SURG CAL STAPLI NG | NSTRUMENT | NCORPORATI NG A MULTI - STROKE FI RI NG MECHANI SM
W TH RETURN SPRI NG ROTARY MANUAL RETRACTI ON SYSTEM CROSS REFERENCE TO
RELATED APPLI CATI ONS [ 00011 The present application is related to

commonl y-owned U.S. Pat. Appln. Ser. No. 11/052,632 filed on even date
herewith, entitled "MJLTI-STROKE MECANI SM W TH AUTOVATED END OF STRCKE

RETRACTI ON', to Kevin Ross Dol |, Jeffrey S. vaayze Fr ederr ck E. Shelton
IV, an B { : &b ﬁ porated
by ref ' H present

i nvent i STROKEEIRING: ' A )
capabl e of applying | i WEENTUALL RE'PRA@'II!IIGNL@YMEM cutti ng the tissue
bet ween those staple TTNes and, nore partrcalarly, to inprovenents relating
to stapler instrunents and inprovenents in processes for form ng various
conmponents of such stapler instrunents that acconplish firing wwth nmultiple
strokes of a trigger. BACKGROUND OF THE | NVENTI ON [ 0003] Endoscopic
surgical i nstrurrents ar e often referred over traditional open surgical
devi ce€ROSH RENCE, TGO TED ARRLICATIONS. ¢ t he post-operative recovery
tinme and conplrc I ons uentl nificant dewv asg_gone into
a rang®®bf endo %Brreﬁenéﬁma}c@ P }Sﬁg%re&ﬁ%ﬁ?moﬁ&oﬁ?egQl?oggtbgé’pr ? 1grecr se
pl acement ofoag Khsk ¢d2 ﬁl%&@n%@ér@@étehe@tmﬁ éimeri eNUIUTIS TROKS MECANISMEh a
cannul a of a trocar. These distal end fectors engage the tissue in a

nu(rjrber of MMEHAUEQMAWE%ND@ESER%REEM@M to Keyindass P@l
rug gene. | 1BFE Sy Ry iEereR ooehahny el FERRl B Hotisth iy -

laser, etc. b whidR WerBionBorpbralidas) refekétiol & fis értizbtyde an end effector t hat
srnultaneously makes a Iongrtudrnal incision in tissue and applies |ines of

stapl es on opposing sides of the incision. The end effector includes a pair

of coogmm)i(ng”_lj}mvm‘v@érﬂ)mrhat, if the instrunment is intended for
endoscopi ¢ or [aparoscopic applications, are capable of -1 passing through

a cann H)Im?] passag ,?Yl\@};{es % 0 e}m&tﬂ Felﬁtgé’\{nr%ﬂggf ? sﬁfgg&il \éﬁﬁle Erg%ﬂﬁﬁts tha atd i dge

havi ng'at” | east Fera aced r aw nmenber
capable of applying lines of staples to tissue while cutting the t1ssue between those

staple lines and, more particularly, to improvements relating to stapler instruments
and improvements in processes for forming various components of such stapler

instruments that accomplish firing with multiple strokes of a trigger.

BACKGROUND OF THE INVENTION

(0003 Endoscopic surgical instruments are often preferred over traditional open

surgical devices since a smaller incision tends to reduce the post-operative recovery
time and complications. Consequently, significant development has gone into a range
of endoscopic surgical instruments that are suitable for precise placement of a distal
end effector at a desired surgical site through a cannula of a trocar. These distal end
effectors engage the tissue in a number of ways to achieve a diagnostic or therapeutic
effect (e.g., endocutter, grasper, cutter, staplers, clip applier, access device, drug/gene

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

(0004) Known surgical staplers include an end effector that simultaneously makes a
longitudinal incision in tissue and applies lines of staples on opposing sides of the
incision. The end effector includes a pair of cooperating jaw members that, if the

instrument is intended for endoscopic or laparoscopic applications, are capable of
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defines an anvil having staple-form ng pockets aligned with the rows of
staples in the <cartridge. The instrunent includes a plurality of

reci procati ng wedges which, when driven distally, pass through openings in
the staple cartridge and engage drivers supporting the staples to effect

the firing of _the staples toward the anvil..100051 An e l e a sur gi cal
stapler oui ¢ aprReEpRE el BT i stelr el e P B B RIRTR § il hat *' Ko
5,465, 895, Whirfriigathvfing agrasizhy ey dpsedir®hd GitdtapldsD Thegthea il inbmbag

actions. Thereby, a clinician is able to close the jaw nmenbers upgn tissue
to positi ond@ﬁrr@stanggwéhfp\flng)ﬁtaplé-fpnnma@.ocltaﬁ%@lanﬁ@We'{hith? BQvarefisiaplesdn dieni ned
that the jaw r LRRI: ] . L Qh&ira n then
fire the sur a?ﬁqggﬁgepﬁét?urgémﬁ? ﬁélgé’ess i%r#glﬁrgh i rfﬁ%%&lé? ?%‘fge\?e‘féﬁ%%@? ’ glg\%lgri ng and
stapl i ng t hedfivasdistallypassthralighapeniugs inghy staple gadndgsdnddngage direrds
conplications that may arise when perform ng such actions sequentially with
di fferent suP¥IPeingtbeptapien i elfess fedinngniyhosipplestoyard e agvidpl e. 100061 One
speci fic advantage of being able to close upon tissue before firing is that
the clipo)an is abl&aiPle/sid uygivalatapler SMCHIERPenddrabpia apsifdafiess isocat i on for
the cut has been achieved, inc%udin a sufficient anount of tissue has been
capt ured bet dessrbedinddSi Rat. M«\éﬁ@ﬁﬂgrwl%?dvc&p%?ﬁ%@’ pravisiendisting closign t oo
cl ose together,.es iall i nchi.ng. at (I dis ' t
ct foctively 5 AABEEI BycthetpR slnisfyn eI B e ERR DA Y5eS,

extrene, an gssifssihéaisapHYr tofiriak 0mRAhE CikHtian By dete@iine] thandle fgv and an
i nconplete firing. 100071 Cenerally, a single closing stroke followed by a
singl e firi ngeshesiae propsrly goanagitissie, Bisgliaiciancian trenirg thosygieplstaplgeveri ng

and st apl ing wdﬂ%‘é@(@é grihg SR théréb%rts%l?&—ﬁ% addtséa@g%ﬂé&%sﬁ'é?Iih%%ﬁhnﬁtafn% 5

multiple firing S requrred. For , surgeons are able to
sel ect from gevedingandktapléng sicidsscomplivations aidt @sdyunide mden perfointingbucht apl e
cartridge for the desired length of cut. Longer staple cartridges require a
| onger fi ri ngctaans sreuentipllicwith giffqrent surgiqad tools thatyesnectiygly onlypee & steplegger i s
required to exert a larger force for these longer staple cartridges in

order t@ogsgver noiORetsh&seadisitagd bl Beinguable t6 tidkd eFonAtsssGObTareefitingOis haghor t er
staple cartridge, It would be desirable for the amount of force to be | ower
so as not t o thecinidan isa@bledAyes i Wage sndmscansihat adpsijablosatiomfos e ut B¥, sone
surgeons, no Eg& - : -ger. - cant.r - cone
concerned t htgf é I n%’{vgg’ ﬁgérlhglpggfsuﬁ%ﬁ%g ﬁ%lt%lhgtgdfﬁgg@eo%ag 'ngggap\%récrl] ggt)réleg?

opposing jaws. Otherwise, opposing jaws may be drawn too close together, especially

pinching at their distal ends, and thus not effectively forming closed staples in the

severed tissue. At the other extreme, an excessive amount of clamped tissue may

cause binding and an incomplete firing.

[0007] Generally, a single closing stroke followed by a single firing stroke is a
convenient and efficient way to perform severing and stapling. However, in some
instances, it would be desirable for multiple firing strokes to be required. For
example, surgeons are able to select from a range of jaw sizes with a corresponding
length of staple cartridge for the desired length of cut. Longer staple cartridges require
a longer firing stroke. Thus, to effect the firing, a hand-squeezed trigger is required to
exert a larger force for these longer staple cartridges in order to sever more tissue and
drive more staples as compared to a shorter staple cartridge. It would be desirable for
the amount of force to be lower so as not to exceed the hand strength of some

surgeons. In addition, some surgeons, not familiar with the larger staple cartridges,



unexpectedly higher force is required. ]0008] One approach for |owering the
required force for a firing stroke is a ratcheting nechanismthat allows a
firing trigger to be stroked nmultiple tinmes, as described in U S. Pat. Nos.
5,762, 256 and 6, 330, 965. These known surgical stapling instruments wth

mul t.i pl e-stroke firing nmechani sns do not have the advantages of a separate
cl osure and foay begpnactdnoemed/tiraebinding drlogher atatfuectionghasweprmgdswhensdn es upon a
toothed rack and déli L ggwl. to acgi eve the ratcheting notion, with the
length of a WHRAPYC @X‘t&?‘g{b 9 H3°MWEEe conponents thus increased to
accommodate the toothed rack. This increased length is inconvenient given

t he cl omeosponf i ne®narpprondr feaiweyingrtberequired fopcpfiop pdmingstrobeisatretghetingh a

oLl P oRe e L OPOE b g L5 LA RS SRR o

have advant ages pas NW! 5765956 bbb 356,965 A hesd RHvar ﬁkgieglestéﬂnhF Mgktdubdeg@er may
be directly coupled to the firing nechani smeven during release of the

firing triggwith rltiple-stroke Siping mpcharasmodo nothaye gl aslventagiseofaisepasafe t ri gger
assists in re racting the kni fromthe %}I}? effector. Lf bindi n(g}to curs,
the surgeon® Velfﬂ“ﬂ;_ TP AT | %Ie?‘fefﬁb‘éfat e ﬁug?f%lbe‘ts up_%rl’?éc i since
the firing triQQ88 drivigPawe e Achi SRYRY RethkOng MBtibh,WiROtHERERMbSIhardRD10] By

contrast, the nmultiple-stroke firing trigger is uncoupled fromthe firing
mechani sm duensnpassing thest casipmentphusdnereased taatcoomasiatesthe ¢ratked; rack.

advant ageously. .incorporated.to ret.ract t knife fromthe staple | yi ng
Rssenbry. t nibisibRFSER TRt ipdob Ertd Bubdbe (ke b & B Pk EmBHRoY mi g
retraction obfédifphentla8sdenitad With Ulshrgidal plodeduré.avel is achieved. Thus, the
retraction force is desirably noderated so as to not increase the manual

| oads felt at the fi.ri tri r..hi addition. the retraction force is

moder at s wel | CyleBhegnpple rine sitemeshiismy VUil ALARASRL #0021 1)
However, | nSTf@aﬂﬁ@f@‘opePﬁH%le\H?ﬂ@ sAOR¢ MeAiBRn Bave@@VatSEbsta8 welll F@Ghsthmte, 4111 ng
mechanism O herwise, it may be difficult to release the end effector from

cl anped ti ssingletsiroke fipingttaggen maybedlitcetly grupleddatiee fireg mephanisneevent i ssue may

cause bi nding i.n he i pstrument.. anot her .ex | e,, a.mal functi.on may
occur that i ﬁg?%gei%as%f’ﬂ@le @ng&Pg%eﬁTt{%ear}yrfgppg.ﬁﬁtoné?e %fqglg'rs\%/]\rnogeeh?né%uces_ t he
retraction f@igRr adstdintrb@adtink theltfife fBdrh SeCeridi offcb@r LI b@aig dtoeRUpked during
return strokes, another way to effect retraction of the firing mechanismis

desirabl e. Asutgeen mey urgedhpfiang friggengutwand teaafkect retraction since the firing trigger

is directly coupled to the firing mechanism.

[0010] By contrast, the multiple-stroke firing trigger is uncoupled from the firing
mechanism during return strokes. While a retraction bias force is advantageously
incorporated to retract the knife from the staple applying assembly, this retraction
force thus needs to be prevented from performing retraction of the knife before full
firing travel is achieved. Thus, the retraction force is desirably moderated so as to not
increase the manual loads felt at the firing trigger. In addition, the retraction force is

moderated as well so as to not over power an anti-backup mechanism.

[0011] However, instances occur when assistance is required to retract the firing
mechanism. Otherwise, it may be difficult to release the end effector from clamped
tissue to complete the surgical procedure. For instance, tissue may cause binding in
the instrument. As another example, a malfunction may occur that increases binding
within the instrument or otherwise reduces the retraction force. With the multiple
stroke firing trigger uncoupled during return strokes, another way to effect retraction

of the firing mechanism is desirable. As another example, firing may have
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-3 commenced partially, but the surgeon decides that firing nust be stopped
and the end effector opened. This may occur if an expended staple cartridge
was in the end effector and partial firing occurred until the instrument

| ocked out further firing. [0012] Consequently, a significant need exists
for a surgical stapling instrument having a nmultiple stroke firing

mechani sm wi témegheadgtartaly, putrthe swrgednodecafes drat firihg mufst bé ﬁgppﬂdaandlthe 8[d EF

SUMVARY OF T |, NVENTI .0013 The. i nvent er cones the -noted and
other def | cf ETETRRSRSTeq It PRY Poct fhan s SRS Pl SP s ot MSRHB) | ng- and
severing i NSeffbitBiindtpastial iffftial Wd@f il the iRéthRRdIR Tockes BRNGIHYE! filgng

| ongitudinal firing notion to perform a surgical operation. This end

effector is positioned t pen annul.a of a trocar) by
ext or el o puCanTaR s AR S eeHL oo SXibs s hSibics! SaE g Bmedts or via a
shaft. The BQ\HH%@ nﬂflﬁﬂ%%k@ﬁﬁhg jrf3eh AR Qfﬂhtahﬁ‘ﬁndtx%al'l)n}%@ﬂ’aé% Merdufiring
mechani smthrough a rack to a firing nenber that is slidingly received in
the shaft. Afigegtramglchanismrotates wth the rack to run a retraction
menber that is externally visible on the handle. Thereby, the user is able
to nmanual | a55|st in retract| ng_t he f| ring nmechanism [0014] In one aspect
of the BRIEXSUMMAR B INVENIION cal instrument has a firing

mechani smthat is respon5| ve to a pl uraI ity of firing strokes froma firing
trigger popausi ng tThe in@eko@ovkrtditss theabdverndigl s deficReviancthegyior t he
shaft. A retraction spring biases the firing nmenber proximally away from
the shaft toagdyipsevidingasurgieal sigpling ausl %?VWSWWéE%téWIW%tap&éﬂl on

bet ween firi R | f menber in
esponse to AtsnstiiheiAle B ARRALRIAE A0 Hberllh Podlttal drelain; B0

rel ease mechghisssnddifsetog agrsitioned titdughtasddyopeRial &g s barfrata 6fed trewat) tgzn
Advant ageously, a _manual retraction nmechanismhas a transm ssion grear

coupl ed by a extsreliyaaniulatan a iandle thalie pttached tothe s8d pHedtonvie aaheft Thehys,

assi stance

etraction. THRRERRAHE o MERE bl B RTRIohfod 61 Rbe AlchiLOA0AR Ertk
remain in a ¢ ofieidgaranber s acklidaply icceinedint the StiafplAegear arsdhagse raate | ssue.
10015] These and_ ot her objects and adyvantages of the present invention shall

be made appdrtnthe Fackie ryba rbReImgIRE BrtdseHgDaly ensebl@ op dacchandle: on

t her eof .

Thereby, the user is able to manually assist in retracting the firing mechanism.

[0014) In one aspect of the invention, a handle of the surgical instrument has a firing
mechanism that is responsive to a plurality of firing strokes from a firing trigger
causing the rack and thus the firing member to advance down the shaft. A retraction
spring biases the firing member proximally away from the shaft to assist in retraction.
To prevent inadvertent retraction between firing strokes, an anti-backup mechanism
binds the firing member in response to a proximal movement thereof. After firing, an
anti-backup release mechanism disengages the anti-backup mechanism for retraction.
Advantageously, a manual retraction mechanism has a transmission gear coupled by a
one-way clutch to an externally accessible actuator. Thus, assistance may be given
when the automatic retraction is incapable of retraction. This avoids situations where
the end effector may otherwise remain in a closed and clamped condition onto stapled

and severed tissue.

[0015) These and other objects and advantages of the present invention shall be made

apparent from the accompanying drawings and the description thereof.



-4 BRI EF DESCRI PTI ON OF THE FI GURES [ 0016] The acconpanyi ng draw ngs, which
are incorporated in and constitute a part of this specification, illustrate
enbodi mrents of the invention, and, together with the general description of
t he invention given above, and the detail ed description of the enbodinments
gi ven bel ow, serve to explain the principles of the present invention.

[0017] BREEFDESCRIPTHON GF GHE IRIGARES) vi ew of a surgical stapling and
severing instrunent (traction biased pawl) in an open (start) condition,
with a sbaft partigll, BEAYavifg L AR CrRirfch o6 tntRA BAdchie"a gagt T od.

] ool s] @IG\I 2is a +ect0ﬁ§)itaa}él evat T on ?/L?lew@%ab n along line 1Z-éeaiﬂr%lgtt he

| ongi t udi nal of thisospscifieatidng iilusfrata rmbodinedntecft tbe inventaorg iasd, abggtlartwitnthef t he
surgical stapling jnstrunment .of EIG .1. [0019]. FlI 3 is a front

per Spect i ve  BFSIHIGFSTIRHOB RAMTEAR G en PR QJ.K} F@g’f@]ﬂe@e&m&ﬂ% ofthe
per spect | ve, oRkBkifflRel ofi & chliv ARr/c TR SHBAUO B AR Bf thBeesti il Gtlon. St aP! 1 NG
and severing I nstrune of FIG 1. [0021] FI 5 depicts a left side

el evation view i ction gglfé the end effector of FIG. .3 of the surgical

n :

Cnst runB) of R GFIG. | BRdi Sidr SlevaiaTeyisy of aswieindl siPpling MdRese s of FIG 3
t o expose potii : L I deni cid 0 bar
along the | ShbRRenraicH BReR faRlf i 3507 iarf SR ik BShdurialy 28

el evati on vi eway to exposd oclogire tube anddirmifredt or of FIG 5 after the firing
bar has fully fired. [0023] FIG 7 is a left side elevation view of the

handl e he sur gi - Stiapld : i i NSt ] fi El.G.. 1. with a
| ef t haﬂ’msie housi %@'?ie‘r?%\}g@ N fd{é%be%ﬁ?oxﬁ%%‘?@ie@%l%&ggeg%g2{1 fh\%el?@é@gf%hed Vi ew
of the handl erosf sdetibn oF an EfiDBdctdrlaba dBtal poRiopf shpestir gival svipding insarirmant

el evated, aft, _left vantage point of the |Ilinked transm ssion firing
mechani sm of OfﬁLG-Handl e of FIG 7. [0026] FIG 10 is a detail left side

el evation view of the linked rack of the firing nechanismof FIG 9. -5

[00271 kdbofeB. 11- 1FI@rReislacftdnt petipectivewidw oMthy esd\BffeédlorcdfdE. g3ection general |y
along the longitudinal axis of the ranped central track of the Iinked rack

and the [(Bﬁbw of 1 E}?G 4 is a perspective, exploded view of an implement portion of the surgical

stapling and severing instrument of FIG. 1.

[0021] FIG. 5 depicts a left side elevation view in section of the end effector of FIG. 3
of the surgical instrument of FIG. 1, the section generally taken along lines 5-5 of
FIG. 3 to expose portions of a staple cartridge but also depicting the firing bar along

the longitudinal centerline.

[0022] FIG. 6 depicts a left side elevation view in section of the end effector of FIG. §

after the firing bar has fully fired.

[0023] FIG. 7 1s a left side elevation view of the handle of the surgical stapling and

severing instrument of FIG. 1 with a left handle housing removed.
[0024) FIG. 8 is a perspective, exploded view of the handle of FIG. 7.

[0025) FIG. 9 is a perspective view from an elevated, aft, left vantage point of the

linked transmission firing mechanism of the handle of FIG. 7.

[0026] FIG. 10 is a detail left side elevation view of the linked rack of the firing
mechanism of FIG. 9.



firing mechanism and additionally showng the firing trigger, biasing wheel
and ranp of the traction biasing nmechanism depicting a sequence during a
firing stroke. [0028] FIG 15 is a right-side elevation view partially

di sassenbl ed to expose a distal portion of an anti-backup nmechani sm
(lateral kick-out type) in a locked condition in the surgical stapling and

severi nﬂoﬁPSt r umaiaf(%gj fl 1F1|4Cﬁre %eft %18(? %lg‘LatF #1%16»%561n cTosd SQ&{?% rﬁ%%xlaﬁf l}é?]%\% f roma

t op, i ght vantdge poln ackup 15 with

the anti - baclkumpitedinaltaxbeMeswedd cbﬁlﬂﬂ&h]acll:bﬁhe lﬁﬁke&raak ahdtHe-paindef teevat i on
V|em1part|ally di sassenbl ed to expose a distal. portion of an anti-backup
mechani sm i nflEHAS Meckrmar %‘éﬁéﬂ‘t“ioﬁﬁlbi ﬁhot”h%g @Erﬁ@inééﬂg&@cr atﬁﬁﬁl%Whﬁﬂ&ng&P@? i ng

st rument. ot Geecon 1087 bl ik bRl LA AR Al Gl oW

partially di $asSend Xpose a tron an a ackup
mechani smin an unl ocked condition in the surglcal stapling and severing
i nst rumidpasl of FI GF1Q.15ige3mht- ﬂdaelewlqnswawpéraxallmd@@@aemb&pdm(@m@ﬁe adigtal

surgi cal stapling and seyerin nstr of, E the ri.ght. hal f
shel “of ¢ hebruar RaRErRE P shalth Bt St d i P I B ince | ever
in phantomi me%uffa@ésbﬂaghﬁgnm devringinskriierbf PG ocked  condi tion. [0033]

FI GS. 20-25 are detail views of the anti-backup release |ever of FIG 18

depi ct t fi f f troke, t
e ot U] e HHELD i R SRR o T o A e
and ful l'y repaudy ?%echﬁﬁ%%fﬁ@ﬁs whih & A% RRIPORE hibkGetibdS froma top,

| eft, distal vantage point of the surgical stapling and severl ng i nstrunent
with the right ha el | andl e . housj renoved t o expose,a closure
rel ease®¥ktkout nki@ra]r? 1§Pq“8515§1 se{%vwrwwpaﬁlaﬂmﬁaﬁsgm forerpesed di#al ockout
removed and I g
ot vated duPy SEHiofah SEARD thiRRnGERH STRARCKANORLIRN i (e AESOHsuBfhE0

surgi cal st aphd seyeamglinseweentrod HlGst.r unent in  an open condition simlar to
FIG 1 but incorporating a top-accessible retraction lever. -6 100361 FIG

IZgS![ ? uﬁé nt E)f > IF?EFRI% g\g% L“ﬁf@ﬁ Elﬂ}éve%fva%}ﬁlwrﬁ%ﬁﬁgfd §Stagsléhkandtl%%qﬁ§)%\s/ ﬁ]légtgl?e noved
to expose aporitiohef an hiitbbadkyptneehheismiindh aalookedgaditiohds e surglc4l stapling dwel |

area to the id|er gear.
and severing mstrument of FIG. 1.

[0032] FIG. 19 is a rear elevation view of the surgical stapling and severing
instrument of FIG. 1 with the right half shell of the handle housing removed to expose
the anti-backup release lever in phantom in a locking condition and in an unlocked

condition.

[0033] FIGS. 20-25 are detail views of the anti-backup release lever of FIG. 18
depicting respectively a firing sequence of unfired, one firing stroke, two firing

strokes, three firing strokes, returning or release button pushed, and fully returned.

[0034] FIGS. 26-27 are perspective views from a top, left, distal vantage point of the
surgical stapling and severing instrument with the right half shell of the handle
housing removed to expose a closure release lockout mechanism, respectively in an
initial position with lockout removed and closure release button depressed, and then a

lockout being activated during initial firing.

(0035] FIG. 28 is perspective view of a surgical stapling and severing instrument in

an open condition similar to FIG. 1 but incorporating a top-accessible retraction lever.



[00371 FIG 30 is a left side elevation view of the surgical stapling and
severing instrunent of FIG 28 with the left half shell of the handle
housi ng renoved to expose an intermttently toothed indicator gear
presenting a second dwell area to the idler gear. 100381 FIG 31 is a left
front perspective view of an alternate surgical stapling and severing

instru (spri o] i . i . I rtion

i ncl udinfﬁggla fi rs':tq gl' ? g?sﬁ%{e?ﬁ\fe (ﬁq%&tl p@%%ﬁ@%@%? g%%qqll@aajrﬁgtsr&éegﬁgon and an
al ternati ve inftrumiienoof FIG )2 8nmitute 1éfehalé sliclloof thekdndls isousingdemddeddoGxpsse i s a
right aft perspectjve view of the surgical stapling and severing instrunent
of FIG 31 viniptesmpsatly tnothed ingiciipoasa Preseimgeta fast %‘M%H/ar&hép efdlghgeana| f
shel | of a handle housing renoved to expose an autonmatic end-of-firing

travel [og3gtracti aFiGY80 ivdichisidedlevatibRRieal of the birgicabitaFlaig i sevathgni sm
[00401 FIG 33 is a right aft Persf%)ective di sassenbl ed vi ew of the handl e
porti on and ingrmendafEKe 28rwith therlett half shpllpfdhs handighousinedgmoved ioraxppse

i nstrument of. . . .|l i f.qht i i of the
ur gl car st A gy WSk aRblior feh bRk o Rion S APERA LY BB 01
shel | and ougear. portions of the inplement portion renoved to expose the
closure and firing nmechanisns in an initial state. [00421 FIG 35 is a right

ide view.in el i qn. of tially. dj | ical .. stapli d
Severi niPhes D af 104t Bort Beishepir¥ pite” SERCHTRES FikReCRiplin A8 et Py
view of the ééﬂéﬁﬂéaihhﬁhrﬂé ﬁm@@i&k@d §ide 9hw BlwitSiRtdride BRI SMEHhNY

instrunment of FIG 34 with a closure nmechanismclosed and clanped and side
pawl firing ineluAmgiastirsicalieplasive (lipkatrigigersd) antorodtis retractiintand anmaitemative

retraction U&%Elgnj Sj‘ﬂ rerragveid h.o expose a distal |ink of the |inked rack that
triggers a {ing) APy LFTASHOD RS i ng mechani sm [00441 FIG 37 is a
right aft perspective view of the partially disassenbled surgical stapling
and seviewping i nst¥FiGBats afightl aB pdpevfivdviewef shedmrgiealistapling agd sayetiagi sm

di sengaged and the di |.li nk approachi ng auto ic retracti.on.. -7 [0045]
Fl G 931 s NBRRmer biG | WGP ZHioPa e pREegaTt PURNGY HRCAEEEBIfeq
surgi cal  stapliofg hafsle BEYSERS ehdved td SR arPdutbihbiic SrI-bAfARg tridli @l state of
an end effector open and a anti-backup nmechani sm engaged.

retraction mechanism and a manual firing retraction mechanism.

[0040] FIG. 33 is aright aft perspective disassembled view of the handle portion and

an elongate shaft of the surgical stapling and severing instrument of FIG. 31.

[0041] FIG. 34 is right aft perspective view of the surgical stapling and severing
instrument of FIG. 31 with a right half shell and outer portions of the implement

portion removed to expose the closure and firing mechanisms in an initial state.

(0042) FIG. 35 is aright side view in elevation of the partially disassembled surgical

stapling and severing instrument of FIG. 34.

[0043] FIG. 36 is a right aft perspective view of the partially disassembled surgical
stapling and severing instrument of FIG. 34 with a closure mechanism closed and
clamped and side pawl firing mechanism completing a first stroke and with a manual
retraction mechanism removed to expose a distal link of the linked rack that triggers

automatic retraction of the firing mechanism.

[0044] FIG. 37 is aright aft perspective view of the partially disassembled surgical
stapling and severing instrument of FIG. 35 with the side pawl firing mechanism

disengaged and the distal link approaching automatic retraction.



[0046] FIG 39 is a left side detail view of the right half shell and a
first alternative anti-backup release lever (i.e., link triggered) of the
handl e portion of FIG 38. [0047] FIG 40 is a left side detail viewin
el evation of the disassenbled surgical stapling and severing instrunent of
FIG 31 with the closure trigger clanped, the firing trigger performng a
final gtwmflke and Rlfve38lislefilsidei vidw poslevdtioned theopartially disaseemabled surgetk act i on.
[0048] FIG 41 is a left. side detail in_ elevation of the di,sassenbl ed

Sur gt cal |t AUHIAG A0 AGH otiaE HTHGe A FI A Ot i s e A OEE) OBt et he

distal link has a@gtgﬁ@k@@n@agmignp&{%ggeior ward the anti-backup rel ease |ever
allowing the linked rack to retract.” [0049] FIG 42 is a right disassenbled

per spective view qf e idler and aft gears.gn al retraction | ever and
rat chetfH§ paw ﬁGaggﬁﬁgﬁ s &S‘I’!?Y‘SW Oﬁaﬁfé&lt g‘?r‘fgﬁeqr el @ _EW gﬁ%‘l‘ti‘ﬂ?e
(spring- bi asgg 13i-ge, Mefédsé1&9{@.&9%grg%%}edwefﬁl@%g@lﬁw%dmewgtﬁnt of FIG

31. [0050] FIG 437 s aright pérsp ve'view o e manual retraction

mechanismof FIG_42 with the manual retraction |ever partially cut away to
expose WYl | er FIG A &lefratcdrenl genin sle i afthe Gearoanlsagrrcd he

ratcheting f1in§[aﬁﬁ’§ eﬁﬁg%su%ﬂleh%ﬁﬂe%fkﬁ{h't}{? 9fo§&%%r§£§§‘r%f£rﬂp%ﬁ,tth§' de view
in elevation he alternative surgical stapling an everi'ng i nstrunent
(spri ng- bi astxngtriggefymenformifg HHial sdkemdnidhhe diseal Hik pediicriedio me Mitoinatie engaged
to the fully fired linked rack that is disconnected froma conbination

t ensi on/ conpB8&i%8n spring prior to actuation of the manual retraction

|l ever of FIG 42. [0052] FIG 45 is a partially disassenbled |left side view

in el evaision of tHIG, all ies R didedetsilindlSatios baflkeidi@sahiblSEMRsicalGtdpligg r unent
of FIG 44 with hidden portions of the anti- backup release |ever, aft gear,

and manual fandisgyering) ingisenens o8 F1(s HOvimmadigtely aftemshe fited 3k hagactuged andy
partially di ef t.. Sl i in j | tive
surgi cal st a%ﬁ?eﬁi%%ﬂélléevienh-ﬁégcﬂﬁ }élfa‘g%%eﬁg F%ﬁ)@b%%igﬁ(gé? %rk qgg uag ‘ion of the
manual firing rel ease | ever has manually retracted the |inked rack. -8
[0054] PM@. 47 i sFl&. dans & ghydisisscamstdedrpirepectied viewi efdhe/idden and a@lgsersandn of
the alter natrinve a SL{I’?@.C&{C st z%@l in tand ?@vgri n ilnsttrlﬁnente 211; iSFI % t}fm W th
the linked ragg &Fﬁ’ia e H%rpar tf ‘i‘ige{%é’a RUAM PP RG2S FAT8 e etf ©
di sengagi ng 4lfeenativt (spping bisetieid paivhBurgical stapling and severing instrument of FIG.

31.

[0050] FIG. 43 is a right perspective view of the manual retraction mechanism of
FIG. 42 with the manual retraction lever partially cut away to expose a smaller

diameter ratchet gear on the aft gear engaging the ratcheting pawl.

[0051) FIG. 44 is a partially disassembled left side view in elevation of the alternative
surgical stapling and severing instrument (spring-biased side pawl) of FIG. 31 with
the anti-backup mechanism engaged to the fully fired linked rack that is disconnected
from a combination tension/compression spring prior to actuation of the manual

retraction lever of FIG. 42.

[0052] FIG. 45 is a partially disassembled left side view in elevation of the alternative
surgical stapling and severing instrument of FIG. 44 with hidden portions of the anti-

backup release lever, aft gear, and manual firing release lever shown in phantom.

[0053] FIG. 46 is a partially disassembled left side view in elevation of the alternative
surgical stapling and severing instrument of FIG. 45 after actuation of the manual

firing release lever has manually retracted the linked rack.



[0055] FIG 48 is a left side detail view of a second alternative
anti-backup rel ease |ever (gear forward cammed) and handl e housing for the
surgical stapling and severing instrunent (spring biased side pawl) of FIG
31. [0056] FIG 49 is left a perspective disassenbl ed view of the second

alternative anti-_backup release |ever &%ear forward carmed} aft gear axle,
and aut®¥#ti c r etFlSc @V dna pEtAlldstssegple SIQ‘BVICF’GG?h"aFP@ the ajtemaliyg ght

side view i t erhat ase
rechani am of “EreH 7R i fiErRE ERRMmGY TG A0 G the FRG IR ob RLBZNE | 1
anti - backupdepéitingsiee memenl fiping xeloask llgvep diserigagingdhs\artikbadkep amdchadisamkup pl at e
engaged to the firing rod. [0058] FIG 50A is a right detail side viewin

el evat L g0l Lhe it 485°LIcPHALARE Giew! B BEHGCAARVIARE oA lctkal - most

i nk of G 50. 'S a right e VI ew T n el evation of

second al t erleedri(y€ar &isiard earimpd) dndlhaagle hﬁﬁﬁh@fﬂrsﬂa afrgichiGtaphlgahder a first
firing stroke. 100601 FIG 51A is a right detail side viewin elevation of
the aft gearseV@Eﬂ%‘ﬁﬁmemK@Rﬂf%&l@%ﬁS’éiﬁtﬁ’la\?(ﬁé’eﬂF @ndl-a second link of FIG 51.
[0061] FIG 52 is aright side viewin elevation of the second alternative

anti - bagésgp 1 el eplge 49&§1mru pebtivd dmasbenisibd elewtofIBE Sdtdndl altérhgivelantke.
[0062] FIG bH2Ais arig etail side viewin elevation of the aft gear,

automatic reackertdlesse tem (weareiorsard cammed), [aftrgieaiaxie|agd agpmaliggeetim G 53 s
a right deta el evation of the second alternative anti- backup
rel ease mch%arﬁ?g&rhg%fo\@%dzgz after a third firing and final stroke. [0064]
FIG 53Ais aright detail side viewin elevation of the aft gear, automatic
retract 08 cam whElél. S@ngla pgb&sldmvwwumelemimqf the second amr@tlwﬁfl@@w FIG

54 ht . sid d_ al
Vol case meonsiiReiRia SeBI R atng it aaF T iy RS hRatid bl AT ©
aut omati c - Backgh Feddust meﬁmmw posRiofled wathlthe &lti- H&kaﬁgldt@@rlgagé@to&ﬁ@ond

alternative anti-backup release l'ever disengaging the anti-backup
mechani sm DETAg 108D DESCRI PTI ON OF THE | NVENTI ON [ 00661 A surgical stapling
and severing instrunent, whether with a conventional solid

[0058] FIG. 50A is a right detail side view in elevation of the aft gear, automatic

retraction cam wheel and distal-most link of FIG. 50.

[0059) FIG. 51 is a right side view in elevation of the second alternative anti-backup

release mechanism of FIG. 50 after a first firing stroke.

[0060] FIG. 51A is aright detail side view in elevation of the aft gear, automatic

retraction cam wheel and a second link of FIG. 51.

[0061] FIG. 52 is a right side view in elevation of the second alternative anti-backup

release mechanism of FIG. 51 after a second firing stroke.

[0062] FIG. 52A is aright detail side view in elevation of the aft gear, automatic

retraction cam wheel and third link of FIG. 52.

[0063) FIG. 53 is a right detail side view in elevation of the second alternative anti-

backup release mechanism of FIG. 52 after a third firing and final stroke.

[0064] FIG. 53A is aright detail side view in elevation of the aft gear, automatic

retraction cam wheel and proximal-most fourth link of FIG. 53.

[0065] FIG. 54 1s a right side view in elevation of the second alternative automatic

release mechanism of FIG. 53 after a further firing stroke causes the automatic
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or linked rack as advantageously depicted for a shorter handl e, incorporates
a nultiple firing stroke capability allowi ng greater firing travel w thout
an excessive anount of force required to squeeze a firing trigger. Between
firing strokes, an anti-backup nechanismis incorporated so that a firing

1530, a 11 SELPETER ‘Dhel ST Tons b Enb LB i ey
i ncor por at ege@asei|der qg\éh%%hgg%?g‘%@yﬂcgﬁgnmc hani sm t hat causes

automatic retraction at ing travel. This version al so
includes a first version of a manual retraction assistance capability to

over coBEPAINCEDDESCRIPEFONOFFHE INVENTIDONVer si on of a surgical stapling
and severing 1 nstrunment nechanrsmincludes two nore anti-backup rel ease

TEChAN RO, 2 B kel 2 05500 Bk P o

1- 30 coupl &g jiked fack ia@ﬂdm{alfg%hsi}f&ﬁ@ecf for b RHortériHaAle, inBorpotatddiaatultipiek
transm ssion by neans of a frictionally biased top pawl, and is further

descri bed i firingStroRecapahgisy allovgag gredter rmears cbgtheanekesssiveaRoraAL

STAPLI NG | g\%gRUNENT [ NCORPORATI.NG A FI ? g?G NI Sgl HAVIaI\g_b,g\ LI NKED RACK
TRANSM SSI ONPESFEiuyier i s§ficeze SHHYS Hisees SAWTRITEE YREPY GH 2NV 02 Ped 20

Sept ember 2GQghahis iflikelopate® sOfhavWfififlg keirab@sebids HoGanRbeat@ad, hysd ef erence
inits entirety. 10068] The second version of the surgical stapling and
severing i ndinngrehactivh. FI GS. 31-54 couples the firing notion of a firing
trigger to a linked rack transm ssion by nmeans of a spring-biased side
pawl . Fpgskher mor gn HIGS. 5860 NHrsY @&SioRdf e sififical Yiaglif@hnd SveRhd RGtrAdentSeveri ng
instrument in FIGS. 32-41 depicts a rack-triggered automatic retraction
capabi | i ty vntdiperateatashistmongngantirhickuptreleaseinmgchamsindhatsanses antonglit er nat i ve
to the kick-out,. anti-backup release.Jever.of FIGS .1-30. In FIGS. 42-47, a
Fatchet | ng. REMHER ¥ Lera et B RSeRanTaR i BeiocrEHAFT A it Saepare

cor r espondi Ngarhf] WiaktidrSassHRNES SphdilitieR! VeRBmebildieS In3268131-F4 @ecdth 54
depict a gear driven automatic retraction feature built into the indication
and rat chet i vegsiomolimburgisalr siaplingandeaiening snstru@nimechanism mehudes tver matei ve to
Lhe ki ck OUt DA Ee Feb RSl B Slig bl TeiBonidk A%n&05h S find BRI 71 00er ed

anti - backup
Further, the first version of the surgical stapling and severing instrument of FIGS. 1-

30 couples the firing motion from a firing trigger to a linked rack transmission by
means of a frictionally biased top pawl, and is further described in U.S. Pat. Appln
Ser. No. 10/673,930 entitled “SURGICAL STAPLING INSTRUMENT
INCORPORATING A FIRING MECHANISM HAVING A LINKED RACK

) TRANSMISSION”, to Jeffrey S. Swayze, Frederick E. Shelton IV, filed 29
September 2003, the disclosure of which is hereby incorporated by reference in its

entirety.

[0068] The second version of the surgical stapling and severing instrument of FIGS.
31-54 couples the firing motion of a firing trigger to a linked rack transmission by
means of a spring-biased side pawl. Furthermore, the second version of the surgical
stapling and severing instrument in FIGS. 32-41 depicts a rack-triggered automatic
retraction capability with a ratcheting manual retraction mechanism as an alternative
to the kick-out, anti-backup release lever of FIGS. 1-30. In FIGS. 42-47, a ratcheting
manual retraction mechanism is depicted in more detail, corresponding to what is
generally depicted in FIGS. 32-41. FIGS. 48-54 depict a gear driven automatic

retraction feature built into the indication and ratcheting manual retraction mechanism

-10-



100691 Turning to the Draw ngs, wherein |ike nunerals denote |ike conponents
t hroughout the several views, FIGS. | and 2 depict a surgical stapling and
severing instrunent 10 that is capable of practicing the unique benefits of
the present invention. The surgical stapling and severing instrunment 10

i ncorporates an . end effector 12 having an anvil 14 pivatally attached to an
el ongat e chaiddirthes altematiyetp the kiskquh gnti-Ragkup geleasedenst R FIGI5lnd0 el the
severed and ) 3 i ouypl ed by a shaft 18 to a
handl e 20 (ﬂ?%?ﬁ%%gﬁgﬁhﬁ#%pgﬁgﬁ%ﬁﬁ%@%?%ﬁF%%?'%%?ﬂed by the end effector 12
and shaft 18, is advantageously sized for insertiqgn through a trocar or

smal | 1806%r oscopi KurBing e g Rrevimsst whercBrlikefwerceyp denade Hks empoiestsedur e whi |l e

5 50 S S B4R, D RO Ay

advant ageous Inclu ures sepa e noti6n and
firing noti dastringek @Qtlsat iscapplsle v piaciiciag weningduie benefits lof dvirsgzdt fi ri ng of the
end effector, as well as enabling nultiple firi ng1 strokes to effect firing
(i.e., severNHJUgadTle Ssgicaliapdng epdsepang sErmsnt 1 Oincomrpraesianndat i ng t he
degree of fiJtg t ’ I : | r ybe 24 of
t he shaft 185f¥eg%éég€%§§g%gta9m§224gﬂv@%@é}%&e@??gﬁg@ﬂgéeflﬁ_zrrfé_}\ei)%‘! and‘the anvi |
14 to cause apposing gavaf fot blampity teskshenttersetdted Wid stapled.lkhe atldatiscter t2i3e 24, a
frane 28 is cougl ed between the el gngate channel 16 and.the handle 20 to

| ongi t udi nal 99PPisE&YE Bl dAdo 8 ppbe £0 TG dhfremplement pepiona, deraddy knob 30
I's coupled e E‘\E\Aﬂ %ég@ct(ﬁ{ 1@%9%@& 89 Q@{Jﬂta%ﬁﬁ%gﬁeﬁo? ir{s%i%%lﬁ‘ﬁ Qugtgd to

the handle 2 respec 0O arotatio venent about a ngi t udi nal

axi s of the atfsafall 1dfhrosthpis opetiing tsperfrmnanceandoscopit sargited pesuddadefvatdieor 12 by
turning the rotation _knob 30. The cl osur tube 24 is also rotated py the
rotation kndisimocaniollpdbyp suregonigigrrine W%%#ﬁizguﬁh%‘lﬁnd el ¥HeRREFASHT i ve

thereto to gigyﬁﬁesti‘@&uﬁ%s%&f%ﬁ?gfseﬁgﬁgte%Maﬁl;{gf’t‘f&f)a{nd]fﬁing%ugé)ﬂéé{)}%‘agtgftéi ame 28, a

firing rod IS positione r Tongitu novenent” an bet ween
the anvil 1dprovent hmadeertbnedf gleadvised Zirmgef shenendtaffektor,sts vodleasfanablivgg t ri gger 34.

e o poure AR 2Ss 312l Lo, B AR S L ARE TR0
26. 100711 | b ERAORGRAIfE HRSI:BIE AR fir5E i rdeR! eent portion 22 i s

inserted into a patient"to access a Surgical” site, a surgeon refers to an
endoscopi ¢ or other diagnostic imaging device to position tissue between
the anvi®7014 and E9 Bisgasndschelapr tubs 24-of the shaft 18 is coupled between a closure

trigger 26 (FIG. 1) and the anvil 14 to cause closure of the end effector 12. Within the
closure tube 24, a frame 28 is coupled between the elongate channel 16 and the handle
20 to longitudinally position and support the end effector 12. A rotation knob 30 is
coupled with the frame 28, and both elements are rotatably coupled to the handle 20

’ with respect to a rotational movement about a longitudinal axis of the shaft 18. Thus,
the surgeon can rotate the end effector 12 by turning the rotation knob 30. The closure
tube 24 is also rotated by the rotation knob 30 but retains a degree of longitudinal
movement relative thereto to cause the closure of the end effector 12. Within the
frame 28, a firing rod 32 is positioned for longitudinal movement and coupled
between the anvil 14 of the end effector 12 and a multiple-stroke firing trigger 34. The
closure trigger 26 is distal to a pistol grip 36 of the handle 20 with the firing trigger 34
distal to both the pistol grip 36 and closure trigger 26.

[0071] In endoscopic operation, once the implement portion 22 is inserted into a
patient to access a surgical site, a surgeon refers to an endoscopic or other diagnostic

imaging device to position tissue between the anvil 14 and elongate channel 16.

-11-



Grasping the closure trigger 26 and pistol grip 36, the surgeon may
repeatedly grasp and position the tissue. Once satisfied as to the | ocation
of the tissue relative to the end effector 12 and the anmount of tissue
therein, the surgeon depresses the closure trigger 26 fully toward the
pistol grip 36, clamping the tissue in the end effector 12 and |ocking the
cl osur e tri Jgespingtheclosyratriggandfoand nistokari 3¢ bg gurgron may repeatedly p@sh ed with

thi's posi ti gty chlioR WARAN: Tke ol BRI [d\he AU Bt it 8GRI RBvPY flgPT essi ng

a closure release n rearter repeat e procedure to clanp
ti ssue. [007%2d effectol d2pnditheiamonat 6ftissue thbeis tiigeogeonaiepresasaledclosurd firi ng
the surgical . stapling and severing.instrunment 10, Specjfically, the surgeon

grasps the ftpggq{&6tfpllgward§)§pdﬁal Finioclagming g tissusgndasenetfior iy i ng

trigger 34 r i r 1] d f¢ I trokes
necessary | S G EE Rt }ERE 263 i e e o e mum
amount of f owitlettiopdsitidnyisersuegtoh endylreleaseshe clownt trigher Pahydapresdinga ng st r oke,
and the |ongitudinal djstance and force needed to be transferred through
the firing r%ﬁugtzre?%ﬂwtw tagreafter Tepeatiine REPCe e dg Clamp YSsks: be
appreciated in the discussion bel ow, individual surgeons may choose to cycle
the fipirmg tri gdécladpimg dichirectetht samngon may peorged with fivingahe suagidalt hus

i ncrease or decrease the nunber of firing strokes, yet the handle 20 still
ef fects firiSRPLREQAResevepngdnstymend b Speeiicalhy therurgeon grasrethe irpe tHg8%eon may
reference am4 hdi.c : i gl i LhAsdd 40, that
posi tionall ?dr%}(aég%épéw ?@?B %g%n@eﬁ#gg%ﬁgéﬁ?%}lgﬁﬁeﬁ ng ésdt%géeggp

Addi ti onal | yim¢h&hpasinbeost firing dn@keeacasshiydn ekgoabmiallydytennined basetilbata  f ul |
firing has occurred when encountering resistance . to further cycling of the

firing triggeqmym hand sizge mayimpum apeneetierg to haimpaieddo she netrunent ang

i nstructions F-PD SN jadj ¢ation

provi ded by ‘%‘{%@é&g‘{}g?ﬂﬁ% St(r)él&f %ilgt?tlhﬁ I éttﬁldlﬁlgl &lrgtgrtprr act ﬁgrﬁ:teElgg%éaﬁnggUpon full
travel of t hearfsferiedghroogh 8i2 farivg rol 80 té the ehid effagtot 12 dyéng fBdng. iAs widlbeased, t he

handl e 20 automatically retracts the firing rod 32. Alternatively, the
surgeon, wit > t st runent

i mem@@gée fissyssiopee gﬁl@}ﬂdugl SHFACOPYy MY Gheqse &9 m@e %ﬁ
10 has not filhd bl et afy ddtendishi SR IYidcRLab @6t dRfeal@R 40,
may depress an éan y%ﬁ%ﬁ%gﬂ%& e%’g%rg%ﬁt(gﬁnﬁﬂé%gﬂrhe leacseal tﬁe f%ralgér}gl trigger
34. Both of munstse ofifitingssolads| patthe eadleROditidl Fctsdiragtvoithaduit badding. r et ract t he
firing rod 32. [0074] It wll be appreciated that the terns "proximal" and

;ﬁi |Stn§|t (roﬂ?;éﬁt f’ﬁﬁlagﬁﬁﬁ?gsee n.d’tl%?ﬁ[tg% %{gg&ﬁ%é}pre?er&{c% Bh GhftBaty, HBRELRG a@anandl e of
indicating retraction knob 40, that positionally rotates in response to the multiple
firing strokes. Additionally, the position of the retraction knob 40 may confirm that
full firing has occurred when encountering resistance to further cycling of the firing
/ trigger 34. It should be appreciated that various indicia and instructions may be added
to the handle 20 to enhance the indication provided by the rotation of the indicating
retraction knob 40. Upon full travel of the firing rod 32 and when the firing trigger 34
is released, the handle 20 automatically retracts the firing rod 32. Alternatively, the
surgeon, with knowledge that the surgical stapling and severing instrument 10 has not
fully fired as depicted by the indicating retraction knob 40, may depress an anti-

backup release button 42 and release the firing trigger 34. Both of these actions allow

the handle 20 to automatically retract the firing rod 32.

[0074] 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 end effector

12 is distal with respect to the more proximal handle 20. Analogous terms such as
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12 is distal with respect to the nore proxi mal handl e 20. Anal ogous terns
such as -12 "front" and "back" simlarly correspond respectively to distal

and proximal. It will be further appreciated that for conveni ence and
clarity, spatial terns such as "vertical” and "horizontal" are used herein
Wi th respect to the draw ngs. However, surgical instrunents are used in

many ori ent afioatTand¥agkdsirhilahscorgporidregrctiaslye distal aof prokiniarided] be be
limting and absolute. [00751 The present invention is being discussed in
terms of endwdhssgppregiatsddhatfasconypriengsnd £lamdy, speqgd y&ms sughanheeBisl of ter ns
such as " endageaRifintar SRRt ARG RIRRY 160 dlfvibbdl ol dE: BaGREN
invention to a surgical stapling and severing instrunent or tse only in
conj unct i on imdtiumenis @o desicamanytotieatatibneand gositioas,)and Grest emsand na@ry, it is
believed that the present. invention may find use in any procedure where
access is IMgngesddods limitingpnd abselws.on, i ncl uding but not limted to

| apar oscopi ¢ procedures, as well as open procedures. E-Beam End Effector.
100761 [ghe advantBEgaseseht invédivalie beiflg dixpadst@imkerms oféndos@pitprotqdueesst r oke
firing nmotion has application to a nunber of instrunents, wth one such end
ef fect or 12 angappRjaysieveadn e perem oftemns ek as rndescopicarshoaldgiotige to FIG

4, the end o L2 : j f ndl e 20
(ot depi ct adnrruep e hEPRABHIRbRubRE &Rala Rk R IR <)
4, 6) connedbt ag dnly Arcoajunictiopwitkian@hdesadpib 2utel(at., trocut). Glethe @optedry, iofs

| aterally proj.ecting anvil pivot pins 54 that are proximal to a vertically
proj ecting FYedfté%Fttg? Bresgyit ipjentiommay find uge i ayroesduls; Waere acqessiss| at e

wi thin ki dngy;sha .gs:; ' n and
ol ose anvi | T8RO SRR thf SolhANGE s ARl o RRE
engages a bewmtll ssadpehPrddeti@®Ss. 2, 4, 6) extending inwardly in tab aperture 60
on a distal end 62 of the closure tube 24, the latter distally term nating
in a distal gdae 64 that. pushes against the anvil face 50. Thus, when the
cl osure tube noves proximally fromits the open position, the bent tab
59 of the closure tube 24 draws the anvil feature 56 proximally, and the

anvi| 6ot pi nsISadvantagsy of adiapdla R0 papabipeipropidineTgultipl-sroke Hsing ongat e
h | 16 IS nyi i { bl | d
Cotate uparOHEl T abDcB ko o himblh SrHH RO WO AL Griti@a ™! [V an

distally, theileddpidtadbinFIGISn26h&Vittagarticular reference to FIG. 4, the end effector 12
responds to the closure motion from the handle 20 (not depicted in FIGS. 2-6) first by

including an anvil face 50 (FIGS. 2, 4, 6) connecting to an anvil proximal end 52 that
includes a pair of laterally projecting anvil pivot pins 54 that are proximal to a
vertically projecting anvil feature 56 (FIG. 4). The anvil pivot pins 54 translate within
kidney shaped openings 58 in the elongate channel 16 to open and close anvil 14
relative to elongate channel 16. The anvil feature 56 engages a bent tab 59 (FIGS. 2,
4, 6) extending inwardly in tab aperture 60 on a distal end 62 of the closure tube 24,
the latter distally terminating in a distal edge 64 that pushes against the anvil face 50.
Thus, when the closure tube 24 moves proximally from its the open position, the bent
tab 59 of the closure tube 24 draws the anvil feature 56 proximally, and the anvil
pivot pins 54 follow the kidney shaped openings 58 of the elongate channel 16
causing the anvil 14 to simultaneously translate proximally and rotate upward to the
open position. When the closure tube 24 moves distally, the bent tab 59 in the tab
aperture 60 releases from the anvil feature 56 and the distal edge 64 pushes on the

anvil face 50, closing the anvil 14,
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aperture 60 releases fromthe anvil feature 56 and the distal edge 64 pushes
on the anvil face 50, closing the anvil 14. -13 [00771 Wth conti nued
reference to FIG 4, the inplenment portion 22 also includes conponents that
respond to the firing notion of the firing rod 32. In particular, the

firing rod 32 rotatably engages a firing trough nenber 66 having a

| ongi t yshrmal recaBih coBinukd Féfagnte PUJL. ARADEfipl6Mentpieton 2D glsd itk | y vm' thin
frame 28 in direct response  to longitudinal mption of firing rod 32

| ongi t udi na|cogxpe@enmth@§re§wdép g g mpdonaf the Sigingged 32 olemagscu{w,tthet he

rotation kn n%qf)é @’2”}ot§ﬂﬂi§f€n§§gé§'a@§1ﬂ‘gﬁl 4 ent%ﬁ%e}r%@%&n@ 1oﬁ$lfho diRDflcLydi nal

slot 70 in t osure tube I's 'su ong as-to w relative
| ongi t udi nal68nBiringnrowgh mehdber 6®haiv|es)h>ngmﬂméi@ withia dfranngi2 § mfdlfectnes;gmamd
cl osure nDti ns. r spectlvel with the coupling of the rot t|on kno
passi ng on tRIWEY &a TR @ r%%t‘IOds-?’Izo{’* loneifudinalglog %%Weth% Bredpheds gI y

engage the '?@ﬁhé%hg L W35S ot KhobUaenb BFFnYA PHOG TBITRE 160w, 400781 The

distal end o me troug IS attac to a proxi end of a
firing bar the longitudinalebot Dt the ddsard tuber24 daufpenlyf longhs to allokhietatise gui de 78

t her ei n, d| stally I‘Oj t an E:beam 80 into the end effector 12. The end
ef fect of 12 phgifdebioon it the Euton kgk 3830 perompl lish fngand gl logyret he E- beam

50. “The st anﬁ@l&@&gglgj&lg@l}ﬁ@uﬁg@ &uPﬁ,%gefftg $rdiin 1R % r@@{g%% §idge

body 86, a ge s rrver rrvers It wll
be appr eci atlengitudatal slbe72/\mctgefmjmd8do isiidinglg&ngaprghd lmi'gitadlihg!l remswé& i thin a
firing recesg 19r4 gFIG 2) cgéed between the cartridge tray 84 and the
cartridge bdfyrag tr?H%hWéH’é’ér ed driver 88 presents canming surfaces that
contact and lift the staple drivers 90 upward, driving the staples 92 up
from stiepdie aper tThreatistaldmd OFtia frihe trotgh memberad6 iwfattichet aph prdxdmmi end ofr ooves

98 (FIG 3) o cre g formed " shaped st apl such as
depi cted at ﬁ%@ﬂ%ﬁrargg at@‘“\ﬁ?f”ﬂhﬁhﬁthﬁ e S}?egf@agﬁ&ét R e 7 tqrﬂe stapl e
cartridge bqgﬂléﬁggfﬁe@%liB&Hi'@@?nt@ﬂw%'émlzoYlQpﬂ{b?ndVé?feHo?Eﬁ idh@es 102 for

passage of the E- . Specifically, a cutting surtace I's provided
al ong a di stadtapdecarofdge-83ehani8actoaedby theiEsbesm 80.(Tée staplé carsidgpB2das 400791 In

FIGS. 2, 5, 6, vel t he, ctor 12 is. de ted. in.a seguence
of open (i WY, 8r4§§§€i10§4 covale f de%%gﬁisé aa‘ﬁeﬂaﬁﬁlqdrderave%ﬁoﬁtanl%ﬁﬂve% fully
fired condi t4n@ntapldseat b@f Pﬁﬂ%@iaﬁd@ﬁﬁ%@@e&g@%ﬁedﬂﬁﬁel’ B8 Wrfzithéinhmg of the

end effector 12, |n particul a are
moves within a firing recess 94 (FIG. 2) located between the cartridge tray 84 and the

cartridge body 86. The wedge sled driver 88 presents camming surfaces that contact
and lift the staple drivers 90 upward, driving the staples 92 up from staple apertures
96 (FIG. 3) into contact with staple forming grooves 98 (FIG. 3) of the anvil 14,
creating formed “B” shaped staples, such as depicted at 100 of FIG. 6. With particular
reference to FIG. 3, the staple cartridge body 86 further includes a proximally open,
vertical slot 102 for passage of the E-beam 80. Specifically, a cutting surface 104 is

provided along a distal end of E-beam 80 to cut tissue after it is stapled.

(0079] In FIGS. 2, 5, 6, respectively, the end effector 12 is depicted in a sequence of
open (i.e., start) condition, clamped and unfired condition, and fully fired condition.
Features of the E-beam 80 that facilitate firing of the end effector 12, in particular, are
depicted. In FIG. 2, the wedge sled driver 88 is in its fully proximal position,
indicating an unfired staple cartridge 82. A middle pin 106 is aligned to enter the
firing recess 94 in the staple cartridge 82, for distally driving the wedge sled driver
88. A bottom pin or cap 108 of the E-beam 80 slides along a bottom surface of the
elongate channel 16, thus the middle and bottom pins 106, 108 slidingly engage the
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depicted. In FIG 2, the wedge sled driver 88 is inits fully proxinal
position, indicating an unfired staple cartridge 82. A mddle pin 106 is
aligned to enter the firing recess 94 in the staple cartridge 82, for
distally driving the wedge sled driver 88. A bottompin or cap 108 of the
E- beam 80 slides along a bottom surface of the elongate channel 16, thus

the nmiddle a:ﬂmlgbt@tcb@meéllﬁslnmmpemedsmﬁmdrfgqtgfOéﬁifa@eaﬁmpln-liﬁ Oérhsrr‘@ate
channel ~16. %pts'@% tgre%“a%d‘iﬂ {d‘?% x%ftr[?i}farr]l%gﬁf g%’geﬁu f(%[@ a@k@ i dof the E

beam 80 has & ere is re he anvi

14, and thulsmstiwesnaafmpeﬂaesiaeateeapaﬁ@gmmmmgoﬂmdaﬁh(bsn.ng of the anvil 14.
[00801 In FIG 5, the end effector 12 is depicted as clanped and ready to

fire. J&?O]t op p'IHIFi%OS (Hle érnfetﬁcpoef‘ala] ggepl&e@%%]aﬁrﬁlge&ﬁc&eg& %r%]e ”lilié t%{) 114 in

the an 14 di sta o’dand  communi ca anvi cket In FI G

6, the E-begin 800 bfthe [Pelgant 80 Isyalightéd @ith amiahvil §16€1 Lpipehe phvil 14 8istal @nsidat i ng
down the anvil slot 114, afflrmatlveli/ ilgcm% the anvil 14 fromthe
el ongat e ch&eRENUNEGARE Wikethe anyil perkstit K2a thelipearg 189 aebeentfply ye.

Si mul taneoug-ggd &@F@@@ﬁ& le Ogrggs[l%ﬁ%éﬁ%&n%ﬁ&gtgv Qgt ?ltﬁgl'fm%ﬁ(rély O?a%?h 2 as

previ ously e erea Isre

openi ng t he thfighvief4 86inahe ddngae climpbiols aaghé batifig @tmfz&:e(lﬁﬂfsévdﬂgﬁmﬁﬁed or an
additi onal operation. [00811 The illustrative end effector 12 i s described

in greater dise Simpltaeguslydhymidilepin 19adhas asmead hesipieicatrgge 8agent

T therr endreupg? hashRE B RanGERR AP0 s ke BORLGRBE dileiE * °e°

LOCKOUT MECH#L oM Fahd rdpRICUENRE SliplefcaftiBRd\K2' {or 28 addibional bperhfidn424, to
Frederlck E. Shelton, M ke Setser, Bruce Wi senburgh, filed 20 June 2003;

(2, R, & R R VTR USSR R AT L RNRAE |

Brian J. Hemdebfdichly-bivhedlUX) p&td:ﬂﬁaﬂﬂh@&;or(s&he 'ABIRSheAf e%ﬁg\@réWSTRUNENT
HAVI NG A SPENT CARTRIDGE LOCKQUT", Ser. No. 10/441,565, to Frederlck E.

Shel ton, M KBcsaerated bypelsraacow thetsntisty: (1) [SAROK Al SEAPANG (4) " SURG CAL
No. 10/ 241, B0 TR ERAda AR e SNSRI i senbur o
filed 20 JurRREVBRTIAGNMOF BIRINGVRSECN. SI/ARLUNG to Frederick E. Shelton, Mike
Setser, Bruce Weisenburgh, filed 20 June 2003; (2) “SURGICAL STAPLING
INSTRUMENT HAVING SEPARATE DISTINCT CLOSING AND FIRING
SYSTEMS”, Ser. No. 10/441,632, to Frederick E. Shelton, Mike Setser, Brian J.
Hemmelgarn, filed 20 June 2003; (3) “SURGICAL STAPLING INSTRUMENT
HAVING A SPENT CARTRIDGE LOCKOUT?”, Ser. No. 10/441,565, to Frederick
E. Shelton, Mike Setser, Bruce Weisenburgh, filed 20 June 2003, (4) “SURGICAL
STAPLING INSTRUMENT HAVING A FIRING LOCKOUT FOR AN
UNCLOSED ANVIL”, Ser. No. 10/441,580, to Frederick E. Shelton, Mike Setser,
Bruce Weisenburgh, filed 20 June 2003; and (5) “SURGICAL STAPLING
INSTRUMENT INCORPORATING AN E-BEAM FIRING MECHANISM”, Ser.
No. 10/443,617, to Frederick E. Shelton, Mike Setser, Bruce Weisenburgh, filed 20
June 2003.

[0082] It should be appreciated that although a nonarticulating shaft 18 is illustrated
herein, applications of the present invention may include instruments capable of
articulation, such as described in five co-pending and commonly owned U.S. patent

applications, the disclosure of each being hereby incorporated by reference in their
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| NSTRUMENT | NCORPORATI NG AN E- BEAM FI RI NG MECHANI SM', Ser. No. 10/443,617,
to Frederick E. Shelton, M ke Setser, Bruce Wi senburgh, filed 20 June
2003. [00821 It should be appreciated that although a nonarticul ati ng shaft
18 is illustrated herein, applications of the present invention may include
I nstruments capable of articulation, such as described in five co-pendi ng
and commonl yentvatgd(1))“SURGACAR! INSTRITMENT INCORPORANDIG Adure of each bei ng

hereby incorporated by reference in their - entiret 1) " SURG CAL
NSTROVENT 1 AR RIS FLARTS b EAN G REBAP SRR AEHEOTATI On ABOUT
THE LONG T 7 0 r ton, Brian
J. Hemel ggFQ?]mH@ \/\/E"in%lr Kgﬁngg)h{(géﬁs\giﬁgo Fl%ldlglgg(dg %}Ee:&?ﬁzo’?%ﬁ (2)

"SURG CAL  STonRinkig@m, NSTRUMENT KehCORSORATIsNG AN JART2EL ) SVREIML FOR A

5 g o e A TS 0 ° 7

CONTROL",  Sex FIiiNG BNROTRACK, l58r. 1. ﬁo@\i\@pé? toBrla8d. Hedieloart 4Hd 90
"SURG CAL STAPLI NG | NSTRUVENT I NGORPORATI NG A TAPERED FI R NG BAR F

| NCREASED FL2aXB B3] fZANS IARGIMNEL TNE TRANTEINDIAITION. DATRRAL-BEOVING. 10/ 615, 974,

Fred k I B [ h, fil July 2003;
and (5) » SORRBIGUSH AR TRETR Aot WU e Aip ietionmo sy e Rttt ppOr
PLATES FOR  SdsH Sﬁﬁaﬁcwﬁﬂ@ﬁ&\% INSERUMENT IRCORPORATING Alef f  Swayze,
Joseph Charl es Huei filed 9 July 2003. Multi-Stroke Firing Handle. (00831

In FIGS. 7- a&mamemmamaﬂ@m@sw FlsE XBILFEY AROWBMETHEg i nst r ument

rechani sm 150REHIPERTFOIREE T s e ol & trefesitdt SRR SIS cauced
handl e si ze, Serichl Binag Bl e bYuly AR MhdIspeSURCIEALIET PN f ect or 12

(not shown in FI'GS. 7-8) is caused by  depressing the closure trigger 26
toward t he pINYTRUMENT BAVINChARATIGURATIONG QINTSSIIVRPORTIRIEFESBORI vot s about

a closure trigoesebhcORmRR Bk CQUPNE1 481 8o AT & BOUS I Sosep

Charles Hueil, filed 9 July 2003.

Multi-Stroke Firing Handle.

(0083] In FIGS. 7-8, the handle 20 of the surgical stapling and severing instrument 10
is shown in greater detail, illustrating a linked transmission firing mechanism 150 that
provides features such as increased strength, reduced handle size, minimized binding,

etc.

(0084] Closure of the end effector 12 (not shown in FIGS. 7-8) is caused by
depressing the closure trigger 26 toward the pistol grip 36 of handie 20. The closure
trigger 26 pivots about a closure trigger pin 152 that is coupled to a handle housing
154 composed of right and left half shells 156, 158 (latter at FIG. 15-18), causing an
upper portion 160 of the closure trigger 26 to move forward. The closure tube 24
receives this closure movement via a closure yoke 162 that is pinned to a closure link
164 and to the upper portion 160 of the closure trigger 26 respectively by a closure
yoke pin 166 and a closure link pin 168.

[0085] In the fully open position of FIG. 7, the upper portion 160 of the closure
trigger 26 contacts and holds a locking arm 172 of the pivoting closure release button
38 in the position shown. When the closure trigger 26 reaches its fully depressed

position, the closure trigger 26 releases the locking arm 172 and an abutting surface
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154 conposed of right and left half shells 156, 158 (latter at FIG 15-18),
causing an wupper portion 160 of the closure trigger 26 to nove forward. The
cl osure tube 24 receives this closure novenent via a closure yoke 162 that
is pinned to a closure link 164 and to the upper portion 160 of the closure
trigger 26 respectively by a closure 166 and a closure |link pin

n
168. [00851 1A retatesanfp |6984£5€Wnb\5§hta|dbﬁﬁfﬁélrghﬁ1’@ netchlffd %ﬁﬁe}?lvw&be}ﬁnaeo of
the cl osure rqi i voting
cl osure rel eaggle @gﬁld%g t%é)é'l&&ﬁé eg%gggs(?ﬂ tg% &ﬁhoﬂidl%r&%m%?héag %dg(ﬁ?% gger
26 reaches iendof tHeIlycldnpam$’éblp1vptss:bbi1tcmlatetdi@m:ltzls:unmedtmngGérwﬁlﬁhe el eases
the | ocking .a 72 .an n abutting, surf otates j.nto e gagenent
with a distdl ?rﬁ:eéﬂ’t‘%% gS‘ﬂfﬂ@‘ﬁ’Oer OS‘t‘Ii’?éalﬁ?S\?é)(“l“ﬁ g ot RIg™M ?ﬁafﬁ hoI di ng
the cl osur e ddd Gt ifoibirt Rllcast bRESK RlurfladiEHinRA by bm end
of the locking arm 172 pivots about a ateral pi vot conn t|o 74 W th
the handl e 180ushicy idSenprossest hoteceh laéloustmgstne:tmrelléaaad blostmmelddse bistion

i nt er nedi at st al de 178 of the osu rel ease hutton is urged
oroxt et |y 65 She et sSlbRine £t aeRedutan s & niees BRoRpREE 488 192 ween o
housing str %hH(chch&%@‘(%rlﬁh%é%e% frézh ﬁi’ﬁ@&ﬂ‘rﬂ&BBk1n§%ont-£E'tewft}?§ié|abuft1% gthat the

cl osure rel ease button es the locking arm 17 count ercl ockw Se (when
vi ened fromsmhfacd Ef0 of closce ﬂrxggmm“mmhtmc\tenw triclanimen@bficlbsurg trigger 2§ace 170 of

cl osure tr| 6 revents uncl a of closure tri 26 when
The 1 nked ¥Smafie bul PRl Tnemstegor 00 i enprdiecs (a8t «fon as
descri bed wueQ&%H%g%{e@ﬁgtag%gw [0086] Wth the closure trigger 26
retracted fully depreéessed, the firing trlgger 34 |s unl ocked and may be

d dt d fect. f ng of the
o o o, T2 AR B Sbfire Madde 3¢ rotietst Bl dopPeed, fhe Tt gt sy 100,
15 111l | Yo G486 shay e Bkl KRR st BOREAP s el nat | o

Q@%r
t ensi on/ conpr essi on spring I's constr inthe pistol grip 36
of the handfimmg@df, thmpmmeﬁfdzcsorridnﬁsvzlemgtedrthe ligkedctpamseussexh fiong mechwasd! e

h i 154 d.a .. i d 18 1 flexed and
ot o o o i A e e SRR g PO B0 P G & PTIOIAIOB L A |y s posed
end 194 of t toksi it/ Ssthpresish Qp?%g'1%4Qﬁ5t?§$&gtrélﬁecﬁwkthﬁ‘1kth€9%&11'3919 36%63%nd or

structural | oading, mhlc in turn is attached to a front I'nk 196a of a
plurality  handle20, with its nonmoving end 186 connected to the handle housing 154 and a

moving end 188 connected to a downwardly flexed and proximal, retracted end 190 of

a steel band 192.

(0087] A distally-disposed end 194 of the steel band 192 is attached to a link coupling
195 for structural loading, which in turn is attached to a front link 196a of a plurality
of links 196a-196d that form a linked rack 200. Linked rack 200 is flexible yet has
distal links that form a straight rigid rack assembly that may transfer a significant
firing force through the firing rod 32 in the implement portion 22, yet readily retract
into the pistol grip 36 to minimize the longitudinal length of the handle 20.

[0088] It should be appreciated that the combination tension/compression spring 184
increases the amount of firing travel available while essentially reducing the

minimum length by half over a single spring.

{0089] The firing trigger 34 pivots about a firing trigger pin 202 that is connected to
the handle housing 154. An upper portion 204 of the firing trigger 34 moves distally
about the firing trigger pin 202 as the firing trigger 34 is depressed towards pistol grip
36, stretching a proximally placed firing trigger tension spring 206 proximally
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of links 196a-196d that forma |linked rack 200. Linked rack 200 is flexible
yet has distal links that forma straight rigid rack assenbly that nay
transfer a significant firing force through the firing rod 32 in the

i npl enent portion 22, yet readily retract into the pistol grip 36 to

m ni m ze t heohmygdiHethy¢eal tht apgtr poafont20e of etieddien@2@igg £:00B841d the haddell d be
appreci ated that the conbination tension/conpression spring 184 increases

t he am)ulnt &pusing | oy Thedpper partien 404 of the firag &agesn B4 sngages ﬁtg?diﬂkﬁ%rﬂlche ;
ne . > : _ il ; .
o1 ot s abou ] ing Bich, 8 a8 ABLESSREL Aot AP Hind Bbchdide? 1 OGP,

housi ng 154 .alsénliseppstes pdichitionfidfdtrpfert Iveisréleased. Riting geggeBtensiouapring st al |y

about the firing trigger pin 202 as the firing trigger 34 is depressed
Bne El

t owar ds pi st28P Uggssthe geet ¢hilisglly When xslpased w%gig@&’&gﬁ the Hactian gger

tensi on sprif &égﬁ -Lgﬁl y -17 connected between the upper portion 204 of
the firing tb?ﬁgglg erecg{z?ﬁfén tdhe handl e housi ng 154. The upper portion 204 of

the firing trigger 34 engages the linked rack 200 during each firing
trigger®®8pressi o By liaked Ganspussion branggechanisahl Xgchuates; A gair offawly sengages

when the firj ' i I ELkng: fiLi i ' 206
rges the fiamspiofaBhrs it fofuE SPRARGI. b BRichér REFDG 830000 Rk
traction Dbi(asviegedfohathe $¢ft ddé). by D@dEEmes withe tbothke dppetr amsimie2L @fitHe r i ng

mechani sm 150 actuates, a pair. of coupled transm ssion gears gre r ot at ed.

Speci fi cal | yinked rack 290 $¢goad, thisdptabomisicouplgd fa ayindiatargede? 30 whichitiifed fr om
the left si At W t S : | i nked
ack 200, *egi o FRPRARERAL: i efoftend IRy PR 220 R ARSIt e e 00RO
t hus rot at dadicstungear B0 atewobaeablyiconpsgredifetht haddiehoubiey 1 Yedhe 224. Bot h t he
idler gear 220 and, indicator@gear 230 are rotatabli connected_to the handle

housi ng 154.relenggimbetwee) BeiligRehrask BEQ.idlenseane 2D rpk BulisaiRne b0 My er gear
220 and i ndi | : .
toot hed uppe Sut AR gE3H TR po U AN AT AR R 222 SR RS bIS

as toot at are suitably strong so
t hat the i ndhatatrosuigbhrstdag sottae therindinatoegdah a0 orakes nemotauhawonaur i ng t he

%o descri beder it dirine e ful {Tuhee of He IieH FaRur uPR DBE PR s at
| east four fggnctions. First, when the |linked rack 200 is fully retracted
and both triggers 26,
[0091] As described in greater detail below, the indicator gear 230 performs at least

four functions. First, when the linked rack 200 is fully retracted and both triggers 26,

34 are open as shown in FIG. 7, an opening 240 in a circular ridge 242 on the left side

of the indicator gear 230 is presented to an upper surface 244 of the locking arm 172.

Locking arm 172 is biased into the opening 240 by contact with the closure trigger 26,

which in turn is urged to the open position by a closure tension spring 246. Closure

trigger tension spring 246 is connected proximally to the upper portion 160 of the

closure trigger 26 and the handle housing 154, and thus has energy stored during

closing of the closure trigger 26 that urges the closure trigger 26 distally to its

unclosed position.

(0092] Secondly, the indicator gear 230, which is connected to the indicating
retraction knob 40 externally disposed on the handle 20, communicates the relative
position of the firing mechanism 150 to the indicating retraction knob 40 so that the
surgeon has a visual indication of how many strokes of the firing trigger 34 are

required to complete firing.
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34 are open as shown in FIG 7, an opening 240 in a circular ridge 242 on
the left side of the indicator gear 230 is presented to an upper surface
244 of the locking arm 172. Locking arm 172 is biased into the opening 240
by contact with the closure trigger 26, which in turnis urged to the open
posi ti qeedpy a cl dhirddy, tleniadeatos pedr2g0 egitudinalyiagd totanigglyely niers awantspri ng
246 is connected p oxinall tg the per portion 160 of th closur trigger
26 and the E’&?Hpere{?&?sfem‘j' 2¥§&?a&ﬁﬂtl‘§ﬁﬁ@l’ﬁ%‘? hanjgm g 9“%W6Vé£!“§lﬁ“ 153! osi ng of

the closure 2%b'a99fersu ceh@?aghﬁ Qx%in%lgxﬁgnttlr()' i9d érat%g %hﬁl&é‘;hlemrfn its

uncl osed position. 92J cat or ch |
connect ed t ctrbkes, pnmdlmaaltmmg:manebfant—bachulkmbetnsd&vev(t@bwnﬁwamrgpm%O on the

handl e 20, conmuni ates t t|ve ositiaon of the flrln nmechani sm 150
to the indi @a&w%s ik backyn mecRnize 250 @f&l 1Bh]§f) thaf plews distad movementy)

i ndi cati on Q)ffﬁm@’b'aﬁm’a I%éiﬁsgxf (R4 rhdtldn frioWARB2 3ﬂx1§‘ﬁx%veﬁ1€x§l%'1§oed to
conplete firing. -18 00 1 Th gf( the 1 ndi cator gear longitudinally

and to anguleatenys t}mmala-lanqunteleasebbwtqnpﬁrfedmdm@rbemml eﬁdlaf thl’e handlant i - backup

h tc h | t | i d
Covonmme™ S FoRsinet o8 sl el RS ot lorscfife? Shot 1 e S8t 1 BB oy o1
moverent of (hisGRRIIMgRLEATS Y8 b@i@ra‘ébéd'd'ﬂﬁhg%eoﬂim%eﬁfokgs?q{ﬂe%ﬁ i vat es

t he anti-backup mechani sm 250 (F 16) that allows distal novenent of
firing bar &’Lbrr@rlﬂmproé\ﬂmﬁnng)stmhesmhe mdtqatmm gg.fr 230mrevegscpaliregion dfirottiopy ement

al so extends  the.anti-backu el ease button 42 fromthe end of the
nandl e houdh ile A% HEPBHHY b aer BRIF RerHtat der Vel dihihe need
arise for thachigth8chanishPPSUTSMARRVs the hitEbABRGP 2L LHAGH 49 ill6 tHealdnart ed
during the firing strokes. After conpletion of the firing strokes, the

i ndi cat or g&4k aRBOtatestbe suk-bdtkupariease lover 248 duteroHy tathe right (G hfbtmec hani sm
150 retracts.,, The reversed ro tivat eszzgpe anti- backup nechani sm

220, i t hat oM mab e Rt T on A R a SR 230 o™t he haval s o0, ang

rotates the anti-backup release |ever 248 |laterally to the right (FIG 19)
to alllewsicont i nuisarthiy gresedicatongéap@3dfeceives a nuingairotatige fironPe indiGoBd 1

F t hi th di 230. iV I t at f. th
odi cat 1 ng. FEtdtign 068 4 ARG i e el Cor oy B Ao PR B BT G ) 1o
retract the fidhafi@m mcampaﬁfrbmp\fﬁécﬂarﬁﬁh bsbasloeRedRERER SrRRAngApocked,

t hereby overconing a
binding in the firing mechanism 150 that is not readily overcome by the combination

tension/compression spring 184. This manual retraction assistance may be employed
after a partial firing of the firing mechanism 150 that would otherwise be prevented
by the anti-backup mechanism 250 that withdraws the anti-backup release button 42

so that the latter may not laterally move the anti-backup release lever 248.

[0095] In FIGS. 7-8, anti- backup mechanism 250 consists of the operator accessible
anti-backup release lever 248 being operably coupled at the proximal end to the anti-
backup release button 42 and at the distal end to an anti-backup yoke 256. In
particular, a distal end 254 of the anti-backup release lever 248 is engaged to the anti-
backup yoke 256 by an anti-backup yoke pin 258. The anti-backup yoke 256 moves
longitudinally to impart a rotation to an anti-backup cam slot tube 252 that is
longitudinally constrained by the handle housing 154 and that encompasses the firing
rod 32 distally to the connection of the firing rod 32 to the link coupling 195 of the
linked rack 200. The anti-backup yoke 256 communicates the longitudinal movement
from the anti-backup release lever 248 via a cam slot tube pin 260 to the anti-backup

cam slot tube 252. That is, longitudinal movement of cam slot tube pin 260 in an

-19 -



binding in the firing nmechanism 150 that is not readily overcone by the
conbi nation tension/conpression spring 184. This manual retraction

assi stance may be enployed after a partial firing of the firing nechanism
150 that would otherwi se be prevented by the anti-backup nmechani sm 250 t hat
wi thdraws the anti-backup rel ease button 42 so that the |atter may not

| ateral | y nonsled ot imthie apadreknr aregeidubeydd ropaes theeobdbackyp @podot thbg,  ant i -
backup nechanism 250 consi sts of the operator accessible anti-backup

rel ease | ever 248 being operably coupled at the proxinmal end to the anti -

backup rel ease button 42 and at the distal end to an anti-backup yoke 256.
In par®®@ul ar, arappeddietwer axgaxistal endbotthe frapeAdanditbe anfsbatkup spmzhy | s

ant 1< backup P E e yad e i s PRl BB By B Pl e Plae

anti - backup X8l Hf antiUBRkdS darh dde 263, Ab aggtted dirbRin A nfsBilehBd MBEfillyg t he
handl e housi ngt3154 and that enconpasses the firing rod 32 distally to the

connect i on dpdBAeayses thegntiduciom platerdoe to pivet tpupitheigan geesentingn | i nked rack
200. The anty 5r9%%5‘ﬁ9ct}’o%‘§fco%§ar6ct @2@%@%&% f Ic‘)eltsPsPu HHd & Wﬁ%@?ﬁém from

i
t he anti-baé&up refease’l eve aa cam's e pin
anti - backup ofgmefish@iodtaghe 252. That is, longitudinal novenent of cam sl ot
tube pin 260 in an -19 angled slot in the anti-backup cam sl ot tube 252

rotate e anti-Packup, cam t be = 252. [00961.Tr ed between a

proxi mait®lnaor (¢ FERERDE Pt bee e Sttt it BRBR AR &S

respecti vel Yioek thafliblddépenladekden dobFWhesthe Anti batkupkadbdot @Be am? is-dkekup plate

266, and an anti-backup cam tube 268. As depicted, proxinmal novenent of the
1

firing rod spaceddodessantineacknp rarp seieZo8pd 28p, the apfi-baekupsempsession r ear
resentin n i S rictional comact-fo ¢ iLrin .32 .1 h esi sts
1I‘O urt her | p?ma(g rn%gargr%\isea (iien{o dcg;qu%aeiop is}lfr}%]cge Orfége %]f{%eszgldg I‘}Tqﬁ%?@kgﬁk}“—) @ga(t: upI

pl ate 266 pigetis its ockedpositon. Rothticd oftthe diBbacklip darmGIdt @ibedIi0rcauseg@k t hat
hol ds open a screen door when the anti-backup cam sl ot tube 252 is closely

spaced to t hlistalrammiag paqyesgnt ofiibe antebackop samrtpba?§8 therehy forming-thatoros
T oS " B B8R bl PBP S, koo RB R AR B B ek 1 ot @, o

to tip the an position. 1 on of the

anti - backup caipréedsivin sgﬁhg 285 2heepisionthg tHe Sﬁt@baﬂ@f@lzﬁg 260 earenitipped t he
anti - backup cam tube 268 thereby.for0|n? the top o ) )
(perpendicular), unlocked position that allows proximal retraction of the firing rod 32.

[0098) With particular reference to FIGS. 8-10, the traction biasing mechanism 210 is
depicted as being composed of a pawl 270 that has a distally projecting narrow tip
272 and a rightwardly projecting lateral pin 274 (FIG. 8) at its proximal end that is
rotatably inserted through a hole 276 in the upper portion 204 of the firing trigger 34.
On the right side of the firing trigger 34, the lateral pin 274 receives a biasing
member, depicted as biasing wheel 278. As the firing trigger 34 translates fore and
aft, the biasing wheel 278 traverses an arc proximate to the right half shell 156 of the
handle housing 154, overrunning a biasing ramp 280 integrally formed in the right
half shell 156 at its distal portion of travel. The biasing wheel 278 may
advantageously be formed from a resilient, frictional material that induces a
counterclockwise rotation (when viewed from the left) into the lateral pin 274 of the
pawl 270, thus traction biasing the distally projecting narrow tip 272 downward into a
ramped central track 282 of the nearest link 196a-d to engage the linked rack 200. As
the firing trigger 34 1s released, the biasing wheel 278 thus tractionally biases the

pawl 270 in the opposite direction, raising the narrow tip 272 from the ramped central
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the anti-backup plate 266 distally, overcom ng the force fromthe
anti-backup conpression spring 264, thus positioning the anti-backup plate
266 in an untipped (perpendicular), unlocked position that allows proximal
retraction of the firing rod 32. [00981 Wth particular reference to FIGS.
8-10, the traction biasing nechanism 210 is depicted as being conposed of a

paw 270 t hatachas2 af thedinibd yacR rzooerd eﬁsgrertaferngugdmdm ofzﬁhz t@mzamﬁexghghvar dl'y
projecting |lateral pin 274 (Fl oxi mal is rotatably

i nserted t hrieasgpnditionp endzarteieiaﬂy ﬁﬂbdlﬁﬁabeaveﬂ)eg themaWééZO dhe flal@ siderftle t r i gger

34. On the ;dﬂg f ggeﬁ g_;:%,r

recei ves a {é’g?ﬁ% r%g) Orhg I’dx&x{ng%r I'as lﬁg"‘%&] e?\l .u%&%@%%ea? é’ri ng
trigger 34 t&)@nslhealhga siderof tlwdosmé yodetbumnmemmmﬁpaﬁaﬁGMS an arc
proxi mate to the rlng@t hal f shell 156 of the. handl e housing

54
over r unni ng Tampehesnigl wragk? 82l the\fipg Higegr 3bistelgased af ayy P‘?lﬁtfﬁt%erﬁb?rf fulle| |
156 at its V, T ¥/

advant ageoug*ﬁEggheﬁgé%QP ?‘% r%bg?srlggse? Itcl) gﬁtt Y I?arﬁllog‘?tllfg?z?hﬁél't @? I a Cae{ltrelﬂnduces
a count er clteek @82 eWhereas a bmsmghﬁmemmdeﬁwtem it ftouldbd Jpprediated that that er al

pin 274 of the paw 270, thus traction biasing the distally projecting
narrow tip ZhOPeRAAGRIASNE menbET °F&'Hﬁ@&7§é§1ltniu§¢%c Ve AR MAYPEFRTIERE near est | i nk

196a-d to eng el eased,
the bi asi ng Wpagrg9s e AES drahestiy pEchBEel b 1) EhAERr ditelel 0 00e e
di rection, HbtﬁnngofheendhﬂbMDtlp 272 fron1the ranped central -20 track 282

of the linked rack 200. To ensure di sengagenent of the tip 272 under high

| oad Cond'tHﬂﬂﬁéf@ at nearly full distal travel of the pawl 270, the right

side of the 0 ranps up onto a proxinally and upwardly facing bevel ed

surface 284 (FI G_.8) on the right side of the closure yoke 162 to di sengage
the narlP¥% tip 27%ithparicule refershprele HEni9.4he hipkedwadg200 ﬂsfdePlﬁ@dle BrealT t ri gger

3415 rel casglifl ANIOL RS BR0el Watn i YLy i Bndl ASREANES! 278

is used to |1 the narrow centra 282.

Wher eas a bilaskisg6avd e dcﬂﬁiﬁvard lepintil ﬁﬂatldntmahhelb(ttdi@n@mﬁr edxhamg}d t hat the
shape of the biasing nmenber. or wheel 278 is illustrative and may be varied

to accommod¥ndable Wa‘ihiseCFSPCHPn dhakeds h?i‘t 2Q9sferms p E‘ﬁﬂﬁ?r‘@ﬁ“‘iaﬂ% f"ihéﬂ t o engage

or di sengage, £ @gzs
particular r é?%jlrggancdelﬁ%lg& 8%911‘1?'?%&%%11 I |1§1§ th(%lkv%%lgotl S g % I'n gr eater
links 196a-d to bend upwardly. In particular, each link 196a-d prox1ma11y terminates

in a male extension 300 having lateral through hole 302 on a lower portion thereof. A
left side 304 of each link 196a-d includes the toothed upper surface 222 and a right
side 306 parallels the left side 304 defining between them the ramped central track

282 that terminates in the male extension 300.

[00100] The proximal portion of the central track 282 terminates before the right and
left sides 304, 306, forming a clevice 308 for receiving the male extension 300 from a
leading link 196a-d, which is hingedly attached by a pivot pin 310. Each leading link
196a-d has a flat surface 312 at the proximal end that is generally perpendicular to the
direction of columnar loading from the firing rod 32. Each trailing link 196a-d has a
contact surface 314 at the distal end that is also generally perpendicular to the
direction of columnar loading. The lateral through hole 302 is sufficiently spaced
away so that a notch 316 is formed between lower portions of adjacent flat surface
312 and contact surface 314 to provide clearance for downward pivoting of the
trailing link 196a-d relative to the leading link 196a-d. Yet, the upper portions of the

adjacent flat surface 312 and contact surface 314 are registered for abutment as the
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detail to illustrate a nunber of advantages. Each link 196a-d is pinned to
adj acent |inks 196a-d for downward, proximal rotation into the pistol grip
36. Although bendable in this direction, the linked rack 200 forns a rigid
configuration when against a columar |oading, especially a |oading that
woul d ot herwi se urge the distal |inks 196a-d to bend upwardly. In

particul ar, ledgly didieilabhnie 196exXi d@ldngitidinatlydigesd, théreby raisengRirtigsi on 300

havi ng | at er al through hol e 302 on a | ower_portion thereof. A left side 304
of each |i nkpyaphdeflection. fpeshowrewhemnadi wnhb%"’ér19§é'tdf%§%8012@2“3dﬂtéeQOIF'Fght si de

306 parall el fat ral
Crack . 262 CRaEE B e G e B o B0 0BT Va2 r5. e
portion of tareappdied t@thetfiragkrig@dd JMetheitnati@sbinghgrechdmdsm 2ybbpplieda | ef t si des
304, 306, form.ng a device 308 for recel ving the mal e extenz‘l on. 300, from a

| eadi ng | i niPusiBalend ajgneche fige af 3rdenppd hasesarateoniv abgnaratal pnks BXg:d Each
| eadi I
Choralt ) plosRAeTA i SlnSH AR6R P4 2pak RS BTLEBhcFl M

generally p umar | ng fromthe
firing rod 3ﬁa1ntﬁamhnyﬂ@iiirigrlglklsi19&a d 9bardid) stsaight donﬁgmnomm}feamapém4 at the

di stal end that eneral |y perpendicular to the.  direction, of
col urmar | o&8MtEY tr }2@%? S?éfraﬂmgﬁ%déﬁgﬂcﬁl’@c@@e digtally prieGtog MAFowdindd  avay

so that a n I | at
surface 31%% con2lt7gé{lt85 %g?%hﬁﬁﬂg%&&é@%g?%ﬁ&bﬁgg(r)g?}g@qlfxOr g& nvl\ec/nward

pi voting of 19%e-c.trailing |link 196a-d relative to the |eading |ink 196a-d.
Yet, the upper portions of the adjacent fIat surface 312 and cont act

S O ST O el T L i

links 1 ad are resrs er upward
defl ecti on. fAstusehohancowplero meljpmmhl éndrdfshelﬂﬁmg rbdeB2eashxll mmlaﬂmgtahe hol es
302 and pins 310 are | gocated bel q ine. of action of the firing rod 32.
Wien | oads B#e exispsiprdle and flat #lﬂﬁfrn@artt? thydarks 386a-dpwith sufficieghsmscugithg

mechani sm 210 Ap0HL &5 @vecf?t'ﬁ)@ fgg %%glélgg%%tﬁ6®$hflnals bseB%hil 994 8PGPI ases

consecutive hof | zoRtal 11 n rrpartl ng a ‘ne of
action of a stdel bagl 1O edherinothe tadze32p0] S/Z:ﬂaraamaachadﬁy theasanteajim pan¥y10 thadi ng

| i nks 196a-d | trai ght fi rat e ra central track
282 of a trdtef ti;‘? &Rntﬂ!}%bl g‘? (ci’(“g R {s(gam iﬂtlepggfh%r@tr?%&opow tip 272
f:‘ nL helggg CfaicQ at i Ot R OORNEABRL oty er&c'@?fr%'oﬁal%fc%E‘ﬁy App17Rg 1R fotdae | eadi ng

along the longitudinal axis of the firing rod 32 and straight portion of the linked rack
200.

[00102] Having a toothed upper surface 222 on the left side 304 that is distinct from
the ramped central track 282 advantageously allows a nonbinding, strong engagement
between the pawl 270 and the linked rack 200, even if the firing trigger 34 has been
stroked with varying ranges of motion. Meanwhile, the toothed upper surface 222
provides a continuous engagement with the idler gear 220 for the advantages

described above.

[00103] It should be appreciated that although a pinned clevis connection between
links 196a-d has been advantageously depicted, a resilient or flexible connection may
be used. In addition, four links 196a-d are depicted, but various numbers and lengths

of links may be selected depending on firing travel, radius of curvature, etc.
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[oolol[ The front link 196a is distally attached to the link coupling 195
that includes features that couple to the proximal end of the firing rod 32
as well as including a nmale extension 300 and flat 312 simlar to the links
196a-d, with sufficient spacing to receive therebetween tabs 320, 322 (FIG
8) of the di staIIy di spesed end 194 of the steel band 192, wherein the tabs
320, 322 arelmattocRgingMedhanisiine pivot pin 310 that attaches the front
link 196a to the link coupling 195. Application of the retraction force at
this fopmeyadvantlagdassl - 14.atetinked trdnsinigival firfr raechahisna il igidepictedén dor ce
along the longitudinal axis of the firing rod 32 and straight portion of the

li nked rack segwwice ths bt raﬁ%bméheatr%%prb&flqgggwagm%ﬂ@e(l9223 e 1eft
side 304t naliadise Ghedi298 ol fillingd Al A RELfRAVT LeshbE 6 BEGirediAMEageOUS! ¥

all ows a non ng, strong eng etmeen e pa the | i nked
rack 200, ewedvel bf thbéirihg thigger 84 Mgﬂerovailmhesthbemmngsxt/ln@kems wiakés asar yi ng

ranges of notian. Meanwhile, the toothed u r surface 22 Vi
cont i nuous e%ﬁ@%@ﬂ@ta%"t’lﬂl the biasinegpmg 24P, & 2 13sHe Whesl %Eﬁ/é}ﬂe g@ ELj"§§scr| bed

b 0010 d I
go(rjl\r/\gctl[onlb(g%e e%&%ﬁltlhﬁ %éggag%ﬁ hﬁegtezr’\hgggg‘k%%édéggg 59%{;&6& gd,e\“aS

resilient or flexihle connection nmay_ be used. In addition, four I|inks
196a-d B¥85 depi ctBdIGolt, tb%lﬁna&m&qﬁ%hgs been Prialy Hepressed caysing thay be

| ected d
selected aerRRuRBARahed b ASh bpfAd) Hhinl cRUBVARN Sioebine rhdena .
firing mechamosemér@o it lmkpd edck 200 Nngartioabinethe Biasingtwhick] 23 liztcestabiedy t he

traction biasing nechanism 210 (i.e awl 270 bi am%a{g‘ wheel 278,. and
bi asi ng r anpthe @Eoximak qqdrﬁeftthq/@ﬁvng b 240, 2pd fhe bagingfa iogate spunterelaglevises t he

firing triogeryidded NORSAYREL iRbBER: IRE @Mt 78 nRkSR Ay 11 ot i onal

contact with the biasing ranp e biasing enfuII
di sengagenendisaigageigfagraninltinked\tecke2(10. &f Fitha 2pthelfiriag@néchamieini 160&135 [ 001051 In

[racti on bi Sl HIcHRHHATG TSRO UG PRV L 510 (e S BRGSO EBIT e 11 ¢ ng
wheal 275 hag S o Aepeqol L b A SR Y 9}“‘ ! PAR AR ik AR ERTC, hus
begi ns t o r otrat therebytriesfertiag lefiraxg, motion into the firing rod 32. In FIG. 13, the firing

trigger 34 and overall firing mechanism 150 have continued to a nearly full travel

position, during which movement the biasing wheel 278 has slid along the biasing

ramp 280. At the end of the firing stroke, the right lower edge of the pawl 270 (FIG.

8) contacts the proximally and upwardly facing beveled surface 284 of the closure

yoke 162 and lifts the pawl 270 from engagement with the link 196a-d, allowing the
) linked rack 200 to retract.

{00106] In FIG. 14, the firing trigger 34 has been released to a degree sufficient for the
biasing wheel 278 to gain traction proximally on the biasing ramp 280, causing a
clockwise rotation, when viewed from the left, and raising the pawl 270. Given the
proximally directed slope of the ramped central track 282 of the linked rack 200, the
firing mechanism 150 is not obstructed from being moved proximally in preparation

for either another firing stroke or for a retraction cycle.

[00107] It should be appreciated that the traction biasing mechanism 210 may be

implemented in an instrument that performs at least a single stroke.
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as viewed fromthe left, inparting this rotation to the pawl 270, which is
initially disengaged fromthe linked rack 200. In FIG 12, the firing
mechani sm 150 has advanced a di stance sufficient for the pawl 270 to have
fully rotated into engagenment w th the ranped central track 282 of the
first 1ink 186aBiakiNMedanishe |1 nk coupling 195 and thereby transferring a
firing notion into the firing rod 32. In FIG 13, the firing trigger 34 and

overall firing mechani sm150 have coptinued to.a ly full travel

pos 1 IMSur  ng ARSSHARA/DRER TG P BRckEp Aischiih 2304 dks SUtng ety ¢ he

bi asi ng 1 angroRSR prélert A 3l oh@d s thgfiahg feBhardiif 150 Gain tef¥@ingedge of
the pawl 270 (FIG" 8) contacts the proxinally and upwardly facing bevel ed

surface 284 witl filkfichgavedis acbiewed 60tha meeriselietts to tatrapkih FIr.0L 5 theranbngagenent
with the link 196a- al l owing the  .linked,rack.200Q.to retract..[00106] In
PG e Rt Ryt BReie e Red EEEGY 4k Spl SRR sIb ont 1or
the bi asi ngewreal iZin8hé Profahdl-héApbiiAbn REPKAsTBated Af-BdeRuptas sRYtubaM 280,

causing a clockwi se rotation, when viewed fromthe left, "and raising the
paw 270. G 35@rio ehgage phoritivedckyp dam dateekh8sp by @ Mminireim tongdudioalienglh, t r ack

282 of the |jnked k 200, th iri hani 5Q. ] t obstructed f
boi ng. moved SRABEARMGHRS Srshdordns bi-0pdEs 3705 200, AREbEIIP IR R, ke or
for a retracijped badCitehe 2P hblwn l?y thb akti-Badk@p ¥BRIpESERL Frihd 264 ddiegripsact i on

bi asi ng mechani sm 210 may be | enented in an instrunent that perforns at
| east a si ngthe fising o%d32,-agshowm inlH&ck6p Mechani sm [001081 As descri bed
above, the anti-backup nechani sm 250 | ocks during the firing stroke to

prevent oy firing pi6d132 Rt 46tPof the e TRGAGNISM Hapspbb OBt ract i ng
until full firing travel i's achieved or the user selects to'retract. In FIG

15, the ant i402thatkeeives theaaritsbackBp comprtesiorn spprthg 204aghimskisadistohatinnlapn. The
anti - backup rel l.ever 248 1s | h r gxi.mal - nost , positi.on and has

ot at od ant iR BrRRAP S e 2635be Faie tidtre st ek st AP B am ¢ ube
268 to form @ophioBymat lcomeiunitatddabit] @B Githror dTieAtrhfe 28 NThd i ERRRED plarce for
the anti-backup plate 266. Anti-backup plate 266 is tipped back at the

angl e shown 29p it hgenarally Batqitaip shaped te 8binemths ppemyorgind (natljepenple the he firing
rod 32, as show k9 Bl LORLOML. N EL koo PHRILERL 300" tne

of the anti-backup plate 266 that is exposed from the open trough 406 projects

upwardly to receive a force from the spring 264. The lower portion of the anti-backup

plate 266 is longitudinally constrained and is not in contact with the spring 264. Thus,

unless restrained by the anti-backup cam tube 268, the top of the anti-backup plate

266 is urged to tip proximally, causing the through hole 408 in the anti-backup plate

266 to bind against the firing rod 32.

[00110} In FIG. 17, the anti-backup mechanism 250 is depicted as unlocked. The anti-
lock release lever 248 has laterally moved to the right, imparting a movement to the
right of the anti-backup yoke 256, thereby imparting a clockwise rotation of the anti-
backup cam slot tube 252, when viewed from a proximal position. A camming surface
410 of the anti-backup cam slot tube 252 departs from a proximal cutout 412 in the
anti-backup cam tube 268, forcing the latter to move distally against the anti-backup
plate 266, which in turn moves to a perpendicular, unlocked position and further

compresses anti-backup compression spring 264.

[00111) In FIG. 18, the interaction between the anti-backup release lever 248 and the
right side of the indicator gear 230 are depicted after the firing trigger 34 has been
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402 that receives the anti-backup conpression spring 264 against its distal
annular ring 404. Proximal to the spring 264, the frame 28 has a top and
proxi mally open trough 406 that communicates with the interior of the frane
28. The anti-backup plate 266 is a generally flat plate shaped to fit into
t he open trough 406 adjacent to the spring 264. Through hol e 408 extends

t hrough pl atfRe@Bfice.| A 1dvaF bpenitged20 dxberdt ERoRG dntiobackap rdléue &ivet 2480kup pl ate
266 that is exposed fromthe open trough 406 projects uvavardI y to receive a

force from treeelERndiatersss withigecurgdaamp 48P iestisnding prevasdlyi frova theught sidst e 266

Thus. - uni e<d eGRAFART LR D8R Bl Sr B8 ind BuGAE S0 el PRI %0

ant i - backup rplkeadedeve? @48 idistallyg @tlich®ottbs pubthe ABlibdckupadascbitfoa 42Hnwugh hol e
408 in the anti-backup plate 266 to bind against the firing rod 32. [001101
In FIG 17, buHenzereptapledle gnddissngnsenthe otiibacigpaneshanisas? (o PR RRYES itThe ant i -

| ock rel eas r.al l: 4 i L

moverent ;o R ffichPipsEt Hehlubal Rt lc bR R ep IR AP

cl ockwi se r dtiekingtheahtittaekignicleasdiaedrdd8aathesigitt td adteatd Hiz, anvikteokwp ewed from a
proxi mal position. A cammng surface 41 f the anti-b m sl ot tube

0 ackup ¢
252 depar{ s THURTETASNT el Ddol s antpskimyaliee Oaiops shis RipsoB vt tibe. 268,
forcing the . ISt | NS tg:= t 66,
which in tur1lr’n‘qé%%@Iier}sati 1:9l 8{{2‘3’%%@8%@1 ‘E‘:’%Jﬁl-l gfg,aalnﬁn ag% e}c?I&%JJsul1 t? ?% aﬁwﬂi &%r
conpr esses antvedramb s 0 conpuress aimeost apukime of ke cifd@ifdrthed of dnlifdicdt8r pihhe
interaction hetween th nti-backup rel ease | ever 248 and the  right side of
the indi cat &%&M ?%@éﬁ%lm%tg@er 20rtamst Hee ¢lpekrge mesRpEiosiicls been
-24 fired tw T A PitieileditBugD pRLds BRGkR! B case
| ever 248 tol‘g‘rgeedc{%:?{I/lgﬁ{a%1 nt r%%:??‘gviot Eﬁgﬂcur vgﬁﬁr an'Bﬁﬂ 0 exten iSng
out war dl y f rtherighteaw dygfindm shedsrfaod of the indichtarggear 23fe dhe 23fhterBlockwisomast t he
i ndi cator gear .230 drives the anti-backup. release lLever 248 djistally, which
bott ons out RATEOTROR I, é&étbeecf%%dera@@ﬁ%@ﬁs vhpis el wiih the gurise p @spt acle 422
and di sengagggickidpcdpbhgbackup nmechani sm 250, and drives it proximally,
whi ch exposeséltche %nt i2- backup rel ease button 42 as depicted, as well as
ki cking the anti-backup.rele | ever 248 to the right to actuate the

anti - balRib mecHATIGS Hsas iy fven eneningi20zis shaPEd it BRSRENBLEOLFAGME ¢ hi s

motion with cﬂefnle?ﬁl‘)%i F AP SLiQLT SOvERAN G6LiIBR ¥ thdard 6P re1PRE fMR, YOke pin
258 (not shownﬁ. é)

248, with the indicator pin 432 residing within this horizontal slot 440. A top recess
442 and a bottom recess 444 vertically widen and communicate with the horizontal
slot 440 and define at what angular position the clockwise most portion 434 of the
curved ramp 430 longitudinally translates the anti-backup release lever 248. The top
and bottom recesses 442, 444 are sized to allow the curved ramp 430 to enter the
respective recess 442, 444 without tipping the anti-backup release lever 248 until the
end of normal firing. The lever opening 420 is above the longitudinal axis of the anti-
backup mechanism 250, and thus a rightward force creates a rotating force of the anti-

backup cam slot tube 252.

[00113) In FIG. 20, the anti-backup release lever 248 and indicator gear 230 are shown
in their initial condition and they remain so throughout the time in which the closure
trigger 26 is being actuated. In particular, the anti-backup release lever 248 is distally
positioned, bottoming out the anti-backup release button 42 in its button receptacle
422. The curved ramp 430 is at its counterclockwise extreme (when viewed from the

right), with its peak 434 at approximately the 6 o'clock position adjacent distally to a
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curved ranmp 430 surrounds al nost a quarter of the circunference of an

i ndi cator pin 432, about which the indicator gear 230 turns. The cl ockw se
nost portion (when viewed fromthe right), or peak 434, of the curved ranp
430 projects the farthest to the right away fromthe surface of the

I ndi cat or gear 230. The countercl ockwi se nost portion or entry 436 of the
curved ranp pdlmiabvértied shifatelonthd lowehfecsdsrdiace tef letdi@ecdsn 2@ aitth@dry 230.
[001121 In FIGS. 20-25, the |ever opening 420 is shaped with a horizontal
slot 440 t hdB6 ofiéhe eeedmmpid8saf akaut ANelaskst al novenent available to the
anti-backup rel ease |lever 248, with the indicator pin 432 residing wthin
this haqsiapntal gheIGAHQ theXikORriRELaR%E of fitXiiiriaeb34 @Bt siRewsia FGS.
vertically wi den and conmuni cate with the horizontal slot 440 and define at
what angul ar2Opibes escurnsd, wheseirvhepeakdidt haspetpdagagmt therprexiaal peitigeld ranp 430
| ongi t udi nal L S p and
bot t om recess'lSJyefgéeA%gﬁé ﬁéﬁo?xé?%@ss%4 cjm??ﬁé(#{}v&ﬁja’ﬁ% 430 h%\é%tat%é%lozfggﬁ[egg enter the
respective raosisthe 442lockdpdsitioh Dhtiretty, fHei ang- Habﬁlmldasé)&e&msrleals eassdate@ver 248
until the end of normal firin The | ever. openi ng 420 is above the

| ongi t udi nalprepimallyfo @wsaﬁteuan lw&ekwelﬁééqﬁaﬁ ogf2oiEgm thebuttomreceptacicgHwar d
force creat 52.

[001131 In E’?&?‘a%%t% egQ%Jn Eﬂgdﬁr%}e‘ e%égs@i@léﬁ@%@ﬁ@h%% Eﬁgtgr gear 230
are shown idllodkh&sierrotaltlbhloﬁthe(?lﬁdlldatbtQ&ﬁr&B@tdﬂh@}deSﬁ&ﬂ&iufﬂt&Ooffiﬂkﬁkg’fgout the tine
I n which the closure er 26 is being_ actuated. In part | ar, the

ant i - backup Strekesds gel P@%FO %4Bthp§u6fe§1r%w 30 pRpdinups i EPe st %WEW@H@& t he
anti - backup 4 rved ranp
430 i s at |tf§%{ oun?er CF}HP@V\A %ede 1><c|{érd2m%m%ﬁh\%?@\%gwgg%ﬂ%%m@%%s %J) W th
Its peak 434deah cappletedimating thetpeak o appedamistepothe twelwe adjaak @ositidn.sEals)] y to a
- 25 proximal ver surface of the | ower recess 444 of t | ever recess
420 with théh %H?Wﬁztger%fm%lﬁg apdhpdiagenf inihe distp 1561 gerisplastee of @e&paeweciseonm
In FIG 21, e f. in
FlGs, - 20- 26) ThRS fad o e apbiclieh Aok 3ol UL LpO M apd bal Rl s R

proxi mal verlevar@48 tcscmfsadstarbhonimltﬁmmm@meneMthdﬂdmrargihesmeﬁmgstmﬁes anp 430

has rotated ¢l ock se t about the 9 o'cl o K _positi Ther eby, the
anti - backup 'PEFYXE A, 230 GO RON Al S 16 fcatpy IR, PP9 PIESIG A Ldedhe

anti - backup ygibogassvditd LAake iz ﬂrBﬂmatl Q@ge@ﬁtﬁ@ﬂvéﬁfb@ﬂfn@qm 18 fde up onto the

curved ramp 430, tilting the anti-backup release lever 248 as depicted in FIG. 19.

[00115] In FIG. 23, the final firing stroke is concluding, during which the peak 434 has
moved to approximately 3 o'clock while moving the proximal end of the horizontal
slot 440 up against the indicator pin 432, bottoming out the anti-backup release button
42, releasing the anti-backup mechanism 250 and thereby initiating the retraction of

linked transmission firing mechanism 150.

{00116} In FIG. 24, the unlocked anti-backup mechanism 250 has allowed the spring-
powered retraction of the linked rack 200 to occur, which in turn causes a
counterclockwise rotation, when viewed from the right, of the indicator gear 230. As
the firing mechanism 150 begins to retract, the counterclockwise rotation of indicator
gear 230 slides the angled surface of curved ramp 430 into ramped contact with the
proximal edge of the top recess 442. Continued rotation of indicator gear 230 drives
the curved ramp 430 under the upper portion of backup release lever 248 and tilts or
deflects lever 248 to the position shown in FIG. 19. The tilting motion of the backup

release lever 248 prevents longitudinal motion of lever 248 by the curved ramp 430
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and has activated the anti-backup nechani sm 250. The rel ati onship of the
rate of clockw se rotation of the indicator gear 230 to the desired nunber
of full firing strokes is selected so that the curved ranp 430 conti nues
uni npeded as subsequent firing strokes are nmade, as depicted in FIG 22
wher ei n t he dunmgfrétrictign of thekekeh sack 200 sShoubbting [liskedirack 2Z0Agot tetragedikhet o

approxi matel y .t twel ve o' ¢l oc osition. Th . the peak.434 i.s proxi mal
to and adj ac%‘ﬂtot%&f %ﬂé}/ra}% f‘gﬁfr 4 r@?@& mEUgas ufston‘é aﬁ&?ﬂg’?lc%l&é‘éégcmﬂﬁg,

posi tioned sfe LSS the Fiviag REGRALe, firhinddhS fndRiafor Wnbb 48 ¢hot $ROWN INEIGEIRD- backup
rel ease |ever 248 to cause distal horizontal novenent. Note that during

t hese firi ng23thaskseastachedio indicateripinadd wigdd proyidgextrp forct trretrees thhybnkeddi cat or
pin 432. Depress he, rel ease butt ul d_cause th roxi mal edge of
Phe I over opamh a dsopl BrG8 Gerdlieitinn dfireaa Pl b S0 eRiffe Ny The

anti - backup medtRasm 17V SichZAepietedeR FIG X, UoprEisiag thd relbA0 blhdn 4Dwolid 23,
the final firing stroke is concluding, during which the peak 434 has noved

t o approxi nedled setractdhe linkedd ragk 2@0 bivmpigs theeandi- backup releasd loer 24fedinghy font al

sl ot 440 up agai,nst _the indicator. pi 2 t.tom ng out the i,- backup
rel ease but t'0 OCk}% arl’%'l%%%%“l" r{ﬁecgl_ﬁ%m%r# Pf’gléécﬁ?ﬁgcé%crﬁgn?%?ﬁ%ﬂesa%gﬁ tt}Heer eby
initiating tingich®t per2B0Rs Rturntd RKBAniaBEHGIdHS kOGepi¢ted ROFKEQBani sm 150.
1001161 In FIG 24, the unlocked anti-backup nmechani sm 250 has al |l owed t he

spring- _powered retraction of .the |inked ra 200 to occu f’\éﬂi h in turn
couses WATCUn: e EFERRAPE B PEARt et BB TanEL ot ShePiectzn A of "y he
i ndi cator geg@tuddfize 66theafRd frithp B0 BRGNEHEM AROMAE Bk RariEDtorRESAMbdate he
countercl ockwi se rotation of indicator gear 230 slides the angled surface

of curved rawpadocangigareddapedifteemt aembey affiringstrofesoxi mal edge of the top
recess 442. Continued rotation of indicator gear 230 drives the curved ranp

430 undggudhe upPREhdAd hisoBe 8p @&ﬁf@ﬁ%z&%eﬁ%ﬁ%’ +@M8E nedBarddifl férnleliHydhe
deflects lever 248 to the p05|?|on shown in FIG 19. The tilting notion of

t he backup inédraciion of thednd4er peasénard thgreyer auemng 42 may e aeplaced avithn48 by
t he curved r@g‘grl-{l Q -26 during retraction of the linked rack 200. Should the
I i nked rack E¥tract at the end of the |ast stroke after anti - backup
mechani sm 250 is autonmatically unlocked at the end of the firing sequence,
turni ng the Opetilegbockothob 40 (not shown in FIGS. 20- 25) that is attached
to indicator pin 432 would provide extra force to retract the linked rack

1‘2?& n'gt pehgul d T uplTey, 26anaBireRal fhfifhglandsetitink BestRMdnt 2 id infitsigitief t he
open condition with both closure and firing triggers 26, 34 forward and the linked
rack 200 retracted. As described above, in this unfired condition, the indicator gear
230 presents its opening 240 in circular ridge 242 to the upper surface 244 of the
locking arm 172, which is ordinarily rotated downward out of the opening 240 by the
action of the compression spring 180 between the housing structure 182 and the
intermediate distal side 178 of the closure release button 38. In FIG. 26, the closure
release button 38 has been depressed, causing the upper surface 244 to enter the
opening 240. In FIG. 27, the closure trigger 26 and the locking arm 172 are in
clamping abutment after depressing the closure trigger 26 against the pistol grip 36
and the firing trigger 34 is swung into position for firing. The closure release button
38 is not depressed, as noted by the expanded closure spring 180. The upper surface
244 of the locking arm 172 is swung below circular ridge 242 and indicator gear 230
1s unlocked and free to rotate counterclockwise. The downward movement of locking

arm 172 unlocks the indicator gear 230 and thus the linked transmission firing

mechanism 150 and allows the firing trigger 34 to be actuated. Thus, as the indicator
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mechani sm 150, such as depicted in FIG 22, depressing the rel ease button 42
would also retract the |inked rack 200 by noving the anti-backup rel ease

| ever 248 distally to wunlock the anti-backup nechani sm 250. The retraction
notion continues until the indicator gear 230 is returned to its initial
posi tion, asgedepd3Timdinues tolrGiateAbith [ithed fifing tthstlosird rdleasapttec Béised t hat the
shape of the | ever opening.420 and tge arcyate size of the arced ranp 430
are illustrdiTpe/ Hasledang he clgned closwis g8 a handl e configured for a
di fferent nunber of firing strokes. 1001181 It should al so be appreciated

t hat the rotRositiondhédiaser AmdRaddaseMeotianean by the interaction of the
i ndi cat or gear 230 and the | ever opening 420 may be replaced with other

cever | rBMREL runaR1G0eha ol B Eld SSvalily kBl o A009, O0L

and firing tretrg@Rinkndb repldcel Ofy\uaratiemar ihdicatbt ddeet 640agiw2dY exhdatioed. As
descri bed above, in this unfired condition, the indicator ?ear 230 presents
i ts openi ng Z&EN Atep-aceatsaile Fatpgiomleverad2ithat fupgsions 832 staecke lipng refractone

| ocki ng arm ' i LDAr L nelaltle t i ng 240
by the act i%‘%@'f‘%ﬁ%@‘éﬁﬁ%&é@%‘#@b g%rr Fl%@?@g 11‘gset we\@g{;\glt(ﬂg Sﬁg‘&g% gleglt% ?gct ure

182 and the urnfittdragixdicdted by the distallydorvlatd cfsutchdd dripgurigesre € dsicandyhé on 38.
In FIG 26, the closure release button 38 has been depressed, causing the
upper sur f acepensad efeetar £2- When figpghasqigt poymenepdrthe retyactiopever pd&isr e tri gger

26 and the |.06ki.ng GaE I A32: A LidcBne 1§ LATRIAR 1BAYLISRY AldRlicdBPESS )Y L he
Eg E?‘he p grip EI% agg

cl osure trigger agarns Istol gr the firing trigger 34 is
swung i nto plesédupied (hovshbivh) togthe preeictlsisieseritedlidlas geab 20 and a Hbings not
depressed, as noted by the expanded closure spring 180. The upper surface
244 of the |BeRIABTLEH, 1y which thershgetnn lever &2 craudd rotatg groxpmellyagthe ndi cat or

gear 230 i sy . - o 1 T war d
moverent of ISR 1507, 8RR, & OGRS in Mo AP O D

| i nked t r ansaliesdahga wayrdf agsistitgahomasirdtdtian 8y apploing afhemfal distad) fdreé gger 34
to be actuated. Thus, as the indjcator -27 gear 230 . continues to rotate with
further fi riﬁgr,etwea{ﬂt%m@ﬁ%mmrbm $rechgn pErotayiqnamusidg revesiedseiteasi ng

the cl anped QS raltiddd8 Bhe ifer gBRDbIGNNIsNLhGA O And Rel ease Mechani sm

[00121] In FIG 29, another alternate firing mechanism 650 incorporates the afore-
described top-accessible retraction lever 642 and indicator device 640 that is coupled
to an indicator gear 660 having first and second dwell areas 662, 664 within a toothed
area 668. The first dwell area 662 is presented to the idler gear 220 when the
retraction lever 642 is at its distal position adjacent to the handle housing 154.
Thereby, the idler gear 220 is allowed free clockwise and counterclockwise rotation
as driven by the longitudinally moving linked rack 200. Should the E-beam 80 (not
shown in FIG. 29) become stuck within the end effector 12 for any reason and not be
capable of being withdrawn proximally by the combination tension/compression
spring 184 (not shown in FIG. 29), the retraction lever 642 may be pulled proximally
by the surgeon to rotate the indicator gear 660 clockwise, as viewed from the left.
This rotational movement of the retraction lever 660 rotates the indicator gear 660 and
brings a curved tooth segment 670, that is between the first and second dwell 662,
664, into contact with the teeth of the idler gear 220 to operably couple the retraction
lever 642 to the firing mechanism 650.
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[00120] In FIG 28, a surgical stapling and severing instrument 610 has the
indicator retraction knob replaced by an alternate indicator device 640
upwardly extended to present a top-accessible retraction | ever 642 that
functions as a stuck firing retractor that may be readily actuated by

ei ther hand. The instrunent 610 is shown opened and unfired, as indicated

by the ghistal |y fGHceabebled abe iR geditnhy ifph@eittd B8RIt6 tRbretradichnevériea? twopen end
effector 12. When firing has not comenced, the retraction |ever 642 is

normal |y di Setzact {herfying mechagisac@yd: thegebypataing tieddigpgear 340 eeuntervlpskyvisdi cat or
640 b : [ QU ' ' 220
G0 =Y, oo USRS RN Rk RS PIRHLOUBINARSELERA s g socar 220

proxi mal |y a% thBectractiok Réfett 642is RirStedr @statt® @ the pokitied of PIG S8 the iflerggewt sual
indication of firing as well as allowi ng a way of assisting automatic
retraction BF0slissngagsswithheciyeditostinsegmentc®’/0 andds decoupledfrompther y positi on

i ndi cat or. i I f | b Ver se - f .

attached to-l;FtEaec Péfféei{& ggzaﬁy ﬁéfghgg{rvgﬂﬁfl%%%r& t?)lgs.peo[ngto%f%?p*%anﬁﬁé?%?ganot her
al ternate fitabfigedeRaitk iAngafedhagiommB30ahe shd dventihfiodrteifGoEdnRession
top-accessible retraction |l ever 642 and indicator device 640 that is coupled
to an i ndi c#PEReyEHWidleDly s&trashtheilinked sk 28@cond dwel | areas 662, 664 within
a toothed area 668. The first dwell area 662 is presented to the idler gear

220 whapuiishe ret rachikdnatt Q¥en Qo showmlinvdlvesdhSidditiRDsf 4 oitPwagilaranicht o t he
handl e housin%@154. Ther eby, the idler gear 220 is allowed free cl ockw se
and count er cUe S Sprages elicher apgquivalori{nehshpwa) bewgen theirelzadtipn d&y¢f ng | i nked

rack 200. Sl@?éﬂdi%eipgfcgf%?g}:fg%@nﬁtthe @QQMS .Bgsigld ?heaxégée gxfr%g{fgn SHHE K within

the end effec or any reason and not ap eéing Wt hdrawn

proxi mal |y hytridiionterhba2is 1ahitéEhisdanfdce GfAtBSEdndie haRingNg4k8dachredt ofhown in
FIG 29), the retraction |ever 642 may be pulled 'Es\r,ggXi mally by the surgeon
to rotate tHBerange enmgtionydass thep@ full seveltion. This lipitstbe distapas thabtheding  Thi s
rotati onal EJY tyr o) j Rdj_cat or gear
660 and br?&ég a ?d@ég%gﬁg%gﬁf?ﬁ%#@ﬂ?%%¥%ﬁofﬁ%g&ggﬁégia%g§4%ﬁgwfirst and

second dwel lad@fiidn of iedonel-whwslipodlhieb beteeh tHeretri@dinlevar 6dband Hdevataggedr 220 to
operably couple the retraction |ever 642 to the firing mechani sm 650. -28
[00122)  OnceP®ligme dhe reHactian, lges §4adg opgahly cegage avithghe indieatenrgeay @0 asct i on

| ever 642 t lc}ﬁ% fe%@t%ﬁﬁgf%?éﬁi r'éia%% b’I@ﬂlﬁBLﬁ%@é&maf) Qﬁ& ﬂﬁ&éa%%?&é hd lévlale Hdler

gear 220 co e
642 moves forward (proximal to distal). This ensures full retraction of the firing

mechanism 650 by allowing multiple pulls on the retraction lever 642. Second dwell
area 664 may be removed from the indicator gear 660 to ensure more tooth-to-tooth
engagement. Additionally, the incorporation of a clutch mechanism allows the

retraction lever to be rotated adjacent to the handle 20 after use.

[00124] In use, the surgeon positions the end effector 12 and shaft 18 through the
cannula or a trocar to a surgical site, and positions the anvil 14 and elongate channel
16 as opposing jaws to grasp tissue to be stapled and severed. Once satisfied with the
position of end effector 12, the closure trigger 26 is fully depressed toward the pistol
grip 36 of the handle 20, causing the upper portion 160 of the closure trigger 26 to
lock against the locking arm 172 that is pivotally attached to the closure release button
38. Then, the firing trigger 34 is depressed and released a predetermined number of
times to effect full firing travel to drive a firing rod 32 down the shaft 18 to the E-
beam 80 in the end effector 12. During firing, the anti-backup mechanism 250 is in a
locked condition, with the anti-backup plate 266 allowed to tip back, binding any

proximal motion of the firing rod 32. The distal firing motion is imparted to the firing
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and longitudinally noving the Iinked rack 200 proximally to retract the
E-beam 80. As the retraction lever 642 is further rotated to the position
of FIG 30, the idler gear 220 disengages with the curved tooth segnent 670
and is decoupled fromthe retraction |ever 642 by second dwell area 664. At
this point, the application of force has freed the stuck firing mechani sm
650 and t he rodBDibyatic linkederansmizsion fipingssdchanismdsOniyg iddddesilinked tidck 200 et r act

the linked rack 200. (Q0123 .al ternate desi (not. sho i.nvol ves the
addi ti on of p(gmgﬁ@_l%gg}atg]egi o éeé?r&g rogégh""ﬁ% e%%ég'ﬁ‘a]gg@ ‘Hl%%goé‘maﬁﬁﬁequi val ent
(not shown) REEWeENA[& et Ee%ﬁﬁdg]flﬁ‘ ANGW& dovifnt i Ip‘i!i@l grﬂﬂi'»@l?ﬁt%t 954rg660. In

t he previous design, the range notion of the etraction lever 642 is

limted by domingta rigid ktrodverelvered!seraigbtiwithg fars4 impartalcdboge thegfivottpires 31énge or
notion less than a. full revolution. This limts the distance th he firing
Syst om 650 VG 268 AeSHeEi0aIE e bR hiEsoE MAGASR A8 PBHeR R GF 642,
The —additi %rge tgi?@é‘r PNGEeiaYs a%ihﬁng'w‘ﬂE@l%@%M@ﬁi&iBﬁal%&{ug&Hl 48 bhffer 642

and i ndi cator 660 allows the retraction |ever 6 oper ably engage
wi t h the i ndionsingrl5deach he0a distal fitieg metionahparts dneanergifig Dias dd ticgawh ¢k

di st al i mal di . | 64 f d
b oxmal t ohragtB favirodn @ eadadnent pith e ket rastC 0. (R Bt @nd® frechani sm
650 by al | ovgura)ge,rm%%\pi 2700 hilfSd Hant BEng EldagGhiRWilENSs 18%2- b?ec%oﬁggg dvel |

area 664 may be renbved fromthe I ndicator gear 660 to ensur
t oot h- t o- t odirhught mfe gentact withiAbehiclddomalate/2 84 dfdhe closurpgpkt 1 @h Aofetwancl ut ch

nmechani sm al | ows t retracitiaon l.eyer to_be.rotated jacent to the handl e
20 after  usdnoYgLIDRs e dEehaTHg 150 CasEh S RTIONESS Aok B ReFtoct or 12 and
shaft 18 thraughing s 6 aEPiva 200, BIAHE AW 370 ot i Eiled $4dkS00aR4 i9OSI ti ons

the anvil 14 and élongate channel 16 as opposing jaws to grasp tissue to be
st apl ed and theneby beld itDpliee bnthesintiduickuin methanisnp2H). flipon foll fisng teféletheor 12,

the closure trigger 26.i.s fully depressed rd.the pistol rip 36 of the
handi e 20, caSRgerranapies e B Sran O Rl et B Pat variudrleBi t o | ook
agai nst the Jeagkisgahartoicdy te ahibabiupRiineab into ah baldRe Edhditha, ﬂhmﬁ{ge

rel ease button 38. Then, the firing trigger 34 is depressed and released a

pr edet er m nettie hokdsbrack 200, tandwlanstthe Bfifigead F2,ite bé withdrgwnrbpeetommessiveve a
firing rod 32 do he.shaft.18 to the E- beam 80.in en fector 12.
buri ng 111 ngreenged it e kg bk narichmaBs APt opinh 4 ToRBlydbh Rt on. v n
the anti - baclayp200 RtwitkRHwRIntO WRDi§t6] diP3d2atermdtivell Beridthe fPingX%irokds, MOt i on
of the firing rod 32. The distal firing notion is inparted to the firing

the surgeon may depress the anti-backup release button 42 that causes the anti-backup

release lever 248 to tip. The indicator knob 40 may advantageously allow the surgeon

to know how far firing has progressed and to assist in retracting the E-beam 80 that

has encountered binding.
Linked Firing Transmission With Automatic Retraction At End Of Full Firing Travel.

[00125] In FIGS. 31-32, a surgical stapling and severing instrument 1010 includes
automatic knife retraction at the end of multiple stroke firing travel. Yet advantageous
features described above are maintained for an end effector, which in the illustrative
version is a staple applying apparatus 1012. In particular to FIG. 31, an anvil 1014
may be repeatably opened and closed about its pivotal attachment to an elongate
(staple) channel 1016. The staple applying assembly 1012 is proximally attached to
elongate shaft 1018, forming an implement portion 1022. When the staple applying
assembly 1012 is closed, the implement portion 1022 presents a small cross sectional
area suitable for insertion through a trocar by an externally connected and

manipulating handle 1020.
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-29 rod 32 by the linked transm ssion firing nmechani sm 150 that incl udes
| inked rack 200 proximally attached to the firing rod 32, with each |ink
196a-d pinned to adjacent |inks 196a-d such that bending is all owed down
into the pistol grip 36 but not upward, formng a rigid structure when
straight with a force inparted above the pivot pins 310 between |inks

196a- d. ocpppgCi f i CafHeyhandlet 1020 ha®mobhtas o 4ts Mesdla Absding 115 0Pt @firolKsuche
firing trigger 34 includes a biasing wheel 278 that is flctlonally coupl ed,

the handl e ai@usiatign kaab slﬁé%tltalﬁé&tatas theslongateishath 4O Hordovianlaperly@gan engagi ng

bias to the LA g e |1 nked
rack 200. Ata%?%ﬁbléiglz ?M{Uh &1&1 ﬁlg?ﬂ%%&?tgem%@% Q&ﬁ&%ﬁ?&t r&g}gzﬁri ng
engagenment wvhibh bivokssin i ofla bt)stotbghpg%@ﬁlmng htcldsnteariggertpac i 159 digapeivel ed
surface 284 of the closure oke 162. A return potion of the firjng

mechani sm 15@teriygsross the hanglsiheysing dbi4, w@eprw%%lqseéhe ftarie RBPIEEhI as to
the pawl 27Q t her eby
held in pl acaleSS ?1692 ‘ﬁ%btéﬁgup neﬁﬁ{gr}ﬁggér%gg pﬁg@ﬁ %tlr?gthter avel, the
i ndi cat or gecadssuZéSﬁhggaclaMeSaliséwtheutrapledapp@mg a%é’éinltlhamz td gimultheeoasiyi - backup
rel ease lever 248 that forces the anti-backup te 266 into an unl ocked
condi tion, aleVEhANd§tapigisspe plragped QEReIIzcﬁjnceéﬁaltlp NREHIGKES A Fdeyed 30 to be

wi t hdrawn by,
t ensi on/ comfggéeﬁgﬁ&ggﬁétn%f%%ggﬁ y, O#ﬁgypﬁnsﬁlg@hgg%ﬁ&gwtﬁgd %ﬁﬂt hdr awn
i nto the pi sindicawe wheds 1049, tléﬂh&brmaﬂ}ydepﬁhléd mgFIGh 83 Y fotdtpresémtmigendiciat he

surgeon may d Bress t he ant.i - backup rel ease button 42 that causes t he
ant i - backup °fta¢ BHEg Pragiess- Eoaanstagce, ¥l firmg tiavelh may sauks dpea

advant ageous{iy @Mxﬂi"ﬁhhé‘ﬂlteﬁffél PwhéegsOiY{%?)a AL u n;gicf 4 gg%gﬁrré’sﬂﬁlﬂ ed and

to assist inretractin has e I ndi ng |nked
Firing Tr anscmchsemrdl%m nfuehfaingrelRasd lacér lai)mzAlloEnchtfabuﬁubéfofa fullf@ingr avel .

[00125] In FIGS, . 31-32, urgl cal stapling and severin strune 1010
i ncl udes auffr%Vﬁ—étf d’és Alop? 2evstaveds TE iBrbe BiESTASE OF B ub%tqr&kf{élthfrpri ng

travel . Yet gd tgtﬁcgpl?iﬁ.f&é‘l%{frﬁelga%é‘Bﬁ!t&‘??'oa%tlg"éﬁtv@di&’l]ygﬁ’és@hﬁ%li%@nftl‘iér an end

effector, whic ustratirve version is a st appl yi ng appar at us
1012. In pard:lomnd: HIggbnl(D%Gs cRinpedand paritibl ﬂJﬁ)ﬂgﬂfhasrrmyotmwedth\mmﬂ@pmpened and
cl osed about aI attachrre t to an elongate (staple) channel 1016.
The staple ‘ﬁ'ﬁfﬁ%"i’lﬁ s‘é‘??b‘i““y“ﬁ@irzrh 8 proximal |y attached to elongate shaft
1018, formng an inplenment portion 1022. Wen the staple applying

(00127) With reference to FIGS. 31-33, the elongate shaft 1018 has as its outer

structure a longitudinally reciprocating closure tube 1024 that pivots the anvil 1014 to
effect closure in response to proximal depression of the closure trigger 1026 of the
handle 1020. The elongate channel 1018 is connected to the handle 1020 by a frame
1028 (FIG. 33) that is internal to the closure tube 1024. The frame 1028 is rotatably
engaged to the handle 1020 so that twisting the rotation knob 1030 (FIG. 33) causes
rotation of the implement portion 1022. With particular reference to FIG. 33, each
half shell of the rotation knob 1030 includes an inward projection 1031 that enters a
respective longer side opening 1070 in the closure tube 1024 and enters inward to
engage the frame 1028 (not shown in FIGS. 31-33) that determines the rotated
position of the implement portion 1022. The longitudinal length of the longer opening
1070 is sufficiently long to allow longitudinal closure motion of the closure tube
1024.

{00128 An upper portion 1160 of the closure trigger 1026 pushes forward a closure
yoke 1162 via a closure link 1164. The closure link 1164 is pivotally attached at its
distal end by a closure yoke pin 1166 to the closure yoke 1162 and is pivotally
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assenbly 1012 is closed, the inplenent portion 1022 presents a small cross

sectional area suitable for insertion through a trocar by an externally

connected and rmani pul ati ng handl e 1020. -30 1001261 The handl e 1020 has

nounted on its handl e housing 1154 user controls such as a rotation knob

1030 that r cttathed at hepmxdmgladnd byreaflosutliak pind 168 dflieeclapod irigggr l(lézzésienbl y 1012
haft 1018. A cl osur

about a |l on di n axis of e er whi ch
et s i n 1 ket o oftias iop s e aEh lendion SEIEL 24P I CosPaciad 5.

engaged |at;fr‘6ﬂhlal/l @&flﬁﬁx%p& rﬁ@ﬁ‘@itﬁ‘) MHébleﬂlrélx%ger'l@ZGjﬁRf EE8RA% Kdish gose t he
stapl e applying aSsenbly 12. Amultiple stroke firing trigger 1034, which

pivots in frida# for&nddtm'nght@sdlkeét half dhglls 118286] S&auses t he stapl e appl ying
assenbly 1012 to sinultaneously sever and staple tissue clanped therein.

Since e Pl e f'THe’L% %ﬁ%e 6 lﬁ@oﬁﬁplcf&ﬁ%‘é tﬁggerrlﬁﬁjé’ﬁl%ldd@ai}f@éﬁﬂhl Qéstforce

requi red per stroke surgeon's hand, ght and left “iIndicator wheels
1040, 1041 (Ifldﬂrmthquaﬁmtchéw} ﬁhEbtésuﬁ@leaMlnﬂttenﬁﬂé&emdapg'otmgilcxckmg of the
firing progress i nst an

[Tl ng P9 Rt 17 0t dtacetALby A grutal i ar L4 ol bpenres Lk o

one-third ofp;gek ﬁié@lé&&@ﬂélea@@&&tto%elrm%tpE&Jiﬁallﬁ(dl@dik%é aIHoht 1he céﬁkﬁ%“t@rai ever
1042 allows retraction before full firing travel if desired and all ows

assi st ance tmvetdti7aas viewetl tfmnptlesr@hc)e%fh the mpipeargogronal litAibladlk when thet he

t t bi | dl ted wh
he ol ogur SRy BaEet 06 T EeRahria BaC et €7 be PG RIS RERTGATh rod
that woul d prySides yhSEhAHRal BBl 96 Urh LOBECIRBE0cIcARBATH 1SS

reference to FIGS. the el ongate shaft™ 1018 has as its outer
structure a Woegthewdosoed iriggerelfi2preashes lmgﬁltlbfdspne&edqvbstlmm,aﬂsltduat bgi vots the

| 1014 t t th
oot e t 11 durSshsEaf bR by £ B rheRr Bt R SRl d o°
connect ed tqnmbﬁrdh%@%ts aﬁ@mk@xgﬁnit&m n&%ﬁn(fm{aerﬁ;é)mgmgfofufe i nternal to

the closure tube 1024. The frane 10 i s rotatabl engaged to the handl e
1020 so thatcmwr@tsmgpprmglﬂm éithtbﬁlekﬁmrtg cpmn(ems @tre@&}l mamyéslepnewcawfon of

Shol 1 of -t ot BRaSRernan et ans Rbf e rilocnEAEkIGRE) DeiBvaidas That

enters a resRemipiNetHeVMDfe igde WRENI ng 1070 in the cl osure tube 1024 and
enters inward to engage the fgrarre 1028 (not shown in FIGS. 31-33) that

determ [rt}oe1§0]t he ro r?cteetﬂe closure trigger 1026 is proximally clamped, a firing rod 1032 is

distally moved from the handle 1020 in response to the multiple stroke firing trigger
1034 being drawn to the pistol grip 1036 with the amount of firing travel visible to the
surgeon on right and left indicator gauge wheels 1040, 1041. The firing trigger 1034
pivots about a firing trigger pin 1202 that laterally traverses and is engaged to the
right and left half shells 1156, 1158.

[00131] A linked transmission firing mechanism 1150 is initially retracted and is urged
to remain in this position by the combination tension/compression spring 1184 that is
constrained within the pistol grip 1036 of the handle 1020, with its nonmoving end
1186 connected to a housing 1154 and a moving end 1188 connected to a downwardly

flexed and proximal, retracted end 1190 of a steel band 1192.

[00132] A distally-disposed end 1194 of the steel band 1192 is attached to an
attachment feature 1195 on a front link 1196a of a plurality of links 1196a-1196d that
form a linked rack 1200. Linked rack 1200 is flexible yet has distal links that form a
straight rigid rack assembly that may transfer a significant firing force through the
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position of the inplenment portion 1022. The | ongitudinal Iength of the

| onger opening 1070 is sufficiently long to allow | ongitudinal closure
notion of the closure tube 1024. [001281 An upper portion 1160 of the
closure trigger 1026 pushes forward a closure yoke 1162 via a closure |ink
1164. The clmsng wdl1i03R id f@4mipsenmint pomioh i 022 tyatcteadilyptetiatsintodths pastolgng by a

cl osure yoke pin 1166 to _the clasu ke. 1162 and is pivqtally -31 gttached
at its proxi HP t%HHnWZ%tI’GHB%P’ém}aiE F?E\é&ﬁtlﬁ%@d%l’ O_cpébﬁﬁg?’f’ raié@'ﬁ‘é‘?te 026 is
urged 10 themapRe chRBinhliocAYioR/cEhRILISn LphROPIRARATARE HRAIMAG 3P Al 1S
connected proximally to the upper portion 1160 of the closure trigger 1026
and a handl etrivelisvailgble MGk dssantmelly teducing the mimimunf length|by heHelvera dingle, 1158.
[ 001291 The upper portion 1160 of the closure trigger 1026 includes a

proxi mal cred¥™M81170 with an aft notch 1171. The closure rel ease button 1038
and a pivoting locking arm 1172 are connected by a central lateral pivot
1173. A conpAesBaokumshechapishd74 bi ases the closure rel ease button 1038
proxi mally (cl ockwi se about the central |ateral pivot 1173 as viewed from
the righhy Wth PRSI bR RadkhBIndpakisHN280 bR enfS iRSUbihdilgger 1026
is rel egsleﬂ as de%lln?t(}g’dgl?’nz'slgl Gght?g%:%g t1gllﬁ;s)%ot? g Iercl)cki&f\g arm 1172 rides
upon t he pr otensiah/compressidi siyirgyy B\ fepn rettabeng the dimked rack d38@ btweemwfiriag38.

When the closure trigger 1026 reaches its fully depressed position, it

shoul d be aﬁbql@&i%e@aﬁmaé%? wbedis ! At efi#ﬂlqksllﬁpé eeregfa foRet he

pi voting | ocki: ( [ﬁang £ ARSo L{Mkidn afisk 85K HdaaBbRstenlihe aft notch
1171 under tE{é'H%F‘SE WS%WR? e %co%gesglﬁ%h{bglpﬁ ng i17é4<1 \?@?E tﬁg firing
conponent s r ptoxaadlbchut wha pedxidelpendsditionfrahe 102ftarcl theumgh arthdoagls Bolbu#0®n 1038

1026, - 1001308 S ekCR Pl e Phesbenidhants 140F SRRl SdnaeiaseNe U 111 g

rod 1032 is i - mul tiple
stroke firi ngﬂ?g f(gigie%z%e%% e&@?&“@?ﬁ%ﬁ%ﬁ‘%?gﬁ”ﬁ %}{eﬁgﬁ?gé%%@%rm}ﬂ%h t he

anount of fi attacgmentll exiepiddpmwximaliyhiromsulogeolip ofithe ipgivimahehd offthe framde cat or
auge wheel s 40, 1041. The firing trjgger 1034 i vots abo afirin

'? r :Jgger pi n 1965 Sktpaqing thray q@aﬁepﬂve%ggn&}awpgede%&g . lobat%k%p pHeglht ga.nd

lleft half shepdes Tiaﬂsﬁ@wer%ﬁ%tta&lﬁ%@iﬁ-? lpdrlngE' kRAolveAPGHbA SF 12 ahtilYaBupTeChani sm

1150 is initially retracted and is urge
plate 1266 proximate to the frame 1028 so that the anti-backup plate 1266 is

perpendicular when the firing rod 1032 is distally advanced and is allowed to tip top
aft into a binding state when the firing rod 1032 attempts to retract. An anti-backup
compression spring 1264 is distally constrained by the proximal end of the frame
1028 and proximally abutts a top portion of the anti-backup plate 1266, biasing the
anti-backup plate 1266 to a locking state.

[00134) Opposing the spring bias, an anti-backup cam tube 1268 slidingly
encompasses the coupling slide tube 1131 and abuts the anti-backup plate 1266. A
proximally projecting anti-backup yoke 1256 attached to the anti-backup cam tube
1268 extends overtop of the closure yoke 1162.

Linked Rack Triggered Automatic Retraction.

[00135] In FIGS. 31-41, a link triggered automatic retraction mechanism 1289 is
incorporated into the surgical stapling and severing instrument 1010 to cause knife
retraction at the end of full firing travel. To that end, the distal link 1196d includes a
tang 1290 that projects upwardly when the distal link 1196d is advanced into a rack
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to remain in this position by the conbination tension/conpression spring
1184 that is constrained within the pistol grip 1036 of the handl e 1020,
with its nonnmoving end 1186 connected to a housing 1154 and a noving end
1188 connected to a downwardly flexed and proximal, retracted end 1190 of a
steel band Ich@nel 1091 RZthed i iletcddsuye ybks Q062 henahgl 120 iohligivd ts hetdtatdmnd 1192

is attached to an attachnent feature 1195 on a fro [ 96a. of a
plurality ofb_qtﬁoﬁk%roili@"’é&?"f_l@éa OPﬁ_atantlfbé? PA© e?ﬁ%&“ﬁé@k@ﬁbé@ﬁ?ﬁﬁed rack
1200 is fl e;ﬂtamr'gaf%fe%éesh Bic. 3%43@5%&&155 foRhBa fh th tipht Y 1ehitgifdheIRCK

assenbly th transfer a significant firing force through the -32 firing
rod 1032 i n 1136, 1 1H8 constrdin porvement dfGR@antirbackup aeledsy lever 1248. A pino t he pi st ol

ri 1036 to m ni m t he.l ongi t udi | engt h of the handl e, 1020, .1t. shoul d
Be. Bopr oo aUBEPPAHHL PO SRR B 98 BFRF PO W OerUan st fiy ehaale *
i ncreases tRGEAUPI 1988, fd febf0ed SNH BNALIGHAI tigkf® HBABRIIDB kofmicaduci ng

the m ninmum |l ength by ha over a single “spring. Anti-Backup Mechani sm
[ 001331 | n Fh@Es: aBBbackbp releasadvier b2dfkdiptahtechabottam pREGmpl ce h1%2, thve

2900, bat werllrine pregidudEns Rlab BveR s s PbeEs (a5 e 105y, an 7S, T2
|1 nk 11962 aighMRAL 219623 biSkimbily b didfhel 4385 LRIRRETYRLEALFhDEnf 1| N0

motion. The firing rod 1032 extends = proximally out o proxi mal end of the
frame 1028 aprdtiomiZ2ffgitha coimmougdatdsolith dm@@vardly ad dastaliy bmiddypripdrat 2950266.

The through hole 1408 is sized t.o | di receive the firj rod 1032
when per pendEURSHTS LA yNed BURIRIaOBIHG: aRuAFaE Hsseaxinil pichet B st
attachnment gtk ¥ SREfvBF 2487 RS YmbaAHE 8n LPWErd rbiaBloRhs RGnAlKkipR! end of

the frame 1028,  extendi ng through an aperture 1269 on a | ower edge of the
anti - backup mleaselevar2l?ds rfdvhes theestal mzdst portian bfigs tradskationd Advigckilg | ower

portion of the anti; kup,.pl ate Lpate.to t fra 1028 so that

Phe ant i - bacRuisogy i pouBe Lt snpartstel Lls6 RirkiimaHa s pieRRRdR lems | o

di stal |y advpo&ed48peevetsdrb:anafmolerhbm th@Bof ikt adsBi®lcA tBini#htal State when

the firing rod 1032 attenpts to retract. An anti-backup conpression spring

1264 is di staghtyasbafbpindi2Rédn e premimetypepera¢hasnel 1895t he frame 1028 and
proximally abutts a top portion of the anti-backup plate 1266, biasing the

anti - baglgeg Pl at eadd6ficted iRFIES KoNGo, SRSt end 1254 of the anti-backup release lever
1248 thus is urged distally and downwardly, causing a rightward front pin 1298 to
drop into distally open step structure 1299 formed in the right half shell 1156, which
1s urged into this engagement by a compression spring 1300 (FIG. 40) hooked to a
leftward hook 1301 on the anti-backup release lever 1248 between the rightward front
pin 1298 and the longitudinally elongate aperture 1294. The other end of the
compression spring 1300 is attached to a hook 1302 (FIGS. 38, 40-41) formed in the
right half shell 1156 in a more proximal and lower position just above the closure
yoke 1266. The compression spring 1300 thus pulls the distal end 1254 of the anti-
backup release lever 1248 down and aft, which results in the rightward front pin 1298
locking into the distally open step structure 1299 when distally advanced.

[00137) In FIG. 41, once tripped, the anti-backup release lever 1248 remains forward
holding the anti-backup plate 1266 perpendicularly and thus allows the linked rack
1200 to be retracted. When the closure yoke 1266 is subsequently retracted when
unclamping the end effector 1012, an upwardly projecting reset tang 1303 on the
closure yoke 1266 contacts a bottom distal cam 1305 of the anti-backup release lever

1248, lifting the rightward front pin 1298 out of the distally open step structure 1299
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[ 001341 Opposing the spring bias, an anti-backup cam tube 1268 slidingly
enconpasses the coupling slide tube 1131 and abuts the anti-backup plate
1266. A proximally projecting anti-backup yoke 1256 attached to the

anti - backup camtube 1268 extends overtop of the closure yoke 1162. Linked
Rack Triggered Automatic Retraction. [001351 In FIGS. 31-41, a link

triggered aubapmitheartebiokap cOMprEsbRBpraip 1088 2Lah proximeldy pashahe dntt-bidkup he
surgical stapling and severing instrunment 1010 to cause knife retraction at
the end of fagm tug@112%altdrth9éllt.l-b?@(upﬁalpasérl@*{eftl%sE‘ﬁt@?lélretrqcFﬁ@ PP$BIGHS | ncl udes a
tang 1290 th@ﬁ}Gpggzj ects upwardly when the distal link 1196d is advanced into
a rack -33 annel 1291 forned in the closure yoke 1162. The tang 1290 is
aligned to activate a bottom proxi mal cam 1292 on an anti - backup rel ease

| ever 1248 (iicPawbhiring®Mechagiamt i cul ar reference to FIGS. 38-39, structures
formed in the right and left half shells 1156, 1158 constrai n novenent of

the antpmhpckup rial@@se3l-ayahe dkdBativd sitdical sREERE @t RvéABbindMementrioupar pin
1293, formed respectively between right and |left half shells 1156, 1158, is
recei ved t hresuples thel fomg triggemi3pyo diedimkad sackgape i @ diffegent fepnpetthan 1w t he

anti - backup e er 1248 distal . t t 1,0 roxi mal m 1292, thus
all owi ng | onl:(gllﬁtspjili%ﬁajlwal %aﬁé?"gﬁr(g r%e&%ﬂégf?%@t Q}ei'?gﬁmgdtggg?r ]toﬁgp(]:‘fo scyl ar pin
1293. In theaboiit Hhtinpaidgepial 1202 o is @nRéAXd 1BBhé Howie1 A ARAlppd2ptibmc| udes
a proximal horizontal portion 1295 a that comuni cates with an upwardly and

di stal |y angl29d ofdhe fidng trizgebl 03daeves distdllyabout the fiRngangeeapin 103 astle7 (FI G

39) near the.proxi nal d of the antis backu l. r 124 t hus

i nparting anﬁﬁ%\gﬂgéerrlo(ﬁgtlf g?Prgsgeq ﬁ)év aé%stqlgtgg%lﬁpu%ﬁfgt?%%%lgg?é)\rloeém%%8 reaches
the distal ngladedTitidg tBiBe&ftensich dpriapILes (FIG. 33) frbLiekd BT onhéotedhdtk €enlBe3
formed in t% rei ght_glhagg sﬁesl I éfil—lgg pr o§<i mal ﬁt% t he ]g%toi - backup réll ease

| ever 1248 pinpgepersiopd a4 abithe hsingvbgger A4 ausk the hewsing & bifb (Thg upperpeitinnai n

ri ghtward af i 1297 in.the proxinally ope h |, 1L 0136.
depicted in B%@?t%&nﬁ%{,}l%ﬂd}@#ﬁngﬁa t%%%e@g%kﬁi?&é&ugﬁ gg%ﬁ?ﬁ@“‘%%ﬁ%é@i | ever
1248 thus i sddpkdsidnBiysitsplihy bset daypyerféshaniemui1 0gha alsofidenpiges fwhent pi n
1298 to dro dlbi nto d:ystsgl Ig_ open step structure 1299 formedéﬁlgf\ the right
hal f shel | 1thséiringmgger 1034 isrgléaseidnt o thi s engagement by a conpression
spring 1300 (FIG 40) hooked to a leftward hook 1301 on the anti-backup

rel easepdigwer 1248 gagdo@anNa tanepediripht-wide eaélt 0782 formed by a proximally and
rightwardly facing beveled surface 1284 in each of the links 1196a-1196d is engaged
by a side paw] assembly 1285. In particular, a pawl slide 1270 (FIGS. 33, 35) has
right and left lower guides 1272 that slide respectively in a left track 1274 (FIG. 33)
formed in the closure yoke 1266 below the rack channel 1291 and a right track 1275
in a closure yoke rail 1276 that parallels rack channel 1291 and is attached to a rack
channel cover 1277 that closes a rightwardly open portion of the rack channel 1291 in
the closure yoke 1266 that is distal to the travel of the pawl slide 1270. In FIGS. 33-
34, 37, a compression spring 1278 is attached between a hook 1279 on a top proximal
position on the closure yoke rail 1276 and a hook 1280 on a distal right-side of the
pawl slide 1270, which keeps the pawl slide 1270 drawn proximally into contact with
the upper portion 1204 of the firing trigger 1034.

[00140] With particular reference to FIG. 33, a paw! block 1318 sits on the pawl slide
1270 pivoting about a vertical aft pin 1320 that passes through a left proximal corner
of pawl block 1318 and pawl slide 1270. A kick-out block recess 1322 is formed on a
distal portion of a top surface of the block 1318 to receive a kick-out block 1324,

pivotally pinned therein by a vertical pin 1326 whose bottom tip extends into a pawl
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pin 1298 and the longitudinally elongate aperture 1294. The other end of the
conpression spring 1300 is attached to a hook 1302 (FIGS. 38, 40-41) forned
inthe right half shell 1156 in a nore proximl and | ower position just
above the closure yoke 1266. The conpression spring 1300 thus pulls the

distal end 1254 of the anti- backup rel ease | ever 1248 down and aft, which
results in tSHEDE FegRIsVIE2d onragap S‘ﬁﬁfff?eﬁ@@Pal“dékii?\bzz%ﬁopﬂt"?‘lépapéﬂ%qW@Sen step

t t 1 th
ant < backup Paat ST RLSR155 ARAA0ERH, IR verlolt fons B LOACRretfd B, 11
plate 1266 pawbelodkdalsied gotzaeldoﬁﬂnmloak\mwhbhmdwmkfﬁﬂnahm}e mbeOO to be

retracted. When the closure yoke 1266 is subseglrjenticq tract
akdailep

when
uncl anpi ng t%a&@ﬁ}fnéﬂtéé}t‘%’fa“mﬁzlgh&ﬁdﬁﬁﬂﬁ? W&z nlngslé f’h‘iliﬁ 1303 on
the closur t hpt I i i - backup
rel ease | evglw@fgg&l@ ?%erlgﬁt ﬁr«,&%rl grﬁaﬁ‘gb?r%nltﬁa%}o}gggﬂ%ut of the

di stal | y openewtdfomtaboed, uts @rd:aMal erlurged mtta;tomm“anhta consmicerblie d3d3r essi on

spring 1264 can pro |rral |y pus anti-backup camtube 1268 and the

anti - backup rnebsd %k%l%rem%l%éﬁ% ¥PFherré‘E é@ﬂ%“&l 1§8£-itions (FIG 38). Side
Pawl Firing Mechanism [00138] In FIGS. 31-41, the alternative surgical

st apl i ngoiand seveAs sigpwniatRIGUBGtthd StidhgecinegHaaial ;hﬁraﬁtiagé afjtht pagherring034 to
the linked rack 1200 in a djifferent manner than in 1-31. Wth

particul ar rEP8o¥pCie smalcextsprang b3B2 means that Fhf‘g)aﬁ*flub&&érwiééﬁldﬁutwé about a
firing tri oTH 4 1 per
port| gn 1%0 gaﬁ “}g‘?‘?’rt%‘agﬁ rQ?lég@?QTg%fg}r%g%gggf‘gl %b%ﬁés 'Elﬁrh ri ng
trigger pin ta:gga 1@84ﬁ§1ﬁ11yfdbpne§@dtahdgggns ﬂ)(}ibékeleasddeﬂfeésdedmhwwnﬂpl st ol

grip 1036, stretching.a prox aced firing trigger_ tension spring
1206 (FIG 3?5')301;5}%5?|aﬁﬁﬁgP;13%6Hh”%€t°@’éF°B@fi\X}@elﬁ3f‘H‘é hw&érs?&}%morﬁtr&czm of the
firing trig K Jelelg dqof the
firing tri ggﬁcﬁ%@% eng%‘lgtg)go‘gt%ﬁlgalhP%f(&%ér%ggﬂé&%fg‘gggl}’rl| néi fé(g{gﬁb%‘?eo#ng trigger
depression b&exabysh'rckmgdntﬂﬁqﬂ“&bumkpam frmzcehgagmnlmm thbhhkal mck t2G0engages
when the fir i 034 is released. [0013 I n particul a ranped
ri ght-si de t?})fcs%aﬂ‘?ﬁfgt% tglpck refess ] Hoi stqpsd do?ﬂj‘ﬁ? M?téﬂ“spfaé%k‘ﬁ]@' bevel ed
surface 1284, i paw
2ssenbl y 126B O RRI32Plot PapHh a0 e S RRERRE Ly A i e

this disengagement during the full retraction and thereby eliminating a ratcheting

noise.
Manual Retraction Of Multiple-Stroke Firing Mechanism.

[00142) In FIGS. 33, 35, 42-47, the second version of the surgical stapling and
severing instrument 1010 includes an alternate manual retraction mechanism 1500
that provides firing position indication, manual release of the firing mechanism,
manual retraction, and in one version (FIGS. 48-54) further performs automatic
retraction at the end of full firing travel. In FIGS. 33, 42-43, in particular, a
transmission gear mechanism 1502 also functions to visually indicate progress of
firing travel and to manually retract the knife. A front idler gear 1220 engages a
toothed upper, left surface 1222 of the linked rack 1200 (FIGS. 33, 44-46). The front
idler gear 1220 also engages an aft transmission gear 1230 having a smaller right-side
ratchet gear 1231. Both the front idler gear 1220 and aft transmission gear 1230 are
rotatably connected to the handle housing 1154 respectively on front idler axle 1232
and aft idler axle 1234. Each end of the aft axle 1232 extends through the respective
right and left housing half shells 1156, 1158 and they are attached to the left and right
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right and left |ower guides 1272 that slide respectively in a left track
1274 (FIG 33) fornmed in the closure yoke 1266 bel ow the rack channel 1291
and a right track 1275 in a closure yoke rail 1276 that parallels rack
channel 1291 and is attached to a rack channel cover 1277 that closes a
rightwardly open portion of the rack channel 1291 in the closure yoke 1266

that is di stiadiciter gzhxgemmllomb 10a¢. $iavd ths aftd1e1DAA.is free bpifsing dBthe34, 37, a
conpression spring 1278 is attached between a hook 1279 on a top prOX|naI

posi tion on hapdledpuging é15/omd hagia keyedengagement fio e aforrar 623G th igdigptor
right-side Cg‘ﬁxémhet{??‘f\ﬁMOg ll PQF rojfﬁz thh‘%‘é gi]? géﬁ‘%ﬁ@%o a'g'ge A&Melﬁlo'n?lﬁp Jo%tzyp gr awn

proximally i con € "upper i'on i'ng trlgger

1034. [0014Ghe M¥itdd rpek 1200y idier geaf EX20N60d aﬂOgeEll 123033ay be adahtagbagly 1318 sits
on the pawl s|lide 1270 pivoting about a vertical aft pin 1320 that passes
t hrough a | eelecisd sqithasthectopthed uppsr spfage 1323 bps mﬂedlmsmwhaémied@tmo A

ki ck-out bl o r f rface
of the. bl ook "13E BRFEACEE sl ekl hlds Bo oRUcE iy AROTLI B g
therei n by diritgytidvends the ink&PBanshoseonfiridgomedHapisext Bigds into a pawl -35
spring recess 1328 on a top surface of the pawl slide 1270. A pawl spring

1330, pa S C n verti cal
front pllgor%hTSZG \lljthgei %dl{éﬁnéﬁ S?vﬁs a%ﬁ%gﬁieaﬁ?l% %ﬁhé%té{lﬁsrﬁfg%ﬁ%g %I %?:gvm se when
vi ewed from eabadeiitohhubngegenmeimanblvetritiondeneed024,gptcificdlly dligackwitR82. A
small coil spring 1332 in the kick-out block recess 1322 urges the ki ck- out

bl ock 1324 tdverbeahiengandiapily-aigngdsiet 199 (EE. 2 )dnsecting the hubsl 59pokil#aral end
L Oe above (TRt istaRe SRNNBNSHH chlpydifes f B AP o1l B 2OMoRY DeF

mechani cal gsbriasr bffel iokhdped tgpaskive prpkoagmallﬁaﬁe@acerocking pawiil 5 16ctbiad pisgsi ng
1332 neans that the pawl bl ock 1318 tends toward gagement with the
ki ck-out bl o?&rfeutl%zahtrv@{%ka&eéalm%ém @énedmﬂqhe;algvdofé e ipRerregepntp 12t Angger

1034 is fully | ock 1324

encounters a r?ﬁg ng%im%ﬁ%@ggg%% Vtggipg“d aﬁé&l@% taﬁ*ﬂ ié{h%gl\’/ﬂ%stﬁhpde 1270

retracts, floclangga\t/hlas 1kl dokvrowaird hit@exkgagaaénttvmh mte&igat side ciiallaerawshetrgewi ewed

from above and ereby kicking out the paw .block 1318 from. en ement with
16 B335

the |1 nked 1 % AZOBFOD TRRERARSS GG HE 40 DRSS TBITGR HiEbbRAbEd 43561 ops. t ho
| ock t
or i ont at on T8 PRAPRG rtat SR o MR 4 RERaRHE fol F1 A PRERTAELSHE e
smaller right-side ratchet gear 1231 when the manual retraction lever 1042 is down

(FIG. 45). A coil spring 1525 (FIG. 33) urges the manual retraction lever 1042 down.

{00144} In use, as depicted in FIGS. 44-45, the combination tension/compression
spring 1184 may become disconnected with the linked rack distally positioned. In
FIGS. 46-47, as the manual retraction lever 1042 is raised, the locking pawl 1516
rotates clockwise and no longer is held up by the hold-up structure 1524 and engages
the smaller right-side ratcheting gear 1231, rotating the aft transmission gear 1230
clockwise when viewed from the left. Thus, the forward idler gear 1220 responds
counterclockwise retracting the linked rack 1200. In addition, a rightward curved
ridge 1530 projects out from the hub 1506, sized to contact and distally move the anti-
backup release lever 1248 to release the anti-backup mechanism 1250 as the manual

retraction lever 1042 is rotated.
Wheel Cam Automatic Retraction.

[00145] In FIGS. 48-54, an alternate automatic retraction mechanism 1600 for a

surgical stapling and severing instrument 1010a incorporates automatic retraction at
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this di sengagenment during the full retraction and thereby elimnating a
ratcheting noise. Manual Retraction OF Miltiple-Stroke Firing Mechani sm
)00142] In FIGS. 33, 35, 42-47, the second version of the surgical stapling
and severing instrunent 1010 includes an alternate nmanual retraction

mechani sm 1500 that provides firing position _indication, nmanual release of
the firing rbeenthefstrl firngrdrayel inta ¢ Gentiidlsr geasd 220p kavang elosthh FOQ2hds.  48- 54)

further perf . ' r 1,0 t L travel . In
s, 3o 42000 ARk ey B0VERAR aBurl el bt Sheorbdh 1 72F

functions t bladkapal 608 aftedineatyea ANOGIARISE cofrespbhdinp o thiéy/Blingstebkies. Aranual |y
retract the knife. A front idler gear 1220 engages a toothed up{)er, | ef t
surface 122Xightwadgidge dREQ) isratatedgryrd mieeontad wilya hesjom vaa reGesn612tg) er

1220 al . I SSi 1230 havi |1
ot -si de PREEpAPYE T A e b BPRRIAR RPAAE (S0 0ar 1920 and aft

transm ssion gear 1230 are rotatably connected to the handl e housing 1154
respectPy4sl y on fWithtoartipular refrieace tpFdG. 4hdheplternaie antihackaiprolease Iggggh end of

hat 1 shel | s 2AEE meiieg B bl @34 Wi DEBREE S vichs By’ Bl siftalags "
i ndi cat or ggaluﬂezvmaﬁi $in 104Ptact0RY6 fSintdeetiienaight axd REIRMAshERs {1961 558 nni ng

in the handle housing 1154 and has a keyed ena’%;emant to the aft gear 1230,
t he i ndi cat df recgirgd duangter genpgely reatgugulargpertereiizPin foraed in thgaghi-badaw. The

Goar 1030 g i SiRi e EhaD oLy toRBRLabEE 2 AUR A e o BRI ARAIRE

1222 has t oodshveli asadvsinavisd 1dekinganetichifitBddiytal sid 159 cMke sieeridiabnti-he aft gear
1230 makes no nore than one revolution during the full firing travel of the

li nked t r anshackun wiease lavargl 2A8a Harherght sl sheld bl p ReontplrpEmally gren si de
h aftatr. i 55 ' . hub 1506
ratchet gearcihjafng% 1%;44%‘8&%5 tg% 5%8%(? gig g{chl ?zf)gg}e%]?yfig Ipro%éﬁlgp%ﬁi[ #lﬁé’axﬁl- u

of the manua raction I év aligne a vertical
| ongi t udi nal bagkap relisaeellesko1248208 (FI G 42) bisecting the hub 1506. A | ateral
t hrough hol e 1510 of the hub 1506 conmuni cates with an upper recess 1512. A

front B! o0 1At R LSS FIde & BR IR HEk 960 frkch g ng P

1516 th i vots T abou ri ghtwa ! _ ormed-i'n"a drstal end
of the upperardabessi-backap cAf tubd 126306 kdtABted SI3Bkihg tisd wpichck p HRERINYEN an

L-shaped spring tab 1522 that urges the i i )
1250 as the anti-backup compression spring 1264 proximally tips the anti-backup
plate 1266. The alternate automatic retraction mechanism 1600 is at an initial state
with the anti-backup release lever 1248a retracted with link 196a in contact with the
forward idler gear 1220a. The tooth 1602 is at a six o’clock position with full travel of
the circular groove 1604 progressing counterclockwise thereof with the rightward
ridge 1610 just proximal to the tooth 1602. In FIGS. 51, 51A, one firing stroke has
occurred, moving up one distal link 196b into contact with the forward idler gear
1220a. The tooth 1602 has progressed one third of a turn through the circular groove
1604 of the immobile cam wheel 1606. In FIGS. 52, 52A, a second firing stroke has
occurred moving up one more link 196c into contact with the forward idler gear
1220a. The tooth 1602 has progressed two thirds of a turn through the circular groove
1604 of the immobile cam wheel 1606. In FIGS. 53, 53A, a third firing stroke has
occurred moving up one distal link 196d into contact with the forward idler gear
1220a. The tooth 1602 has progressed fully around the circular groove 1604 into
contact with the blockage 1608 initiating counterclockwise rotation (when viewed
from the right) of the cam wheel 1606 bringing the rightward ridge 1608 into contact
with the anti-backup release lever 1248a. In FIG. 54, the anti-backup release lever
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| ocki ng paw 1516 downward into engagenment with the right-side snaller
ratchet gear 1231. A hold-up structure 1524 (FIG 38, 45) projects fromthe
right half shell 1156 into the upper recess 1512 hol ding up the | ocking
pawl 1516 from engaging the smaller right-side ratchet gear 1231 when the
manual retraction |lever 1042 is dowmm (FIG 45). A coil spring 1525 (FI G

33) urges the4s@mnisahovedidiasily itebdmes thif4s) Iekkiy the Gighévdrd iontpia, 1288 depi ct ed
in FIGS. 44-45, the conbination tension/conpression spring 1 184 nmay becone
di sconnect edn@ithhdistally ppeiketep plaedturgil P and relaasing ithgani-backup meckanists - 17, as
t he manual N géaction | ever 1042 is raised, the |ocking paw 1516 rotates
cl ockwi se and" no longer is held up by the hold-up structure 1524 and engages
the smaller right-side ratcheting gear 1231, rotating the aft transm ssion
gear 14%048] c| ockwWhide tsaresgnieigentiondies bern illastratedripy descripiéor ofrsgéeral i dl er gear
1220 responds Qunterc LSsenfetracti 1 he lLipk r . . In

2ddi 1 on' - a STegREHE Gl PEE S e P btEs O B RS AL b 1506,

sized to conbasilierabld ddiasl Alid YotTBYRitdnion dNtHe-appREaU P feslriRBSEInlaBY Bray1248 to
rel ease the anti-backup nmechani sm 1250 as the manual retraction |ever 1042
i s rotated. limétie scapn oithe appandedelpimsctpisaeh dqtaid Yukiitional pivagtagagamly  an

alternate ay [, c_retractij.on hapi sm . f surgi cal stapling and
severing ins é)d&ﬁn%d%&“iaifydﬁa‘#“&caé%g%%r@@ Ee Sé%ﬁ%?r%lttﬁ%a&et raction at -37 the end
of full firing travel into a front idler gear 1220a having a tooth 1602 that
noves W4 n a cilfosinstancgravwgicaletepling and severing gsirumgnbl Aistdescribad bersiner i ng a
bl ockage 16 af.ter nearly a full rotation corresponding to three.firing
strokes. A OSSR det sty &R B LeSTRharn AP debf BNk

bot t om cam r@measldGsidity. Hovebvet, 3 shvulibéapprecrafdd thidploliPatiodk easestér® weth 1248a.
1001461 Wth particular reference to FIG 49, the alternate anti-backup

rel ease | evehe presemginventipn gy incledes kandle thafonyg s 4 single gparagtuaorn sito a
previ ously cribe i.rcular i and pin receptacle 1296 forned
bet ween righ I%HEQ@Q%QAE§P§E§ﬁ§F%?t&%k@?&%%%B is received through a

enerally rectangul ar aperture 1294a fornmed in the anti-backup release
g y gn .

| ever 10UBH aft ag@igiopovhiders ownnallyoetuated handlel 19 lusgatedrayinptodizedipr
translation _as well as do rd 1 ocki motion of the djstal end.1254 of
the. al t er nau SREHEE po TRl HaL bRl B BiastShafihe ket S1Ees FRFrgsc)
1156, a hor impdh adlloRimtedBttion GRBEsize of the handle or other benefits. For instance,
while partially stowing the linked rack into the pistol grip is convenient, it should be
appreciated that the pivot connection between links allows for stowing the link

parallel to the straight portion defined by the shaft and the barrel of the handle.

(00151 As another example, a surgical instrument may include a straight rack that
incorporates features consistent with aspects of the invention such as automatic

retraction at the end of firing travel and manual firing retraction.

[00152] As yet another example, while automatic retraction at the end of firing travel

may be desirable, a manual retraction may be incorporated without this feature.

[00153) As yet a further example, while a multiple stroke firing mechanism has a
number of distinct advantages, a manual retraction mechanism consistent with aspects
of the invention may be incorporated into a single stroke firing mechanism of a

surgical instrument.

[00154] As yet another example, a manual retraction mechanism consistent with

aspects of the invention may be utilized without the assistance of a retraction spring.
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channel 1295a receives the rightward aft pin 1297 near the proxi mal end of
the anti- backup rel ease | ever 1248a. [001471 In operation, before firing in
FI GS. 50, 50A, the linked rack 200 is retracted and the anti-backup cam
tube 1268 is retracted, |ocking the anti-backup nechanism 1250 as the

anti - ba conprgssi on.spring 1264 proximally tips the anti-backup plate
1266. Tﬁégglterna eagﬁfgﬁafgggretraction mechani sm 1600 is at an initial
state wth the anti-backup release | ever 1248a retracted with link 196a in
contact with the forward idler gear 1220a. The tooth 1602 is at a siXx

o' clock position with full travel of the circular groove 1604 progressing
count ercl ockwi se thereof with the rightward ridge 1610 just proximal to the
tooth 1602. In FIGS. 51, 51 A one firing stroke has occurred, noving up
one distal link 196b into contact with the forward idler gear 1220a. The
tooth 1602 has progressed one third of a turn through the circul ar groove
1604 of the imobile cam wheel 1606. In FIGS. 52, 52A, a second firing
stroke has occurred noving up one nore link 196¢c into contact with the
forward idler gear 1220a. The tooth 1602 has progressed two thirds of a
turn through the circular groove 1604 of the i mobile cam wheel 1606. hi
FIGS. 53, 53A, a third firing stroke has occurred noving up one distal |ink
196d into contact with the forward idler gear 1220a. The tooth 1602 has
progressed fully around the circular groove 1604 into contact with the

bl ockage 1608 initiating counterclockw se rotation (when viewed fromthe
right) of the cam wheel 1606 bringing the rightward ridge 1608 into contact
with the anti-backup release | ever 1248a. In FIG 54, the anti-backup

rel ease |l ever -38 1248a has noved distally in response thereto, |ocking the
rightward front pin 1298 into the distally open step structure 1299 and

rel easing the anti-backup nmechanism 1250. [001481 While the present

i nvention has been illustrated by description of several enbodinents and
while the illustrative enbodi mrents 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 readily appear to those skilled in the art. [001491
For instance, a surgical stapling and severing instrunent 10 is descri bed
her ei n
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t hat advant ageously has separate and distinct closing and firing actuation,
providing clinical flexibility. However, it should be appreciated that
applications consistent with the present invention may include a handle
that converts a single user actuation into a firing notion that closes and
fires the instrument. [001501 In addition, while a manually actuated handl e

is illuslmmt ed, a notorized or otherw se powered handl e may benefit from
incorporating a |inked rack as described herein, allow ng reduction of the
si ze ofy the hand|al R5r@hB&r id:S. For instance, while partially stow ng

the linked rack™into the pistol grip is convenient, it should be

appreci ated t he pivot connectioen tween. | i.nks o] f tow ng the
PPk par 81 P st o s SRR M RGieyf PerE R e A P, 1 o
of the hapdh cdndbcked b the eadetfétdsr; exanpl e, a surgical instrunent may include
a straight rack that incorporates features consistent with aspects of the

i nvent i ona §itiak memben sidingly geceieedbadhe Srefide trangferihg fismgmetiangothegnsl and
manual firing.retraction. 01521. As t other exanple, while automatic
retraction a%fficﬁoé b@ﬁvaeei}ianru]["ﬁfeg‘?go ots‘rné’%’ﬁg ar?éaklirly %ree%d)é’gllurpgbl e, a manual
retracti op rdmRVttRELdNE e MEmYet hout this feature. [001531 As yet a
further exanple, while a multiple stroke firing nmechani sm has a nunber of

di stinct adiviagmeagbanism openablyiconfigurad t9 engageanthdistgly edrasice therraclduringgspect s
of the inventgi.on be incorporated.into a single stroke firing nechani sm
of a surgi cﬁvnﬁ%@%&ﬁgﬁ?&“ If%%% re,&geﬁlet anot her exanpl e, a manual

retracti on gBRGheRhSEMEABSIed!t8 fe MElkh aspects of the invention nay be
utilized without the assistance of a retraction spring. -39 [00155] What is

cl ai med i ¢handlgc@itainimg tha rack, Grimgyneehianisnsand geanmeckpmispriagidng: an end

operat | on® U ER RehfER folan sl Bl birtile iy RRRILAR RGP, g1

received by {ohfe ghaiechnithansfer the firing notion to the end effector
bet ween an unfired position and a fully fired position; a rack attached to
the firing nmenber;

2. The surgical instrument of claim 1, wherein the gear mechanism further comprises a
transmission gear coupled to the rack to rotate in proportion thereto, the retraction member
comprising a dial including a gripping member for indicating the amount of firing travel and

for user actuation to backdrive the transmission gear and rack.

3. The surgical instrument of claim 2, further comprising:
a firing trigger;
the firing mechanism further operably configured to respond to a plurality of firing
strokes to effect full firing travel by disengaging the firing trigger between firing
strokes;
a retraction spring proximally attached to the rack to assert a retraction force thereon;
an anti-backup mechanism biased to bind the firing member between firing strokes; and

an anti-backup release mechanism to disengage the anti-backup mechanism after firing.
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a firing mechani sm operably configured to engage and distally advance the
rack during a firing stroke and to di sengage thereafter; a gear nechani sm
engaged to the rack; a handle containing the rack, firing nechani sm and gear
mechani sm and a retraction nenber nounted for rotation external to the
handl e and coupled for rotation to the gear nmechanism 2. The surgical
instrunment of claim1, wherein the gear nechani smfurther conprises a
transm ssi on_gear coupled to the rack to rotate in propartion thereto, the
retractdon ridiesargica gpsumenhef daigy hiwherein thy gf'@r meghdnisn AYthes AeBprises an

i ndi cat; t i ckdrive
the trauRirpc SR 8 fack G del LAY Era ity o bt HARTioRRHIR IR Bole’

f ur t herdistaligparidsihagecond ditectioy when g@&ack mbeesfprbxmgtllmauhb adiesgpaf cmiphelto @per ably
configured to respond to a plurality of firing strokes to effect f

firing e clygh haksrigdymirgueke tq theireigpction gigibepdpaerirvay Flufg 0p§farb a
for ce. 11500 a8A 1 Rl el IheBblr AR honher Mol AR e RS ﬂﬁ‘%t?ﬂr?%ﬁ%’n%ohﬁ&

bet weenthé idi¢rpgast r okes; and an anti-backup rel ease nmechanismto dlsengage
t he anti-backup nmechanismafter firing. -41 4. The surgical instrunment of
claim1, wherein the gear nechanismfurther conprises an idler gear coupled

to the 4 aCkaTlie@%ra%g,Jl‘?ﬁsn%?eﬁn Bchi‘ﬁcrjxll ngélﬁ?%lﬁ t%n% nﬁbﬁa‘:ﬁ &t%ﬁ@’?@ ?ll?s%s nack

moves di st in a secon moves proximally,

t he i dl mtchgegar mmlmlged atfistalireotie whash thk vickimévesidistally andtawenormbdipdcont o t he
retraction nmenber, the one-way clutch operably configured to di sengage when
he r ot WASH S FECkMyEs DIOXIRNY B WhFTaIN BeFaction meer BAMPERSAE 10t he

i dler gr%ﬁ'ﬁc%tloﬁ lﬁﬁ%éh”i&fa%ﬁ!)n gﬁ : l#:mﬁf?ﬁctﬁh G gggl&onemg %ﬁ%ﬁéf:ttﬁlaera

mechani sm further conprises atchet gear tating In irst ﬁlrectlon
when t hgear actie gaateetrﬂ:tlshaévley isaaechagedse erndhetiatohet geanin thh gecond elireetida tooves
proxi mally, and wherei.n the retraction nmenber conprises a gear retraction
| ever dﬁHméﬂﬁﬁﬁﬂé@W1gﬂn%§ﬁplefhe retracti on pawl positioned to engage the
ratchet gear as the gear retraction lever is actuated to turn the ratchet
gear in the second direction to retract the rack and firing nenber.

6. The surgical instrument of claim 1, further comprising a retraction spring proximally

attached to the rack to urge retraction thereof, the retraction member manually assisting the

retraction spring.

7. The surgical instrument of claim 6, wherein the firing mechanism is operably
configured to be responsive to a plurality of firing strokes to advance the firing member down
the shaft, the surgical instrument further comprising:
an anti-backup mechanism engageable to the firing member in response to a proximal
movement thereof; and
an anti-backup release mechanism operatively configured to disengage the anti-backup
mechanism;
wherein actuating the gear retraction lever is coupled to activate the anti-backup release

mechanism.
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6. The surgical instrument of claim1l, further conprising a retraction
spring proxinmally attached to the rack to urge retraction thereof, the
retraction nenber manually assisting the retraction spring. 7. The surgical
instrunment of claim®6, wherein the firing nmechanismis operably configured
to be responsive to a plurality of firing strokes to advance the firing
menber down the shaft, the surgical instrunment further conprising: an

anti - backup nechani sm engageabl e to the firing nepber in response to a
proxi me  moNAEsBrcal straBient ofirdpimyy, afherein thaanh-hask e BIsC A A FEPR SPer at i vel y

configure - di . [ I el B .hg the
goar ot r BSErnR rHED BRARIAL S Bk BR e AR, st Mo bkl
mechani sm -th&ld8kingipdats pivgtat btwess hilookiny paitionl wherein, theviyerwralotkiagly
anti - backup nechanj sm.conprises: a | ocking plate including an aperture

ci r cunf er entSngrgss thsiung membgyandan ynlocking prspasywharga theanerivge PIARLY pi vot al

bet ween a Io&llgh%g tl?é)ﬁﬁﬁ$ﬂf% waerein the aperture lockingly engages the
a ocki

firing nmenber an un I'ng position wherein the aperture slidingly
engages t forearfti-backgp spidechiasiag theribckibpplateo shpr lookinp pasitiog ande | ocki ng pl ate

to the lockin sition; and an.anti-backup rel ea | ever positioned to
oppose t h&? itk dcRD Felessa et BRRKUMSISPPPRRSC %}‘Wiésr & the R bl SPEE%act i on
l'lever i nclydes, tgeg rORARGh 1RRF el fesd cif n@ég#&ce?glbér%tiéﬁéﬁ%%taﬁ vafilel - backup

rel ease | ever. e surgical 1nstrunment o 7, wherein the gear
mechani sm f uht heti-beckwprrelses:levean i dl er gear engaged to the rack and sized to
make one revolution in response to full firing travel of the rack; a cam
wheel responsive to the idler gear to distally nove the anti-backup rel ease

| t -Qft i L4 s ] i . aged to
ever af hﬁle%gg%% idstubnehi 6 A8nt ¥ aViRkein e%rhfeashz%gﬁ%gﬁg g@gﬁs%%gg g

the idler gear cont al ni ng tﬂe ratcheting gear.
i nst r umentn aflergdear engédged torthdreack andrpizediongalke drendvaduteminaesponsg tolfellr ack,

firing mechanism and.gear mechanismand further conprising a hold-up
structure, %ﬂéﬁﬁrﬁﬁp?ﬁgegg ¥ retraction |lever further conprises a hub

I ncl udi N9, SRREPreSpARH YO tHeaRE ¥Ertd Bistally move the anti-backup release lever at
the end of full firing travel; and

a transmission gear engaged to the idler gear and containing the ratcheting gear.

10.  The surgical instrument of claim 7, further comprising a handle containing the rack,
firing mechanism, and gear mechanism and further comprising a hold-up structure, wherein
the gear retraction lever further comprises a hub including a recess sized to receive the
ratcheting gear, a pawl attached to pivot in the recess, and the hold-up structure positioned to

hold the pawl above the ratcheting gear when the gear retraction lever is unactuated.

11.  The surgical instrument of claim 1, wherein the end effector comprises:
an elongate channel connected to the shaft;
an anvil pivotally coupled to the elongate channel for clamping tissue; and
a staple cartridge received in the elongate channel;
wherein the firing member distally terminates in a firing bar operably configured to
actuate the staple cartridge to form staples in the clamped tissue, the actuation of the
gear retraction lever withdrawing the firing bar from the end effector to allow opening

thereof.
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ratcheting gear, a paw attached to pivot in the recess, and the hol d-up
structure positioned to hold the paw above the ratcheting gear when the
gear retraction lever is unactuated. 11. The surgical instrunent of claima1,
wherein the end effector conprises: an elongate channel connected to the
shaft; an anvil pivotally coupled to the el ongate channel for clanping

ti ssue;lZand A gurgicahmatragent; coRIISRE ei ved in the el ongate channel ; wherein
the firin i . erm id I igured to
act uat e 1 O GireustiEhbhiite L DHIRhERY dHcd rhord'B AR ARRLAR BOIAHLC

act uat i onachaft ¢tvhnegedito thetendeffeaor;| ever withdrawi ng the firing bar fromthe
end effector. to allow opening. thereof. -43 12, A surgical instrungent,
conpr i si ndfiring mswebes shdinglyregeiediydhs ghafigo rangfspthe fimgampotion ‘iOﬁée ion to
performa s ' LOR, S gﬁﬁﬁe o the end effector; a
firing rrenbgfﬁgfb?gfﬁgl%%gggfe\(}ggs%gﬁ{aﬁ%ggﬂ ft tg%o%l?g}rl\’rs%gr the firing notion
t o t he endhamdlé eahprisihgt ween an unfired position and a fully fired position;
and a handle conprijsing: a firing trigger, a rack attached to the firing
nmenber; a fi% {8 We&Ffani sm responsive to a plurality of firing strokes from
the firing ta[liaglg‘ifiac‘ngdt@tﬂg?%‘ﬁgrﬁé?ﬁoerrmk and thus the firing nmenber down the
shaft; a retraction spring biasing the firing menber proxinmally away from

t he shaft; anfiang metiaanisuprespaisari ts mphurghtyed hirmgtstrobésrfdorh lilee firing mggertober i n
response to a proxi ggl vement tg,ereof; an anti-b cagtgp rel ease nmechani sm
operatively coAfYaJGs Ef Taek idsBythg lrtnlgéneé?il?qr-doWQéR‘?J% chani sm f or

retraction; %ﬁa&iﬁﬁggbfa‘%ﬁ{ I fei%h Hg%ﬁ%%'&glrg@{ﬂ%c a3 B @k ddker gear

engaged to t rac cou y_a one- to an extefnally
accessi bl e ant anditteackuyd fiecHamésns emgpigeatle fortind thediringahembeai imrdsponsetteraei n t he
idler gear is engaged to a canmng nenber operatively coupled to the
anti - backup relP alrfE%YFé‘h‘?”é?h‘iﬁﬁ&h the externally accessible actuator is

manual |y posjd iieelihPrdi 36 BResmim Spd Vel LS iERrR6 iRRhE4Be the anti-
backup mechanism for retraction; and
a manual retraction mechanism comprising an idler gear engaged to the rack and

coupled by a one-way clutch to an externally accessible actuator.

13.  The surgical instrument of claim 12, wherein the idler gear is engaged to a camming
member operatively coupled to the anti-backup release mechanism when the externally

accessible actuator is manually positioned to disengage the anti-backup mechanism.

14.  The surgical instrument of claim 12, wherein the one-way clutch of the manual
retraction mechanism further comprises a ratchet gear coupled for rotation to the idler gear to
rotate in a first direction when the rack moves distally and a second direction when the rack
moves proximally, and comprises a retraction pawl connected to the externally accessible
actuator, the retraction pawl positioned to engage the ratchet gear as the externally accessible
actuator is actuated to turn the ratchet gear in the second direction to retract the rack and

firing member.
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14. The surgical instrunent of claim12, wherein the one-way clutch of the
manual retraction nmechanism further conprises a ratchet gear coupled for
rotation to the idler gear to rotate in a first direction when the rack
noves distally and a second direction when the rack noves proxinally, and
conprises a retraction pawl connected to the externally accessible
actuator, the retraction paw positioned to engage the ratchet gear as the

external |y accessible actuator is actuated to turn the ratchet gear in the
second i r eckiephrgienl instiuaent efhdaimatk vehistein theraxtagnatiyraseessiblejacty®dor The

conmr i SemRRrLy BFSca Bl d Tyt e B n S rives Sl e ploRAEEE R B ot chee
gear andich&t®awl ahé heh pReMtingtahanimibg Birgaend tHenb-KaeRup fRleaSé iiedlk@isndad he
anti - backup rel ease nmechanismas actuated by the |lever to disengage t he

ant i - baaskuapedrivdhe Hiventowhsangagethe aeti-bagkup meechaikm wiale retiectingtlee @sK. i nst r unent
of claim12, wherein the end effector conprises: an elongate channel
connected to the shaft; an anvil pivotally coupled to the el ongate channel
for clampi NgTHd susdi€il idtiment 61 Rne 1T, avlerdinl @R endGiovdd compiists: el ongat e
channel ; wherein the firing nenber distally terminates in a firing bar

oper abl y ebglpngate elepnpel conpedied © theghadt apl e cartridge to formstaples in the

el ampec  LEaiS o AEGEANAK] B Lo bR AR PR bR h i (e

surgi cal wesplewarritigofeceived M the elohgitt beannelnpri sing a handl e having a
downwar d rip, wherein the rack further conprises a |ink rank downwardly

bendabl e Mgt the famgangmber digtally teuminatgs inge Singbaraperabbt ¢anghted teonpri si ng:
a staple a i - e t : .

2opl i ng aoioiREI abeicBl (I PRPEsTA M I hbACSHe, e hAFRhPYE
actuate the gdaapdteca@pleyemngitedra®inglthe fifing baapdra tloehdseetor to slddieinga handl e,

conprising: a rack attached to the firing nmenber,
opening thereof.

17.  The surgical instrument of claim 12, further comprising a handle having a downward

grip, wherein the rack further comprises a link rank downwardly bendable into the downward
grip.
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afiring trigger including a firing pawm, a firing mechani smoperatively
configured to engage the pawl of a firing nmechanism in response to
actuation of the firing trigger, a gear nechani smengaged to the rack, an
external | y accessi ble manual retraction actuator, and a nmeans for manually
backdriving the gear nmechani sm by mani pul ating the externally accessible
manual retraction actuator to retract the rack. 19. The surgical instrunent

of clai @ 18,, wherein the firing. mechanismis operably configured to be
respondidve tbSHBISEURSIFYMEAtFOMETISING st rokes to advance the firing menber

down the, shefklappiite Ssnghigal instrument further conprising: an anti-backup
mechani sm engagga '€ to the firing nember in response to a proxi nal

novenent aheloegdts staficht@anheinbithdsiaieppplgingasembd;hani sm operati vel y
configured_to disen t he anti-back mechani.sm erei.n the ns for
ranual |y BIEREFEITG SRR ESENF IR S AR B3 SF B SR P PRHEE SerEbAg: | y
accessi bl e napual I RlEARLQN actuator to retract the rack further includes a

means for actuating the anti-backup rel ease nechanism 20. The surgical
i nst r unensa hafdlelcamprigidg: f urt her conprising a neans for automatic retraction

of the 1111 g TIDS] RO Gl fifi0 travel . 46
a firing trigger including a firing pawl,
a firing mechanism operatively configured to engage the pawl of a firing mechanism
in response to actuation of the firing trigger,
a gear mechanism engaged to the rack,
an externally accessible manual retraction actuator, and

a means for manually backdriving the gear mechanism by manipulating the externally

accessible manual retraction actuator to retract the rack.

19.  The surgical instrument of claim 18, wherein the firing mechanism is operably
configured to be responsive to a plurality of firing strokes to advance the firing member down
the shaft, the surgical instrument further comprising:
an anti-backup mechanism engageable to the firing member in response to a proximal
movement thereof; and
an anti-backup release mechanism operatively configured to disengage the anti-backup
mechanism;
wherein the means for manually backdriving the gear mechanism by manipulating the
externally accessible manual retraction actuator to retract the rack further includes a

means for actuating the anti-backup release mechanism.

20.  The surgical instrument of claim 19, further comprising a means for automatic

retraction of the firing member upon full firing travel.
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