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RELATED APPLI CATI ONS 100011 The present application is related to

commonl y-owned U.S. Pat. Appln. Ser. No. 11/052,632 filed on even date
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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



cartridge. The instrunent includes a plurality of reciprocating wedges

whi ch, 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. [00051 An exanple of a surgical stapler suitable
for endoscopic applications is described in U S Pat. No. 5,465,895, which
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[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,



mechanismthat allows a firing trigger to be stroked nultiple tines, as
described in U S. Pat. Nos. 5,762,256 and 6, 330, 965. These known surgi cal
stapling instruments wth nultiple-stroke firing nechanisns do not have the
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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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effector opened. This may occur if an expended staple cartridge was in the
end effector and partial firing occurred until the instrunent | ocked out
further firing. [00121 Consequently, a significant need exists for a
surgical stapling instrunent having a multiple stroke firing mechanismwth
automatically retraction after full firing travel. BRI EF SUMVARY OF THE
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assist in retracting the firing nechanism 100141 In one aspect of the

i nventi I 3 r oG jnstrunment has a firing nechanismthat
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retract il sprindhpinvsation dreeréamésithe aviearotqsk amdiotledr|dgficimmgies ofithe ptier shaf t
to assist in_retracti.on. To prevent inadvert.ent retraction between firing
strokes, an &ﬁ?#%%ﬂ‘ﬂéa %ﬁf@ﬂﬁn WQ%W%‘P&WH@“WM%@S@ onse to a
proxi mal noveffedér lebiRInsivt to Mdmitulinkl Mihg MBtioRd perfdRtlalirgiedlpetisRChani sm
di sengages the anti-backup nechanismfor retraction. Advantageously, a
manual r et r adhisond eleetanispesiiasedthrougharhodyiopenige &6 2. ccamphacbflayiragar) bive - way
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[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.



of this specification, illustrate enbodi ments of the invention, and,
together with the general description of the invention given above, and the
detail ed description of the enbodinments given below, serve to explain the
principles of the present invention. 100171 FIG 1 is a right side elevation
view of a suro|cal staollno and severlng instrunent (traction biased paw)
in an ofdY ESCRIPF HE; REDaft partially cut away to expose a
cl osure tube and firing rod. 100181 FIG 2 is a left side elevation view
taken aleomy |ine Theatdonipagying@egivitgh, Radich ¢ @Rdrpvestd BlardfcoatiteRc ik ect or

at a distal portion of the surgical stapling instrument of FIG 1. [00191
FIG 3 is a Pftusspseifispion illwtrﬂe@w@fhmw e HfveRtiem angftoggtler with the0201

FIG 4 is a fa

surgi cal - ot Bty A otesirion Bt eI GEhbh B ap 3Lt WP LR RkIHRER R G oy
a left si de elmbudiments giveavbdlow,Ssepiel toexplhintthe pandples bethepresent ikVdatiod. of t he
surgi cal instrunent of FIG 1, the section generally taken along lines 5-5

to exp r,t f cting the
f| ri ngebafn al ong Pt e ﬁ o §1 g?ﬁa@%ﬁé\?laﬁﬁeﬁfg?%g%% @dss% %‘ﬁ% cts a left
si de el evati astrument (ltnactscm:tblamd palvlYinenepen gtdrocbaditioh, Witk shaft pdrtigity dune
firing bar has fully fired. [00231 FIG 7.1is a left side elevation view of
t he handl e ofWERHE EPPEH ‘E:‘élPS‘gFé‘H%el‘Wé figing rodevering instrument of FIG 1 with
a left handl e housing renoved. [00241 FIG 8 is a perspective, exploded view
of the lpandl e of Fl@zl%al[aﬁ@ﬂiﬁkld%ﬁ;n Viewgaleenpdorlaet2-2 én thedvngditudinabn
el evated, aft, left vantage point of the 1jnked transm ssioon firing
mechani sm of 1oRESaTHARPEamendyTésctoy at p dts portiomof iy suggigal gaping “}SEPFIG%ti de
el evation vi gﬂ;ﬁ? ithe linked rack of the firing nechanismof FIG 9. [00271
FIGS. 11-14 are left side elevation views in cross section generally al ong
t he Ion%utudi nal _axis. of the ranped central track of the |inked rack and
the pawl®¥i the FlGihi§ arm&ﬁﬁsg?ﬁtlvﬁﬂlf“é%h? prfhelfeciorHdWong the firing
trigger, biasing wheel and ranp of the traction biasing nmechani sm
depi cti pg2op sequeRlE. 4igral pegspactive; exjdodddrvadse of aDDREEmERtPortidn ofthasurgighl - si de
el evation view partially disassenbl ed to expose a distal portion of an
anti - backup %Eﬁf%@rﬁe(?%gemét@m?@l@ f§lf#- k- ype) in a | ocked condition in

[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. 5

after the firing bar has fully fired.

[0023] FIG. 7 is 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.



the surgical stapling and severing instrument of FIG 1. [00291 FIG 16 is a
perspective view froma top, aft, right vantage point of the anti- backup
mechanismof FIG 15 with the anti-backup camtube renoved. [00301 FIG 17
is aright-side elevation view partially disassenbled to expose a di stal
portion of an anti-backup nmechanismin an unl ocked condition in the surgical
st apl i n@o27and sevEIGHd 1i Heare lefeside elevation, views in@osss se®ioB, generally alpng theht - si de
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shel | of theohthsMagtiofpiasing meehanissey depictinga sequeneroduring a fiurksiPkeel ease | ever
in phantomin a |ocking condition and in an unlocked condition. [00331
FIGS. 2f@e8p are dBIG15 iv aeipht-Sitle blReatihl view pakiafly dBhsefiplddad ekpark afdistal 18
depicting respectively a firing sequence of unfired, one firing stroke, two
firing stroResionphprant-packyy mechanas (lafesal kick-on type) i p docked perditinn Wushed,
and fully regur 4 . ective views froma top,

| eft, distal {h\%gﬁ Cgaégtggﬁr%ﬁlmgffSg?%%@u@%ﬁ%rgl&g{%&'i ng and severing instrunent-
with the right half shell of the handle housing renoved to expose a closure
rel easel®PBtkout nEKhdSiis mperspegiiveviarefrom; afopaft, rght yantagsgeintiofthagntih | ockout
renmoved and . t Q) ress ockout being
activated du?éc%gﬂﬁqcﬁisléﬁg?) ?Fﬁglso‘%}gg’%fﬁ Elsoggk?g&?nsh%gggg%‘éétdi ve view of a

surgical stapling and severing instrunent in _an open condition simlar to
FIG 1 B0 i ncor pBKatli7rigaaighbpide elesafiangiiew pattially disassemblesito expepggydigale 29

. oft si . . ) : ¢ o A
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to expose aand severing ins@mikyt SfEIGhEd i ndi cator gear presenting a first dwell
area to the idler gear. 10037] FIG 30 is a left side elevation view of the
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FIG 31 is a left front perspective view of an alternate surgical stapling
and and severing instrument 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.



severing instrunment (spring biased side pawl) with an alternate handle
portion including a first alternative (link triggered) automatic retraction
and an alternative (ratcheting) manual retraction nmechanism 10039] FIG 32
is aright aft perspective view of the surgical stapling and severing
instrument of FIG 31 with a portion of an elongate shaft cutaway and a

ri ght hadosel shel | FoF. 20 isardft eidaclevation viewmf ¢k suogiedstapbing andistvering i ¢

end-of -firin rave ct.j,0 hani, s d.a ual. firing.retraction
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the handl e panthtertnigastly @6thel dicHic gehepresedting B First @n@iliGaéa BUARIdldGeand
severing instrunent of FIG 31. 10041) FIG 34 is right aft perspective view
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stapl i ng and a8 &yemitent]yfepthadindicaiar geprpreseating g serond dwell ase todhaiidiarght  af t
per spective Iégﬁw of the partially disassenbled surgical stapling and
severing instrument of FIG 34 with a closure mechani smclosed and cl anped
and side paw firing nechanismconpleting a first stroke and with a manual
retract il%#) nechan H@a }elgw el fropt Rstppssevevigvof an alterpptespraiad staplimgandr ack t hat

triggers au I { L Li0g: i .FIG 37 is a
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and sever i nginchsdifigl€irst abémbtivs (lidk thggdered) Batomiade r@ymstion hid ngaltapgdtiagi sm

di sengaged and the distal_ |ink, approaching automatic retraction. 100451 FI G
38 is |eft siigichgtingymanual isiragtiogmephapig®. partial |y di sassenbl ed sur gi cal
stapling and severing instrument of FIG 35 in an initial state of an end
ef f ect ofeompen  an@I@. 3Misia-riphe kAl perspedtiasiview eNpasedical alak dndGeveiigi s a | ef t
side detail view of the right half shell and a first alternative

anti - backup Msfrageat ofKIE: 3T with a pqrtip ok a1 ¢ergateshafcutayeayiad dirghbbalt i on of

FIG 38. [00 ' I i [ YA 046 %}Lﬁ%l of the
di sassenbl edélgeélrgﬂla(%alnégsl%ogf)ﬁgﬁ%ﬁg% tggx r%%g a}lfrégfa ﬁﬁﬁg%? Ifo It%\oel31 with the
cl osure tri gggractibameelthnisninend 4 hrahwme] firmiggeeactipe nieshanistg. a fi nal stroke and

the distal link positioned to trip automatic retraction.
[0040] FIG. 33 is a right 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 aright 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 a right aft perspective view of the partially disassembled surgical
stapling and severing instrument of FIG. 35 with the side paw] firing mechanism

disengaged and the distal link approaching automatic retraction.



[00481 FIG 41 is a left side detail in elevation of the disassenbl ed
surgical stapling and severing instrunent of FIG 40 immediately after the
distal link has actuated and |ocked forward the anti-backup rel ease | ever
allowing the linked rack to retract. [00491 FIG 42 is a right disassenbled

perspective view of the idler and aft gears and manual retraction |ever and
rat chet ilt#¢fl pawl offl@. Hhisdeft sidetvieacini ddevatien hthie partipily diresseaiblast swagitale

517" [ o501 Frep SR ong oMyRP STERE. 10 BIRTIRE Kol e R o

mechani sm of and:h@]tl-%ac]&uptlﬁedhhﬁlsmlgaéed[ etraction |lever partially cut away to
expose a snaller dianmeter ratchet gear on the aft gear engagi ng t he

ratcheti paw . I.S..Q. b all S i de view
in el evél{ag%n of t%gggfgler n Fédg det:atl}slé?q’gaf e% Q%Fé"h Elaaq@@v rFt aﬁtﬁr[}a 1< r unent
(spri ng- bi asafiti-vackaipralshge leverfd.& lilaéltrigigél’Gd) dsthﬁe nmtdlc patistipf FES.I33ni sm engaged
to the fully fired I'inked rack that is disconnected froma conbination

| cver o TG “uz. Tioohols HpRsdf el ) I ARof of MeSu e RERERC] (2" o

in elevationsg Ehﬁé‘lﬁldaédv&ﬁ fRinstremed O FIGad 1 Witk e digsudd1iggeveampd, st r ument
of FIG 44 with hidden portions of the anti- backup release |ever, aft gear,

and manual f ilkingdrigger perferming a finghwakeand eatistelinkl rosRRDed fodripAgtamatis
partially di ﬁg@led |l eft side viewin elevation of the alternative
surgical stapling and severing instrunment of FIG 45 after actuation of the
manual firing release |ever has manually retracted the |inked rack. [00541

FIG 471041 a part F4P 41 giadel sidaidetad in levatigngf the digassembled surgicshstaplinghe
alternative aﬁ&‘%@egﬁg d‘%%rlﬁg][eh{]&ﬁﬁg4§%r 1@%19 ﬁeﬁﬁ%gﬁl r(lilllzzls%ct §Féd‘%&h the

| i nked rack om ng t manua ease lever disengagi ng

the anti - bacleghedrbrhard thenan{i-Ha&oip reletse léﬁerlaﬂowldg&ﬁé liskederacletoadetraoti ew of a
second al ternative anti-backup rel ease |ever (gear forward camred) and

handl e ng fo h r ring

bi ased paV\A ) rFI(?’ % %\% %?ﬁ%ﬁ%&%?ieg%sﬁggwe%&? ¥ng l%lglfége ?é aés(aﬁﬁ

di sassenbl ed nvinesl refradtioa 16wt andiradHetin @ piwvef aaninual teacktign metteaiem ofakier (gear
forward canmed), aft gear axle, and automatic retraction ,cam wheel of FI G
48. 100571 Fp@mstevq @P%nafblgmd sideeawl) siigical sandipgand sevsring irstuigetef FIG

al ternative agpti-backup

[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.



rel ease nmechanismof FIG 48 wth the linked rack in a retracted position
and the anti- backup rel ease |lever proxinmally positioned with the
anti - backup plate engaged to the firing rod. [00581 FIG 50A is a right
detail side view in elevation of the aft gear, automatic retraction cam
wheel and distal-nost link of FIG [0059] FIG 51 is, a rlght si de view
in el evd®bn of tﬁlﬁs‘@c‘éﬁd’%ﬁ@%ﬁﬁ%@#ﬁﬁﬁkﬁ&&%m eleyatigneof thscaliemating of

FIG 50 aft e%m%lcfal £t§ﬁ1%r{$'e d t eg‘fenr Qe RrumdP 8P, |4@w1§1]1h€‘.llh§e(f‘ra'ék\%ﬁge tail side

view in elevation o r, automatic retraction cam and a
second | i nk dépiftin@g ths manpalofirg fele@se I6geridiseagagighthesintidavkupamechasisevat i on of
the second alternative anti-backup release mechanismof FIG 51 after a

second fgds) Ng St r@k‘? 49 9994 sidk Getan 2Abw St @sécbﬂ&‘slté%ﬁétﬁﬁe anﬁ'lﬁ%k feakd!

el evation of the aft gear, automatic retraction cam wh third link of
FIG 52. [00&338r (ges: fOBBmﬂs:amqughmdhmdmhousmgéon/ﬂlemgmab*steplatgand of the

second alternati.ve.anti cku rel ea ch of FIG 52 after a third
firing and fis%vgpngfr}sgk@en{) llgfeés‘ %Ogﬂﬁsgb\t detail side viewin

el evation of the aft gear, aut omatic retraction cam wheel and proxi mal - nost
fourth loossk of Fl GIGH®. islﬂ’Oﬁﬁdrsp‘doﬁye Eidsasissmhlediv@;‘rw ofthdseaondwltematyeardi-i on of

t he second a rnati ve .aut | ease anismof. FIG 53 after a
Forthor OT e Phicop Tikase 16 DAt vt Gotnsc), Troe o B andat e e e ton,
distally sli gﬁnmej S Gt g second al ter natl ve anti-backup release |ever

di sengagi ng the anti-backup nmechani sm DETAI LED DESCRI PTI ON OF THE | NVENTI ON

100661 A | A . and t
convent { B?nglr glsgfil gfégﬁlisln nSlfigg%%;’é% ?Yi?ﬁ%‘? éﬁ@eagw &ﬁ {‘%‘?ﬂa‘*t’gﬁ’acgu% hort er

handl e, i nco{edsanfehahish bt FIG &8 With Hedinkbd 9&&@ i apéﬁc{edt@bsﬁbhgﬁa fift Afieat er
firing travel w thout an excessive amount of force required to squeeze a

firing triggbackupaclasserever praxymelly posetsoned withrthe antabhekup plase hrgrigedria the

i ncor por at ed .s.0 th t afiring retraction bias does inadvertently cause
firing retraglflf‘%ﬁ 100671 In FIGS. 1-30, a first version of the surgical
stapling and severing instrument incorporates a side noving anti-backup
r el ease 088t hani snFlG.ai0Amasight detiad suleivaew 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 a right 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 a right 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 a right detail side view in elevation of the aft gear, automatic

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

[0065] FIG. 54 is 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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retraction at the end of firing travel. This version also includes a first
version of a manual retraction assistance capability to overcone binding.
In FIGS. 31-54, a second version of a surgical stapling and severing

i nstrument nechani smincludes two nore anti-backup rel ease nechani sns for
automatic retraction at the end of firing travel. Further, the first

ver si on of tH@T%UWQP%WVI@PHQI@%@MCQ@@E}CM@ $enend altesmativefantibaskupl - 30
coupl es the ger to a | i nked rack
transnissionk%%k %g%ﬁﬁs&ﬁmgﬁ%rlCgﬁ%ﬁ%ﬁﬁg%ﬁm& éﬁntop paw , and is further
described in U S. Pat. Appln Ser. No. 10/673, 930 entltled " SURGA CAL
STAPLI N NI Es CRIEERSIVF Tk ANVERTIONECHANI SM HAVI NG A LI NKED RACK
TRANSNISSTCN'“'r6‘Jé%rr€y—s——SWHVZE"Fr€ k E. Shelton IV, filed 29

Septenber 2003, the dISC|OS re of which.is hereby incorporated b rence
it W | r oty ApOEEE SRLTG 806 A UGE STHGHS PietheL Vi doneensi gl

severing i nsbf HABA rall as a{(ﬁ%ﬁtag&ﬂis%eﬁf&éﬁl 1652 Sif¥fetet | héﬂcﬁél 1%&9&95 nﬂlltflﬂlé ' ng

trigger to a linked rack tranSm sSion by neans of a spring-biased
paw . Fur t hefimog efrokceapgbititinalloreng grsateofiring ragel vgthoal an excapdivegmaund oﬁ ever i ng

i nst t in FlGS. 41 de kst d t tract
capabi 11 1y itk EapirE iR R ARty B el THOE AR Snithatishick or nat T ve
to the Kick- ehdchardéth iis ﬁag&ruﬁtédedo%ﬁea ﬁﬂgerretr%o'ﬁlb% dobs %ﬁdvéﬁbnﬁ %5642 47, a

ratcheting manual retr ion mechanismis depicted in nore ,

cor r espondi ndiring rethagtion.s general |y depicted in FIGS. 32-41. FIGS. 48-54
depict a gear driven automatic retraction feature built into the indication
and rat glggf i Ng MUWRIGS. GLIR GV eARENEMthS B‘ihrFﬂeQI fsplih f b lsBRdringl ihffunddt ve to
the kick-out anti-backup rél ease | ever of g and the  rack-triggered
anti - backup insomepsates aside rrwwmglf@a ba:ehummleaic)m@@hl@nlsm thahepuises auﬁ@n{brcavm ngs,

wherein |ike den hro the seve Vi ews,
Flos. 1 and P Ertne SO Tpe Gl TG e s aRIRS it BAE e 40 Vhat i s
capabl e of pmﬁalcrbtmmfbhassmmeeapwmfylté sv&@torhé BindirS BIFIGS. BYEA 4 §stond he
surgical stapling and severing instrument 10 incorporates an end effector

12 havi ng an versign|of asurgicadstaplig and severing ingirymnens mepehanism drAwdestwa §101¢ or i ng

ol Toctor 12" Pt Shckip b ndchERNFe ' AR RA B M RS R o

portion 22, fFarthedthe)irst 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
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the end effector 12 and shaft 18, is advantageously sized for insertion
through a trocar or small | aparoscopi c opening to performan endoscopic
surgical procedure while being controlled by a surgeon grasping the handle
20. The handl e 20 advantageously includes features that all ow separate
closure notion and firing notion, |ockouts to prevent inadvertent or

i1l-advised £ aifurtheoplternativertd thd kiek-out antiabackpap telease tavanof FIEpS. hdltangditee firi ng
strokes to e GL fiLhkng. (] , in apling) of the end effector
12 while ind?%cgﬁ%ﬁéér%%gﬁbie’%?kgg r%lggsﬁ‘%‘ieﬁgfﬁfﬁﬁ’téa@ru geon. [00701 To these
ends, a closure tube 24 of the shaft 18 is coupled between a closure

trigger (96 (FI G Iprnpgta the Diawings, wherein dike sumeradsdanetedfkeqpmponentef f ect or

12. Wthint r . r IS .C el ongat e
channel 16 agiopfieth i Selefeds FRok: PR ZReliR SR B RINE L B f T ena
effector 12. itrufieat i ihakid@bpadble dBpractivity tBel uitiqub bedditd 6fxhe pZBentand bot h

el enments are . rotatably coupled to the handle 20 w_.th respect to a
rotational niWEREeR Thssuigical piapking 1 sseringdnsirypent A @ ingespqrategan qilis,  t he

cl'osure tupstaqof1d BRiEDE SiChl borty Machtd B SR BBhi 9B, ™S T
degree of | oopgpdsi jawk formbarepiag tissueltabe vevetdieandtstapled. Theismd effectal 1Qgsir e of

the end effector . Wthin the r 8 firjng rod 32 is_positioned for
| ongi t udi nal cﬁ_’r‘iﬂ}?}ﬁéﬁ? S%ig@ﬁ&"é@{e @%J\éeg gnémal?mnt ROFuign Zgh@r‘@Féi{’%f fect or
12 and a nmul {diln@-c?febk €2 hhd bikg: 19, i9ORAntd ou\%@ﬁ}zetg E(Se’xsi%'lée‘%ti&i 1H8h aztﬁoc'ai

distal to a pistol grip 36 of the handle 20 iring trigger 3
di stal to bobhsmillapawsaipigopeniBiogerfonh as andostopiggagicabprof@lird while

endoscopi ¢ operati on ce the inpl enen i 2.08S,i t i nt
ot ent 1 o obgloE contaleIR G op dRasa g pe, s &1 a6 neatt A0 Sy o
ot her di agnogtdigdes ifé”ﬁ?t%i‘ﬁhaﬁﬁl@x@é‘epfa&té)&&dré Hf&tibh §§&'ﬁriﬁ§h¥éﬁi%ﬁ, fobigowdi | 14 and

el ongate channel 16. Gasping the closure trigger 26 and pistol grip 36, the
surgeon nmay prgyenitinalivertgntag pll-advidedoinng olthe enéeff¢ctonias wehesermmblingfi ed as to

the location of .the tissue relative.tg.the end effecto an anount
of tiseue ¢ nandie Firing SEHsse st Finedit Favethy sElEing) phfaPnd gl
toward the pilgt“q{ﬂegﬁdi@atﬁ@,th@a?pémﬁﬂgqotd@ﬂgednn the end effector 12 and
| ocking the closure trigger 26 in this clanped (closed) position. If not

I MR RN ORI TR SR R
procedur e t 04gdaafP6 (FI&S UPand BE RVl 14 t-¢anEDEIBELrE SF B8 €FfectbN E2. SMItRIAQRe NBY
proceed with firing the surgical
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.
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stapling and severing instrument 10. Specifically, the surgeon grasps the
firing trigger 34 and pistol grip 36, depressing the firing trigger 34 a
predet er mi ned nunber of tines. The nunber of firing strokes necessary is
ergonom cal ly determ ned based on a rmaxi num hand size, maxi num anount of
force to be inparted to the instrument during each firing stroke, and the

| ongi t udi nal Caespingibe closureftugzas 20and pistal grip86, the snrgeen may refeatsdhyreraspe firing

0052 80 SR8 oot el s SRR T "

trigger 34 aefld éffet@n2 MAghé ahotidt€issile thetinOthe safpdoi BeffredsBEhRRERuR!
decrease the nunber of firing strokes, yet the handle 20 still effects

firing wthotrigast A fully topauitbe pistalighg 3oheaaping thissue imthesnd gHesonty/
reference an_j ngj N . an.  Jhndi ' retracty 0, that
posi tional | ya}rlg g?@%ﬁeﬂclﬁ%@%g@@% ?%Irftﬁ}as ér]nu ‘?eu%g(ﬁleﬁ’g&%)ipﬁ‘l’%‘ﬁfgﬁsftf?%@ .%ed‘l

Addi t i onal | y withttRispositibhothe siirgedtemag teleast iercldsntdirig@erttybycdupiestimgtahat  f ul |
firing has occurred when encountering resistance to further cycling of the
firing tri g@l@ﬁw&{@le%ssebélﬁeﬁﬁ& apg thepssftercienea dha nraeedisg foglamp Hegvei a and
instructions nmay be added to the handle 20 to enhance the indication

provi degozy the r dfdimpingdf cdrieet, ittekduegdon @y prodded atittofirikgithle sdfgicalpon f ul |
travel of the fjring rod, 32 and when the firing trigger 34 is released, the
handl e 20 auf'@Rdg @%%e«yemrea ingleyraent 1. $1Per°1frﬁglly,dge syrgeon grasnsdhe {Eng triggpe

surgeon, wt t : kG | | | st rument
10 has ot PAETS s 8o 38 epkclbing QA nfepBld LA blidlr 1L 00,
may depress &imearifhe-nunehek ufifiring staskes hedesaany $2rgombntied Badetertliveedfbasedan 4 r i gger
34. Both of these actions allqw the hangke 20 .tqQ autqfathéall retract the
firing rod 3Maxfagmigng size,axigumAmeuat hokee POPgImPREC (Orthe MSEHBSRtRl * and
"distal" arequseteddRIRing suWkd, hnld AEORABERITR dRtmbl MEfR WebbPlote a handl e of
an instrumnent. us, the end effector” 12 1s distal wth respect to the nore
proxi mal hantiaesf@ted thrmigbdloiSringrais3 2stodhe asl éffectontl2 dandg finagkAs wilhbd ar | y
correspond respectively to distal .and proximal. It will be further

ppr oo at ed ERATECIFH Tt Earpesiebelit tepiyidke]Sirisass rify hapiRio SUUR ks
“vertical” ﬁ_ﬁﬂg'{rﬁ@ek §@de§’f‘f5reﬂra%g&'1§€ﬁn 5 €nBtidA, lahd HRSRAGEask Or HOGeAE A NOS.
However, surgical “1nstruments are used In many orientations and positions,
and these t ennmberrdf fivorg stiokes wetatiec handbee2Q $til efifevts Gk wishoutbimling. 00751 The
present invention is being discussed in terns of endoscopic procedures and

appar at gyg73) Howev e buyridg thdi€ s@bKes Othe s&g8h B¢ Fef@enceeRdadedt, depickAQWhhf not be

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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construed to limt the present invention to a surgical stapling and severing
instrument for use only in conjunction with an endoscopic tube (i.e.,
trocar). On the contrary, it is believed that the present invention nmay
find use in any procedure where access is |imted to a small incision,

including but not limted to |aparoscopic procedures, as well as open
procedures. Efrpeaengnback! sieilasly copgepoa raupectingiytotdisalsandfpreximah di wil
capabl e of prowidi [ - St i .t liGation.to a
nunber of insf rfgeﬁﬁgwﬁattﬁgtg%icoégéﬁe%ﬁ&h Q?%Eﬁ?%ﬂ;ﬁ@&&%ﬁg%ﬁ% %eb’%@?@d in

FIGS. 2-6. Wahd“paizohtalll &re usef rein abthiresgetGo the ditahén@nHoekl@ciagicdl2
responds to the closure notion fromthe handl e 20 (not depicted in FIGS.
2-6) first bySUURENi§ArGEsedAn gppy crienfaions@nd ppgitions; andithegg tegmp A0t ng t o an

anvi | proxi nat a pair of laterally projecting anvil
tfrﬁ%? t@Be ilHﬂltlI)l(% %'gfz{blégﬁ&.

pivot pins 5 are pro to a vertically projecting anvil feature 56
(FIG 4). The anvil pivot pins 54 translate within Kkidney shaped openi ngs
58 in t ¥7%| ongat d e REGSRRIINVeAtion ighring disenseqdyndermnafiendoscopig prcedres o

el ongate cha T i ur gage " GS. 2,

4, 6) ext end%(gbgprj?ﬁv\a/aurl% y“?éri:lgt’ lgl%é gégé@tog‘rt%%égﬂon a%gg%gtegﬁtcétﬁg&ggggéﬂt he

cl osur e t ube cadstrued helilmétthepresbns irlehtiort @ravungitalsepling andlssfesihg agtremént t hat

pushes agali nit t he fn\nvil face 50, Thuds, when t?e cl osure tube 24 npves

proxi mal [y f fYHse C8IVIAsouHRHIGno %It apyendosenpiguhe (1-6-AF08D)- Op theeontiaps ifie ¢ ube

24 draws thepgfel %e?r@seﬁ@irﬂéﬁlﬂr{‘fﬁﬁ}l' bind ﬁé&qlntaiw gﬂi&é&dxe vmeli’éjz{fgégs hs o4

foll ow the ki dney shaped openi ngs 58 of the el ongate channe causi ng the
anvil 14 to dmtedttanemal lincisiomnsdladieg pniondt imalited tategparastetie progedures, ao t he
open position. Wien the closure tube 24 noves distally, the bent tab 59 in
the tab apereas OBEP PRCEILES from the anvil feature 56 and the distal edge
64 pushes on the anvil face 50, closing the anvil 14. 100771 Wth conti nued
ref erence t o EFBém End Elfifecionpl enent portion 22 al so includes conponents that
respond to the firing notion of the firing rod 32. In particular, the

oo L7, oL RRGES L 1 SO US PRLRRR RO,
frane 28 in diatieothas egpicasen totaoninobey iof idirnmkentapwiti nnofuchiend effectod1 32, A
NGt vl el B O RS S P oReT A GOUPLEF LD the
slot 70 in t P@sp&ﬁd%stH kiR d158Re Atbtibs M the hhsdlé by (ﬁcﬁ AgpiReedtif? FiG$ 6y ﬂstaﬁ}i ve

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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| ongi tudi nal notion with the rotation knob 30 to acconplish firing and
closure notions respectively with the coupling of the rotation knob 30
passing on through a longitudinal slot 72 in the frane 28 to slidingly
engage the longitudinal recess 68 in the frane trough nenber 66. 100781 The
distal end of the frame trough nmenber 66 is attached to a proximal end of a
firing B&1 76 thaiWibeansinggd referendsdo FiGurb thsimpigmenitipodian 32 alpq inchudes gui de 78

therein, to y r The end
effector 12 F%{&ﬁén%kel Sthﬁ p%?é%ﬁ? FRL giémét%g?dﬂ%ag 59§r0%nf2u§é%‘?%‘9 ﬁ%% E- beam
80. The st apfieing édd 32 d;ngtalﬂ? eﬁ@@eﬁa ﬁhhgyroagh gaibeh6d H@vmg slcﬁigit&dlﬁﬂlrrbédsﬁige

body 86, a wedge .sled driver apl e drivers 90 nd staples 92. It wll
be appreci at 8% HIHBg rppgh mé@aér@ﬁ@ewfrlp%wdmllvaﬁgm ﬁamﬁa?ﬁuy dirgesyesponiet hi n a

firing reces 'H]’% r 4 t he
cartridge bog)yl%é%lg 185 Ziltrﬁg rﬁ‘??%@?%‘%ﬂ ﬁ‘%lgglestrll(gts7(€l)g§1rtrléﬁr é;’]}Xsu@e F@ggés t hat
contact andopdrilily chwpled wph ¢hedotation knSH3I mmmbwmdm MG 2t6)eT1$d: lepgtR®f 92 up
from staple nt actl with s or m ng grooves

t 96 t
98 (FIG 3) ﬁ@%wﬁ rugﬁw Floﬁid:m%? éfsﬁl:lrgégheo%o gut lslengxéw# sdp allpwgelaliyeeh as
depi cted at ﬂ&gnﬁémﬁl&mﬁrwmln rBakibh kHOBS0 torfcfc&h Hﬁﬁﬁﬁﬂg ﬁ&lofm the staple

cartridge body 86 further i1ncludes a proximall vertical slot 102 for
passage of thmtlﬁnsbmapncﬁ@elySpﬁr:ﬁlé lccu;iling ofalea'otaitmngnem% pesink®h theughrovi ded
along a distal en f . E- 8 Ils ueaft 1S,.stapled., .100791 In
flee 5 5 Baiulpdataiy Mo ad tarintofads fle toighiind eES 38 quonce

of open (i. e fratrdughGREHDEGBN. cI anped and unfi red condition, and fully
fired condltlon Features of the E-beam 80 that facilitate firing of the

ari ver BEs i i B ARl 5bolhe s3me sk miaber o6 frattoches to RRFRLETG Shap o

cartridge 824 fifingbadySinat Mokélbvitlindhd SRRE 28 %p@élh@éll}l\bﬁhmfa' gFullde78T B&REsS 94 in
the staple cartridge 82, for distally driving the wedge sled driver "88. A

bottom pi n ofo dastplly_p@]m an Febermb¥bhimtBihe shd afecter 1@1@ he emﬁffmsklrlhe]@éesof t he

el ongat e channgl hu tto 6 di ngly

engage the 43t Bll 6’?{8’3%1%6 %%%‘ﬁﬁlélac%é eﬁbﬁn%'ug el”%%n& %ZehaSP FIG 2,

a top pin 11@ap84 tHahblds b@ﬁﬁle&@rtﬁa%e'&m 6e§|w%ﬂ§e sléd ﬂﬁeércssngayreuﬁw&s@o anvi |

pocket 112 of the anvil 14, and us does not gggde repeat ed openi ng and
BYer

closing of taed sienles 9214t wilbpsappraciated Gat the werge & &Stlengitdinadlydepi ct ed
as cl anped aHl%Vé \gﬂﬂmtaoﬁrflﬂg r%cesp%a (f:ﬂ? 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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pin 110 of the E-beam 80 is aligned wwth an anvil slot 114 in the anvil 14
distal to and comunicating with the anvil pocket 112. In FIG 6, the

E- beam 80 has been fully fired, with the upper pin 110 translating down the
anvil slot 114, affirmatively spacing the anvil 14 fromthe el ongate
channel 16 as the cutting surface 104 severs clanped tissue.

Si mul t aneous klpngath eharingl] @ Ipithe dpe6 ahdienfired st RlGe2s4 tplpin ¢80 of thddfe 82 as

previ ously descrihed. Thereafter,. .the .E-beam 80 is retr ed jor to
openi ng t he §ﬁ"dn'8§$f‘%%ftt8ﬁ9df§ §igsiAme lﬁénfﬂvép%‘fciﬁ'i 2C§f‘:ttl? F‘b‘ﬁ@‘gén# or an
addi tional opgis@obPhot ilmpPedeldepddiad bpenitfptandiclosmestdheidweriQr 12 is descri bed
in greater detail in five co-pending and commobnly-owned U.S. patent

appl i catjons, the;diLsclosure .of.. each, bejn re i.ncqr poy. at ref erence
Tt oy BN ¢ ey P IS R ERE N R R RO s e
LOCKOUT MECHAM 8 6t ERRBEMETE @likrdd wittRirdNGivil sRar114 N9 thel@bAAY, Hetdl to hid
Frederick E. Shelton, Mke Setser, Bruce Wi senburgh, filed 20 June 2003;

(2) " SURG CAcomsmapicatie withdrrunvErpckpl RAndiESARANE Efhesm $0Rsdeesiis AND

FI RING SYST S No. 10 1 A Fr.eder i.C 1.Sheltaon, .M ke Setser,
o an 2. reore, witihe ubis phpl fitariifine oW RS ot AR e RinEN e
HAVI NG A SPERME doMRTRI o0 tHeQTitidale ' chaiiy] .16 ¥6 thelddtilsubf@be 100sdveR@tampeld E.

Shel ton, M ke Setser, Bruce Wisenburgh, filed 20 June 2003; (4) "SURG CA
STAPLI NG | NSHRUFENMUlianeauslyathe midiis niotkehss actrtesihe sigliecertrd ' Ser.

i ed 20 JunbryshS Gesg ey Fuese dht Beeah SR RES mooBir Rl BB Re v
E- BEAM FI RI Neffadte-aNindepla&ap the diiple d4ritipa 88 Xar art aildic@dbopetitidn. Shel t on,
M ke Setser, Bruce Weisenburgh, filed 20 June 2003. [00821 It should be

appr ecl Fafl {rat tht NANRRGS: SR th N RGN brdlr dBullih 5L LB EMimPEr &1 1
applicatiohs of the present I nvention nay Fhel U I nstrunent's capabl € of
arti cul at i onandcerhmaslyceeesdi WSdpatent fappkcationy) @rddisdosunélo Leuohbeing hewbed U. S.
patent applications, the disclosure of each being hereby incorporated by
reference i nifcAERoFated,by Fefergnce infheirgnurgtys(l) | Rk Flf“k%ﬁﬁfb?ATl NG AN

T AT HRSFREMN SV TG 8 RGO T AT 20 or
PREVENTION OF FIRING”, Ser. No. 10/441,424, 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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Hemmel garn, Jeff Swayze, Kenneth S. Wales, filed 9 July 2003; (2) "SURAQ CAL
STAPLI NG | NSTRUMENT | NCORPORATI NG AN ARTI CULATI ON JO NT FOR A FI RI NG BAR
TRACK", Ser. No. 10/615,962, to Brian J. Henmmelgarn, filed 9 July 2003; (3)
"A SURG CAL | NSTRUVENT W TH A LATERAL- MOVI NG ARTI CULATI ON CONTROL", Ser.
No. 10/615972, to Jeff Swa¥ filed 9 Jul 2003; " SURG CAL STAPLI NG
| NSTRUVENT | RIC ARBNRERUMENTENEARPORA mﬁENSED FLEXI BI LI TY

Shel ton, M KARREHEANEN MiRCHaNIS YNGR AT n BT CRET, 1 o)

"SURG CAL STARINGIGUDINHIRAMIRIT, S%\NMGOWl%BJJ_ﬁ%'lHr%rﬂ:ﬂH\fShBHEPGHEnH’LATES FOR
SUPPCORTI NG A_FI R NG BAR', Ser. No. 10/615,6 971, to Jeff Swayz Joseph

Charl es Huei Femmgl é%ndeﬁiﬁvaﬂedéemwm i Waes,dled %JFW&O%@J F@@é@l I n

FIGS. 7-8, t ?N%ﬁ‘lfihl hﬂgAR (jglqift grent 10
I's shown in g‘?@g’?@sb eta EW 1Z\%Ltv:r(gitulsnig{Aa Iﬁl nk t?gtn[?rgnxgg?lg% |F:1g
mechani sm 156 FIRING BABVIRIAEK eS¢ruNes] Bochoas ta Boare Adésmmtigemg fiked & miuced
handl e si ze, .ninimze i ndj S t d effector 12
(not shown iﬁBHT @ %gbﬁl%@g@@@wﬁ%ﬁ@iﬁmT@& rigger 26
tovard the PIHECUIAROICONTIROLN! Scf Mo, T0BISYPRYS il SihARCTIEAD RAy Ot s about

a closure trigger pin 152 that is ’coupled to a handle housing 154 conposed
of right and206F;(4hHTRSHAL STAREINGINSTRAIMENTANCORPORATIBYG Acausi ng an

pper por o 48l 1S £L S5 B0ELC2 e BN i o T ool

pinned 10 a olrosulR ATION IGRArasd. N0, 18] SIORETo PRiGCHEANELGR1Gh, Lite: ol osure

trigger 26 respectively by a closure yo pi'n 166 and a closure link pin

168. ]0085] SntscmBniquWylsmb@mglpéiéﬂdQbdyaf)Oafla@d (5, “SURGK e STABLINGn 160 of

the closure t&d t h | f e pivoting
cl osure rel eggg&gﬂﬁ%ﬁ? }\E{g{)ﬁﬁ&&%@*@}] z‘ﬂf&‘ﬁﬁgbwgﬂ{ﬁ%ﬁﬁgﬁﬁ‘g trigger
26 reaches i SYPPOURTINGEATIRESD BARS Set. Nb. 10/88 5O70stdITefiiSwa8€ Tosphr €l eases
the |l ocking arm 172 and an abutting surface -16 170 rotates i nto engagenent

with a di st aChaslegiilygik diledo? 8y 2083.0f the pivoting | ocking

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 handle 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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arm 172, holding the closure trigger 26 in this clanmped or closed position.
A proximal end of the |ocking arm 172 pivots about a |ateral pivotal
connection 174 with the handle housing 154 to expose the closure rel ease
button 38. An intermediate, distal side 178 of the closure rel ease button
38 is urged proximally by a conpression spring 180, which is conpressed
bet ween a holi%0 rugated mtrcéngagerhi@# vatich distabriglewasd edcle 1 Huo f tha pivdling Tdekingesul t

is that the clo | ease button 38 urges the | ocking arm 17 .
count er cl ockmiﬁ,ﬁmﬁﬁngf&@muﬁt&ﬁgir ingis §lamped of ée&qdrxgosgmt §oqr°wqah the
abutting suphfg@hd IRkRlg &OBYIHvALE HEREE 186kal PRGN RIBYESH £7440%1 aPi ng of

closure trigger 26 when the li'nked transm ssion firing system150 is in an
unretract ed baonldé housimg 4 to depaseitiedosune pleae buttael&iAn intdrowediafe0d8RI W t h

the cl £ 6 ret d.fully.d d, the firing tri 34 i
unt ocked and ey Phar B8 slButdlertautan S as e BRovmi bkt e freprioP iines ' o°
effect firingn efhi¢hR cORPprbdEsdeREenl?hordgdanbmte k2 dlagddubk@ibald ButoRl Ssi on

firing mechanism 150, iS initially retracted, urged to remain in this

posi tion by 38.clhelreswdtis that thesthesugwetaanpbuitoni 3rurgesrthetpckdwg armalt72i s
constrained within the pistol .grip.36 of e . handl e 20, Wi | t.S..nonnovi ng
end 186 conn%%%é%%?BWﬁgk‘ﬁ%% lg”ﬁ‘gﬁgﬁ’lntge Tgﬁ lr&ﬂgoczﬂngrﬁﬂ??%bwéthghﬁ%u%nect ed
to a downwar &eracE'l%@ﬂcl@E\ﬁreﬁﬁ%é}Q@,'whi&l@ feEitte dn@Adpih8dfefosur tﬁ%@&l%band 192.
[ 00871 A distally-disposed end 194 of the steel band 192 is attached to a

| i nk coupl i nyhen ¢® linked transmeissiom firihg systeng 1 5Qvsi ig lan jupretiaeted iconditiomaebed to a
front link 1 6a.8f aaq_l ura 'ttlé' of links 196a-196d that forma |inked rack
200. Linked PEER %’(5‘ @ 4! tfeéo‘ﬁ?'et has distal links that forma straight

rigid rack assenbly that may transfer a significant firing force through
the firiopagl rod 32With ﬂlh@ldsmltsggmt26pgtmq‘t@rfgﬂz,degressed,ethdﬁnyg treggend4 is i nto t he

i stol rip 36 to.nnimze the | i tudinal , len of,..t he. handl 0. [00881
Pt % hould beimighfedtind ity e debesteel Hishilithe Bt ER8 a8 Sk B ib S eBiactorr | ng. 184
i ncreases t heringBFihe effl effedtbNI. tAsSIePlctadly el IRIREE trakinhiSsi&S HEAL hdchahisneduci ng
the mninmumlength by half over a si ngfe spring. 100891 The firing trigger

34 pivots abd, ininitiallyrgtraatédygeged o renpedeint thest possiosdyraeeomehination t he handl e

housi ng 154. . An _upper._portion 2 f.the firi Lrigaer .34 s.distally
about The 11 I gMRPRBEBRoR pifasp B ik EShehlncd i R P b Y Bt S
towards pi st pandl 2( willfits SSrmesveiy &l IBoRoRMécial to)hPhareshdusingnG4tahd @ger
tension spring 206 proximlly )

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

-17 -



connected between the upper portion 204 of the firing trigger 34 and the
handl e housing 154. The upper portion 204 of the firing trigger 34 engages
the linked rack 200 during each firing trigger depression by a traction
bi asi ng mechani sm 210 that also disengages when the firing trigger 34 is
released. Firing trigger tension spring 206 urges the firing trigger 34
di stal | y whenonnscied detivesn dhaiuppsnpertion 20Hhef theé'umgdnggdll3dsandghem1ﬂhml sm 210.

00901 As th 50 act f
coupl ed tr aRQIIES Foh HEIPEIPERh A0 ardhe RS keBC ooty B WiReq BT goar
220 is rotatedo ahwwcﬁﬁm%aﬁ?g ir depidsdisroby 4 figctiodibiasth dmbclvisanPRO@AENt Wi th

a toot hed upper surface 22 the |linked rack 200. Second, this rotation
i s coupl ed t8lsadischgagsaden dedirinEngewidnraleased. Figpgiriggerisnsiensmingckwi se i n

230 ar o 1 ot af SFECe S BRRL R 1 B el Bk B GAlRR e RloR™ of 0%

rel ati onshi pbhsingessthadieml2loked rack 200, idler gear 220 and |nd| cator gear
230 may be advantageously sel ected so that the toothed upper surface 222

has L 00l oNS! e AL A SR A UG 00 BRR SRS SRR 92T

230 makes ho nore’ than one revo fon=durtng théf of the

| i nked transiasshiegion peéarngrerreratednssotifichfiQ, firsOAGdlker Aeard29ds rd@;&éd tlaclgvieat er
detail below, the indicator gear 230 perforns at |east four functions.

First, when (a#iewsddiemtheleftzde) by engﬂgleylemewlaef%ﬂheair}wpsbwfaw 2dyefthers, 34
are open as E n the

| eft side o?i HQ%Q&P (F(%:z%eg(r?ndggg?r 23 n’]gcgufpg%detﬁ %dﬁéléﬁg%%%ggg%lﬁégg 244 of
t he | ocki ng estaned ddintertlockwizg nalrenpohiatd 1$1e lndlasmr 220. Botlhtheddlenpeug 226 Andy
contact with the closure trigger whi ch gn i S urgedtothe open

posi tion by #diqayrgear 430p a@hlwwﬁgnezmw@eo%i housingef- Thegs8bn spring
246 |
I's Connegﬂgfb elg]gyglfcgégemlfgé ﬂnﬁ gaﬁg@rhd@&rgemdﬁﬁ lﬁa‘ncg&aﬁ edr 286 W5 trigger

26 and the h as energy store ring closing of
the cl osure be a@\gmtagéﬁlsﬂmmieowmahmhhe mlotlﬁ:dmppdarrsugfgeer226ha§|ts¢thldiryertsmnst S
uncl osed p05|t| on. 10@921 Secondl the indicator gear 230, which is

connect ed t o thahareisHifp % SIroRe so taptt & indikatar 858y 289 ® S8 PRANTG llﬂnsoﬁ‘ﬁsed on the
handl e 20, coRmHRichYukia ft}reefunqirﬁ{gtya%l cHQﬁé fiheR t%sﬁl'&@lofn'ﬁrir{]é%%gﬁ%' sm 150
to the indicating retraction 40 so that the surgeon vi sual

i ndi cation ofiSlhhow nmany strokes of the firing trigger 34 are

[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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required to conplete firing. ]0093] Thirdly, the indicator gear 230
longitudinally and to angul arly noves an anti- backup rel ease | ever 248 of
an anti-backup nmechani sm (one-way clutch nmechanisn) 250 as the surgical
stapling and severing instrument 10 is operated. During the firing strokes,
proxi mal novenment of anti-backup rel ease | ever 248 by indicator gear 230
acti vat ¢893 he ant Thizdbkthe indicaétangean? 3% pngitndisllyidite pngianly movesn alitist al

fofiid | mal ' f ofiri b 32.
Thi s novenanbedibaeleiavit 288 e RL BRI R 1 bAem Ees Ry hchstacPnithe
proxi mal end266 as the stipichl staplviisid@verhrg iasthondnd g0 idepedsied A dingtthe ffihglat e it

should the need arise for the linked transm ssion firing nechanism 150 to
be r et ract edS@eiSRyox Rl Mmovemgniefagticdhackugy felease lewer48thygndisator gear £39 i ng

strokes, the,indi HeGt | | e
iring mechatt U BOin PoReg iehtah o508 (HCSTEL IRl Al MM inoRindrd 2
backup mechanof firmg@bér, 32mridhatedenss frbeinahinotibaok fifing baredds hizuhbwemeh? alsot 0 t he

handle 20, and tes, t ti-hack | | 248 Ily to th
gt (PG PO AsOhE b e RGO PR I8 e TS pRATAL 67 2B DA ol or gear
230. 10094] hgukidd 34 alldWing E%Ic?g’@%g& tgﬁéﬁi@%hﬁﬁﬁ%%g&éi%ﬁ@%ﬁhe [in?l& tion from

the indicating retraction (clockwse 1nt epiction o IG 7) to
retract the transomgsiomBohgmeshani&n 160 tcbeamretractbddbnng the dinmgissok&5Aftan| ocked,

t her eby overcom an i nding, in,the,firin hani sm,.150. t hat i s not
Feadi 1y over COREISRY Dhbe QBB Ak o IUFRPHARE SqLraSSroNeion AL rotaon Thi s
manual retragd in@FirAgSh&hamed PO elPstE TRE PXRFed 26thfén ded@Vdtbdthe hhtil Ng of the

firing mechanism 150 that would ot her wi se be prevented by the anti-backup
mechani sm 25backupmeshanism 248, wikdraws thepatikhapkumetetsasebustont 42nintpthe bandlhat t he

latter may n | at er al | V. he_anti : bac el.ease | ever_24 0095] In
FGs. 75, anpi et e R SarkdR rdate IRE U el BR Se T B I beosr bi o

anti - backup aRbwasRinuRY @éverstGolaEbR of R garP3@d at the proximal end to
the anti- backup rel ease button 42 and at the distal end to an anti-backup

yoke 256. In particul.ar,.a.djstal 2%9254.0f t he anti-backup. rel ease |ever
Jas i o Bishged t oF oL nF iR S L0 S B e AL R g B Ree, 2a.
The anti - backdcieKrRnob40 @m&ﬁziseli@ﬂwdellpmiaﬁbknc;q)ltmslu e ffigingt i on to an

anti - backup cam sl ot tube 252 that is [ongitudinally constrained by the

handl e housi mgchausnand0 whithtant rhackiramsehanisme2 X0 ynlegked, thereBp owirsemingyny o t he
connection of; i ih'ifd Aing Alcifid? 150 hat {s st L8R b cohebPthe'dfibination

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 -



| i nked rack 200. The anti-backup yoke 256 conmuni cates the | ongitudi nal
novement fromthe anti-backup rel ease | ever 248 via a cam sl ot tube pin 260
to the anti-backup camslot tube 252. That is, |ongitudinal novenent of cam
slot tube pin 260 in an -19 angled slot in the anti-backup cam sl ot tube 252
rotates the anti-backup cam slot tube 252. [0096] Trapped between a

proxi mal end 2pgled plet frythrant2Backv camesletriube Laortatesdheraatl- g@ckup@b@ shkg gube
respectivel y,3ke an anti - backup conpression spring 264, an anti-backup pl ate
266, and an anti-backup cam tube 268. As depicted, proximl novenent of the
firing rod 32 causes the anti-backup plate 266 to pivot top to the rear,
present ilN¥! an i ncrl&pped between Iammégmdaaftthq Bamp 28 and Fhfg?llﬁldlﬁchw ¢qmslof esi st s
further prox I Fl [ up
bl'at e 266 pi e SZRUHRER el e ah dftitablibobitecsion P 264, WsB Wbl MELY

hol ds open aZSGr@drandﬁﬁIbawhqrbahhﬁlbamss Amwptmed;@m)ﬁﬂnalmbwﬂerﬁ&theﬁrﬁigosel y
spaced to the anti-backup cam tube Specifically, the anti-backup

conpr essi on 37 FRysesthe P%tl QB‘F@RW%@“ EﬂiBHOtdoP %t@ﬁﬁﬁaﬂéswlng% pl ate 266
totip the a t he
anti - backup (%Clrrﬁag t tugélacgﬁtfcétgggéegngé st a?tdrgggrtgnfﬁr%}%? \r/déqrrltgrg{%ﬁlg%n?%é
anti - backup oéthetfirbg 8882t her eby f orci ng the top of ‘the anti-backup plate
266 distally, overcom ng the force fromthe anti - backup conpression spring
264, th ositio h {%%6 [

(per pendi C7E| ar), FPhI octtklr(;%cg'gé lial on g*?%l\?\ar@@%rsg?(@ngE}%agtgfggctrle%lndogf t he
firing rod 320ck[tﬁﬂ9ﬁ]ds\ﬁpbn apearetn dobramhmeh@mﬁnbzmkup caihGhat tibelXd? i blesdly act i on

bi asi ng nmechani s 0 |ct ed. a | ng _conposed of awl 270 that has
a distally pﬁmcsg]fq*rjﬁl@aﬁaha qaﬁﬂﬂ??%gﬁﬁ eSififs! S}Efw*gﬂcgvrgf@em%on at er al

pin 274 (FI | t gk,hﬂ; gh a
hol e 276 i nGtS%Iga u%%lelrbraglgﬁé%tndﬁggfqo Sl%rh!% olfﬁe 98{: rélggé&e?'{p byt t he 1FQt:éght

side of the £66taugs ockghmosith, Rbtwoh af theahtifhackrean slotaﬂubegszlcemsm ng
menber, depi gt as_bi asi ng wheel t he tri r .34, trans/l ates
fore and af g’ls?ﬂ?ﬁémﬁv%&mjgm&&? t ?t?agg ["é’ zggé ?lgpxﬁ’ﬁcé‘?%th%oﬁ ri ght
hal f shel | 18 fki-BdeRup PRIV dmuﬁy %QerééﬁungQH@fdrb'é‘ﬂbﬁgh@mﬂi Badkag ranmp 280
integrally formed in the right hal'f shell “156 at its di st al portion of

travel . The bpmpiesgombpraig Zéﬂathmposmdmaatmcd@blyumelate&%eu afi nohpred

resilient, f r(}')e%t)én 1cullaryaunﬁ)ci(gd poshtlon thgt 2llows pa 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 is 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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countercl ockwi se rotation (when viewed fromthe left) into the lateral pin
274 of the paw 270, thus traction biasing the distally projecting narrow
tip 272 downward into a ranped central track 282 of the nearest |ink 196a-d
to engage the |inked rack 200. As the firing trigger 34 is rel eased, the

bi asing wheel 278 thus fractionally biases the paw 270 in the opposite
di rection, r&ngk 282 efthe akediack 290 éfpzenﬁw@rﬁl&enaagemb@ftbéﬁpﬂ% updegdiging2 of

the |inked r r .high | oad
condi tions azt%laact%g%ggr mﬁ‘ﬁﬁeﬁé@kﬁﬁﬁ&?ﬂgvemﬁﬁé %Q&id\)\ﬁw%tg{agg)q@ght si de
of the paw pNDZTQanmsmp ontd Dpwwxjnalki amdlupyasdig facingtsedeled fsacthde SagVES.ed
surface 284 right side of the closure yoke 162 to di sengage

the narrow ti O@ﬁ‘f rfghéﬁ’ldf' Hgﬁler%‘?ﬁb‘&b’%ﬂp?é? dispngage Q’@Z‘aHPW Yhe7% fremle ¢ r i gger
34 is releas ?"?nﬁ’éd c’éﬁbfalF’cPJcﬁt%Qtl@g{?ezﬁ@fggtPn%%'34 ik 'ié’}eﬁkd aHhSr aﬁ&hﬁ%‘tﬁw @/ng@h 218

Is used to |1 the narrow tip era cent trac
Wher eas a bi azavdgthwbwingz’ﬂ&el 278Ispised wdjft the mfrowltrplﬂ@ﬁiqnprthmrampedceﬂtmﬂ t he

h f the_ bia whee b d
o accomoaletk 284 Y REr i SungpBect A s disted FPEI b pPrA RS engage
or di sengage shdphQftie Bifkdn lﬁ’fnefn'B@r @rr\ghé’ei ﬁﬁ?fs(?flustl'ahggﬁlﬁi Rag ke vARRA8] Wth

particular reference to , the linked rack 200 is” depicted in greater
detail to il Iamma@@teaa vanidte of gfapescthainisa deetiontadtactiomio ch@age ef disengagened t o
adj acent i s 196 tﬂ ‘?f{fﬁ ward, proxinmal rotation into the pistol grip
36. Although © PR EHARC rdlrectlon the |inked rack 200 forns a rigid
configuration Wnen agai nst a columar | oadi ng, especially a | oading that
woul d ot her wilLankediRgek.t he distal |inks 196a-d to bend upwardly. In
particular, each link 196a-d proximally termnates in a nmale extension 300

havi ng |(ﬁ§9?r al t hnpghaiehier R&2eR8 t8 FIGVEY tHQQfIﬁ(k@Pack%b‘?Qﬁeplﬁed {efkatsd de 304
of each |ink 196a-d includes the toothed Upper surface aright side

306 paral | el detaii¢o ilblfstramadmnﬂfemﬂaﬁvamaggi Eetth/\ladml%lasinsmmedammenent ral
track 282t ates in the nmale en n 300, [0010 pr oxi mal
portion of tﬂ&ﬁ%%rga{%rfipggwaﬁgﬁrqxgp%rﬂ 185 %%ﬁl?r%s h@?%ﬁﬁlﬁ’ﬁéﬁ left sides
304, 306, fobeAdaBledn thisireQioddthellRked RIGRDYO T&nis%@&b@n@gﬁrﬁ[b‘h'\@ﬁ‘en?’oo froma
| eadi ng |ink 196a-d, which is hingedly attached by a pivot pin 310. Each

| eadi ng | i nk 2gainga-cqlunanar Joading emmﬁﬁrélcslﬂmgathattwl@pﬁwmc urgedhe diatal | s
general ly pe u the . direc cEl.u oadi fromthe
gl PESRELEGH e iy 18 G5, her AT bRtk R

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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contact surface 314 at the distal end that is also generally perpendicul ar
to the direction of columar |oading. The lateral through hole 302 is
sufficiently spaced away so that a notch 316 is forned between | ower
portions of adjacent flat surface 312 and contact surface 314 to provide

cl earance for downward pivoting of the trailing link 196a-d relative to the
| eadi ng | i nk lerdBig-and trading links 18padarglongitusiiallyfalighed, thaighyoesisting fartheur f ace

312 and cont uy f 3 e reqgistered . for ut.ment as | eadi ng and
Craiting i nogvaBteret kS b RSIplsEn g 6 TR orf SplaLies 6 e Cher
upwar d def | eG02 and piAs 30 arerocarbitelowl jteciin ofl actides ofltB6 Frichgas @ 3D OWhewwhad . t he

hol es 302 and pins. 310 are | ocated below the line of action of the firing
rod 32. Whenaeqpplied torthe figigeitageer 341 the trastionhiasing meeanism 21Geppliesdt i on

bi asi ng mechapi |y J : tlﬁ?‘ i : ijon and
bi ases conse?g%l;ﬁ{%e%%g? ?)? rtll;le:‘?n Ifﬂffgﬁ%@%@é&@? 8‘34& ﬁ&e. ZhisltmallH(arr{osa1§§t%|L r(lig aline
of action of tagether.iThysSfiarpaetirroliree dffaetign vfd fiphg fordd dboveahapiaotsinadhd | eadi ng
links 196a-d in a rigid, .strajg configuration. The ramped, central track
282 of a trafi&Hgnp ?r%kfjei@esllakﬂr%éf @ 4 gd et Fwtg%%?tm iThgraaredow tip 272
of the paw 2240 Rhok SHOSCENERA Waik NodHIE dFBUS HRHSAD) HRje3RR hegdi ng
link 196a-c. 1001011 The frontolink 196aﬂ?és di stﬁ?yy&g{tgc%g ‘%‘gﬁ?%2§| i nk
coupl i ng 195of thatpaivh27Qthds engdagementewith thematoeytbmsidro3thef the teadimgllinknd of t he
firing rod Bﬁ as well as including a male extension 300 and flat 312
simlar to th&4fnks 196a-d, with sufficient spacing to receive

t herebet ween tabs 320, 322 (FIG 8) of the distally-di sposed end 194 of the
steel bgar11192, whbe diont hitiel ¥ls d3Aly aBached te theetl inkadoeplitgy 1 Yhthatsiactedgs vot pi n

310 that attaches the front link. 196a tpo the |i |ing. 195. Applicati
of tho 1 et ol toruplelp thep@ingH 88 hFk AFinguttar ¢ Pellaf i pne T oner
forces by applay Odedshih S0/ @ 11285 0PGndifaetd MO Ghke! ercd, vl surhbiedBading ing 1 od

32 and straight portion of the linked rack 200. 10(51_021 Havi ng a toot hed
upper sur f aceeceive thgrehetwednetabs 33048223 (Gt Rpof the distadlyrdisposéd end 134ad theanped

bet voon tho. R b90 e 1t 1kEar  a2s BnBacithy Ve <ot PR PRI ger a4

has been st agkhds Wetffony Bhl i1 96k todRIESk edupBf 195 ApHRENGH bfthe tircti@wt hed
upper surface 222 provides a continuous engagenent with the idler gear 220

for the advaferegeidhisderceaiyvagepushereduces frictional forces by applying the force
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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[ 001031 It should be appreciated that although a pinned clevis connection
between |inks 196a-d has been advant ageously depicted, a resilient or

fl exi bl e connection may be used. In addition, four |inks 196a-d are

depi cted, but various nunbers and |lengths of links may be sel ected
depending on firing travel, radius of curvature, etc. Traction-Biasing
Mechani sm [ Goactien-Bigsing Mechanism.4  t he |inked transnission firing mechani sm
150 is depicted in a sequence that illustrates how the traction biasing
n']?]?hani 20010210 (i . & FIGESWI1-1A{ fhe lidkied $rangnisdien firidg Shechardshi186 lig\depiaedin280)
affirmatively respond to the direction of, travel of the firing_trigger 34.
Mor eover, si ﬁi%‘eP‘FFet?‘B‘i ljiytf?gﬁes\m&‘eﬁgl%lk‘é%n%meﬂwm3?1%(1-%d’r?f"g@?ow th the
bi asi ng ranmpy; J S h NG i Yéﬁﬁ% I j nt or
engagenent ng\%g%grﬁﬂég% p’tgﬁghggﬁmg?%nﬁg%aﬁgﬁgﬁl | ¢ f%g]tolﬂfr?(lﬁ;{l%%g&g%mt he
firing tri ggtavasf thestitesetngger 34. Mdryoemires seebiesing ivhgelt278 makesat i on bi asi ng

nmechani sm 21Q.tpo begin to.injtiate enga nt,.of. the firing.trigger, 34
Tovenpnt 1o HEOPALRaiRct Sith thabiasing Fh 2 Greiasingu ogel 225 ARSI 93 has

contacted tQReRERXIBRY or@ifaddinehlRobiRat 39 tHeali1 280 is ARfbvbUS begins to
rotate counterclockw se, as viewed fromthe left, inparting this rotation

to the pawl 270, i is. initiall iisepgaged.fromthe linked rack 200. In
FG 12l (71 bt diamedinnetoetesd naabemR Abaeeret e Baing e ent  of
the pawl 270 yh&idiigsiag neyhadntndd Bfitd B NEIREARTRPAgenint Bf thBFirn@ MRS agnt r al

3 rft
track 282 of the first |ink 196a, abufting the Ilgn%( coupl i ng i%S and
t her eby t r ansfayemienigodhe limkedgacko20o n particularh thefhiasimgywherd 232 had ¢onkiced 13, t he

firi tri 34. and L firi hanj 150 .h t t
near 'y ful 1 EIRBH 501 P{ G PiasineirAgP A eHOBECEHT ' Rt CSUTEHRUF 278
nas S11d al oggiehed Wonp haten, AR s sSR0SIl e i DmInoke. the

right | ower edge of the paw 2 8) contacts the proxinmally and

upwar dl y f acidisgngsged freth the lihkedrap20@fIn Fie. 13, thefireng methanibgpl ¥haks| i fts t he

pawl 270 fromen e t wth the.|ink 1 = al l.ow ng .the. |inked rack 200
Do retract . POOIERTE TR BRpthirghtior ek ar frnfe Ml Aatd Buo phaiflal S, o a
degree suffi elitnhe faipedentrdlitask 082 vhdelfird Tkt 196gaibuttingaké lidcqupting mes | y on
the biasing ra 280, causing a. clockw se rotation, when viewed fromthe
left, and r aﬁ@dnﬁwgrqbuéraﬁgﬁﬁm@mﬁn@ metion ido thefuingfad By Wikleclddhefigpe of the
ranped centr al : [ - fal Jeh 9 RITEG i sm 150
i sm;ot obst rﬁljlc%gtgfjg% %%%é@%ghﬁg\r}lggﬂ%?%&?%ﬁ?‘%ocggt&ﬁ%?ﬁgraé{e%g AR

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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for either another firing stroke or for a retraction cycle. [001071 It

shoul d be appreciated that the traction biasing nechanism 210 may be

i npl emented in an instrunent that perforns at | east a single stroke.
Anti - Backup Mechani sm [001081 As descri bed above, the anti-backup nmechani sm
250 locks during the firing stroke to prevent the firing rod 32 and thus
the firing mAoHddcknp Msghamem retracting wuntil full firing travel is

achi eved or the user selects to retract. In FIG 15, the anti- backup
nmechani ®ed50 i s AgResdr®ed abow, tHRGkEbasiapthtdaRismI5 Bkd hRREHNPAfiRE €ase

| ever 248 is in the proximal -nost position and has rotated anti-backup cam
sl ot tube 28mkedo prayaniethe Hisingked 3£a@d<nhps therfiringyaechasismol S0drom setrachingrum

| ongi t udi nal . t.ing.. [ eased, s e for ant i backup plate
266, ant 1 - alhife fuing HER i BohiBlbg AP CARE RO TRl MO g R

anti - backup baoknp @shatisi RS0 iodepictedinth 19Ekddscondifionf Thd 4@i-bRUuPBZeleads shown in
FIG 16. [001091 In FIG 16, a_proxinal end 400 of the frame 28 includes a
hal f spool phves S is ipthepre¥imabmost rasitionand has rataied apfi-baskyp €3 it tahsy i ng 264
against its gk gg@m s ] ' ] ' e frame
28 has a topg%%%aépr)llgo |ml§1I tflb%%e A?‘f"b‘ﬂg%@ﬁé’g% h%%?n 1%1%%%2{3%@@1&1@1@3\}? %ttﬂ t he
interior of tieeatiiganmcie8sedEpaceafot thelaatibagkypl Elate 268 648nti-backupepise abb is f | at

pl ate shaped .to fit into the open trough 406 adjacent to th spring 264.
Thr ough hol e!iBessl kagk ah ap@ﬁéb‘gw BY gteé%ﬁé@.ck%cogs%ms&ﬂ Pringoe apg griPor t i on

of the anti-gﬁqﬁﬂ%rghg@eas%ﬁgwmlgfld;sl@xposed fromthe open trough 406
rdl ecelve a ce’

projects upwa to receive orce fromthe spring 264. The | ower portion
of the anti-backu | ate 266.is lgngitudinally constraiped and is not in
cont act *§§%h t he ﬁrpﬂ%ad&z%ar.oxmlgng 4ﬂ%9§§'§ m%wﬁ@eemﬂalﬁmz PPtigRCkup cam
tube 268, thgyj feil EEhaahi - bAaGH YR nidkat é@lﬁgé it @istal BocRfigx1 el 1y,
causi ng the t?]rglﬁtgﬁ ?110{95? 408ﬁi ﬁ t he gﬁtﬁ%-lbgg up p(?“a%%% lé%&tsﬁ)all DI néﬂagai nst
the firing rodg3®4. Pragifbdo tha spiiig 264/ thetfranea?8 hastratok apd peodaallsoped50 | s

depicted as unl qc The ant.i - | ock rel ease ver 2 s laterally noved
o the 1 gt ToRSHEATE BAKPORHRIEAES VI e HENOF 9IGHE Tamece | AnEss BRRB ROk
256, thereby2bdRardehB@lIF flat MateWhfed'te R trt® hepeh RBughtbe adjacday® mam sl ot
tube 252, when viewed froma proximal position. A canm ng surface 410 of

the anti - backumeckdh Shough hole 498 2xttadathrenghmdate 26¢p o parighlac,thotep pettion n t he
ant i - backup. G LiRSaAR piki@58h Mk bl Rim 1% SR GrolpR 4Bk biejee not the
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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pl ate 266, which in turn noves to a perpendicul ar, unlocked position and
further conpresses anti-backup conpression spring 264. [001111 In FIG 18,
the interaction between the anti-backup release | ever 248 and the right
side of the indicator gear 230 are depicted after the firing trigger 34 has
been -24 fired twice. A lever opening 420 extends through anti-backup

rel ease | evefirggi¢g A leweraipgaing 4d0 iextendsaibroughantibagknpeleasedlyer298 text endi ng
twardly f i ' i i . ion.of th
Chat cat o) gelsbey3gnl ittt fia vl ity B4Y E8LRS6RNFHD nolihEHANE 'IE

bottons out bhthedamdicatbiagdar p30.Roeatin diuhd ddic4fdr gedr@3a drived theantidaekiipacl e 422
piicer s TR (N e A R G
anti - backup PosapieBifalle 18 BRRGscRARs Ryt S IE oo Rh 2SR S (i
nmoti on with aroximoaldy, whié¢hnedposdsahe amti-banknp ctleasa buitom42 hedepitted, haslelimsyoke pin
ci'r cunt er encBebinedfe pGeEE IReR 168378 i B peRP At irdBe ARIFRARYP gear 230

turns. The chiRekise2o®ERIGRPY}. ﬁﬁ@aﬁ%%kup}&bﬁw% A1 thitembli@With aOr  peak
434, of the curved ranp 430 projects the farthest to the right away from

t he surface bingithdinplrsdidttcdtconnegsian withhe Fte-backuntyeke pimcAoki(net shown). Ther t i on or
entry 436 of the.curv ra 30 is, thus flush with.the surface of the

i eator gestasB B S8 Ak d Gisfisrot Bl Mrlni i85 Bnpn §kafr Al ehape
with a hori zast abost whick H2 ihdiehtor gk 2BE furhd) ThE R kRl nddyd péHitioh whepVvenent
avai lable to the anti-backup release lever 248, with the indicator pin 432

resi di ng wi t MiefvedKiosm therrighbinprpeak|4df, af4he cyxvediampetihprojegts thefasthest kot t om
recess 444 vgrti i de e ' hor | . .S 440
and define a?{ evﬁét%%%%#f)glrt Bg@%ﬁé%ﬁ%@&g&&g@ﬁ 2 %6'%5%(:%%{6%&?%% 4%’34!]“ g t he
curved ranp fdfiohoengntirydief thy clifvad sdnag 430 isheusaMish wWidcthe purfsdeadsies | ever 248.
The top and bottomrecesses 442, 444 are sized to allow the curved ranp 430
to enter theindicaigseeas239.recess 442, 444 without tipping the anti-backup

rel ease |l ever 248 until the end of normal firing. The | ever opening 420 is

above t penbongi t uth PEES. aRL2F, tHe 16Vie op@iiihg 4D@i3lsHEp edBLiltan homzohtd) slodAd0 thatis a

rightward force creates a rotating force of the anti- backup cam sl ot tube
252. defines the proximal and distal movement available to the anti-backup release lever

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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1001131 In FIG 20, the anti-backup release | ever 248 and indicator gear 230
are shown in their initial condition and they remain so throughout the tine
in which the closure trigger 26 is being actuated. In particular, the

anti - backup rel ease lever 248 is distally positioned, bottom ng out the
anti-backup rel ease button 42 in its button receptacle 422. The curved ranp
430 is at it praxdmalvertidabswfics of é)ctlownlerecqmém of thadeler resasst 429 with thetehtry wi t h
its peak 434 I‘OXI teI he 6 position adjacent distally to a
proxi mal ver ti cgfElllill P‘f"g X?@ 12’8 'ss 444 of the |ever recess 420
with the entry 436 of the curved ra 430 at about 3 o'clock. [00114] In

FI G 21J0nfe firsinFIG.i2dgthstiirgfideringfstro eOfthplfm@gttng@géﬂ (Bet shawn is KKy i n

FIGS. 20-25 c ct ed.agal nst the

pr oxi mal ver??%gihgsotf? Iggdg%}}g&ﬁ%ﬁ{e o%?g%ﬁpﬁ Scaecgeé a@ﬂlﬁm tﬁa Pt%émgﬁt r anp 430
has rotated ghrfulwif i Bottonbreoess 4uhandthe’ catvedkapaBo h@swrotiféwélemwlsé he
anti-backup rel ease | ever 248 has translated proximally to expose the

anti - backup PRUsed pgloek position. (Iherebpcthe anti bﬁclwecrels@sedﬁ‘eer@é& haggensieied
activated th i

cl ockw se ro aoﬁ‘%%ll}g%%ﬁgsﬁglg@gt) géﬂuéggre a%%gﬁ{n?‘l? 895@2 |b‘ra'et réc%@gélghng ul |
firing st rokmkhassacseited:tlechnaebabhqi med:tfansnﬂ/:'e)dTham:latib’iﬁh@mﬂthm&soﬂJnl npeded

as subsequent., firing stro de,_..as depicted in Fl wherein the
two firing s tlogkuise Fitpion Rt 9|ﬂPng°tSH§ B‘é‘&kertcgfﬁéfzi%ﬁi mately the

twel ve o' cl ogko1RQH {el@fd S-BHHaQt the &H’@ed)l%ﬂtgy ﬁ%ohﬁnﬂs%ﬁ dell Qs Meé\%ﬁcem to
the distal vertical edge of the uppe cess t1oned so at a
subsequent f firing gtreltes akemadd, las dqtlctaqutFIthémvtterelb&tdm ﬁmi@mkes haeer 248 to

cause distal horizo novem Not e t hat rin he rin okes,
Che-curved. r ¥ SRPTHES PRRIETPORsRlp spproR Reats dheciebtt bt Thi o; ng

the rel ease uyRchION34% phOxihfhl EPMRIAdRENIR6 B dTBth] RGG&] @lgd bhé ﬁe"rr&@%n' ng
420 to ride up onto the curved ranp 430, tilting the anti-bacKup rel ease

| ever 248 as4d&positioted s G sub9¢qu[ema'111@ stmke wlmactz@ontthmarfn backup releasg

t ke i | whi h h t el
3 O e ock vl P8 catte diftel hih Gl BB MR b R tfete g BEaSS 0 'Y

agai nst the tRGuSAHIFEMPI4B046edes PRSLIRE] 0AhOIHdidaftR pald32. PRpIdEng BledeREsebUt t ON
42, rel easing the antl-ba kup mechani sm 250 and tphereb Initiating the

rﬁt raction obutton $kweauldrcg ¢ progim4liadgagf thedmnpsfmmge% foosterp onfaithel G 24,
t | ocked d
e unl ocked ot :DACkHP RRENAL EIHAANp 1883 LAYS s hOS.SALY NP yer ©

retraction o O cur, rn causes

[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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countercl ockwi se rotation, when viewed fromthe right, of the indicator gear
230. As the firing nmechanism 150 begins to retract, the counterclockw se
rotation of indicator gear 230 slides the angled surface of curved ranp 430
into ranped contact with the proxinmal edge of the top recess 442. Continued
rotation of indicator gear the curved ranmp 430 under the upper

230 dri :
portion of béB‘R%reFréF%‘éfth‘éi}B]Fed%hégz% Shpyld dheykinked aagkegQ0snqt g&feact aiAbe t o t he
it h . i . ‘ |

D95, pr ovent o T aLtnb 1t shike oFREabd-bidlf niBehifiin 00 I BudiRntidfly ubREEE | OV
retracti on othetdnd dfithekfaming segkereOtunshg thedndibaot knobet (natsho2@in FdGSr20-r act  at
th d of | ast ke. af t i-b hani 250 i | i cal l

unt ocked at 20FEER guEeq foiricaf g oA BAE PR PG R t RECHEBITKHbb 40
(not ‘shown i uckb200: 1t oulé RirieP8d abpiedbibaBheduti, RAAIRR ohaTARE woul d

provide extra force to retract the linked rack I't "shoul d further be
appr eci at ed nieghandsim il HQ, spelr as ddpidted inkJGo22 tdepreksing thy releassHamton 42 ¥6Mld such as

depicted in FH G 22 .d essi e release buttqgn 42 woul d o, retract

The i nked r B rosft 5 TR Fisk b BE s RERE el besiin Berever 228 UGN 1y ¢
unl ock t he aghlockéfeldnb-BiRENRMesiinRD250 Mhe k@tdcA6h hdfioNRbhtihes QAT tAsles unti |
the indicator gear 230 is returned to its initial position, as depicted in

FI G 25. [Oo0mmdfcatqrigeadi ig refurnge to deindtiad positien, as depistedpe FEF. 25he | ever
opening 420 and the arcuate size of the arced ranp 430 are illustrative and

may be wafihed to aGheNMEApPrectddanstitie Hapé bothe 86k ek Operangidd ideme nunber of
firing strokes. [00 1181 It should al so be appreciated that the rotary

rel ease nmechaisiaitsizeofthe aged namp 430taee Blustrasiyeend muy Yervaried torccgmaroda®d and
t he | ever openi r iih her .l i nkages. Openi ng Lockout.
é\ﬂ(g%ég%f%wd }%?adﬁérgﬁ%ﬁmwe%fﬁ%%%}%(re?ng instrument 10 is in

1001191 In F surgi ca apling an
its initial open condition with both closure and firing triggers 26, 34

forwar d0an8 t he | ltrshewld alsedie apprEcratadrthatitheirotay releasemashanismdomned by thej s
unfired conditi t i ndi cat or r 3 resents ,LLS. OReni 40..0 n
o e e g ter s BYGR eadABlang BEAPERDERLE 4ph bR e 1

i's ordinaril ytheplifktapds.downward out of the opening 240 by the action of the
conpression spring 180 between the housing structure 182 and the

internedi ate distal side 178 of the closure release button 38. In FIG 26,
the cl osure O?’Sﬁngﬁg‘gg OUI{?I on 38 has been depressed, causing the upper surface

244 to enter the _
[00119] In FIG. 26, the surgical stapling and severing instrument 10 is in its initial

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
is 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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opening 240. In FIG 27, the closure trigger 26 and the | ocking arm 172 are
in clanping abutnment after depressing the closure trigger 26 against the
pistol grip 36 and the firing trigger 34 is swng into position for firing.
The cl osure rel ease button 38 is not depressed, as noted by the expanded
closure spring 180. The upper surface 244 of the locking arm 172 is swung
bel ow ci r cul gear23@gentimes imwtite titbfugherduimg, theglosies rglepsectugnd8ds free to

rotate count . S€ | ocking arm 172 unl ocks
t he indi cat oEfegieugr%gdg%‘ rae}l%ggﬁﬁ{s)ev\?ﬁﬁﬁ% Jrﬁ%{l%ﬁgrﬁssi on firing nechanism

150 and allows the firing tri%ger 34 to be actuated. Thus, as the indicator
-27 gear 230Pegten hdicatarg\ndoReleaseledhanismt her firing, the closure rel ease
button 38 is precluded fromreleasing the clanped closure trigger 26.

Posi t i opel\di cat oln WG] 2Bed QagRalig g andse el 28#rulienf6 18 had8he Mdfedfogi cal
stapling and severing instrunent 610 has the rndicator retraction knob

repl aced by Hairagtiereknmdxreplaped byaaroltemais indicaton deyiemp4) ypweardbrrxéandedto present
a top-accessiple.r L | ever. fu i ONS a,stuck firin
et hctor ¢ REpagoaCe e s elioh et OB mat R A3 B ISR, 610

i s shown opetadmande resdily aeated by ictbiérdane drHe)ndthendhit 51 @ld shovaropatied ldosur e
and firing tritggers 26, 34 and the_ open end effector 12. Wen firing has
not conmencelnfiehcasipdicated by the distally wryardclosyes and) figngrigeers 20, 34ans; the)

adj acent to H;'é:ﬁ é?ﬁfk‘?fe@ﬁo??%%gn ggﬁg P%ticg%&%é% tlgeﬁ%trg& on lp&er%gﬁlpé ed (not

shown) to the previous escri ear Irirng nmechanism
150, in whi chormniedlyrdéstaliyciokated ddjacent t04Re namdlohousingt 16 4pThaindidatoy 646 ntalge

i nked transpission 150 is fired, presentin vjsual indicatjon of firing
as wel | ae - BF SOMIALR Wy oo Reoriony dararritler et 2B aSA BEappl yi ng o
manual  di st ajybRinEen 15616h Sinictthe Petfallict bév@%'ztw&ﬂ%k&gﬂegﬁ&ﬁﬁlallir hegdi rection
of rotation nust be reversed so It nust be attached to the 1dler gear 220

for this ver binked trab@@isdibh 150 iFfifed? Presenting laaevisual indicatiorof firingas welt hani sm 650

i ncor por at es tlhe. af ore- descri be toP- accessible retraction | Y& 642 and
| ndi cator defHEEnE A RIET g AHRELe P EaciRn by APl Ing A Baal st 6% ng 1 11 st
and second dwRldto & £a5tarPesitiBR Mdibddt ThedkQeon ¢ rotdi PmE&Se rdt@scdisbst dvel |

area 662 is presented to the idler gear 220 when the retraction |ever 642
is at its di gwalbeastachedan thelidiergaear 220 fohthiswensddm housi ng 154. Thereby, the
idler gear 220 is allowed free cl ockw se and countercl ockw se rotation

[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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as driven by the longitudinally noving |linked rack 200. Should the E-beam 80
(not shown in FIG 29) becone stuck within the end effector 12 for any
reason and not be capable of being wi thdrawn proximlly by the conbination
t ensi on/ conpression spring 184 (not shown in FIG 29), the retraction |ever
642 may be pulled proximally by the surgeon to rotate the indicator gear
660 cl oRRRIse, asOnpeorupléd; g surgeon aray. applytixgrarfoncate teaptranbion hevier 644 tot he

toot b segnentotip e B Rt s s} Riafidthe RS BAEo KRB BotHEg 37
i nto cont act and loagitiniindlBahbviag thelinkied kavk 290proxda@lly e mpactahe ¥-wam@oe t he

retraction |ever 642 to the firing nechani sm 65Q. 1001221 Once_ coupl ed, the
surgeon may Asphsredretion levrodlis rotatedsterthe positaeuepf Hen3Q, dhe idler geart ¢ he

firing nmechani "F'%d | i e rcl ockw se

and | ongi tud?%ng%S%‘Rgﬁfﬂﬁ)éc | nq[é%tﬂgg%ﬁ&ﬁggbgﬁ%%%ac %ﬁy&% gr&;hgbgact t he

E- beam 80. Adrattien leetr @tbymecoreibrel batda 664. fA thik @oint,ahatgdichidort diforpesi t i on

of FIG 30, the jdler gear. .220 djsen es with the curved tooth segnent 670

and i's decoubRekeadibetine firifg meghaniam opbgad the gom {PaUeR KRFIOBIGEMPIeSFIER 664, At

this point, Eﬁ}%bg%@hmﬁtfﬁlﬂﬂre%ctftﬂéHﬁkedf}éék jdeeed the stuck firing mechanism
| I on/

650 and the co nation tension/conpression springs 184 will fully retract

the linked rack 2Q0. [001231 An alternate design én,ot hown) i nyol ves the
addi ti of'B# a one/MeeEiqflesign(@ef shewahinyelvss d5addition of a8 &Y s HCBJ&ECI% val ent
(not shown) 9 | Ihdi r 660. In
t he previous Qﬁg\gggnrsp}t Scf‘gﬂgg‘t W‘?}%&](HS éi’t?or@gq)r&e‘?%gé?%)%%{:@/nelrg%42 S
limted by co642 act theiindicatéregean6al). én theypseviouskisdigas the aatgeefi dhadion of ke r ange or
nmotion less than.a full_ revalution. This limts the dist e that firing
yst em 680 c i agct spadzas fimiied Bt contaivarith e pndif Bobfs B R et endetsar
The addi ti OfheGhndelt? nftRmM¥BY thid £ 1iftl fV SO TMRERMItD the! BéthRCithAThd BNy 642
and indicator gear 660 allows the retraction |ever 642 to operably engage

Wi th the i ndbxstanpp5Qeaybeagtracied fariene movement ofithe weiraetiguleverddadt Ble back

di st al i. nal d_di he, | . 642 f.or.war d
(pr oxi mal t 601 e & e &3 RUABAEH Bivcrdos BNEPUmT 7ot B RO sahani sm
650 by al | owse@allaws thek@raotibh feveiN64218 opelabRCdnig®de WRN te ifididatoS8sae 660 ayel |

area 664 may be renoved fromthe indicator gear 660 to ensure nore

t oot h-t o- t ooths retartian devisn 642 miates baskdtlistal tapreximedandatisenigeges 95 the levant ch
mechani sm al Loy, L0er &4 EEKIRR b BY%ed). TRistGis:88 Alifduad i He hidng Ne handle

20 after use.
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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1001241 I n 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 el ongate 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 fullé depressed toward the pistol grip 36 of t he
handl e 20, cE&IZYY phEansyssiomirngmeglfanisae 1 34 Bhatingludes ligled radk 200 | ock

agai nst the i/ I re
rel ease butt hﬂﬁm\;@g’ % alghe,:ld lt%htfe“};lf1 é?logdojtzrf%%eérd%gﬁﬁ %§€bggP e@ggﬁ? a‘ﬁlclié%r {ejl eased a
pr edet er m netnksutfibard okch that m)emdmglseﬂlbwﬂ dbwhlmtb ithé pigtol gap 86 buonal upwerda

firing rod 32 down the shaft 1 E- am.80 in the end effect 12,
During firinf™MPeaHE Stwa%wg R iR ded A B ot W i th

the anti-backeyebh fhes AEa- @'Sb@é’iﬁéaliyoaErh&m@ﬁﬁlfsm@ﬂn@&iaﬂ&nﬁm’o cpRAitFRle MOLI on
of the firing rod 32. The distal firing notionis inparted to the firing -29
rod 32 by thﬁrlhgmxgstr 34 mbrﬂesgbmniglwhqegﬂﬁethhiamlfsmomnyt:cblaxled tied hadls | i nked

rack 200 pr X|mal che heflrln d 32, wit i n 6a-d

b nned Lo aapatsutt 19 fh B8 8] feimetenitparirn gieEing i v e RN A e o ¢ he
pistol grip 3f; '@Q@vl m\ﬁlﬁcﬂengagé}ﬁéﬂtﬂ@tlﬁthé 'hﬁkéh fakk EG@ U(t‘ihé"'ﬁﬁf‘of&hé ai ght with
a force inparte bove the pivot pins 310 between |links 196a-d

Speci fical |l ystrclzket ﬂl&c}lawd)m%lSdSﬁQdeerﬁhﬂag|esgﬁ82mntwukblllekls tWathby befln%l gg )
34 i
handle. hous PRYEREREeBHAE W oRVGRLpfe 2PT Rt sldebfE yoRB APt 22 K Bngagi ng.

bias to the ﬁ@woname firiHgth 8chah3f) 5auskd éhd BihOnSVHSADTBAS itdpdrha t he |1 nked
rack 200. At the end of the stroke, the gavvl 270 is lifted fromfiring
engagenent wrevkrsingas togbapavid70pholding naw dghebaevstthe inkadaaek 34G hatisvel ed
surface 284 £) [ of 11ti6,of

mechani sm 15 cagglg@ @ %zéc%ibggﬁeﬁa&vﬁmkﬁb Er% EH Sos 3?6 I?;pon 1Efu}leve st#a%gln%l las to

L hledpan l2701nd£tﬁldiihgﬁﬁ mvmcgaa% thbemeﬁd feenp 432ﬂ<tgﬁ|t thpe&ef%lﬂl-ﬁa?mp iefeasd her Ieby )
e in place by _the anti-backup nechani sm 25 Upon fu L.ring trave t he
i ndi cat or gelfveDZt$ thatcloregs therand- Q?ﬁk%ﬂla?ea?réé latsentqﬁléﬂck?ﬁi F‘&dltﬂ%a Wingbackup
rel ease |ev t “%6@, | ocked
condi tion, e&wﬁg(é}&?ﬁgb’l ‘{rﬁiﬁﬁ‘éé rag%%%%&)g%ﬁg% %@H%h I Tl n @%&%2 to be
wi t hdr awn by facegofed és giewembinatioa tetsmnﬁnbmpnes‘sim spandil atThereby, the linked

t ensi on/ conpr essi I ng 184. Ther | i nke rack 20 thdrawn
into the pi sfa&%ﬁ ﬂspwgédramlﬂ%tpﬁaq Plet@fggp a%, %Wéflbfv rim%thgtfp okes, he
surgeon may ﬂf’e%{f‘g%én HL‘?/ d%Bfehs @i@%&%a&]&lp%f%@semiﬁ{oﬁQ24l?atthfi’stes %%ﬁsoakﬂf‘p

anti - backu

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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rel ease |l ever 248 to tip. The indicator knob 40 nmay advantageously allow the
surgeon to know how far firing has progressed and to assist in retracting

t he E-beam 80 that has encountered binding. Linked Firing Transm ssion Wth
Automatic Retraction At End O Full Firing Travel. [001251 In FIGS. 31-32, a

surgical stapling and severing instrunment 1010 includes automatic knife
retract i984élat t he Thabanstle HAQ hasineountedonneits handlechousiagdil 54 wear cautvelnsuehieous

features desgg é. p)qglo%q&\é% %ﬁ) tHEtI H&Ia?ésrlﬁg?lrr)lfg?éaté”‘ﬁlaﬁ %lgfagfg%%sié ag%gll ¢h in the

illustrative version Is stapl appar a icular to
FIG 31, an assemblylldi2 abﬁﬁya ]bﬁgltlﬁ;m%hﬂ]bloﬂ}&whﬁﬁdoamdk closwedrigdep 1026, s
el gngate (staple) ch nnel 1016. The staple

t al tt hpent, t |
gb\é?y?ngaasgg’#{;ﬁpl‘iﬁgwa antaf 3pistel grip %(Wégﬂ‘étd‘ qlgsurgrigggnpia éﬁ%ﬁlgageqs
form ng an i gl eMPRoRqh h%lclﬂcﬁl%mg g, 1E|a@%1§§s@@|t§c1@%ﬁhgrs%glse @g B l'y 1012

I's closed, the inplenent portion 1 presents a sna onal area
suitabl e for assnmblyci(ﬂﬁ Ahndtiple stroke ﬁnag tr[ggeam%xmlohahvms oofromtatfelee and

mani pul ati ng Gand i82 30 100126 handl e tLO has. unt ed on its
handl e housi fi ‘fffgﬂggﬁ & SRuses fhe <Gap eha‘pp n%tasfsﬁ‘PQy 20 S @§€P‘{S]ﬁ’at rotates

the el ongat essRphdd kb8 tighd cHndplash&en! Slheélmuﬁﬁﬁéﬁﬁhg sthEe2 2 lofed to

| ongi tudinal axis of the shaft 1018. A closure ‘trigger 1026, |ch p| vot s
in front of ecdpcq;tholangxunpoﬂtbﬁﬁ redporet] par sttakelydhd surggmt’shfmd mglﬁmndlhghged

apply g astRnBiy st A0 Nledy Reieled it Fth 05 R Preiodine ieian pi vor s

in front of phge ﬁ@ing%gqe;sr FaGREtakR2 Rl fridis@svel fifa %@weemeemlyﬁﬁ assenbl y
Vo %

1012 to simul taneously ~sever and staple t1ssue c herein. Since
mul tiple firptaekesendbus tmled@mr wre@lStl%O, l@4Livasate lup t@mﬁurdoff afrgyqjatiorequi r ed

per stroke b n's h and f 1040,
1041 (fornmer %/cth eplt((,‘f]%d Iﬂarﬁagﬁn§§5d (Lftvgr lp(i@ glr? Sﬁg‘“}cﬁ 'i)e arc @‘:‘IS‘PH@ firing
progress. Fofravelst diized addidllows arsslﬂgnéerta\t@tlracﬂﬁb/thé PEHdENCR dfibirﬁﬁng o d faftirel Ng
strokes and thus the indjcator wheel s 1040, 1041 rotate up to one-third of a

revol uti on EHbRTgEACtian bigkeA cmsmﬁalsasefhuttm503%1Sc9a§§arﬂb\m¢sem@42vl}§n|thﬁ/\s
retraction before tﬁgn!r 16i is%@amoﬁerdaa}ﬁﬁllpahfa B&dnoﬁ%g%@éd%@r‘goéﬁa glte@%ﬁe t°

retract in the pres
closure rel eaﬁcﬂaxhpuhgmllieles'iﬁetrggemm dly pr esent ed when the closure tri gger
1026 is clanped and partial firing has not occurred that woul d prevent

[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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uncl ampi ng the closure trigger 1026. 1001271 Wth reference to FIGS. 31-33,
the el ongate shaft 1018 has as its outer structure a longitudinally

reci procating closure tube 1024 that pivots the anvil 1014 to effect
closure in response to proximl depression of the closure trigger 1026 of
the handle 1020. The el ongate channel 1018 is connected to the handle 1020
by a franme 2anbed pf its proximal iad by 8 closuslinkipin b168d'he closuredriggasd 02034, The

franme 1028 i - . | St t he
rotation knogq%gégﬁggk%gpgggggg g%@m&gg %??g%ﬁg%gﬁﬂgi?%%?@%gﬁﬁ%%%% on 1022.
Wt h parti cupsiximallyetoehe appen pbitien 1380 o€ trlrloshad thiggérel 026 @ahd tihandlehatdign knob
1030 i ncl ude I n d projectjion 10 that enters a respective |onger
si de openi ngﬁ%gfﬁmin\é@g’}ﬁé‘gh %’é’d?é?‘?‘léﬁlégnjl‘idiﬁ@alﬂéi;enters inward to engage the
frame 1028 (not shown in FIGS. 31-33) that determ nes the rotated position

of the fombenent [Taeupper pdbfitid 1 T6hef tlendodurdirigger 1026Ghd1udds 4 prexinehgest openi ng
1070 is suffi ﬂl o .all ow | ongi t udi nglt cl osure notion of .the
Yt

ent]y | gng
closure tubel Q)‘ZH{.‘ 3116811? {1 Fhseslogiss telesse huttan W 3iand agipiingdogkingyger
1026 pushes ' S | & : e
closure |i nkg“ﬁ%@%@ﬁ?ﬁg‘iﬁ? %%ggﬁé%&épi@tt Zlfﬂd&%ﬁpﬂg%ﬁ%ﬁ%{g@é Ilz‘gur e yoke
pin 1166 to blseschoslsweyekase biGén 4038 preximaliyt(elotkwisd dbatt tlacdeattaklnterdl s

i mal dDb I Lnk pin 1168. Th | ) | 026, i d
o he. open. PR 11 Bryesed e berien dik Mecioporerion | WP Bkoiondee s ' °°
connect ed  PeRXE®ikger § 624 ﬂ?eféﬁ’s}%@ fas BESitte@ th PREY 32135t fife ﬁ%&%@{l@cﬁiﬁ ggpr 1026

and a handl e housing 1154 fornmed by right and left half s I's 1156, 1158.
1001291 The Uperidgsapbn dire grosinal reshkl 70| dvawing it tHegdesurd @RBs¢ mdtondd38.a

[ I 7 i th. t.ch.1171.. Th but t 1038
o & o vot | Npenghe ragie Bigex ds SRt i bOBi ashrSoSLpation, e diBeal  pi vor
L173. A cONDhgselised 4Rk iHirildcidh 1171938 pfestlie BIOWUREpHlAERRIALNAN 11938

proximal 'y (clockwi se about the central lateral pivot 73 as vi ewed from
the right). whidhdrpps inppand lpckstagamstithéaft batckh IWAEunddrghe wigowaféhe ri gger 1026

i | d depi.ct ed. i n .ELGS.., 34-35. the pivoting.l ocki 1172 rid
upon t he. pr obr ARCRPb Sing g il G FRne EP e BubEbied Bl fpsiodd5s | °°°
When the cl ogércdosufd @BR5e Bilidh 1088¢hats iﬂeﬁ)iffdﬂﬂfﬂodﬁﬂg ags e Pqsiqrion, it

shoul d be appreciated that the aft notch 1171 is presented bel ow the
pi voting | ockndigmpimgtheiclosure trigger 1026.

[00130] Once the 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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whi ch drops into and | ocks against the aft notch 1171 under the urging of
the conpression spring 1174. Wth the firing conponents retracted, nanual
depression of the closure release button 1038 rotates the pivoting | ocking
arm 1172 upward uncl anping the closure trigger 1026. 1001301 Once the
closure trigger 1026 is proximally clanped, a firing rod 1032 is distally
nmoved from t Heingzedil @321i02ke implemeppostiéon mmhﬁetmﬂdﬂb’m@%w@ﬂ@ pisteligip t ri gger
1034 bei ng dr, | f|r| vel
visible to RS iifeeOhe loRuiceing AP ok e dIE A0 inoBla bR S0
The firing tthagﬂﬁ:rcoﬂrilﬁ{htloﬂItmi(ﬁl/@ihméssﬁnfspﬁhglgl84 ing@asesphdarh@@ of fiaihg

| ateral ly traverses and i s engaged to the I.ght and | eft half shells 1156,
1158. 100131 rayeljayvaikable wh%w@s&lwﬁe@cmgﬁge n@@m lepgtiibyohglicovenasinglel
retracted ang% @%urged to remain in this position by the conbination
tensi on/ 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 n§$|ﬂ%“*ﬁﬂh$¥9@“§6nnected to a downwardly flexed and proximal,
retracted end 1190 of a steel band 1192. 1001321 A distally-di sposed end
1194 of gohe st eel IDBIGK.B3I25,iad aﬁtlibaﬁlhﬁﬁnécﬂlaﬁi@m Es0aeévweanithé eahbingtidnl 95 on a
front link 1 196a of a plural.it | inks 1196a-1196d t hat fornta l'inked
rack 1200. Ltermﬁ@e/cempkesme@pngg ﬁ%‘xﬁr%néet;ﬁ@tm&ﬁ? Iked gack| 120 detwesn firgem a

straight rig C t [ g force
t hrough the '_sg%lge%)ﬁlcngﬁlﬁggs'h%%@% H%‘?ﬁgﬁt? Sﬁf@{h‘?( ﬂ%? aﬁag%g{fﬁ{“yel{% readily
retract intofiring rgd 5032 to@bnmunl&%thb@inmgmmtioneThdnﬁnhgngi 108Qigxednds engt h of

t he handl e 1020. 6ﬁyshoul d be a pretjg g t hat H’?fﬂe conbi nati on
t ensi on/ conpPEENaly e af gpraxamel endefdhs gm?ﬂ@”a through athpqugh hole 1408

avai l abl e wh a

Si ngI e spri hggﬂ %ﬁflﬁ&tgu@:gh%e %gh?g%&%o@lggi I n S%I@%%&Sl%?é’lggceg%%e

anti - baclz Iigg ]lcliﬂngamd 508218hdh pﬁrﬁatﬂrmimlyrﬁgneﬂgbjltgabiMMhdmtm}edMMndssLon R
sprin ro e l.in rac, ween r okes.
coupl 'ng I i ARATTISE KEfxgs Srpraaty fan P 1P Le b LTS BaTE n
firing rod 1983 Qtendi 'H&F‘t‘ﬁ'oﬁ@i%&ﬁb%ﬁé IZ@%nr@lTon‘eng'lﬁ thd £rit{19adk9 Pﬂa@é”z

extends proxinmally ou roxi mal end of the frane 1028 and through a
t hr ough hol e 126®&his lower tab attachment 1271 draws the lower portion of the anti-backup

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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of an anti-backup plate 1266. The through hole 1408 is sized to slidingly
receive the firing rod 1032 when perpendicularly aligned but to bind when
tipped. A lower tab attachment 1271 extends proxinmally froma |ower |ip of
the proximal end of the frame 1028, extending through an aperture 1269 on a
| ower edge of the anti-backup plate 1266. This |ower tab attachnent 1271
draws t he | ovkeannploh29idprmadd inike elasure okskLS2. Pheatang 129Gismligredrietastivase ahe

frame 1028 s t the antis ku late, 1266 s e Fcul ar en the
f1ring rod 1BR bromGatiiin 185 B MeEhins Moas B IBRIFICAG WIRE™ L5
bi ndi ng st at partibelar teli@erdertb FIGS 038-19) 3Buctiites Mrhtedlin thetighaahd lelhafdheldackup
conpr essi on SESH ng 1264 is distally constrained by the proximal end of the
frame 1028 ah®PGHld3F penstrpingpeiyement of s aptbasksw rskeaselevariZt8 pA®Rup pl at e
1266, biasin oLl : 1 ' %@i@l )
Opposi ng thegegggﬁﬂgqg?gs, alrgléﬁgar{?)!lrijl %gkﬁﬁlgg%s?agfe{%%%%wg | AS’F‘@P £
enconpasses shudlsdddfl 1158, is recdevet] tiroudhl 8 longitadiadliy dongate apetrturd RO fpropddat e

1266. A proxipmally projecting anti-back oke 1256 attached_to the

anti - backup Hh‘ili‘Ftaﬁ%'ém@E?Slteé%gléYFdézé%g}sfaiBO e botiamred BRI% BB Li nked
Rack Tri gger g j . _ . i

triggered autgfgon‘gi}tﬂ %2&%@{“%@3 t;r%r%%n%)g%zsa%g%}ﬁ%té&l{]%%hlg@ggﬁgﬁglgg2??1{% tttl?'ue

sur gi cal st apghtrinlfoshell 4 @56 rai proxinradly operectianh €l 11296 anadades @ proxifral horetontatt | on at

the end of full. firjipg. travel. .Totha;1 end, the dj ta{ link,1196d ] ncl udes a
tang 1200 t nBPTGRdPAYt Gal CRIEIFiGaIghEHh R 8 Hreiend dsfally sesler PGRIAMBed i nt o
a rack_chanfgle ka%ied OFiFthakdaft s LOATHIE 299ker WG chaRBEAAN. | o

aligned to activate a Dbottom proximal cam 1292 on an anti-backup rel ease
| ever 1248 ( PadBup 4€ipase\Wven 1248 thnisgoipartingah epwankrotatiorlaSthe 88i-B@kust r uct ur es

formed in the,right a | eft hal f..shell 156,..1158 const,rai n .novenent of
the anti - bacfﬁﬁ??sggqvgragg‘lgl rS?f%ﬂﬂS %@zfiésia An?ﬁ% RO%\%&gﬂ)tf ﬁ@gaﬁ%é@ﬂgﬂﬁﬁcul ar pin
1293, fornmedstesReqBdsy tinhedeh MReTLht halbshelind skkéxifal fo thé Beti-backlp3bleast158, is
received through a longitudinally elongate aperture 1294 forned in the

anti - backup levrehi8 prexeats proxignalimpvamentghermet onse resemplesktiorradinieiam 1292, t hus
all owi ng | ongi t udi tr l.at.i on _as |l _as rotatj.@n about the circular pin
AT B, gl PR 4Rl pef b 01283

1293. In th rig a X en channel 1295 i ncl udes
a proximal horizontal portion 1295a that conmmunicates with an upwardly and

di stal | {0afigl ed péstdepigted 2QEEGS 139240 racdistaleng 1254 o heamticbagkup psileasa leyer (FI G

39) near the lﬁéjfﬁlusn{isl urgen(fj digt];llitl Qr(lad gy&ﬁ\ﬁardly, causing a rightward front pin 1298 to
drop into distally open step structure 1299 formed in the right half shell 1156, which
is 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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backup rel ease | ever 1248, thus inparting an upward rotation as the
anti-backup release |ever 1248 reaches the distal nost portion of its
translation. A blocking structure 1333 forned in the right half shell 1156
proximal to the anti-backup release |ever 1248 prevents proxi mal novenent

t hereof once assenbled to maintain_ rightward aft pin 1297 in the proximally
open channel safigsthepotdrekuprepneprpssianesiring 1#94asn pyoxinpbly pashthetaati-bapkipl 254 of

t he anti-bac | er .. | ' - war dl y,
esrnn e AR PSSk st AT, KU, L5l 8 Ml o
structure 129€AG.88ned in the right half shell 1156, which is urged into
this engagenent by a conpression spring 1300 (FIG 40) hooked to a |eftward

hook 1301 ongifa& %'@%Hﬁﬁnf ease | ever 1248 between the rightward front
pin 1298 andSt al@‘gnglllt I'na S)?Ill'el ongate aperture 1294. The other end of the

conpression spring 1300 is attached to a hook 1302 éFI GS. 38, 40-4%8 f or med
in the 9138nht hal fnEKY. 311415 8he sltegnatipe surgicabstaming apd sesneg insgaimenb 0y st

above the cl d | | : Ll.s the
distal ond 1SRG mY Ry b | CRRERRE AR i R R Bl T L ch
resul ts in tBEGS.ilgBt.Wilith phutionlar psfered@a8 FIGBCKI-3H thefiting brégedt $034 piyotopen st ep

structure 1299 when distally vanced. 1001371 In FI.G 41, once tripped, the
anti - backup PRIWZ @qgévggermgg%tﬁeﬁ lﬂgomﬁf’\ﬁgrt‘éltheﬁ@}‘ﬂpﬁdléﬂe‘\%‘ﬁﬂe—r BIERBp

plate 1266 p ' - | d; j : : e
et act ed. Whon one Srok wiatfpiiRE igith Jeek e RS (BB pif £ drand
uncl anpi ng t fieng tiggef @34 srdep®iRd tamardpptod igyip 4 03%,estreichingragwesimadlyg 1303 on

I e e e
di stally opegpsd-SBrifn’ 190k Wreh tridferI034 A4 e 1uSE 11 DRCHAnBErRIASP1 O

spring 1264 can proxi mally push the anti-backup camtube 1268 and the
anti - backup 1204eftbe figngitrigged $034engagésrthe bnkesloned1 ¥sduringresch {ifhgirigge) . Si de

Pawl Firing chanism 1001381 I n. FI 31-41 |ternative sur,gical

Stapl i ng andiGECRRIIY  fovetiEst Sig v matrem 19D FrldiaBinigeR 3a (o
the |inked raekirinOfighdt 1®34iid febdagtt nmanner than in FIGS. 1-31. Wth
particular reference to FIGS. 32-37, the firing trigger 1034 pivots about a

i1 ng ThsH9e P i h2RRu 8k Sed ISPk D287 orh Bl Ahedidny AR VPPe"
rightwardly facing beveled surface 1284 in each of the links 1196a-1196d is engaged
by a side pawl 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 pawl 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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1204 of the firing trigger 1034 noves distally about the firing trigger pin
1202 as the firing trigger 1034 is depressed towards pistol grip 1036,
stretching a proximally placed firing trigger tension spring 1206 (FIG 33)
proxi mal Iy connected between the upper portion 1204 of the firing trigger
1034 and the housing 1154. The upper portion 1204 of the firing trigger
1034 engagesSPrig 1e¢ask 32§ e k tmmpmoipthg pewkslidei1270.0A pavhepring Hg@rieébﬁ on by

a spring bia ' chani ] | en_ .the
firing tri ggé?‘gll%glgg in'gC%\é\Ae}ge%s g)g?ﬁ(fs% %ﬁgﬁt ﬁ?%haeﬂe?tgcﬁgrgsppggggrz%\e,'\%gw (E:]I}?t -si de
track 1282 f pawEslodky13 8ab extateadounitefoistkwiseowhenavievyd frami abgvoaitel ed surface
1284 in each of the links 1196a-1196d. i s e?k%azqed bﬁ a._side f)aV\A_ assenbl y
1285. | n par FReagrment withthgrampedyaght-sids track &382.3% smalt poyh spring | HRiin they | ef t

| ower gui des e id: blddk réJegsdﬂgggﬁg&Ctﬁé ¥igkbul E‘IOEk (h:ﬁféf totrPﬁ%%%a%sé #h&G 33)

formed in the closure yoke 1 el ow the rac anne and a right
track 1275 viewad dtonsaboyeyitkprokmndl ef@ dfgetl etd cpatnetl with s cortolred hipridd 1291 and

is attached o a.rack _channel er 1277 t cl pses a rightwardly open
bor 1 on of -t FETEGk icicEn voked 68 fbovete erb el Y- S266 " har 15 di oral to
the travel of the pawl slide 1270. In FIGS. 33- 34, 37, a conpression spring
1278 i s[oatstjached BstsheenimFiib36, the2 ZGonger merhaniqal advambdge of theei rawd spramg t he

05U YOKe Ll BE T DR 135000 B bR i eyl oo
with the UPBsgagbRbht vith ﬁq%%(ﬂckg%uttbﬁ&kfl'ﬁh gtlﬁigtrgg 'cl%%ﬁ&zis%%‘blé@@,h%% M{iﬁé‘

particul ar reference to Fl , a pawl '

18 sits on the paw slide
1270 pi vot i ngiggeol@34as iyt depadssaf anddieging 3@ be tefensed; dlsslask-oht blogh1324 ef t

proxi mal comer of paw, b k 1318 and pa lide 1270.. A _kick-out bl ock
Fecess 1322 FRopBierpirites Hovdn Biegonured nisR o BeRmdlida &/ GrBHS ol ook
1318 t0 recefging tid IGKk-8H b1BEIO 32418 3dtate APOKRR! WienNiBWEH fibMebBYalty 2

vertical pin 1326 whose bottomtip extends into a pawl -35 spring recess

1328 on a t ofhembytkagkengyutithepgyahtilockl 13dé fomy engagementl withpthiedipked sk 1200.t he

paw spring cess 1328, .extends .to th | ght of the vertical ont . pin
356, "o i ng T anp oL fedigkR S Befsl $354 s B plotfmisBiaipidh ahbR e
from above i 6ithleskIERETE AtperdechllichiRe ofiéRRs t6 it dontddted tip 2854, hediatainthgs Mal |
coil spring 1332 in the Kkick-out block recess 1322 urges the kick-out block

1324 to r ot athés ¢isengrggrsent gneng thei fallairactionpabbowby elimigatingiafaichetig ur ged
I nto cont actnwsé‘h a contoured lip 1334

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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formed in the closure yoke 1266 above the rack channel 1291. [00141] As
showmn in FIG 36, the stronger nechani cal advantage of the pawl spring 1330
over the small coil spring 1332 neans that the pawl bl ock 1318 tends toward
engagenment with the kick-out block 1324 rotated clockwise. In FIG 37, as

the firing trigger 1034 is fully depressed and beg‘ins to be rel eased, the
ki ck- out bl otidice®z gaugmwheals E049, 4041 Sinse tlsawt pxle d B @d%ﬂecsmr@mgmphelsm

the paw sli ﬂ&«ﬁ@ﬂ&sf %rlrl%ﬁtaﬁ ha; 9 f(%&ﬂ%{l%%%n%h&{é tﬁ?liaﬁ gg Cli§3€1 € 1n v\ﬁaE qtat e

cl ockwi se when Vi rom a ove Bl ock

1318 from engagerv&rebls\monb 104@ rbiateith thecift g'|e2f30230 The gsdft&@letl@ishtﬂ‘lﬁbt&e@k out
bl ock recess 1322 sto ockwi se rotation of the kick- out block 1324

to a per pendftedinged Fﬂcﬁéﬁpgztlﬁbhg?aé 127 apdypft geardd39 F&YPBS‘Z!V&WCHF%Y ning this
di Sengagemn&elé’dﬂéd QOnhR idlgtﬂedr :pl st %ngﬁ%atsqg&t la}'mgl{sﬁ(ﬁ H ng u?ﬁ%lxi am

ratcheting noise. Manua tra tro
[00142[ | n Fhifhg @8 so3bhat th2aftl Fear tl A20 sakesod meresthmorm‘revd)iatlemdgnmgaﬂhefalhpl i ng

and severi n dnstr i ncl udes .an al t er nat nual retraction
mechani sm 15 ngfrﬁﬁéirggﬁlfvl?rg‘ég tf@PWﬁ@‘%&ngP&‘iﬁW%}Pgé% manual rel ease of
the firing nmechanism manual retraction, and in one ver5| on (FIGS. 48-54)
furt her (opwsif or ns &be¢ sma]ﬂéra’ight-eiﬂeaﬂtliemgeatnﬁhef ﬂmciﬁdfanfsnnlidsicmj geantP30r avel . In

FI GS. 33, 42-43, | ar nsm ssi on 's 1502 .al so
functions toeVF%‘l?dm a}F Stégtoé ﬂﬂﬁ‘B@ﬁwé‘zEetr&Ftloq ]ie?’?r%lgﬁflr g‘h’?ﬂam%‘eﬁ?r%@al |y
retract the Knkfigal16n 1f1Rl'iHall5/§Hh ecﬂﬁé‘tr 1Sbgéglc‘?Qﬂﬁgﬁéctﬂng)thé’ﬁﬁﬁ‘?ﬁb@m%eral' eft

surface 1222 of the % rac front i1dler
gear 1220 al ﬁmomgmgessmnfam huby wmmmcgmwltllmapmvcwgs B 12nAl fraet

i ght-sid h 1. Both the. f dl ft
e bar onP e TE L85 Yhaadd B secaih ROt et okl el 3526 ARl 1154
respectivel yawmtarrfgﬁtwdré haf%éraﬁfﬁBQSlg%neﬁnﬂaﬁfsEal lefld Sfth%bﬁerlraéﬂs 158cAnend of

the aft axle 1232 extends through the respective right and |eft housing

hal f shells aﬁﬂﬁﬂloml580 anshapérblp recetvesan lashapgd springhiab|1622 tmmdrgesgwt i ndi cat or
gauge V\/neels 40 1 the aft axle 1 fre nni n the
nandl e hous: IGREERL a6 B vaet g Sokasdiishhicy st R SRUENRgel Rat 1o

i ndi cat or giwlleAV\ﬁtﬂ@-lu? stidddre 194 XFIG®LRL ¢%)Vprbjact%ffﬁmaﬁfe ri®ehall M. 1156e gear
rel ati onshi p between he |inked rack 120 i dler gear 1220 and aft gear

1230 may be e thetupgeroigetsy 15 k2heldingdipghe loskingmaw! d bt fiewm engpging ther f ace 1222
has tooth di S5 Ei?ér?&%t-&ﬁéht&{e‘? g€ 1r2§P L&Xlen 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

-37-



strong and so that the aft gear 1230 nmakes no nore than one revol ution
during the full firing travel of the linked transm ssion firing nmechani sm
1150. [001431 The smaller right-side ratchet gear 1231 of the aft

transm ssion gear 1230 extends into a hub 1506 of the manual retraction

| ever 1024, specifically aligned with a vertical |ongitudinally-aligned

sl ot 1508 ( Fiheend®f fif] Bdng fravelinfe adtont idderazeanl 329e dawing attpeth U§A2 vt e 1510 of
the hub 1506 | cat | . tion 1514
o shaped tomPUBePan aabir ot 1HPPRLs G RRER 1006 yul SbBRluerBER ' 00 1 <
about a ri ghbloakagel 1808 aftbr goarly A5 rdtatiorecbriespanditigstoahree figlingfstrokes. Apper
recess 1512.

) aft. . portian 1520 is shaped to receive an L-shaped. spring
tab 1522 thapéﬂfrv@énégfeféhodemtﬂtgg BaWde@GCOBWHO(Hﬁ& borHeR C@ﬁbrgg%sﬁéﬁﬁ% th the
i ght-sid t : - t t 1524 (FIG 38,
rrght-siae Sﬁgtagg:rrtlcf]\@ aﬁ%&ﬂﬁﬁ%ﬁre&%ﬁeﬁevé pakg-up structure (

45) projects erig 1156 into the upper recess 1512

hol ding up the | ogkin a 1516 from engaging the smal]er righf-side

r at c_het? [0gidsir 7231 Wibobrbelarfs e (PGS, B et %4‘?0{(%? ARG {em G 45).
A coil spri ngzzﬂséggclg@s%e Ei%)ail h’ﬁ(%?%élttﬁﬁ JB%fb'tl%'aﬁ@ ! Ci)ﬁ%iy QRAGHEThd Ofdugdown.

[ 001441 I n use, epicte 4445t I"nat 1 on
t ensi on/ conppmsiki93and ppricogptdclS 12%efprinetbatweeh sgldrand d¢febalfistetls tl heo, |1l &k ed

rack distall ositioned, In F|GS. 46-47, as t nual .retractiop |ever
1042 1 ra st RBueh AgoRel Eeeesiting e L4 RATGY TRF HO-YORERr | s
hel d up by tFb@ealaele%ppz@taraﬂ?&f%@b&é%ﬂcﬁw1@2}9%%0%&@0%&1&6&1 tiah§lMonsi de

ratcheting gear 1231, rotating the all transm ssion gear 1230 clockw se
when vi ewed &3 well ahdowmward 1a¢kumsg mptien 6 Hithedisthl ictd é254yefthe akabate@spponds

t | ockwi t ti | i nk. I ddj ti i ght d
e & N N N
di stal | Y NOVehdni€l 964 recBReK HR r[@'t\@ﬁ&%ﬁ';ﬁ‘f{ @29718ébﬁtﬁefpr6ﬁh&@§1% bfe ami- - backup
nmechani sm 1250 as the manual retraction |ever 1042 is rotated. Weel Cam

Aut omat i ¢ Rebackup rdeasel[©B14848a n FI GS. 48-54, an alternate automatic
retracti on mechani sm 1600 for a surgical stapling and severing instrunent

1010a i p@aﬂpor at e GPHErAHBAL béfoffirimLini F1GS250, 584, iRQirked ratk J00lis retiaétedg travel
into a front idl er gear 1220a having a tooth 1602 that noves within a
circul ar gr oawkthe @od-bagkup casmiuhp 268 Baetcctad ldckimgdbe antebaakyp mechardikage 1608
after nearly,asd dle LRH-B54QD SAFSSBR U1 prdkiftnl 'tk iR SHQRS A

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

-38-



rightward ridge 1610 is rotated upward into contact with a bottom camrecess
1612 to distally nove an anti-backup rel ease | ever 1248a. [00146] Wth
particular reference to FIG 49, the alternate anti-backup rel ease | ever
1248a includes the distal end 1254 that operates as previously described.
The circul ar n 1293 and pin receptacle 1296 fornmed between right and |eft
hal f shells H‘%@ has pgwed d§t411é/déir‘iﬁ@@lnieﬁh@9@h10§k@éﬁ@laghtyl%@@lﬁmu?%% aperture
1294a forned. f t om cam
1192, thus af %\t/éenhﬁ“?i(ﬁ}; %p@as ;hgﬁucﬁlr ansl a %ﬁﬁsugél%%fﬁ btac@'rc? &Q%ag% ocki ng
notion of the250. stal end 1254 of the al ter nate anti- backup rel ease | ever
1248a. In the right half shell 1156, a horizontal proximlly open channel
1295a r Lves th@nl: j the anti -
packup Fotase | equets HERseh: Bpafibe bl AERIalcd By RolitpBh of Bl L1E7" )
50A, the |inkabdodiackts200 wislerthd mstraile e&ﬂﬁbdiﬂ'i\@ltﬁ]ﬂatvle-ﬂeaﬁﬂeﬂnnbaiﬁnt ube 1268 is
retracted, |ocking._ the anti-backup nmechanism 1250 as the anti-backup

conpr essi on gwi%&bi%%albrlb%nﬁﬁmeynt@m&gl ef{ae applicantde FE%PH‘“;?F HEYIB6. The
alternate au S [ te wth
the anti - bac%ﬁ%ﬁpﬁé}?ggl’f d@?%‘%&%@%ﬁ%@g tall A tl%ﬂil a%%ﬂt?% n cgnt act with
the forwar dniodifmatiqusama)l&ﬁd)ﬁy apijeer todhdde skdled in theam a six o'clock position
with full travel of the circular groove 1604 progressing counterclockw se

t her eof w,i,h the $Rlm

Fl GS. SEWQIA ong ?R&t}ﬁﬁ%@gﬁ?ﬁgﬁ&?ﬂ%@ﬂ%&n@%ﬁ eél%)ﬂrlmw n%n%%l;%%ége@é St aF&lﬁl nk
196b into cotiabadvaniageoushehds sepaatd andlistingedusingladddaingdeamationtproi8ing has

progressed o iJd.of turn throu the ci.rcul.ar groove 1604 of the

i nmobi | e canf n\}m&fﬂ cxibglsy. Hpvpiesdt Slwzl %ppr%m%t@fHﬁaaagnlw%fglss@%&tenth%h
occurred moviarinOfCerdRhSndy ludO ahdlé haP OHARL o Wirklk dsBPad:iiblistolac! er
gear 1220a. The tooth 1602 Khas progressed hi rds a turn through the
circul ar groﬁmagnﬁﬁ@ntMﬁckhesmmh&bsﬂe1mﬂwmwm9el 1606. In FI GS. 53, 53A a
third firing stroke has occurred noving up one distal link 196d into

contact ioffshh the fiuish, Whiiela 8RRy JAdAB) haife S aMidhaldA02nibfc ARl QP essed

fully around the circul afr groove 1604 into contact wth the bl ockage 1608
initiating colmtvasepordred bandlomay bewefit iloenineorpomting farlnked keekras dbscyibed t he

cam wheel 1606 bringi.n t e.ri vvard r.idge 1608 with the

o Y Doekcun Pty i B st iy hn 8t 3178 o ndiRRR ol Persii B5F insithét e | over

-38 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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1248a has noved distally in response thereto, locking the rightward front
pin 1298 into the distally open step structure 1299 and rel easing the
anti - backup nechani sm 1250. [001481 While the present invention has been
illustrated by description of several enbodinments and while the

illustrative enbodi ments have been described in considerable detail, it is
not thelsfient i onWart istedaiBasdiis:cant to restrict or in any way linit the
scope of the appended clainms to such detail. Additional advantages and

nodi fications may readily appear to those skilled in the art. [001491 For

i nstance, a surgical stapling and severing instrunent 10 is described herein
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 instrunment. [001501 In addition, while a manual |y actuated handl e
is illustrated, a notorized or otherw se powered handl e may benefit from
incorporating a |inked rack as described herein, allow ng reduction of the
size of the handle or other benefits. For instance, while partially stow ng
the linked rack into the pistol grip is convenient, it should be

appreci ated that the pivot connection between links allows for stow ng the
link parallel to the straight portion defined by the shaft and the barrel

of the handle. [001511 As anot her exanple, a surgical instrument may include
a straight rack that incorporates features consistent with aspects of the

i nvention such as automatic retraction at the end of firing travel and
manual firing retraction. [001521 As yet another exanple, while automatic
retraction at the end of firing travel nay be desirable, a nmanual
retraction may be incorporated without this feature. [001531 As yet a
further exanple, while a nmultiple stroke firing nechanismhas a nunber of

di stinct advantages, a manual retraction nechani smconsistent with aspects
of the invention may be incorporated into a single stroke firing mechani sm
of a surgical instrunment. [001541 As yet another exanple, a nanual
retraction mechani smconsistent with aspects of the invention may be
utilized without the assistance of a retraction spring. [001551 What is
clained is:

- 40 -



Claims 1. A surgical instrunent, conprising: an end effector responsive to a
| ongitudinal firing notion to performa surgical operation; a shaft
connected to the end effector; a firing nmenber slidingly received by the
shaft to transfer the firing notion to the end effector between an unfired
position and a fully fired position; a rack attached to the firing menber; a
firing KEmani sm operably configured to engage and distally advance the rack
during a firing stroke and to di sengage thereafter; a gear nmechani sm
engagedif o t]z\esufg?l@dq;in@mhaﬂﬂjcan@ﬁgﬁlgj ning the rack, firing nmechani smand gear
mechani sm and a retraction nenber nounted for rotation external to the
handl e an t, ) : i : Leal

ot ament o el ooy opgrRhR b Aongh iR LA Fourdi PLiaibf

t r ansm ssiachafyeamnected b &k dnd efffector;ack to rotate in proportion thereto, the
retraction nber . conprising.a dial inpcluding.a_gripping,.nenber for

i ndi cati @ﬁ@f&%ﬁ?ﬁ%fﬂ X‘iegﬂ&e‘ﬁ%{?&d}%é]@ Uq‘r’gfer&geeﬁglg%?’gﬂ?’? Bt 8n‘gac kdri ve

the transm sgffeRodRdedh ﬁﬁﬁ&p&iti&hﬁld@#ﬁlﬂ?%&dﬁ&%dﬂﬂ”ﬁm of claim 2,
further conprisi ngﬁ:zd‘| ahfl ring trigger; the firing mechanismfurther operably
9 the

conf i gur ed rack attas fiingmendier;ty of firing strokes to effect full
firing travel b i sengaqi the. firjng tri r,. en firin strokes; a
et ract i o e g BRBR SHrgY Aottt o Podes 807 sl T he B9 afitdy o
force thereoffiingdfRoledard t0WideHPag¥RRBATIepM bi ased to bind the firing menber
between firing strokes; and an anti-backup rel ease nechanismto di sengage

t he anti - Be8shimeehanisanengaged toghe facki ng. 4. The surgical instrunment of claim
1, wherein,th ear . mechani f.urther conprises an, i.dler gear coupled to
the rack. NS EPRRRE IRRAC e micha R BGF lprlfiniindd e T atk moves
distally andtradliof nseau ehdlinfeicbi Alativheitdig t6 fekafd@esd Roepledir kytatidhe i dl er
gear coupled to a one-way clutch that is in turn coupled to the retraction

menber, the %@e\ﬂﬁyf@?@taéﬁnbperabl y configured to di sengage when the
retraction nmenber is rotated in the first direction relative to the idler
gear.

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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5. The surgical instrunent of claim11, wherein the gear mechani smfurther
conprises a ratchet gear rotating in a first direction when the rack noves
distally and a second direction when the rack noves proxinally, and wherein
the retraction nenber conprises a gear retraction lever and a retraction
paw , the retraction paw positioned to engage the ratchet gear as the gear
retraction lever is actuated to turn the ratchet gear in the second
directian tornt ehbRat insBEmEAQE A 1f Whbfth HEEBE medhaniThGuHWohiskdia! T ument
of claim1, furth& conprising a refraction Spring proximlly ttached to

t he r ackdl¢rgear guaiptedito sht iack thhisller@ear rotating @t 2 fictt doectivarvlean therackinhgyves

assi sti he .retractiqn spring. 7. The surgical ingtr. nt of claim®6,
Sher oi n OB Eng fog Sehat Sitei 2k e bR Gnctis e an b B RE BrasSoulef iR o
plural i bife-flay tiutdnatSk iPK@S cd il ARE RrhStfon| théhber, FRMASwHRMIch bpGasipaf t
the surgical instrument further conprising: an anti-backup mechani sm
engageabordigueed: thalifengagegvhenrthe retiaptigrempmherds refatgd i theifirst diregborerelgitvedter eof ;
and an %thkpackup rel ease mechani sm operatively configured to di sengage the
anti - ba dp fEChani sm wherein actuating the gear retraction |ever is
coupled to activate the anti-backup rel ease nechanism 8. The surgical
instrunment of claim7, wherein the anti-backup mechani smconprises: a

| ocki ngdpl at &he pareical ingtrementoé elaimd , whereinthe geastmeghpiismfaBher£o8IpAiges e
firing (ﬁ%ﬁ%‘? g?ar%itﬁtiﬂéé’ﬁlkd fidt &L‘&tti%{l R&h‘éﬁ&}%‘ raa?hl‘a'@ngé‘diétahg G 2¥d3a Eﬁé&i%n"‘h.er elrn
t he aperture®lockingty ~engages the Tiring nenber and an unl ocki ng position

wher ei nwhee theEack b eesprogintadllyyandesliseia shd Reradtion memb&aIpriséda gdak i - backup
spring biasing the |ocking plate to the_ | ocking position; and an anti-backup
r el easerst@gden leyer and dfeaqtionpapddhe reractinnapavd posiienedioj engagadhe raiehet ng:
wherein i l; Lhel [ £ 4 0

i ot ol | 500 et FlRAE Bl Yok (5 W FUORTLER IRl BOSSARREILY, | o
of cl ai metract theedckiand finmggesnberechani sm further conprises: an idler gear
engaged to the rack and sized to nmake one revolution in response to ful
firing travel of the rack; a camwheel responsive to the idler gear to

di stal 'y nmovenl BieRRaf instPah&HRFERIRAS RirtheY &mtising 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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the end of full firing travel; and a transm ssion gear engaged to the idler
gear and containing the ratcheting gear. 10. The surgical instrunent of
claim?7, further conprising a handle containing the rack, firing mechanism
and gear mechani sm and further conprising a hold-up structure, wherein the
gear retraction lever further conprises a hub including a recess sized to
receive the ratcheting gear, a pawl attached to pivot in the recess, and

t he hol ¢-up re 1 $1.0 . h b h cheting gear
when thg' geafﬂlée %}aég ]in?)tg&#“él\k/teo? %gé&laha}gg Iltfg} téﬁ%@%%ﬁ%ﬁé%ﬁ%ﬁsﬁa oﬁpﬁlg Yument of

claim 1, wheckingplabeinehdingfdhepbmire ciropnhics@ially ancodhpisgag checfititipabmbannect ed
to the shaft; an anvi| pivotally coupled to the el ongate channel for
cl anpi ng ti séhfdockingplate pivatal betvsen 3 Jaskwepesitipy ederein theapertaisdeskinglhannel ;

wherein the f.jgj ng{mﬁ ' ' ik i y
configured tghédfgghat e Hé%?%p g)égtéﬁor%}(%gg’%?lgbggﬁlrﬁég g%%ggﬁllﬁrre\%tﬁﬁlég@: anped
ti ssue, the aogagestherfirafg mémbergear retraction |l ever withdrawing the firing

bar fromthe end effector.to allow openin t hereof. 12. A surgical
RS 1 Unontah AEBTRRE RS SRS s ok PRGTAT BuB6 AR RS o™ B 1 chnal i ri ng

moti on to penfitatki n%}né%% E@Jl:r_ ﬁb@ﬁfolﬂ&i R oppost e %gats oF MNRELISR KL Sﬂfﬁ%’ end

effector; a firing er slidingly received by the shaft to t sfer the

firing notwheneinthe gear mtwictiaf kevetiocludestav@enmambenpasitehed ¢ distally adveshca f ul |y
fired positiqgn; d handl e, conprising: a firing trigger, a rack attached
to the firi n@’en@%‘gl@ﬁ?u%rql?aﬁ? If¥Trechani sm responsive to a plurality of firing
strokes fromthe firing trigger to advance the rack and thus the firing
menber down the shaft; a retraction spring biasing the firing menber

proxi maPly alhg sirgisal nblzuéentfof claim 7awhereheibk gparmeeshamiswrfugheragawbises: t o bi nd

the firi [ . i mal h f,
ant i - backdB T BRS RS e PO RaR ARG APY SOP Btopd HBaR BB ne ant -
backup nmechamiiaptheél oftid @ek;i on; and a nmanual retraction mechani sm

conprising an idler gear engaged to the rack and )
a cam wheel responsive to the idler gear to distally 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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coupl ed by a one-way clutch to an externally accessible actuator. 13. The
surgical instrunent of claim 12, wherein the idler gear is engaged to a
camm ng menber operatively coupled to the anti-backup rel ease nechani sm
when the externally accessible actuator is manually positioned to di sengage
t he anti-backup nmechanism 14. The surgical instrunent of claim 12, wherein
t he onel & syrgipal dastiumentaDMXIsinget r act i on mechani sm furt her conprises a

y
rat chet gear t.ati 1 Q. | . i . first
directi one%neélg%?%!étggé%ﬁénﬁlﬁ)‘&e@tac}?%lgﬁn;a Pgﬁlaggl%élggg%er&q—%%%?ﬁ% &n Che rack
noves pr oxd siaftlcgnnerted to oingeridssffecwry et racti on pawl connected to the
externally accessible  actuator, the retracti on pawl .positioned to_engage
the rat che%f?@%game_ ex widlighy ECRYPY @y ﬁwggé Ffrareteg B s mouloReR B¢ to turn
t he rat chet gﬁ@‘{w“&t‘w@ﬁ aﬁl%ﬁﬂgdﬂésﬁtﬁﬁltdn‘agfglﬁ%ﬁ%dﬁ&ﬁti&n?%ﬁ ack and firing

menber. 15. The surgical 1nstrunent of 14, wherein the externally

accessi bl ea lantlleatooiprisgnpri ses a | ever attached to a hub having a recess
enconpassi ng the ratchet gear and the ratchet pawl, the hub presenting a
canmi ng surf AJEMEIREFE anti - backup rel ease nechani smas actuated by the

llever to di sgpghGfatiea t8ld fifk@cbmbeEchani smwhile retracting the rack. 16.
The surgical instrunment of claim 12, wherein the end effector conprises: an

el ongat e chaafiging ceeshamis desponsinetoshiplintalityaef fining trokiey Goml thy ficiog priigaér too t he
el ongat e channel, for .clamping.tissue. and ,a staple tridge received in
the el ongate cr?éiP{?féﬁe;tﬁwggé‘P‘ﬂﬂ}uﬁzhefﬁ?‘%‘&e%ﬁrb(gorw‘ﬁﬁlhgtsgﬁ’y termnates in a
firing bar opestatin Wg&hﬁ@th%%m@%éiﬂﬁe?pwﬂmiﬂﬂﬂww fromithe Sigg; t o form
staples in the clanmped tissue, the actuation of the ear retraction |ever

wi t hdr awi ng &manti-bagkyp meehaismengagsalela do binfldhg Bring megIbenix regponspierd ng

thereof. 17. The surgical i nt of claim 12, further conprising a
handl e havi ng }?%\%ﬁ\?\gﬁgemalﬁtﬁ%%%%erei n the rack further conprises a |ink

rank downwar gh ¥ntbeaskap Irae&satrﬂedlhlﬂsﬂ?gemvay cotifigured & difengtigegthe ahtid nst r unent,
conprising: a staple applying assenbly; an elongate shaft attached to the
stapl e appl yi nPagkumgehanisy for retragtiois@bdr sl i dingly received in the shaft to

actuate the gtapl g BRRbhWeARREN Rotptiding 3h MEC AP I HEYE o tht $24%nd

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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a handle, conprising: a rack attached to the firing nenber, a firing trigger
including a firing paw, a firing nechani smoperatively configured to engage
the pawl of a firing nechanism in response to actuation of the firing
trigger, a gear mechani smengaged to the rack, an externally accessible
manual retraction actuator, and a neans for manual ly backdriving the gear
mechani sm by mani pul ating the externally accessible manual retraction

act uatorsto r’[%ysﬁléﬁcai Hﬁtr[u%(e\ﬁt ofjc?aimTlQe it t%@l xfeﬂﬁatllérli?gég ib%facma?drm. 18,
wherein The firing nechanismis operably CORT gure 0 be responsive to a
pl ur al i tcymptisdsiarlevig agthcheles athab aaviag a eedebwerdcompaginpeth eatclibo gear ahli¢heshaf t |
the surgical instrunment further conprising: an anti-backup nechanj sm

engageabttehst @avhdhe huyh prgsenting a capmingapige b the antihackyprgleaseBeBISM BSher eof |
and an L I IS4 Lvelk i hsengage the
o 20 o dpharel B Plel & 6 AENLHCIRUATBRRES ettt SANE héltlchfls R e 1D208 17

mechani sm by mani pulating the externally accessible manual retraction
actuator, _to retract the rack further ig?ld udes a ﬁ:eans for.actuating the

anti - badRup r&FSYEFAISHURERRE QWF‘b&EQPd PHEFPLSAEMISES: ¢l ai m 19,
further copibidaRchanf®dBandcRid t8WicdmaRi ¢ retraction of the firing member
upon full firing travel.
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 allowing

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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18. A surgical instrument, comprising:

a staple applying assembly;

an elongate shaft attached to the staple applying assembly;

a firing member slidingly received in the shaft to actuate the staple applying assembly to
staple and sever tissue;

a handle, comprising:
a rack attached to the firing member,
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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