@i,gagglﬂlm\ge JAh RaneRnt rol  nmechani sm 1702 of
| aterally opposing left and right pistons 1704, 1706 that nove in concert

such that  a jupf,ary el phdled h Gk Rul bORNERrohd obySk b piHhied bitln paSSage 1708

single fluid actuator expands and compresses to effect articulation, perhaps assisted
by a resilient opposing member that is not in fluid or pneumatic communication to the
handle. An application consistent with such a design, for instance, could include just
one bladder attached to a T-bar so that when compressed by the withdrawal of fluid, it
pulls the T-bar with it.

[00132) What is claimed is:
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conmmuni cates therebetween. In particular, each piston 1704, 1706, which

i ncludes respective left and right piston seals 1710, 1712, is received
respectively in a left and right cylinder bore 1714, 1716, the latter in
fluid conmunication by the circularly fluid passage 1708, a portion of

whi ch may include a |ongitudinal fluid passage (not shown). A curved rotary
menber 1718 is rotated by this differential fluid fl ow about a |ongitudinal
axis of an elongate shaft 1720 of the surgical instrument 1700. In FIG 51,
rightward | ateral novenment of the pistons 1704, 1706 causes the rotary
menber 171&liims nove cl ockwi se fromthe 6 o' clock position to the 8 o' clock
position. It should be appreciated that the rotary nenber 1718 is operably
coupled to a,rotakugmdmkwanaﬁehmﬁk&ga(not shown) such as the gear drives

described in co-pending and. co ed U. Appl n. 10/ 615, 973

" SURG CAL | NSTHUNERH PORRECBESETP S PR T ERIREC AN SM HAVI NG

ROTATI ON  ABOUt elbhigatd soMGItERLISH MAthe prodtisil ppioMal es et al ., filed July 9, 2003,
which is herqﬁé(%§§%5$orated by reference in its entirety. Tiller

Articul ation. 0 'n FIG 52, a surgical instrunment 2400 includes a
tiller arti culaatattbuiatimcjﬁamtt&mngmwddfectartpﬂnxlomtelsyafdi rected tiller 2404 of
an end effectaor i i a ahey shaft 2412 at
a vertical pi voqug(flc(%gmj%@aﬁh dsmgl X%lal}yonf %%?acrof]ng ez,&lt% ?Iﬁg hpl vot s inside
of the elongate tb#magltthezdld_@atp nhaftelgpl@sér&t ﬂulétpﬁsisaac,dnd ransfer articulation
system 2414. arhrgal‘ludla&u:;t@rm ﬂ£1§§ Rl 1c\£§on| vﬁihttheafﬂ'g fﬁxld%gsaéj-:'aﬁ& @Lpohﬁ&eetsal ly-

operative portions 2416, 2418 ft and right continuous bladders 2420,
2422 are positiBhdyd Bﬁ‘sfeggdpté’éf‘qu%d‘é‘ﬁnﬂ‘é?‘tﬁf“a‘?% agticplpign jojptm 2410 within a
closure sleeve 2424 of 35. the elongate shaft 2412. Left and right proxinal

bl adder portions_2426, 2428 are part of a latera ni sm 2430.
In particul &, |BeESUESY ‘?Sfr&'HTmB%ﬁﬁ)Fﬁ'Pés‘%}fef?Wﬂ“‘rM méﬁ%‘é{‘er?ﬁg‘a ‘gl'r?'press t he
left and ri gbﬁsfqarmmwdsné)demédlefd tiroughia @&tSn assage4218 sipidalireaaet i vel y force

fluid into the left and ri raII i.ve t..ons 2418. In
FIG 53, @‘rﬁ’lergcl‘ffnplasd?ﬁparsg%ogﬁgﬁlgﬁ%@éfnﬂh ﬁ%t[) hg'es ‘WB‘? bid ~ onpr essi ng
the ri ght p ipassagerand rbdpankderﬂqnbumfemdmz&,ﬂudxparwtongpmthelﬁsloﬂuitl hauatarght  di st al

: ZE g:g: : g; ORESAbds UE apcféﬁlta{io%r}oiﬁf‘lS' Thereby, the tiller arm 2410 is pivoted

3. The surgical instrument of claim 2, further comprising:

a slide bar constrained for lateral movement within the elongate shaft;

a distal end of the slide bar positioned in the articulation joint; and

a proximal surface of the end effector engaged to the distal end of the articulation
movement for converting a lateral motion of the slide bar to a pivoting motion of the
end effector;

wherein the first fluid actuator comprises a first bladder positioned to a first lateral side of
the actuating member in the elongate shaft and the second fluid actuator comprises a
second bladder positioned to an opposing second lateral side of the actuating member

in the elongate shaft.

4, The articulation instrument of claim 3, wherein the articulation member includes a
proximal portion comprising oppositely projecting first and second distal pistons that laterally
move within respective first and second distal cylinders that communicate respectively with

the first and second fluid passages.
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and noved to the left, articulating the end effector 2406 to the right. In
addition, the left distal laterally-operative portion 2416 is conpressed,
expanding the |eft proximal bladder portion 2426 and noving the |eft
conpressi on nenber 2432 outward. Articulating to the left would entail the
reverse operation. [00130 Wiile the present invention has been illustrated
by description of several enbodinents and while the illustrative

enbodi nents have been described in considerable detail, it is not the
intention of the applicant to restrict or in any way |limt the scope of the
appended clains to such detail. Additional advantages and nodifications may
readi Iy appear t%é!ﬁ?g?ﬁl %L:Lﬁt%fu%nli“%h&&hgemgﬁ%gﬂdol Eprisdist ance, a single
fluid transfer approac e I ncorporate ereln a S|ngle fluid actuator
expands and coﬁﬁﬁb@@‘é@swﬂﬁ ?@H’E“n&%qnd’ﬂ‘lhéhelfﬁsﬁﬂ“‘ﬂ@?%s assisted by a

resilient 0pp0§be@&dﬂﬁ@@d’ewﬁf?ﬁicoh&uﬂn@&mhWltﬂhb”sééorﬂrﬂuﬂgﬁbﬂﬁgé hd communi cation to
the handle. An ap[i)l ication consistent with such a for i nstance

coul d include fatral agtztor gpesatively configured e qompsess a selgsigd ongpf frksscaBd npr essed
by the w t hdr awahui@fesévaitsvhilk B]lowmgl theSunkdhRted ok (HifH 4 axldtsecoll@ 9&32 1 What is
claimed is: 36. Clains 1 A gi cal instrunent risin a proxi mal

portion confi gur 88uas o SERIP WI‘%FP?’EW%R‘P%‘FSH%(? chﬁs‘al%gief"éﬁ‘?tb adderny " o ongat e
shaft attached to the proxinal portlon an end effector; an articulation

j oi nt attacﬁ%ng EFe end effec%or]to E g ?e sQ@i uid control
attached to ORTERE] PEPER SR B‘B‘er ABT§" B §GPE ‘t’%’efﬁ’?ﬁE FRYPTES ui d

t hrough t he m&pmﬁgapxstoxst}émders, the edigidatan tontrel cofnpusing rpspediag frst mddecand i rst fl ui d

act uat or mqu!ggﬁ passage and responsive
to the fI ui c‘iJ t rans?er re Lrﬁﬂ“etmf%%tl hg%ggn"tdﬁ’ﬁ}onch&d%? uate the articutatian

joint. 2. The surgical instrunent of claim1, wherein the fluid control is
fur ther confj gur et dibicat ib@ASERIr iRmA 1w ARKLBE hec AR Eoddotoflphill uoh a second
fluid passage, e surgical instrument furt conprising a second fluid
act uat or i n meapg fgr differentialleepmprssing themfirstigad %@érﬂaldfr«rsaﬁverrs

8. The surgical instrument of claim 3, wherein the fluid control comprises:
a fluid reservoir in communication with the first fluid passage and the second fluid
passage;
a movable sealing surface separating the fluid reservoir into first and second reservoir
portions; and
a lateral actuator operatively configured to move the movable sealing surface to

differentially adjust a fluid volume for each of the first and second reservoir portions.

9. The surgical instrument of claim 8, wherein the lateral actuator comprises a means for

differentially adjusting the fluid volume for each of the first and second reservoir portions.

10. The surgical instrument of claim 3, wherein the proximal surface of the end effector

comprises a gear segment and the distal end of the slide bar comprises a gear rack.

11.  The surgical instrument of claim 10, further comprising a locking member in the
elongate shaft selectively, distally and longitudinally translating to engage the gear segment

of the end effector locking articulation joint.
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passage and response to fluid transferred by the fluid control to assist the
first fluid actuator to actuate the articulation joint. 3. The surgical
instrunment of claim2, further conprising: a slide bar constrained for

| at eral nmovenent within The el ongate shaft, a distal end of the slide bar
positioned in the articulation joint; and a proximal surface of the end

ef fector engaged to the distal end of the articulation novenent for
converting a lateral notion of the slide bar to a pivoting notion of the
end effector; wherein the first fluid actuator conprises a first bl adder
posi tioned t@ a fThe sirgitahinethmiensifdRinDf1, whéi€in the lodkihg membee islistally biasdde el ongat e

shaft and théandsu%?u(and flui Q acluat.or [i.se d gi tioned

o] Y oY0) eco | agder

to an opposi ng Second atePar gf“%i‘%m% n?%go}e{%c?ul?g iaﬁ(éo r?lgargr%earcegllgtnca?ﬁg el ongat e
shaft. 4. Then proximelly during actiation andtiews thef prexind] gindo disthlbradve inthe arti cul ation
menber i ncl ugdesqBndif 19ath FIR! of MR thd iR sGREPHAeR RArRRRGRI chithor stBs0] €cting first
and second distal pistons that laterally nove within respective first and
second distal cylinders that comunicate respectively with the first and
second fl ui dipasTagRSgicaPifstrudnentldTClaiity, Sin6rdih tHeHvdt b ¥Bd¥nd Bhid Gitdddrs 3, Wherein
the fluid contraol conpri sgg:g@éa first fluid reservoir in comunication wth

the first flepmprifsdeDeiizely Sesand Jisa! gistopssash Aagased 19 oppasipgsidesfthsn with the

second f | ui dendaffectdepacaiiBout alpdbeixaltheasot. uat or operatively configured to
conpress a selected one of the first and second fluid reservoirs while
all owi ng the unsel ected one of the first and second fluid actuators to
expand i n reBponTee sugicbimprugsst of elafrol3celeramthe ituaiercontollbbmaptibesra 6. The

surgical i NS Ll iTPRive 3 ergl'lv@ik %lﬁgur\é@%rcgﬁ;ﬁ'q[ {]éefecstgd §he Gf e ﬁfgpﬂd fsécUﬁ&gfillﬁ@ servoirs

conprise respective piston cyllnders, e articulation contr conpri sing

respective fpassggessmuiprasserizadifluighpasreg grd tp etievepesgsuredp thempeelvetad onerpf thadirst | r st and
second pi St o Gybhd §lfd passages, The surgical instrunment of claimb5, wherein the
articulation control conprises a neans for differentially conpressing the

first and second fluid reservoirs. 8. The surgical instrunment of claim 3,

wherein the fd Ui ghCQRidaPhstRAIERNJf SIgRr 130w herdht frsfafd® SR fluid BseRRIRTUNI cation with
the first fluid passage and the second fluid . )

comprise respecfive proximal piston cylinders, the articulation control comprising respective

first and second proximal pistons received for movement in the first and second piston

cylinders and a rotating control actuator positioned to differentially move the first and second

proximal pistons.

16.  The surgical instrument of claim 2, wherein the articulation joint comprises a tiller
projecting proximally from the end effector, pivotally received in the elongate shaft, and
extending therein to present a tiller arm, the first fluid actuator comprising a first bladder
positioned to a first lateral side of the tiller arm in the elongate shaft and the second fluid
actuator comprising a second bladder positioned to an opposing second lateral side of the

tiller arm 1in the elongate shaft.
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passage; a novable sealing surface separating the fluid reservoir into first
and second reservoir portions; and a | ateral actuator operatively
configured to nove the novable sealing surface to differentially adjust a
fluid volune for each of the first and second reservoir portions. 9. The
surgical instrunment of claim@8, wherein the |ateral actuator conprises a
nmeans for differentially adjusting the fluid volunme for each of the first
and second reservoir portions. 10. The surgical instrunent of claim 3,
wherein the proximal surface of the end effector conprises a gear segnent
and t he distial eAdurgikaltidseusdént,demfrisingconpri ses a gear rack. 11. The surgi cal
instrunment of clai.m.10.. furt.her, co i $i.n cking nmenber in the elongate
shaft sel ecti vaeﬁr(%lm%lipgl’zngﬁ'f%/n&i ﬁ%dflg{)%g ‘.uﬁaa?%%{%fr?ﬂtoragﬁs g’?i ng to engage the
gear segnent anfelongate shaftjateaflied ¢d the proximili pagionmandi inlldatgiadinst pad setond B8id 12. The
surgical instru ' : [ he | ocking nmenber is distally

bi ased and i ncﬁ3%§9%°%@ﬁnﬁalﬁpﬁ’?ﬁt& rgotgirti cul ation control including a

t oot hed surfac®eadeffectens the pin proximally during actuation and al |l ows

the proxi nmal mnrzlrtfc@laﬁgnaﬁﬁtla'ttth{ﬁ@%eh@éfﬁtct@rto%'éfoﬁ {ng tooth root of the
t oot hed surface when the articulation control stops. 13. The surgical

i nstrument of afuid Gepwol atfacheddp the preging] gogtrol Qpriablproptigrred to fiffersetiallit or s

conpri se respect granstbyfiid thishgtoBslelSipa0 B fidiathetirstRhSLc001a MRRAGAssARgaged to

opposi ng si desaréf tﬁg end @f,f ect or ,%aﬁge&t%b@ut ivot axis thereof. 14.
The surgical i3EAieRpatgy™ Spidcomapupicaippay RELRHa8% 3 control conprises
a selector valse®ndfpead attiare liyflddednnginicetibn twith deuy@lond Muid pdsexgé;ed one of the
first and secand fl.ui ssa .10 ressurized fl ui urce and to

el eve pr essarist s RAREPRTH BRI Bihopd e ARUEER, T i
passages. 15. Theensferafiflodito achstertheragtivtlatdn jgitai m 13, wherein first and second
fluid reservoirs conprise respective proximal piston cylinders, the
articulation control conprising respective first and second proxi nmal

pi st ons r ecdBvedlesurgiethvestrament pielaind? wherejn thg fuid dsnonempressiblen  cyl i nders and
a rotating control actuator positioned to differentially nove the first and

second proxinmal pistons. 16. The surgical instrunment of claim2, wherein
the articul d8i onMeswrgcal drsirppen akclaim {7 Whesein the fluid is compressible.

-
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projecting proximally fromthe end effector, pivotally received in the

el ongate shaft, and extending therein to present a tiller arm the first
fluid actuator conprising a first bladder positioned to a first |ateral
side of the tiller armin the elongate shaft and the second fluid actuator
conprising a second bl adder positioned to an opposing second | ateral side of
the tiller armin the elongate shaft. 39. 17. A surgical instrunent,
conprising: a proximl portion configured for manipulation external to a
patient; an elongate shaft attached to the proximal portion and including a
first and segpndg‘gugghcqhnmﬁ@ﬁg@n{phgﬁgjgh a proximal portion thereof; an end
effector; an articulation jaojn ttachi ng the ?nd effector to the eI ongat e
shaft; a flui daBrBWG?onﬁ’Ptcﬁ?ﬁ% ?06“131’1‘8“ BFSHR ETY  oper abl y confi gur ed
to differenti ahn glonghte shasfagachéd toihd ptdrimaUigpiticnhe el ongate shaft via the first
and second fluid a first fluid actuator in fluid conmunication
wth the first r1“TU|§§passage and a second fluid actuator in fluid

conmuni cat i on @i articutatien jomt wtaching the ehd plisctoatpahe elangae ¢hiafl; t he first and second
fl ui d actuator , GRARGHA!hal r bIERRAEY SelsRfidlith bt clorbhiBRaRERG OF 11 U1 d
to actuate the articulation joint e surgica nstrurent of claim17
wherein the f| afleidpcuatiopmeasstrsronsiiasb de tngferghBuid fiem theglongatsshafitrent of cl ai m
17 wherein the fk%ﬂa*&eﬁfﬁ%ﬁtﬁ;ﬁi&uﬁ' e. 40. 20. A surgical instrunent,
conprising: a proximal portion configured for manipul ation external to a
patient; an elongate shaft attached to the proximal portion; an end
effector; an articulation joint attaching the end effector to the el ongate
shaft; a fluid control neans for bi-directionally transferring fluid through
the el ongate shaft; and a fluid actuating neans responsive to the
transferred fluid fromthe elongate shaft to articulate the articulation
joint. 41.
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