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Christoph L. Gillum (Atty. Docket No. 050692/END5769USNP)
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CLOSURE SYSTEM WTH 2 PARALLEL CLOSURE AND ANVI L ALI GNVENT COMPONENTS;

ll_ln\r/ne)g'; %%ﬁzﬁ??é}?{%g@g?%@ﬁﬁ@MSNM St ephen J. Bal ek and Eugene L.

-- GEARING SELECTOR FOR A POWERED SURGICAL CUTTING AND
FASTENING STAPLING INSTRUMENT; Inventors: Frederick E. Shelton, IV, Jeffrey S.
Swayze, Eugene L. Timperman (Atty. Docket No. 050697/END5772USNP)
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Frederick E. Shelton, IV, John N. Ouwerkerk, and Eugene L. Timperman (Atty. Docket No.
050698/ENDS5773USNP)

-- SURGICAL INSTRUMENT HAVING A REMOVABLE BATTERY; Inventors:
Frederick E. Shelton, IV, Kevin R. Doll, Jeffrey S. Swayze and Eugene Timperman (Atty.
Docket No. 050699/ENDS5774USNP)

-- ELECTRONIC LOCKOUTS AND SURGICAL INSTRUMENT INCLUDING
SAME; Inventors: Jeffrey S. Swayze, Frederick E. Shelton, IV, Kevin R. Doll (Atty. Docket No.
050700/END5775USNP)

-- ENDOSCOPIC SURGICAL INSTRUMENT WITH A HANDLE THAT CAN
ARTICULATE WITH RESPECT TO THE SHAFT,; Inventors: Frederick E. Shelton, IV, Jeffrey
S. Swayze, Mark S. Ortiz, and Leslie M. Fugikawa (Atty. Docket No. 050701END5776USNP)

-- ELECTRO-MECHANICAL SURGICAL CUTTING AND FASTENING

INSTRUMENT HAVING A ROTARY FIRING AND CLOSURE SYSTEM WITH
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Eugene L. Tinperman (Atty. Docket No. 050703/ END5778USNP) -- SURG CAL

| NSTRUVENT HAVI NG A FEEDBACK SYSTEM Inventors: Frederick E. Shelton, 1V,
Jerone R Morgan, Kevin R Doll, Jeffrey S. Swayze and Eugene Tinpernan

e b o N S N

and, nore particularly, notor-driven surgical cutting and fastening
i nst r umShelon, NoGoPherEhRsiekasid Eugeneg-Jampeiran (dHgnPeckst Noof t en preferred over

traditional open surgical devices since a smaller incision tends to reduce
t he posOsIRMENDYE7USNBYery tinme and conplications. Consequently,
significant devel opnent has gone into a range of endoscopic surgical

i nstruments t-hASPEOSABIE $BAPEE TAR TRIBGREHANIEGeAN AN GIL WITHSEIABUENd ef f ect or
at a desired surgical site through a cannula of a trocar. These distal end

ef f ect Oi%)c%mwwgsr, IVPBIEE Al SURGICKIN BT TONGWAND HAS TENING ENSTRIURENISt i ¢ or
therapeutlc effect (e.g., endocutter, grasper, cutter, staplers, clip

appl i er gg‘%@ﬁ” HEEAER §YsmgmmEﬁei:omeme%y§ @?edeﬁadE aRIey, device
t r as oun

usi ng | aser, etc. Known surglca staplers

|nclude o]els) pal incision
in ti ss&lel appk enéjgf |J£r)1%gl£8?' ﬁ?‘lé% sagoléflbﬁlp[g%gﬁﬁsaﬂéll eés} %#ééqhe i nci si on.
The  Limperman (Atty. Docket No. 050703/ENDS778USNP)
-- SURGICAL INSTRUMENT HAVING A FEEDBACK SYSTEM,; Inventors:
Frederick E. Shelton, IV, Jerome R. Morgan, Kevin R. Doll, Jeffrey S. Swayze and Eugene

Timperman (Atty. Docket No. 050705/END5780USNP)

BACKGROUND

[0002] The present invention generally concerns surgical cutting and fastening instruments
and, more particularly, motor-driven surgical cutting and fastening instruments.

[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.).



end effector includes a pair of cooperating jaw nenbers that, if the
instrunment is intended for endoscopic or |aparoscopic applications, are
capabl e of passing through a cannul a passageway. One of the jaw nenbers
receives a staple cartridge having at |least two laterally spaced rows of
stapl es. The other jaw nenber defines an anvil having staple-form ng pockets
aligned with the rows of staples in the cartridge. The instrunent includes
a plurality of reciprocating wedges which, when driven distally, pass
t hrough openings in the staple cartridge_and engage drivers, supporting the
st apl oS [00BAlot Keawn susgicsl stapiigs Beludpan endgifestor ERRSI T a3l prakes 0005] An
exanpl e of a surgical stapler suitable for endoscopic applicati.ons is
descri bledgitdinalirgisidpain tissus.ang ape s §9es ofgkaples opPRRIsHESdes 9f EWdBeﬂPle-e"lrhewi th
distinct closing and firing actions. A clinician using this device is able
t o cl osenddifeciorincidabepair opmoptratsgjewtremlsss that if thhimstrimenias inganded for o
firing. Once the clinician has determ ned that the jaw nenbers are properly
gri ppi NghdobdopfUt lapahcapit Apptications adie tdpablefolf passingehrouglya cainuktpapdagewayi. t h a
single firing stroke, or nultiple firing strokes, depending on the device.
Firing pheosHE HveAkmBERRERIveS AYABIR cBtN @i Hadin@Aflletdt Rb ladgallispacéd ®owef The
si mul t aneous severing and stapling avoids conplications that may ari se when
per f orm j [ab W i ] : L ; ; at
nLt\Q/;ng; lf‘g% Pt}%@_fg%erﬁ@%%ﬁﬁés aXvT"lé%xjo?nﬁjét%}'@ FSRinSpctbs alighe@Qlith the

respecti ver an st apl e. e specific advantage of being

ble t I i e firj ' . 4 nj ci. i ble t
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hi d, .| dj .sufficient t of fi h b tyred bet
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especially pinching at their distal 4 ends, and thus not effectively formng

cl osed 8s4ppprtas therstamies te slfagtdle tiningefdhe fapleyiawardibe ankik r ee, an excessive

anount of clanped tissue may cause binding and an inconplete firing.
[0005] An example of a surgical stapler suitable for endoscopic applications is described in

U.S. Pat. No. 5,465,895, which discloses an endocutter with distinct closing and firing actions. A
clinician using this device is able to close the jaw members upon tissue to position the tissue
prior to firing. Once the clinician has determined that the jaw members are properly gripping
tissue, the clinician can then fire the surgical stapler with a single firing stroke, or multiple firing
strokes, depending on the device. Firing the surgical stapler causes severing and stapling the
tissue. The simultaneous severing and stapling avoids complications that may arise when
performing such actions sequentially with different surgical tools that respectively only sever and
staple.

[0006] One specific advantage of being able to close upon tissue before firing is that the
clinician is able to verify via an endoscope that the desired location for the cut has been
achieved, including a sufficient amount of tissue has been captured between opposing jaws.

Otherwise, opposing jaws may be drawn too close together, especially pinching at their distal



[ 0007] Endoscopic staplers/cutters continue to increase in conplexity and
function with each generation. One of the main reasons for this is the
gquest for lower force-to-fire (FTF) to a level that all or a great majority
of surgeons can handl e. One known solution to lower FTF it use CO2 or

el ectrical notors. These devices have not faired nmuch better than

tradi tional hand-powered devices, but for a different reason. Surgeons
typically prefer to experience proportionate force distribution to that
bei ng experienced by the end-effector in the formng the staple to assure
them t lends, anthusmatiefigetisehplormipeelaspdstpplecia s wvered {pgus- Ahle gHiseexteme t
within the capabilities of nost surgeons (usually around 15-30 | bs). They
al so t ypheaddsgiveandunt of chainpediiissuc may caise bindihg@and g ingomplete tizgl e and bei ng
able to stop at anytine if the forces felt in the handle of the device feel
t 00 Qgrqaedo7pr Eh@séscositetaplefdutietsicontirale t6 fremase in thmpkexitg end fumetirawkh edchect s
are not suitably realizable in present notor-driven endocutters. As a

result, Lh&kfon DR FMEhAh réa6ks fof thass eRlques SolywbedeabAts émf) toatieet dri ve
endocutters where the cutting/stapling operation is actuated by nerely
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include two triggers in its handle -- a closure trigger and a firing trigger
- - wi t h digeiysioaiethatheing expsriensed Brthe opdefedipr iy ths forgmgdhe stagle it%swrsﬁlism
retracts the closure trigger, 5 tissue EOSi tioned in the end effector may be
cl anped that thenattingtapling cyade is comptete, whdirthe bpper bpérveithon theeapabdlitéestofigmobt ri ng
trigger, a notor nay power, via a gear drive train, a rotational nain

surgeons (usually around 15-30 lbs). They also typically want to maintain control of deploying

the staple and being able to stop at anytime if the forces felt in the handle of the device feel too

great or for some other clinical reason. These user-feedback effects are not suitably realizable in

present motor-driven endocutters. As a result, there is a general lack of acceptance by physicians

of motor-drive endocutters where the cutting/stapling operation is actuated by merely pressing a

button.

SUMMARY

[0008] In one general aspect, the present invention is directed to a motorized surgical cutting
and fastening instrument that provides feedback to the user regarding the position, force and/or
deployment of the end effector. The instrument, in various embodiments, also allows the
operator to control the end effector, including being able to stop deployment if so desired. The
instrument may include two triggers in its handle -- a closure trigger and a firing trigger -- with

separate actuation motions. When an operator of the instrument retracts the closure trigger,



drive shaft assenbly, which causes a cutting instrument in the end effector
to severe the clanped tissue. [00091 In various enbodi nents, the instrunent
may conprise a power assist systemwth |oading force feedback and contr ol
to reduce the firing force required to be exerted by the operator in order
to conplete the cutting operation. In such enbodi nents, the firing trigger
may be geared into the gear drive train of the main drive shaft assenbly.
In that way, the operator rmay experience feedback regarding the force being
applied to the cutting instrunent. That is, the |oadi ngrforce on the firing
trigger tismy pbsitionsdan the end effprion mavibeglampedly s grd ¢iEsstasd TH§N(HENERf ¢ i ng
instrument. Also in such enbodi nents, because the firing trigger is geared

i nt o t hepgeatar rethnity e firingi triggdror metoapppy ipewet yiatageandrévedrain, araiatipeal seied t o
the force applied to the notor. [0010] According to various enbodi nents,
when t h@rifé sHaRGisdehibig evhidtscansdsraamtting instruaept iophd atdeeffeatvptontevére thy claripede
degrees), an on/off switch may be actuated, which sends a signal to the
motor  kQeotate at a specified rate, thus commencing actuation of the drive
shaft assenbly and end effector. According to other enbodinents, a

pr OpOrtWh 36 s BR¥o AfeHS Efle insHEmBRIIRA! dohiPRidé a pSRESREistB¥eMmSHith a si gnal
to the tor to rotate at a rate proportional to the force applied to the
firing tri by. t.he.opar i p i agqﬁj'onofthe
firing ??%dg‘%%rcfﬁeegg%%‘ragl |°§‘t“9‘grt%pe§%‘§%%£‘m¥ (f)or%?l%&%oﬂ% bglr%? %r} ng itﬁést rument is
in the end effector (e. ull v deployed . or fully . retracted). .Further, the
oper at oPPEBF it g e &8‘?‘85&4‘?\ @u%ﬂ%o%r?t?gﬁg Iy ?"lcbﬁgib% gllmeggsnﬁ'n © A8 Mg BEET IR,

stroke to stop the notor, and thereby stop the cutting notion. In addition,
sensor s bgggarpdinie by ged dve s ofithempiadriyg shadt 3(§Fenﬂlﬂ§' Ig)(t?‘naqagay@f PN
effector (e.g., fully retracted position) and the end of the stroke (e.g.,
ful ly demdyexpeliepesieedlnck regaedipetbe iferee heingenplied trethe cytting fnstry@gnto ridiatigythe

provi de an 6 adaptive control systemfor controlling end effector depl oynment
t hat i s loading fdeeoh thairing toigeer hayolpe related to the loading force experienced by the cutting

instrument. Also in such embodiments, because the firing trigger is geared into the gear drive
train, force applied by the operator may be added to the force applied to the motor.

[0010] According to various embodiments, when the firing trigger is retracted an appropriate
amount (e.g., five degrees), an on/off switch may be actuated, which sends a signal to the motor
to rotate at a specified rate, thus commencing actuation of the drive shaft assembly and end
effector. According to other embodiments, a proportional sensor may be used. The proportional
sensor may send a signal to the motor to rotate at a rate proportional to the force applied to the
firing trigger by the operator. In that way, the rotational position of the firing trigger is generally
proportional to where the cutting instrument is in the end effector (e.g., fully deployed or fully
retracted). Further, the operator could stop retracting the firing trigger at some point in the stroke
to stop the motor, and thereby stop the cutting motion. In addition, sensors may be used to detect
the beginning of the stroke of the end effector (e.g., fully retracted position) and the end of the

stroke (e.g., fully deployed position), respectively. Consequently, the sensors may provide an



system of the notor, gear drive train, and end effector. [00111 In other
enbodi nents, the firing trigger may not be directly geared into the gear
drive train used to actuate the end effector. In such enbodi ments, a second
notor may be used to apply forces to the firing trigger to sinulate the
depl oynent of the cutting instrunent in the end effector. The second notor
may be controll ed based on increnental rotations of the main drive shaft
assenbly, which nmay be neasured by a rotary encoder. In such enbodi nent, the

position of the rotational position_of the firing (rigge e related to
t he pospeapbme emtrohgystegh tof ﬁ%‘“fq?% "r“uﬂﬁéﬁfwf ?Fpt'%é“eéhg‘a'e‘ts f"ggf‘%r"%*acgﬁ’steii gor?gl ly,

an on/off switch or a proportional switch may be wused to control the nmain
not or  ( syséem of the metarogeat Heive aineand epdheffesfetn drive shaft). [00121 In various

i npl erentations, the end effector may use a helical drive screwin the base
of the ¢0d1pflhetteoembodithentsethe Figing triggienmay nejtbeuireerly geareg intothe geay driyg so, t he
end effector may include a staple cartridge for stapling the severed

ti ssue. tAmGREdHoN@tuate thé Bet effsctoedimsuoh smbodilments, sseacsl mhotor frag bembaugo (or
sealing) the severed tissue may be used, including RF energy and adhesives.

[ 00131 AbRP forb&iQo RSARHEEBEer 8 Yiniulé thd Qegloyaedan tieakttihgdfdtivmeny BittherendThe
mechani cal " cl osure system nmay include an el ongate channel having a cl anpi ng
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ti ssue positione e end effector. The user may activate the clanping
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a mechadica ure system cause anpi ng action ector.
Once the_.cl anmpi.n nmenber. i s.l.ocked in plac t he oper.ator .may _activate the

cutting OBﬁ’&r‘gt%“H%l oS Gf4g fining trigger @@E%errﬁﬁgdft? Eﬁerpg’ Siop § ég‘re .C}itf"ﬁlgs may cause
the cutting instrunment to travel | ngitudinaLh% al ong the chaqpel i n order

to cut #HsgmENtdn Hesad eHgcteh Aitronsily choyqpfoft switch of a proportional switch may be

used to control the main motor (i.e., the motor that powers the main drive shaft).

[0012] In various implementations, the end effector may use a helical drive screw in the base
of the end effector to drive the cutting instrument (e.g., knife). Also, the end effector may
include a staple cartridge for stapling the severed tissue. According to other embodiments, other
means for fastening (or sealing) the severed tissue may be used, including RF energy and
adhesives.

[0013]) Also, the instrument may include a mechanical closure system. The mechanical closure
system may include an elongate channel having a clamping member, such as an anvil, pivotably
connected to the channel to clamp tissue positioned in the end effector. The user may activate
the clamping action of the end effector by retracting the closer trigger, which, through a
mechanical closure system, causes the clamping action of the end effector. Once the clamping
member is locked in place, the operator may activate the cutting operation by retracting the
separate firing trigger. This may cause the cutting instrument to travel longitudinally along the

channel in order to cut tissue clamped by the end effector.



[00141 In various inplenentations, the instrunent may include a rotational
mai n drive shaft assenbly for actuating the end effector. Further, the main
drive shaft nmay conprise an articulating joint such that the end effector
maybe articul ated. The articulation joint may conprise, for exanple, a
bevel gear assenbly, a universal joint, or a flexible torsion cable capable
of transmtting torsion force to the end effector. [00151 O her aspects of
the present invention are directed to various nmechani sns for |ocking the

closure trigger to a |lower, pistol-gri orti.o f the. handl.e., .Such

erbodi M4 T oearigys EpleertadpnsBe iIATHME B PGF i iona B BSR4 e
triggers for other conponents of the instrument, including conponents of

t he geawrssdmblycfor aciyating the andeffsgten ditrtsr. the maip deve shaflanzy ¢9RMASKER 100161
Various enbodi ments of the present invention are described herein by way of
exanpl e articnlatiogjointstéhothatthe bnd ¢féecfonmay\bieagichlagadr dde agtitaifasion JENgNRes 1 and 2
are perspective views of a surgical cutting and fastening instrunent

accor di Rgmpsey fo ieRaifipleydinsengat sssafbly eupves jint ovefitiide torFiogeatds 3-5 are
expl oded views of an end effector and shaft of the instrunent according to

var i ous gsiBRArM@AitRg thR®MoRS eftheicny efiédten; Figure 6 is a side view of the
end effector according to various enbodi nents of the present invention;

Fi gure io@%ggt%akﬂégg%%% ih(tiBRAR direded tGarids He%ﬁ%nﬁ%@%ﬁﬁh@g to

various * di ment's resent invention; Figures 8 and 9 are partia
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in the handle directly above and behind the triggers for other components of the instrument,

including components of the gear drive train and the mechanical closure system.

DRAWINGS
[0016] Various embodiments of the present invention are described herein by way of example
in conjunction with the following figures, wherein

Figures 1 and 2 are perspective views of a surgical cutting and fastening instrument
according to various embodiments of the present invention;

Figures 3-5 are exploded views of an end effector and shaft of the instrument according
to various embodiments of the present invention;

Figure 6 is a side view of the end effector according to various embodiments of the
present invention;

Figure 7 is an exploded view of the handle of the instrument according to various
embodiments of the present invention;

Figures 8 and 9 are partial perspective views of the handle according to various

embodiments of the present invention;



Figure 10 is a side view of the handle according to various enbodi nents of
the present invention; Figure |l 1 is a schematic diagramof a circuit used
in the instrument according to various enbodiments of the present

i nvention; Figures 12-13 are side views of the handl e according to other
enbodi nents of the present invention; Figures 14-22 illustrate different
mechani snms for | ocking the closure trigger according to various enbodi nents
of the present invention; Figures 23A-B show a universal joint ("u joint")
that nmay be enployed at the articul ation point, of tBe,instr¥ nt accordi ng
to various dfiggdil gdeyiepis thy hasdisaceardign tq wiougeyhediments A1 g‘%é’ﬁ‘?fﬁ%t a
torsion cable that may be enployed at the articulation point of the

i nst runiaméntmocor di ng to vari ous enbodi nents of the present invention,;
Figures 25-31 illustrate a surgical cutting and fastening instrument with
power assi stFigaedonda suhematiadiagiamrofardouit needtin tie indtmmentaentdingieeatidusn;
Figures 32-36 illustrate a surgical cutting and fastening instrunment with

pover agfbsdime§ 606 pRGerdt tnvedtioanot her enbodi ment of the present invention;
Figures 37-40 illustrate a surgical cutting and fastening instrunent with

tactile feedfiaeks 13-93 GRUQHL VIBRS S tAE hidde RE&IRRL0 biNeEahbaIne®BOf fhie Prusar 41- 42
illustrate a proportional sensor that may be used according to various

enbodinﬁpgﬁkgf the present invention. 9 DETAILED DESCRI PTI ON [ 00171 Fi gures
1 and 2 Heplct a surgical cutting and fastening instrument 10 according to

Figures 14-22 illustrate different mechanisms for locking the closure trigger according to
various embodiments of the present invention;

Figures 23A-B show a universal joint (“u-joint”) that may be employed at the articulation
point of the instrument according to various embodiments of the present invention;

Figures 24A-B shows a torsion cable that may be employed at the articulation point of
the instrument according to various embodiments of the present invention;

Figures 25-31 illustrate a surgical cutting and fastening instrument with power assist
according to another embodiment of the present invention;

Figures 32-36 illustrate a surgical cutting and fastening instrument with power assist
according to yet another embodiment of the present invention;

Figures 37-40 illustrate a surgical cutting and fastening instrument with tactile feedback
to embodiments of the present invention; and

Figures 41-42 illustrate a proportional sensor that may be used according to various

embodiments of the present invention.



vari ous enbodi ments of the present invention. The illustrated enbodi nent is
an endoscopic instrunent and, in general, the enbodi nents of the instrunent
10 described herein are endoscopic surgical cutting and fastening
instrunments. It should be noted, however, that according to other

enbodi nents of the present invention, the instrunent may be a non-
endoscopi ¢ surgical cutting and fastening instrunent, such as a | aparoscopic
instrument. [00181 The surgical instrunent 10 depicted in Figures 1 and 2
conprises a handle 6, a shaft 8, and an articulating end effector 12

pi vot al IBET®IhEPREICREPHAY shaft 8 at an articul ation pivot 14. An
articulation control 16 may be provided adjacent to the handle 6 to effect
rot at i offoat7] t Rezuessd andf2f depicon surgicabanttingt dnd faptaning instrynagnt pP pegording to n t he
illustrated enbodi nent, the end effector 12 is configured to act as an
endocut tvafiofs@mbotaaatnd thegeent ingeraind. Thaflustrged emberiment is hwenposcdpic ot her
enbodi nents, different types of end effectors may be used, such as end

ef f ect onguhuffenCindEin deNBES the®imboUnGHinEIf titeMbtaRsent $0 dbsciibedlic@sinars, cutters,
staplers, clip appliers, access devices, drug/gene therapy devices,

ul trasoyupg scgﬁc nggflcé‘lsc%fti&annh ?@s?enir%taiﬁsgﬂgﬁgg@s? Tt shegidRn@ted, Bowdvet,igati nst r ument

10 may i ncl ude osuretrigger iring trigger 20 for actuating

the end effector N T S i t hat BN /ing end
ef f ect o’ SOTU'? goc?té% etn%)bogm‘]%ngsr %ﬁ?@@%ée&? LngFrﬁg) a5 gqrﬁ%lg&tﬁgve df"?? te}gﬁe/ nt nunbers
or types of tnigﬁers or..oth suiLaQIe CQntroIs for ogeratin e%pe end

r
ef f ect orr"4&copf STgiga! Célftf"@caing Fastenine Ny ment. sudh as 4 laparpsegRic YUMEti e 6 by a
preferably elongate shaft 8. I n .one enbaodi nent, clinician or operator of
the i nsl@/%e e pergipal, ngtryment ! Qtdsplt:tﬁg inpkigurss 1 apd gFOIE}E“?eé |a§'fll“ﬁs 6¢ gﬁ?ﬁé‘ shaf t
8 by utilizing the articulation control 16, as described in nore detail in
pendi ng aod gn afsigeleting enskaffestor 13 pivaally cppnected ta the shaft §20an artigwetionamiveirg. 10,
2006, entitled "Surgical Instrunent Having An Articulating End Effector,”
by Geof fAreartiGhlatidmesiohtrelt 1 Gahay, banpriovided adjaqeotiopior zndlt thterefiect otatior bEthe aud.

effector 12 about the articulation pivot 14. In the illustrated embodiment, the end effector 12 is

configured to act as an endocutter for clamping, severing and stapling tissue, although, in other

embodiments, different types of end effectors may be used, such as end effectors for other types

of surgical devices, such as graspers, cutters, staplers, clip appliers, access devices, drug/gene

therapy devices, ultrasound, RF or laser devices, etc.

[0019] The handle 6 of the instrument 10 may include a closure trigger 18 and a firing trigger

20 for actuating the end effector 12. It will be appreciated that instruments having end effectors

directed to different surgical tasks may have different numbers or types of triggers or other

suitable controls for operating the end effector 12. The end effector 12 is shown separated from

the handle 6 by a preferably elongate shaft 8. In one embodiment, a clinician or operator of the

instrument 10 may articulate the end effector 12 relative to the shaft 8 by utilizing the

articulation control 16, as described in more detail in pending U.S. patent application Ser. No.
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[ 00201 The end effector 12 includes in this exanple, anong other things, a
staple channel 22 and a pivotally transl atabl e clanpi ng nenber, such as an
anvil 24, which are maintained at a spacing that assures effective stapling
and severing of tissue clanped in the end effector 12. The handle 6
includes a pistol grip 26 towards which a closure trigger 18 is pivotally
drawn by the clinician to cause clanping or closing of the anvil 24 toward
the staple channel 22 of the end effector 12 to thereby clanp tissue

positioned between the anyil 24 and, channel 22. The f.iring, trigge Ois
fart her 1&32B830 dilesk JaPPPéyépo%O@%eenﬁlﬂF%ngg‘f .Iniz%lgéenp ﬁ&“&% HUpricpla ﬁ&g%?azw i's

| ocked in the closureéfosition as further describeg bel ow, the firing

tri gger Effectany by Geeffeey &1 iyt leyaly avhighds incpgpopsted hereip by peleigneey that it can be
reached by the operator using one hand. Then the operator may pivotally

dr aw t hg0G20f i e end efffestor 10 indwdes dn thiscexpmpleopmeptg ghearshings, astapls ¢haaned £2p| i ng
and severing of clanped tissue in the end effector 12. In other

enbodi nand § pivdtallf emaesiatably pempifg mehberpsucly asmmdwildpwbici@se mhiatainediak 224 coul d
be used, such as, for exanple, an opposing jaw, etc. [00211 It will be

appr eci apgghd thatasunés dfRive stifldxiafid@beveaigof ibsitd dhmpal ia thesad difecer h2.Wihd
reference to a clinician gripping the handle 6 of an instrunment 10. Thus,

the end hgiré&lg 6hiRiudtea %ﬁtol %hﬁ bglowdrliwhiRR BRsule@rifdte 1 9% Svara by iidtvn tyans! e 6.

It will urther appreciated that, for convenience and clarity, spatial

terms sygh ag tﬁ"‘_% 5 Elﬁﬁlbln aoqgldé{ﬁ%.roifﬁ%r%@ﬂl 24 Wveard R AtDR Gafinetb Be iHe@aECt O
Wi ngs. However, strg

the dra Ical “Instrunents are used I n many orilentati ons

and posi.tion d these terns ar.e t . 1ntended. j mitd '
Sheol bt erteriGn 2o teby 38R HEnEPogliSheA P oisah BRERLI oA afE ehdne i iling
clinician is_satjisfied with the osi tioning of the end effect.o 2,. the
Sl mi ci degregl i s SUIboRH KRl o ES a8, Drge fhs Gosort gy 1815 logkgling

| ocked position proximate to the pistol grip 26. The firing trig%er 20 may
t hen be the closure position as further described below, the firing trigger 20 may rotate slightly toward

the pistol grip 26 so that it can be reached by the operator using one hand. Then the operator
may pivotally draw the firing trigger 20 toward the pistol grip 12 to cause the stapling and
severing of clamped tissue in the end effector 12. In other embodiments, different types of
clamping members besides the anvil 24 could be used, such as, for example, an opposing jaw,
etc.

[0021] It will be appreciated that the terms "proximal" and "distal" are used herein with
reference to a clinician gripping the handle 6 of an instrument 10. Thus, the end effector 12 is
distal with respect to the more proximal handle 6. It will be further appreciated that, for
convenience and clarity, spatial terms such as "vertical" and "horizontal" are used herein with
respect to the drawings. However, surgical instruments are used in many orientations and
positions, and these terms are not intended to be limiting and absolute.

[0022] The closure trigger 18 may be actuated first. Once the clinician is satisfied with the

positioning of the end effector 12, the clinician may draw back the closure trigger 18 to its fully
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actuated. The firing trigger 20 returns to the open position (shown in
Figures 1 and 2) when the clinician renpbves pressure, as described nore
fully below. A release button on the handle 6 , when depressed may rel ease
the | ocked closure trigger 18. The rel ease button may be inplenented in
various forms such as, for exanple, as a slide release button 160 shown in
Figure 14, and/or button 172 shown in Figure 16. [00231 Figure 3 is an

expl oded view of the end effector 12 according to various enbodi nents. As
shown in the illustrated enbodi nent, the eng eéiector 12 may .. nclude, in
addi t i oslased. fasked ppsitianguexipatesthesidal ERAhdhe Bong igeshel] Papiienkec ¢ i ng
instrunment 32, a sled 33, a staple cartridge 34 that is renovably seated in
the chamn@hte®Xhedinimgdripesr 26 agturss fetfie SRer Rosipn (sheavndpdiguses | andshMiisa e 32 nay
be, for exanple, a knife. The anvil 24 may be pivotably opened and cl osed at
a pi vot cfinichah ré&boves pressire,cs descrihed pomdulimbeownd reltase yattememihelhapdle 6The anvi
24 may also include a tab 27 at its proximate end that is inserted into a
conponenRjhefldeprogedbrb agleasathedbeied e suysggeml §. dEsereldasobiitiontnigrbebel ow) to
open and close the anvil 24. Wen the closure trigger 18 is actuated, that
i's, drawppietheRtéd g WirRius MrmisREcH &35 for ex@Ale, b9 a slifereRayd butidf 168 ¥h@iy BIFiglrout

the pivot  point 25 into the clanped or closed position. |If clanping of the

end effel%g{d\ﬂ]{?’ghén §ﬁ§h%%'?%ﬂegére 14.he operator may actuate the firing

trigger as explain In nore detail below, causes the knife 32
i ssue. (0P B T ar SRRkl aleDtl G Bebhfy ERBORT ol rp e R, ' "0
i ven tR9RGR 1 e Tevaraamerdtat dRerdstrriet ne Rl Gedh ibPrA i ch
turns the sta [estto fasteQ t he sev. 5€d tissue.rlg v rioH% %nbgginents, t he
sl ed 33 PEeyousy-mEtHRed gharnelcBrnd ABr 260 LHBEIRIMCeaY 841043 s StpRlp
6,978,921, entitled "Surgical stapling instrument incorporating an E-beam
firing reechidgs Mrthat iswemayably sf:ai@binrsgfr ehanael Ber asidra hglical 3crew shaft 36. The cutting

instrument 32 may be, for example, a knife. The anvil 24 may be pivotably opened and closed at

a pivot point 25 connected to the proximate end of the channel 22. The anvil 24 may also

include a tab 27 at its proximate end that is inserted into a component of the mechanical closure

system (described further below) to open and close the anvil 24. When the closure trigger 18 is

actuated, that is, drawn in by a user of the instrument 10, the anvil 24 may pivot about the pivot

point 25 into the clamped or closed position. If clamping of the end effector 12 is satisfactory,

the operator may actuate the firing trigger 20, which, as explained in more detail below, causes

the knife 32 and sled 33 to travel longitudinally along the channel 22, thereby cutting tissue

clamped within the end effector 12. The movement of the sled 33 along the channel 22 causes

the staples of the staple cartridge 34 to be driven through the severed tissue and against the

closed anvil 24, which turns the staples to fasten the severed tissue. In various embodiments, the

sled 33 may be an integral component of the cartridge 34. U.S. Pat. 6,978,921, entitled “Surgical

stapling instrument incorporating an E-beam firing mechanism,” which is incorporated herein by

12



reference, provides nore details about such two-stroke cutting and fastening
instrunments. The sled 33 may be part of the cartridge 34, such that when
the knife 32 retracts following the cutting operation, the sled 33 does not
retract, [0024] It should be noted that although the enbodi nents of the
instrunent 10 described herein enploy an end effector 12 that staples the
severed tissue, in other enbodinents different techniques for fastening or
sealing the severed tissue nmay be used. For exanple, end effectors that use
RF energy or adhesives to fasten the severed tjssue_nay. al.so be used. U S.
Pat. No.refesneg@rayistys @irs details abppisueiREURg R AL g ﬁaﬂ‘ﬂ\{‘t‘i‘gt‘)ﬁsﬂ"ﬂ?"%t Yates et
al., and U S. Pat. No. 5,688,270 entitled "ELECTROSURG CAL HEMOSTATI C

DEVI CE W3 riistrIsrDf ANyaardgrsrrchehatovrapigmifeg 2vatracs Blloying thefittng ar e

i ncorporated herein by reference, disclose an endoscopic cutting instrunent
t hat usespefdfonler ged 3odaesabt retractsevered tissue. U.S. Patent Application
Serial No. 11/267,811 to Jerone R Mrgan, et. al, and U S. Patent

Appl i cat[oeau) Sar shalldNe.nolcl/tR4 2ltB&Rhttle Emismtitmémkofihe Siselient, 10l déscridted herein whi ch
are also incorporated herein by reference, disclose an endoscopic cutting

| NSt r UNBipp 168 end eE8ctBF NP iaV @8pled the EdstedRisiureinsthe efBolinfentsaliffdesor di ngl y,
al t hough the description herein refers to cutting/stapling operations and

the |ikeg.hal % fok E‘asﬁa?%oq s@ﬁing%l%(e&?éré@gss{l@ﬁ{agbﬁ Sed. FoRBxANRERhAkYectors

enbodi nent and 1s no ant t Imting. er tissue-fastening

T (N NG s M Y ]

Fi gure i I'ew o e ‘8 according to

Rt e e RS T Tty I
pi votably 1inked b¥ a pivot |inks 44. The distal closure tube 42 includes
an openififg N5 5688 3 7Qantittedt REECIROSURBIGAHHEMIS TADY DEVIGENYIEY in order to

open and close the anvil 24, as further described bel ow. Disposed inside
t he cl oRECEINHTANYORQFRSyT BEEGTBOBESHe ¥atepehd., whih g incpipeptesidierdimsi de
t he proxi mate
by reference, disclose an endoscopic cutting instrument that uses RF energy to seal the severed
tissue. U.S. Patent Application Serial No. 11/267,811 to Jerome R. Morgan, et. al, and U.S.
Patent Application Serial No. 11/267,383 to Frederick E. Shelton, IV, et. al., which are also
incorporated herein by reference, disclose an endoscopic cutting instrument that uses adhesives
to fasten the severed tissue. Accordingly, although the description herein refers to
cutting/stapling operations and the like below, it should be recognized that this is an exemplary
embodiment and is not meant to be limiting. Other tissue-fastening techniques may also be used.
[0025] Figures 4 and 5 are exploded views and Figure 6 is a side view of the end effector 12
and shaft 8 according to various embodiments. As shown in the illustrated embodiment, the
shaft 8 may include a proximate closure tube 40 and a distal closure tube 42 pivotably linked by
a pivot links 44. The distal closure tube 42 includes an opening 45 into which the tab 27 on the

anvil 24 is inserted in order to open and close the anvil 24, as further described below. Disposed

inside the closure tubes 40, 42 may be a proximate spine tube 46. Disposed inside the proximate
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13 spine tube 46 may be a main rotational (or proximate) drive shaft 48 that
comuni cates with a secondary (or distal) drive shaft 50 via a bevel gear
assenbly 52. The secondary drive shaft 50 is connected to a drive gear 54
that engages a proximate drive gear 56 of the helical screw shaft 36. The
vertical bevel gear 52b may sit and pivot in an opening 57 in the distal end
of the proxinmate spine tube 46. A distal spine tube 58 may be used to

encl ose the secondary drive shaft 50 and the drive gears 54, 56.

Col l ectively, the main drive shaft 48, the secqndary. drive shaft ., and
the art sRiRA t4bg Hmmax beaman @é@"@!’ﬁ (P%%‘%‘E%ﬁ? dg¥ey aig}{sgeth% CQH%‘E’é‘fc@}eSé‘?g‘ a
sonetimes referred to herein as the "main drive shaft %%ﬁen?L%SL ég 261 A
bear i ngseeendapoier distahediivashaft 8 wie g bexe geyrassambl phpl e FeRAMIFEY A% shplh 2l ves
the helical drive screw 36, allowing the helical drive screw 36 to freely
rotate isiconecedpese tirivogeansd dranengaes Doximate driveigean Sosefitbahalicakscressshatty
interface a threaded opening (not shown) of the knife 32 such that rotation
of the shaflie Reicahbeebgdand2kmay sit 3R pigottin amspentireg T iwtthe digtabendnfahd mat el y
(depending on the direction of the rotation) through the staple channel 22.
Accor di P@&Mnatmﬂﬁk tub&186. MRidist4l fspivie nbe FBtmadbeiBed@UBEDsE the sedoatiary dyivasiafiat i on
of the tfiring trigger 20 (as explained in nore detail below, the bevel

gear asseah] te ﬁ\f%@et %eea&sawgé. tbﬁe&i%as)ml@mgirmrwé%h%aé,tthé&cbmawameeshaft\sb,i chin

turn, because o engagement of "the drive gears 54, 56, causes the

hel i cal an?cf’t?xg \thﬁ%ﬁtgn aﬁ:é?rgﬂlgl(%ﬁt %%ev%ems%§2J-Bearé<58nt1§in§jersir¥fieﬂgd fgenber 32

to trave ongi I na g the anne to ‘cut any tissue clanped

within the end effector. The si 33 may be made of, for exanple, plastic,
and myh?{ﬁ\?€5§1°s%%f‘v|S§?§Iassgﬁ'$fyace. As the sled 33 traverse the channel

22, the sl oped for d surface pu or gﬁive he staples in the
st apl o WREF T Acpeartns T gnSiiprsdor a ApauEE bl thangSh Ho fecthe R belciba e
anvil 24 turns the staples, thereby stapling the severed tissue. Wen the
kni f e 3driyesscrest 3 atlewingithehglispkdsive3cranPodp digelz otaigyvitheieanast 9itBeshaneld,
t her eby | eavi ng
22. The helical screw shaft 36 may interface a threaded opening (not shown) of the knife 32
such that rotation of the shaft 36 causes the knife 32 to translate distally or proximately
(depending on the direction of the rotation) through the staple channel 22. Accordingly, when
the main drive shaft 48 is caused to rotate by actuation of the firing trigger 20 (as explained in
more detail below), the bevel gear assembly 52a-c causes the secondary drive shaft 50 to rotate,
which in turn, because of the engagement of the drive gears 54, 56, causes the helical screw shaft
36 to rotate, which causes the knife driving member 32 to travel longitudinally along the channel
22 to cut any tissue clamped within the end effector. The sled 33 may be made of, for example,
plastic, and may have a sloped distal surface. As the sled 33 traverse the channel 22, the sloped
forward surface may push up or drive the staples in the staple cartridge through the clamped
tissue and against the anvil 24. The anvil 24 turns the staples, thereby stapling the severed tissue.

When the knife 32 is retracted, the knife 32 and sled 33 may become disengaged, thereby leaving

the sled 33 at the distal end of the channel 22.
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the sled 33 at the distal end of the channel 22. 14 100271 As descri bed
above, because of the |ack of user feedback for the cutting/stapling
operation, there is a general |ack of acceptance anbng physici ans of

not or-driven endocutters where the cutting/stapling operation is actuated
by nerely pressing a button. In contrast, enbodinents of the present

i nvention provide a notor-driven endocutter with user-feedback of the
depl oynment, force, and/or position of the cutting instrunent in the end

effector. [00281 Figures 7-10 illystrate _an ex I enbodi pent. of a

not or - dr[‘?qzkh éﬁéﬂé&cﬁ‘gﬁ‘é?l’,ovﬁ’rhfc?‘ff’e Oga’f’tl?caﬂﬂfé{?er ?‘I‘F@%ﬁa @etcﬂtg'ﬂ‘g&%,p f"?gh at

provi des user-feedback reqarding the depl oynent . and_ | oading force of the
cut t i ng operationy there isjargeneral lagkpfarseptanss among phyaicians Af mpE-deReR e e ray use
power provided by the user in retracting the firing trigger 20 to power the
devi ce (whesahealtlinglstiglmgeperaties issictuated g )merdly pessing a batterh g[nicpnfﬂ@f,r at ed

enbodi ment, the handle 6 includes exterior |lower side pieces 59, 60 and

ext er i Olembp@igfensiofl eheireRSinGention Pravideta thotor-tingat dndpcutier vith mserifeedpeciesfal , t he
exterior of the handle 6. A battery 64, such as a Li ion battery, may be

provi deghd dpldymeRi, #rd, aBidl/oPpositntdf @i ci@ingfindtfutncheindheed efflerbat tery 64
powers a HDPOF 65 di sposed 1 n an upper portion of the pistol grip portion

26 of t Rgoc#@gplfﬂ re@'7-ﬁpﬁl(ﬁ§%it@9n LRl eBofIRAAIMERSS:-dfité dHab&itteBandBy be a

DC brus ng notor having a maXi numrotation of, approxi mately, 5000

RPM The 4 ' I I SN LS a first
bevel géﬁgﬁggpéﬁgmgﬂgggg%g%ﬁggweI¢%§%$i$%£QQ%%§%g€%ﬁM5§ } assgh @g%ggnay
drive a plangtary .gear assenbly 72. .The I tar ar..assenbl y 72 may
el ude Treg PhgRGER s mER I et <fariar dR pBELR s FRSRRTR e B fonr 74
may drive a mating ring gear 78 that drives a heILcaI,%gﬁr dr qhgo via a
drive dFafideddy thouser ffegactipgha,drinairigaeed 1 ROV ESVicHR sgealeddPariBo.
Thus, when the notor 65 rotates, the ring 84 is caused to travel along the
hel i cal agust medelmASGhpyn ietia dllustrated emppdimeplowdhandle 6 includes exterior lower side

pieces 59, 60 and exterior upper side pieces 61, 62 that fit together to form, in general, the
exterior of the handle 6. A battery 64, such as a Li ion battery, may be provided in the pistol grip
portion 26 of the handle 6. The battery 64 powers a motor 65 disposed in an upper portion of the
pistol grip portion 26 of the handle 6. According to various embodiments, the motor 65 may be a
DC brushed driving motor having a maximum rotation of, approximately, 5000 RPM. The
motor 64 may drive a 90° bevel gear assembly 66 comprising a first bevel gear 68 and a second
bevel gear 70. The bevel gear assembly 66 may drive a planetary gear assembly 72. The
planetary gear assembly 72 may include a pinion gear 74 connected to a drive shaft 76. The
pinion gear 74 may drive a mating ring gear 78 that drives a helical gear drum 80 via a drive
shaft 82. A ring 84 may be threaded on the helical gear drum 80. Thus, when the motor 65
rotates, the ring 84 is caused to travel along the helical gear drum 80 by means of the interposed

bevel gear assembly 66, planetary gear assembly 72 and ring gear 78.
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bevel gear assenbly 66, planetary gear assenbly 72 and ring gear 78. 15

[ 0029] The handle 6 may al so include a run notor sensor 110 in communi cation
with the firing trigger 20 to detect when the firing trigger 20 has been
drawn in (or "closed") toward the pistol grip portion 26 of the handle 6 by
the operator to thereby actuate the cutting/stapling operation by the end
effector 12. The sensor 110 nmay be a proportional sensor such as, for
exanple, a rheostat or variable resistor. Wen the firing trigger 20 is
drawn in, the sensor 110 detects the novenent nd sends an el. hr'cal

si gnal i[AOR% aThe bagsile £ ey Ao B BAS DN SRRRRT S Y05 15@“%@6}5?'1"88“t't°8 W'ﬁ'ht h’BP%r 65.
Wien the sensor 1 10 is a variable resistor or the like, the rotation of the
mot or  6SriggraP0 bedeyestavhan the fisnggtiggar SAdRs basn dFvhifdOn closed niQuard the Ristok he
firing trigger 20. That is, if the operator only draws or closes the firing
trigger gp portica A6 dftthechanidte, 6 hyhthe pperator rthereby dntuatmthe cu@iBgiseplingoperatioal y | ow.
When the firing trigger 20 is fully drawn in (or in the fully closed

pOSi ti omy.thé &Rl effedtodll 2.0MhOfentdiel 10BaybeGprooradnal tehisorexichvesyforlexamplecs  wor ds,
the harder the user pulls on the firing trigger 20, the nore voltage is

appl i ed 8,std6r 'm'ﬁagfe rBs3storC AWRéUe GiFiRa trffgef 20 BYUraWn mOthelserdr 1{O4E3Es thbe
handle 6 nay include a mddle handle pi ece 104 adjacent to the upper portion

of 1 heerﬁb\{) 'rr[«l,\%\l/téglﬁd 98¢ atggectp-t'cﬁ gh@cg\hv@lo% e%ﬁawgéﬁ&) B & l%?l&b ng 112

connect en posts e handle piece 104 and the iring
trigger 20. The_bi rin na, f . ful
open post aier 63 WaTi s or A 1 Tttt ooy G e bdSH oPRe hydries 1Y
20, the bi 112 the. fi 0t

ot ot RSB B bt e By o
rotation of the notor 65. Mreover, virtue of the bias _spring 112, any

time a wepsraterogbedrayvser ¢loses ty ftrmgggése@@ in ¢ Higle pitetheiptationsghibe Mot &5 is
resistance to the closing operation, thereby providing the user with
f eedbac krelaivelp lavh eWhem thetfiriste trigges2) dhfully drawsdn (@ryin theefubp closedspositon). ttheer | t he
operator could stop retracting the firing trigger 20 to thereby
rotation of the motor 65 is at its maximum. In other words, the harder the user pulls on the firing
trigger 20, the more voltage is applied to the motor 65, causing greater rates of rotation.
[0030] The handle 6 may include a middle handle piece 104 adjacent to the upper portion of
the firing trigger 20. The handle 6 also may comprise a bias spring 112 connected between posts
on the middle handle piece 104 and the firing trigger 20. The bias spring 112 may bias the firing
trigger 20 to its fully open position. In that way, when the operator releases the firing trigger 20,
the bias spring 112 will pull the firing trigger 20 to its open position, thereby removing actuation
of the sensor 110, thereby stopping rotation of the motor 65. Moreover, by virtue of the bias
spring 112, any time a user closes the firing trigger 20, the user will experience resistance to the
closing operation, thereby providing the user with feedback as to the amount of rotation exerted

by the motor 65. Further, the operator could stop retracting the firing trigger 20 to thereby

remove force from the sensor 100, to thereby stop the motor 65. As such, the user may stop the
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remove force fromthe sensor 100, to thereby stop the nmotor 65. As such, the
user may stop the 16 depl oynent of the end effector 12, thereby providing a
nmeasure of control of the cutting/fastening operation to the operator.

[ 0031] The distal end of the helical gear drum 80 includes a distal drive
shaft 120 that drives a ring gear 122, which mates wth a pinion gear 124.
The pinion gear 124 is connected to the main drive shaft 48 of the main
drive shaft assenbly. In that way, rotation of the notor 65 causes the main
drive shaft assenbly to rotate, which causes actuajion P?ﬂ%he end effector

12, as dbﬁewnﬁﬁﬁfﬂﬁﬁédéﬂb?@b§@Fw¥W@pFPH ng3 MeAT S 9P EA hel i cal gear
drun180 may include a post 86 that is disposed wthin a slot 88 of a

sl ot t ed cattimg/$Btenifigeopstatipn éuthaopera®@r-has an opening 92 its opposite end 94
that receives a pivot pin 96 that is connected between the handl e exterior
si de pi 0031] 5Phe diftal cFidef th hetitaligear d6mi88 indlwdss didistad Jeivie shafiol2frthatdrivgseni ng
100 in the firing trigger 20 and an opening 102 in the m ddl e handl e piece

104. [ 0Q33lgedrn2adWhich aiatestwith dpinidngedr IPdy The pinittegear tBViecamnentet 0o the anain
end- of - st roke sensor) 130 and a stop notor (or begi nni ng-of-stroke) sensor

142. 1 n H¥RE KRS8 MRdnARNtr e sﬁd’f@as"s@ﬁlﬁ?;sﬁl B Wdy, rét@shat tH3RoBRYS bgusas the m t
switch | ocated at the distal end of the helical gear drum 80 such that the

ring 84 154?58 aR V\%stenﬁl bR wigRca ﬁﬁ@tﬁa@mﬁ%m@%a eﬁ@amt rz a§déseﬁbadeverse

not or sensor he ring 84 reac es the distal end ‘the helica
gear drum 80. The reverse notor sensor 130, when actlvated sends a si gnal
to the M?0t 65 to reverse its rotation direction, thereby w thdraw ng the

knife 3 end ef f | | .owi n cut.tin i,on. [0034] The
e ooy B0 5 o e S P b0 SRS BSL B SR
In various enbodinents, it may be |ocated at the proximte end of the

hel i cal vg@arp a glet 88 g sé@tqdﬁla;p 90: The slotted arm 90 has an opening 92 its opposite end 94

that receives a pivot pin 96 that is connected between the handle exterior side pieces 59, 60. The
pivot pin 96 is also disposed through an opening 100 in the firing trigger 20 and an opening 102
in the middle handle piece 104.

[0033] In addition, the handle 6 may include a reverse motor (or end-of-stroke sensor) 130 and
a stop motor (or beginning-of-stroke) sensor 142. In various embodiments, the reverse motor
sensor 130 may be a limit switch located at the distal end of the helical gear drum 80 such that
the ring 84 threaded on the helical gear drum 80 contacts and trips the reverse motor sensor 130
when the ring 84 reaches the distal end of the helical gear drum 80. The reverse motor sensor
130, when activated, sends a signal to the motor 65 to reverse its rotation direction, thereby
withdrawing the knife 32 of the end effector 12 following the cutting operation.

[0034] The stop motor sensor 142 may be, for example, a normally-closed limit switch. In
various embodiments, it may be located at the proximate end of the helical gear drum 80 so that
the ring 84 trips the switch 142 when the ring 84 reaches the proximate end of the helical gear

drum 80.
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the ring 84 trips the switch 142 when the ring 84 reaches the proxi mate end
of the helical gear drum 80. 17 100351 In operation, when an operator of
the instrunent 10 pulls back the firing trigger 20, the sensor 110 detects
t he depl oynent of the firing trigger 20 and sends a signal to the notor 65
to cause forward rotation of the notor 65 at, for exanple, a rate
proportional to how hard the operator pulls back the firing trigger 20. The
forward rotation of the notor 65 in turn causes the ring gear 78 at the

distal end of the planetary gear assenbly 72 t.at erehy caysing the
hel i cal [¢Bal & onergion wh%%na?r@rat%ﬁéwgswnrﬁ 5“1% ﬁ ll?alth g};tgége[rﬁg th%l i cal

gear drum 80 to travel distally along the helical gear drum 80.

rot at i omensbr t Hedebestsi thelephesan enp{ihe G0N Friggor) Wiksepdrca SigRgl 10 @ﬁ%orﬁa{f)t
assenbly as described above which in turn causes depl oynment of the knife 32
in the emedbact otatid of Fleatotbsys athir kxanfrde, 32ata pebpsrteaBe hemchasdiheed t o
traverse the channel 22 longitudinally, thereby cutting tissue clanped in

t he end opéaRe palls Hack thel firing tfibger20afThé figwaplavatibwof theindtdreSanduretcheses the 12 i s
caused to happen in enbodi nents where a stapling-type end effector is used.

100361 Byolohg 78iditheldiftal@rli bf ﬂﬂlpﬁnéﬁb* far SRENBIYI 70N ftatt NBer@B@chiingeicor 12 is

conpl ete, the ring 84 on the helical gear drum80 will have reached the
di st al H RS &SvdiOt Or
%@ﬁc#%ea%'éﬁt"??%kﬁ%ka@%ﬂ;&%* g P L R R e

ot ract il rEREngsaLdeat gﬂ%ﬁta“@'% AL L
PRGN LR SR e Swflx%"b@h% RERCor e
ﬁr m 90 aswgesgi e?f?cct)g\rn 12I rll“hlzzl{ 1gsutrhg 1?% ??51 gndgsled-%%earfr:n cgucsifl:de toht?ar\]/grlsg the c annejf94 al so
as a fdR¥&rd

longitudinally, thereby cutting tissue clamped in the end effector 12. Also, the stapling operation

of the end effector 12 is caused to happen in embodiments where a stapling-type end effector is

used.

[0036] By the time the cutting/stapling operation of the end effector 12 is complete, the ring 84

on the helical gear drum 80 will have reached the distal end of the helical gear drum 80, thereby

causing the reverse motor sensor 130 to be tripped, which sends a signal to the motor 65 to cause

the motor 65 to reverse its rotation. This in turn causes the knife 32 to retract, and also causes

the ring 84 on the helical gear drum 80 to move back to the proximate end of the helical gear

drum 80.

[0037] The middle handle piece 104 includes a backside shoulder 106 that engages the slotted

arm 90 as best shown in Figures 8 and 9. The middle handle piece 104 also has a forward

motion stop 107 that engages the firing trigger 20. The movement of the slotted arm 90 is

controlled, as explained above, by rotation of the motor 65. When the slotted arm 90 rotates

CCW as the ring 84 travels from the proximate end of the helical gear drum 80 to the distal end,
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notion stop 107 that engages the firing trigger 20. The novenent of the
slotted arm90 is <controlled, as explained above, by rotation of the notor
65. Wien the slotted arm 90 rotates CCWas the ring 84 travels fromthe
proxi mate end of the helical gear drum80 to the distal end, 18 the m ddle
handl e piece 104 will be free to rotate CCW Thus, as the user draws in the
firing trigger 20, the firing trigger 20 will engage the forward notion
stop 107 of the middle handle pi ece 104, causing the m ddl e handl e piece
104 to rotate CCW Due to the backside shoul d gﬁ endgglnﬂgh ﬁ .Sl otted
arm 90, theomiddlehandle pieps Hoft wilhbgfagedo potate LGW4 ?’ [as I‘&W bINng B11N% ot at e
CCWas far as the slotted arm90 permts. In that way, if the nmotor 65
shoul d sigger 2Wthet fining triggar 200viH engagsdlre forwasd mmné@pdpﬁmome\mlmﬂeél@@fﬂe
rotating, and the user will not be able to further drawin the firing
trigger pfe bes aasingtthemiddichandlepieted Op iteeatd 0C Wi Dhe trothe backisideghaudderot at e
CCW due to the slotted arm90. [0038] Figure 41 and 42 illustrate two
states Qqbe engé@inh @R Sot&ANSAO0! RteveB YheRiddeatndls pidoe 1041will omly be aslensor 110
according to various enbodinents of the present invention. The sensor 110

may i nchy CTW %9 Gar QQ fhteI sWed @fn 98 pfaﬂn’ﬁﬁst [ethacwaR Gethé Motadd3, shauld 8Pbtating

el ectrode (B) 4, conpressi bl e diel ecttic material 286 (e.qg., EAP)
bet ween I e uch that
the facef&%w?.r%a%&%% %%t?%%iaf?ﬁ%ﬁw"%f?%gﬁ g sV B F“;@?‘ﬁeﬁ

fecor 0 e ool Vg hahdte RS P SLode B Rl RRAEERN, oo

282, 284 are closer together. Since the distance "b" between the el ectrodes
282, 284“?%”8??66?{?' ‘ated to the inpedance between the el ectrodes 282,
284, the greater the distance the nore inpedance, and the closer the

di st ancéoq%ﬁ]a Figusasd | andcdPaiugratg wworstaes Qfayvariable senserthat mavaie ysed anthe rett r i ¢
286 is conpressed due to retraction of the firing trigger 20 (denoted as

f or ce " Fotorseisiog il kaceaidingstopanpusrambod hentsoofitheepriesep thaereon. The sensor 110

may include a face portion 280, a first electrode (A) 282, a second electrode (B) 284, and a
compressible dielectric material 286 (e.g., EAP) between the electrodes 282, 284. The sensor
110 may be positioned such that the face portion 280 contacts the firing trigger 20 when
retracted. Accordingly, when the firing trigger 20 is retracted, the dielectric material 286 is
compressed, as shown in Figure 42, such that the electrodes 282, 284 are closer together. Since
the distance “b” between the electrodes 282, 284 is directly related to the impedance between the
electrodes 282, 284, the greater the distance the more impedance, and the closer the distance the
less impedance. In that way, the amount that the dielectric 286 is compressed due to retraction
of the firing trigger 20 (denoted as force “F” in Figure 42) is proportional to the impedance
between the electrodes 282, 284, which can be used to proportionally control the motor 65.
[0039] Components of an exemplary closure system for closing (or clamping) the anvil 24 of
the end effector 12 by retracting the closure trigger 18 are also shown in Figures 7-10. In the

illustrated embodiment, the closure system includes a yoke 250 connected to the closure trigger

19



bet ween the el ectrodes 282, 284, which can be used to proportionally control
the notor 65. [0039] Conponents of an exenplary closure systemfor closing
(or clanping) the anvil 24 of the end effector 12 by retracting the closure
trigger 18 are also shown in Figures 7-10. In the illustrated enbodi nent,
the closure systemincludes a yoke 250 connected to the closure trigger 19
18 by a pin 251 that is inserted through aligned openings in both the
closure trigger 18 and the yoke 250. A pivot pin 252, about which the
closure trigger 18 pivots, is inserted through ther opening, i he

cl osur e 18 by ggar 251ghglis tserted tg‘f"f‘%‘éf‘hg“le HPWE“ P‘t;a\tg(%?ﬁ o%eiglggeri nsaen;a ttfé%l

t hrough the closyre.trigger 18. Thus, retraction of fhe cl$ﬁgre pri@ger 18
causes tbke 259pek pivarin 352 aheuteyhighihe closyr fiaser 18pivels. isnsered FEouphiRaobEy | s
attached via the pin 251. to rotate CCW The distal end of the yoke 250 is"
connect edening @ the gbsur@Gigget B which issaffsel bornmdetsrthe Rist25256inserted thiopgh the| osur e
bracket 256 connects to a second closure bracket 258. Collectively, the

cl osur e chi@ekeier 266ThidSRtideddnne thedlosmpemigper li8reawdes die tpper paroodithatlesvend of
the proximate closure tube 40 (see Figure 4) is seated and held such that

| ongi t ugiigial 18y MRALhOFoke2806d ABURE 14 e lpat 2512 Bbrota@bBCMaUBIRSdiktangidtofidi nal
notion by the proximate closure tube 40. The instrument 10 al so includes a

closure i dyianid 854, hSa RFPX0SRE Bratk 296 eTheRRt diBsurd BRckdtosur e
rod 260t%a k?%%?ﬁggﬁﬁgﬁf%é%aﬁgel ’in%o whi ch ampost 263 on onemgf tﬁe handl e

g;(ﬂtjgg: ?ré%? i,cgr?n%ét t(;s g Se%o@ flggi#rg [)}a Let bggpéol?écgsﬂzj t@% aogiﬁe i)&céétg%%é,?gf}' ?iﬁn%t ed

I's di spose I xedly connect t osure ro e handl e

6. In that way, th roxi mate closure tube 40 is capabl e of i n
ongt t udth aapTg2 ot B B ong SEBE ProiBite sRoire 1P DRSS e a8 dimy
also include a distal collar 267 that fits into a % %itg 269 in,ﬁfoxinate
spi ne t @péheld sughdhatdongatudinabmoyamaang phheglogure beackery ? @6’ ppyses longijudinahoao1 | n
operation, when the yoke 250 rotates due to retraction of the closure
tri gger m@iontydhe prpvigmateclpsuseube 40.2Fke ingtggnens 1@ alse fnclysies & cclegure red Helir e t ube
40 to nove distally (i.e., away from

disposed inside the proximate closure tube 40. The closure rod 260 may include a window 261

into which a post 263 on one of the handle exterior pieces, such as exterior lower side piece 59 in
the illustrated embodiment, is disposed to fixedly connect the closure rod 260 to the handle 6. In
that way, the proximate closure tube 40 is capable of moving longitudinally relative to the
closure rod 260. The closure rod 260 may also include a distal collar 267 that fits into a cavity
269 in proximate spine tube 46 and is retained therein by a cap 271 (see Figure 4).

[0040] In operation, when the yoke 250 rotates due to retraction of the closure trigger 18, the
closure brackets 256, 258 cause the proximate closure tube 40 to move distally (i.e., away from
the handle end of the instrument 10), which causes the distal closure tube 42 to move distally,
which causes the anvil 24 to rotate about the pivot point 25 into the clamped or closed position.
When the closure trigger 18 is unlocked from the locked position, the proximate closure tube 40
is caused to slide proximately, which causes the distal closure tube 42 to slide proximately,

which, by virtue of the tab 27 being inserted in the window 45 of the distal closure tube 42,
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the handl e end of the instrunent 10), which causes the distal closure tube
42 to nove distally, which causes the anvil 24 to rotate about the pivot
point 25 into the clanped or closed position. Wen the closure trigger 18
is unl ocked fromthe | ocked position, the proximte closure tube 40 is
caused to slide proxi mtely, which causes the distal closure tube 42 to
slide proximately, which, by virtue of the tab 27 being inserted in the
wi ndow 45 of the distal closure tube 42, 20 causes the anvil 24 to pivot

about the pivot point 25 into the open qr .unc ed t|o In t way,
by retr a@evseﬁ&eainuﬂ PHERINMS 2bAY the B'éfatrl?é"@tr%5g'§18rt ‘%n 8h BB%%‘PB& os|iey- ?’I %‘ﬂlp

ti ssue between the anvil 24 and channel and may unclanp the tis

f ol | owi reayt heretractingragd deckpig the clopee magsrhl&syn OPFTRGE maﬁglami)emé%%\”%ewtﬁ? gger
20 fromthe | ocked position. [00411 Figure 11 is a schematic diagramof an
el ect ri cabil 0# aodichannd] 22handimast unehaent the Ossue fallowinggthe cottingfstapling epasdiionint s of
the present invention. When an operator initially pulls in the firing

trigger &%cﬂfn?@lﬁe d16duké Riggtdm® fedrm sherleckedipggidon. 18, the sensor 110 is
activated, allowing current to flowthere through. If the normally-open

reverse (R4’ 1SN P isstchéhatiefagdrdm QP &R elebtEddlichbuit HEthe @RGuMEntt eacediding
effector stroke has not been reached), current will flow to a single pole,

doubl e ¢t BE s ﬁJb@Xl %% 4of ﬁ#é}tﬁ' se'h{"ﬁv iR, %eﬂ% %berﬁ%?ﬁﬂﬁal@%tﬂl@kh ﬂa@@irin@ not

cl osed, the I hAuct or ay 132 will not be energized, so

relay 1 rlgger I2b aﬁe{r lg&l}sl%t)ﬁle%g%ur%Qﬁé%ﬁﬁgqhé Ee%%(ﬁ' 116'??&%15&%&” tllog@rlsgs&r}eﬂptlowes a

cartrid e end effector I nc a staple
cartrid 3 he sensor 136 W be in the cl t ow n urrent
Co 1 ondies Hieredfioaet A poraal bpaneTossd it @ RieR 1 3 pyh (P B¢
cartridge 34, the sensor 136 wl| be qggn therebg preventing Lpg attery
64 fromspdwéiiesyd effectorstioke Bas not bernreachedncyrreat wilkflow tQ.a singledgle, dopble
present, the sensor 136 is closed, which energizes a single pole, single

t hrow r ethr@yv reRg. 13 Eince the rﬁ‘edrwnqtsesqnsoréwetﬁlgilgbu not.¢lpsednthe findygtor d bt ofithd t he

relay 132 will not be energized, so the relay 132 will be in its non-energized state. The circuit
also includes a cartridge lockout sensor 136. If the end effector 12 includes a staple cartridge 34,
the sensor 136 will be in the closed state, allowing current to flow. Otherwise, if the end effector
12 does not include a staple cartridge 34, the sensor 136 will be open, thereby preventing the
battery 64 from powering the motor 65.

[0042] When the staple cartridge 34 is present, the sensor 136 is closed, which energizes a
single pole, single throw relay 138. When the relay 138 is energized, current flows through the
relay 136, through the variable resistor sensor 110, and to the motor 65 via a double pole, double
throw relay 140, thereby powering the motor 65 and allowing it to rotate in the forward direction.
[0043] When the end effector 12 reaches the end of its stroke, the reverse motor sensor 130
will be activated, thereby closing the switch 130 and energizing the relay 134. This causes the
relay 134 to assume its energized state (not shown in Figure 13), which causes current to bypass

the cartridge lockout sensor 136 and variable resistor 110, and instead causes current to flow to
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relay 136, through the variable resistor sensor 110, and to the notor 65 via
a doubl e pole, double throw relay 140, thereby powering the notor 65 and
allowing it to rotate in the forward direction. 100431 Wen the end
effector 12 reaches the end of its stroke, the reverse notor sensor 130

will be activated, thereby closing the switch 130 and energi zing the relay
134. This causes the relay 134 to assune its energi zed state (not shown in
Figure 13), which causes current to bypass the cartridge Iockout sensor 136

and vari abl e resistor ad caug o ro .both the
nor mal | @o@tbemﬁﬁﬁl%e%gql@? Q%ﬁ P bel? ﬂt‘%‘%r‘? {Fu %%t ot or

65, but in a mnner, via the relay 140, that causes the nDtor 65 to reverse
i ts rot aanneraviadherelayildp, thatgeuses t@e&%&%@ topgvessedts ragtional dUFL9R- switch 142 is
normal | y-cl osed, current will flow back to the relay 134 to keep it closed

until t @04 chuxame@mnaotoweesprtswetchk h#3 is ngomally-qlegeycurrept wilk o bagkie st op

not or sensor switch 142 is activated, causing the switch 142 to open,

t her eby tlicelayil 4 to lpepsit clésed nmtiltbe smittth1465>pe1isOOME€]n the koifh32 isdulbotetreeted,s,

rat her than a proportional -type sensor 110, an on-off type sensor could be

used. | RhSHcHmBIh ShisssMitch 1UD s dclivged)icaustigahé owite 142he opa, dierély remuvidg not  be
proportional to the force applied by the operator. Rather, the notor 65

woul d geperafbi thdhalpeft @ constant rate. But the operator would still
experi e?ae f(grce feedback because the firing trigger 20 is geared into the

gear dr ﬁ rah thletl[ éz)rglip%mgtég WhtRerthar §%1%P§':tigﬁ3§l\f Od:eae do t1 Il"@ alﬂ%'ﬁdcl mg?e Qénsgr

pomer-a srs Cutter ng t not her enbod

enbodi ment, .of Fi 2 i.S hat.. of [Fi gures 1 pt that in
t he enb(fai‘lﬂg’ﬁtus%gliﬂls ‘ili’reenbf’flm?'ﬁ erap Okécﬁaté ney egr"gtrorn%gr?ﬁgdclto){ggt o the ring
84 threaded,on the helical. gear drum 80 e enbo ment of

Fi gure PEOPOFI‘%‘alr‘iOﬁB"g’ ce 3pptisd fpethe Qp%rétr%o]l?‘atb?fr{h%‘?f’t‘ir gb’ RI%A he

ring 84 as the ri ng 84 advances down (and i )
a constant rate. But the operator would still experience force feedback because the firing trigger

20 is geared into the gear drive train.

[0046] Figure 12 is a side-view of the handle 6 of a power-assist motorized endocutter
according to another embodiment. The embodiment of Figure 12 is similar to that of Figures 7-
10 except that in the embodiment of Figure 12, there is not slotted arm connected to the ring 84
threaded on the helical gear drum 80. Instead, in the embodiment of Figure 12, the ring 84
includes a sensor portion 114 that moves with the ring 84 as the ring 84 advances down (and
back) on the helical gear drum 80. The sensor portion 114 includes a notch 116. The reverse
motor sensor 130 may be located at the distal end of the notch 116 and the stop motor sensor 142
may be located at the proximate end of the notch 116. As the ring 84 moves down the helical
gear drum 80 (and back), the sensor portion 114 moves with it. Further, as shown in Figure 12,
the middle piece 104 may have an arm 118 that extends into the notch 12.

[0047] In operation, as an operator of the instrument 10 retracts in the firing trigger 20 toward

the pistol grip 26, the run motor sensor 110 detects the motion and sends a signal to power the
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back) on the helical gear drum 80. The sensor portion 114 includes a notch
116. The reverse notor sensor 130 may be | ocated at the distal end of the
notch 116 and the stop notor sensor 142 may be | ocated at the proxi nate end
of the notch 116. As the ring 84 noves down the helical gear drum 80 (and
back), the sensor portion 114 noves with it. Further, as shown in Figure 12,
the mddl e piece 104 may have an arm 118 that extends into the notch 12.
[0047] In operation, as an operator of the instrunent 10 retracts in the
firing trigger 20 toward the pistol grjp the run notor s or. 110

det ect s motas 63pwhish causes, 86988 O@e%'ihgzﬂﬂél tg? Belﬁélv@lar fiyem 80t rpigien s g?*“"@\'ﬁ;lc h
causes, anong other things, the helical gear drum80 to rotate. As the

hel i cal gegyelam 80 wtatBe theting #sthreatied o the helical gras devari8Q pdvanessHel feliagts.gear dr um
80 advances (or retracts, depending on the rotation). Al so, due to the

pul I'i ng db;ﬁbndfngfohehefnotatlﬂg) tAlisggiae t@he putiag in dithe fiphgtrezgen 20 thesmistallesiepet o
rotate CCWw th the firing trigger 20 due to the forward notion stop 107
that engagesuded®o fdtdte 0T W MWitigRe fidfg trifger 0@k thetfoward motibe stop ddT thapi ece
104 cause the arm 118 to rotate CCWwi th the sensor portion 114 of the ring

84 such Bé}%&s &Q%nﬂgm 8261 ASCAWSRRARA of the nhillgle PRI D04 dfuse Weakimting t6 i ng 84
reaches t di st al of the helical gear drum 80, the arm 118 w |

Cont act and CCL rvﬂ?%th& Lot &)‘?‘tl&ﬁe/n ﬁ?é@r}f%}ﬁ%ﬁ' BRF the3Pm 198 Haly@hisYosedfien the

ing 84 rea roxi mat e elca gear drum80 the armw ||

contact i A0 b6 L0 P10 S0 e 0 e
B el S 5 SRRt Bl o
simlar to that of Fiqures 7- 10 except that .in the enbodi nent of Figure 13,
t her e i shemsoximste and of Fe hetipgl @ear qrwgtSQa@e agm il} poqgacg and thgseld érithe stophe
helical gear drum 80 includes a vertical channel 126. Instead of a slot, the
arm motor sensor 142. Such actions may reverse and stop the motor 65, respectively, as described

above.

[0048] Figure 13 is a side-view of the handle 6 of a power-assist motorized endocutter

according to another embodiment. The embodiment of Figure 13 is similar to that of Figures 7-

10 except that in the embodiment of Figure 13, there is no slot in the arm 90. Instead, the ring 84

threaded on the helical gear drum 80 includes a vertical channel 126. Instead of a slot, the arm

90 includes a post 128 that is disposed in the channel 126. As the helical gear drum 80 rotates,

the ring 84 threaded on the helical gear drum 80 advances (or retracts, depending on the

rotation). The arm 90 rotates CCW as the ring 84 advances due to the post 128 being disposed in

the channel 126, as shown in Figure 13.

[0049] As mentioned above, in using a two-stroke motorized instrument, the operator first pulls

back and locks the closure trigger 18. Figures 14 and 15 show one embodiment of a way to lock

the closure trigger 18 to the pistol grip portion 26 of the handle 6. In the illustrated embodiment,

the pistol grip portion 26 includes a hook 150 that is biased to rotate CCW about a pivot point
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90 includes a post 128 that is disposed in the channel 126. As the heli cal
gear drum 80 rotates, the ring 84 threaded on the helical gear drum 80
advances (or retracts, depending on the rotation). The arm 90 rotates CCW
as the ring 84 advances due to the post 128 being disposed in the channel
126, as shown in Figure 13. [0049] As nmentioned above, in using a two-stroke
notorized instrunment, the operator first pulls back and | ocks the closure
trigger 18. Figures 14 and 15 show one enbodi nent of a way to | ock the

closure trigger 18 to t istol gri ortion of the handle &..1n the

1 st r bt b e et 135, Risdofeeing aiaien of efifeds cbnfie BRES k" 160 ha
is biased to rotate CCW about a fivot poi nt 53 151 b{ a EPrSLonlﬁpr'qg 152.
Al so, t heeraipodravein the glgayre fraggen . (hredorebasd o engsges 4 gaped Roriign, o‘ifél? at or
draws in the closure trigger 18, the closure bar 154 engages a sl oped

por t i onhd®6l 56f theteby rdtatirig the ook Hérupwiard of &W ingFigwres hedR) usd theslesuee R6r cwin
Figures 12-13) until the closure bar 154 conpletely passes the sl oped

port i on13bénmiaasepasses thealaped pertion 166 paskeslit® agkcdssed rotabikl S8 the ok dR0.l ocks
the closure trigger 18 in place. The operator may rel ease the closure

tri gger whixhdycks phesdiose: ©i@per 18rn plast.i Tite dpetdtamayedlerasethd 6swra trigger &bk or
opposite side of the pistol grip portion 26. Pushing down the slide button

rel ease 1 &hd Qv disa 1136 bhRekreldal Y/ snuBibidRak opptRite bids BF telpmsiol ghipdottion

releaseg fromthe recessed notch 158. [0050] Figure 16 shows another closure

trigger 2159?%%&;{]% dgﬁfrhgﬂél‘%lﬁi@t HkGR fé?éa@cg 16ProVs! tRdFoo kBB XN TRE] that the clobi§e bar

enbodi nent he closure trigger 18 includes a wedge 160 having

an arro ead portion,161. The ar head portion 161 is biased downward (or
CW by %gpPégFgﬁﬁbPWth5??“?%8“&%3§%F160 and | eaf spring 162 may be made

from f anpl e, | ded | astic. When the closure trigger 18.i s
et ract QSOF hBlere W shaws ngsBereclasHre e gesr LoKHELPIBan R ACTASIME AR VEIOUR ng 164 i n

the p Ster?lLodg{rrnieIFl)ts.pi)nr tthie grrglbgc?imoe];lt cthFEi\guhrgrllg,l tﬁe (?l'osu'?\e {r?gvégrr ISCirlln%lrlTlfdgsr ae \gvecisg%rlf6%0e 166 of
having an arrow-head portion 161. The arrow-head portion 161 is biased downward (or CW) by
a leaf spring 162. The wedge 160 and leaf spring 162 may be made from, for example, molded
plastic. When the closure trigger 18 is retracted, the arrow-head portion 161 is inserted through
an opening 164 in the pistol grip portion 26 of the handle 6. A lower chamfered surface 166 of
the arrow-head portion 161 engages a lower sidewall 168 of the opening 164, forcing the arrow-
head portion 161 to rotate CCW. Eventually the lower chamfered surface 166 fully passes the
lower sidewall 168, removing the CCW force on the arrow-head portion 161, causing the lower
sidewall 168 to slip into a locked position in a notch 170 behind the arrow-head portion 161.
[0051] To unlock the closure trigger 18, a user presses down on a button 172 on the opposite
side of the closure trigger 18, causing the arrow-head portion 161 to rotate CCW and allowing
the arrow-head portion 161 to slide out of the opening 164.

[0052] Figures 17-22 show a closure trigger locking mechanism according to another

embodiment. As shown in this embodiment, the closure trigger 18 includes a flexible
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the arrow head portion 161 engages a | ower sidewall 168 of the opening 164,
forcing the arrow head portion 161 to rotate CCW Eventually the | ower
chanfered surface 166 fully passes the |ower sidewall 168, renoving the CCW
force on the arrow head portion 161, causing the lower sidewall 168 to slip
into a |l ocked position in a notch 170 behind the arrow head portion 161.

[ 0051] To unlock the closure trigger 18, a user presses down on a button 172
on the opposite side of the closure trigger 18, causing the arrow head

tion 161 t tate CCWand al | ow he ar head porti 61,t.0 slid
bt of - iemeem oy oA [isbsst & MGBE 1103yt hPraao S e 1758 FRocki ng

mechani sm accordi ng to anot her _enbodinent, As shown in tBis ggﬁgqa nt, the
cl osur e 1B imayéde mede fios makded alastics fqrisramplo4 The pistol g4 ARl 2f0f pe
includes a lateral pin 178 extending therefrom The arm 176 and pin 178 may
be nade ifidades awbpknih gl Mswittea latesallyesxdanding, werlge 187 dispased thepeipoMhienhe26 of t he
handle 6 includes an opening 180 with a laterally extendi ng wedge 182

di sposedidshengpger 13\ aptraihied, thed pis U7 Rertgagesghe wadei 182y stdrthe pimd,78tihforgsidn 178
engages the wedge 182, and the pin 178 is forced downward (i.e., the arm

176 is r@hatvadl G theYrh Ne6 isroitedSTW) 89 ehellSdterciurfudtel 34adf ale Weie 183, Bfsbown in
Figures 17 and 18. Wen the pin 178 fully passes the | ower surface 184, the

Cwforce,q ufel%gg aftli T8 1 Wfheh $hed GRRYS hillypasket (e 10W & sthrffcd 184! Bl AW dorcE W} &Hech

t hat the pi comes to rest in a "notch 186 behind the wedge 182, as

shown i1 e}lgglﬁsgrepﬁwé 0RS 8%l PGS Rtk B.CR GRHI1fatthd RGYS Lmes (DG BIA 178 1

further ace int position by a e stop 18

oper at ordiety B PR IOtas 87 BT e T ety BefnE o AREG A 176
cnaee, 53190 ST hgbe e RS o S A i R P
then free to

the wedge 184.

[0053] To unlock the closure trigger 18, the operator may further squeeze the closure trigger

18, causing the pin 178 to engage a sloped backwall 190 of the opening 180, forcing the pin 178

upward past the flexible stop 188, as shown in Figures 20 and 21. The pin 178 is then free to

travel out an upper channel 192 in the opening 180 such that the closure trigger 18 is no longer

locked to the pistol grip portion 26, as shown in Figure 22.

[0054] Figures 23A-B show a universal joint (“u-joint”) 195. The second piece 195-2 of the u-

joint 195 rotates in a horizontal plane in which the first piece 195-1 lies. Figure 23A shows the

u-joint 195 in a linear (180°) orientation and Figure 23B shows the u-joint 195 at approximately

a 150° orientation. The u-joint 195 may be used instead of the bevel gears 52a-c (see Figure 4,

for example) at the articulation point 14 of the main drive shaft assembly to articulate the end

effector 12. Figures 24A-B show a torsion cable 197 that may be used in lieu of both the bevel

gears 52a-c and the u-joint 195 to realize articulation of the end effector 12.
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travel out an upper channel 192 in the opening 180 such that the closure
trigger 18 is no longer |ocked to the pistol grip portion 26, as shown in
Figure 22. [0054] Figures 23A-B show a universal joint ("u joint") 195. The
second piece 195-2 of the u- joint 195 rotates in a horizontal plane in
which the first piece 195-1 ties. Figure 23A shows the wu -joint 195 in a

|l inear (1800) orientation and Figure 23B shows the u -joint 195 at
approximately a 1500 orientation. The u -joint 195 nay be used instead of

t he bevel gears 52a-c (see Figure 4, .or exanpl e t. the articul ation point
14 of t H@Sghi Figyres?e-Hrlpstralesaomhss WP?J‘QF‘E% Och &{E‘F@)‘%"ﬁetw ﬁ%if"i&s‘r‘r&ctag?““i’b‘%

Fi gures 24A-B show a torsion cable 197 that may be used in |ieu of both the
bevel gedfasteBiginstramgnt Hewith ppwerassigtgscarding exanosher smbpdiment oighe BEsethe end
effector 12. 25 [00551 Figures 25-31 illustrate another enbodi ment of a

not or i z ékentiov- Blierenitedsueng it Bigues 2643h gs similar thalsat efiFigyres @std exeepitthato wi t h
power assist according to another enbodi nent of the present invention. The
enbodi Memdeadfof FieGkli€s g2fr-d8im i89, thé Binbadimem dffFiguresf23F2QncladesanlBtematiepgear hat

i nstead of the helical gear drum 80, the enbodi nent of Figures 23-28

| ncl udegy i3l adkhBliyNathk ¥Rbe&@Rent SHHiYGesBSSMHcidesTd gea B0 8isembly 200 ifdlglines
25-31 includes a'gear box assenbly 200 including a nunber of gears disposed

inaf rﬁmhﬁﬁlbgpéﬂgem%fsg%)&fgﬁg gﬁﬁérﬁl?&ﬁeraﬁ RRELLRGOEINNBRE bliRedt ﬁ@?{aﬁitgr-y %gar

72 and e pinion ge t the proximate end of the drive sha

expl ai neg LR Rehom, bl G830 B 159 APRLY200BrAY Kes Tesdinaeler o the

user vi &%h gardrng epl oynent " an Ing Torce of
the end effector 12. Al sq, user provj de ower .to the systemvia the
Goar  boblass Bty ot 2P Eercy s FEheBl Fhe S VEaiBe ghle bi¥eetd T, ° Mo
that sense, |like the enbodi nents descri bed above, the enbodi nent of  Fi gures
23- 32 i Jegading Hedeploymentaadileadingfarcg of the¢nd sestermigntAlig theuser By pray

feedback to the user regarding the |oading force experienced by the cutting
i nst r unwewer to the system via the gear box assembly 200 to assist the deployment of the end effector

12. In that sense, like the embodiments described above, the embodiment of Figures 23-32 is
another power assist, motorized instrument 10 that provides feedback to the user regarding the
loading force experienced by the cutting instrument.

[0056] In the illustrated embodiment, the firing trigger 20 includes two pieces: a main body
portion 202 and a stiffening portion 204. The main body portion 202 may be made of plastic, for
example, and the stiffening portion 204 may be made out of a more rigid material, such as metal.
In the illustrated embodiment, the stiffening portion 204 is adjacent to the main body portion
202, but according to other embodiments, the stiffening portion 204 could be disposed inside the
main body portion 202. A pivot pin 209 may be inserted through openings in the firing trigger
pieces 202, 204 and may be the point about which the firing trigger 20 rotates. In addition, a
spring 222 may bias the firing trigger 20 to rotate in a CCW direction. The spring 222 may have

a distal end connected to a pin 224 that is connected to the pieces 202, 204 of the firing trigger
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[00561 In the illustrated enbodi nent, the firing trigger 20 includes two

pi eces: a main body portion 202 and a stiffening portion 204. The nmai n body
portion 202 may be made of plastic, for exanple, and the stiffening portion
204 may be made out of a nore rigid material, such as netal. |In the
illustrated enbodi nent, the stiffening portion 204 is adjacent to the nmain
body portion 202, but according to other enbodinents, the stiffening
portion 204 could be disposed inside the nain body portion 202. A pivot pin
209 may be inserted throu%h openings in the firing té%gger ieceﬁ 202, 204
and may e Theergronae eah el e spring22HBay e Gonpectsd; tg gas © BRdle BLenqriowdyi ¢ on,
a spring 222 may bias the firing trigger 20 to rotate in a CCWdirection.
The sprisdg gi&es ARWOhave a distal end connected to a pin 224 that is
connected to the pieces 202, 204 of the firing trigger 26 20. The proxi mate
end of t[0@5Hprinng id@dramentedommydotietic imairbalygortidielBand the sitieaing pertiower
side pieces 59, 60. [0057] In the illustrated enbodi nent, both the main body
porti on RA3ndidbs igbe poktidnk Q06,298 prspectively)2d heimpberdms pgetims pGhe¢ peanpoZioss 208
(respectively) at their upper end portions. The gear portions 206, 208
engage a(gesds ér@agehaegaeﬂﬁhbgéar%sﬁ a5EemY 12100, aséb'igl%}ﬁéh%bmad tdériv@he ainddrivee t he
mai n drive shaft asSenbly and to provide feedback to the user regarding the

depl oymegtaQ sewﬁﬁf él?lﬁ(‘i!(t) Elfeofvﬁﬁtﬁédbaélgto tlﬂé)&léﬁﬂeggrhﬁlégﬁ@ﬂepw&&% SEMBlid 8Qtdray

i ncl ude as sho | ustrat ed enbodi nmen six (6) gears. A first
gear ZIOpr t he gear box assenbly 200 engages the gear portions 206, 208 of
the firing trigger 20. In addition, the first gear 210 engages a smaller

d 212, th | | d 12 bei ng. ial with al.
Chird gelPo81 4THestE ko PRI SRS Tons MLt BRSPS FROUIETL I8, t he
smal | er fourthggear beina coaxial with a fifth gear 218. The fifth gear 218

is a 90 (egears obhirstgpari2 | B9 dsesarbarassembl ol rmgages dhgeap pertiopedlo, 9Hon i n

Fig. 31) that
the firing trigger 20. In addition, the first gear 210 engages a smaller second gear 212, the

smaller second gear 212 being coaxial with a large third gear 214. The third gear 214 engages a
smaller fourth gear 216, the smaller fourth gear being coaxial with a fifth gear 218. The fifth
gear 218 is a 90° bevel gear that engages a mating 90° bevel gear 220 (best shown in Fig. 31) that
is connected to the pinion gear 124 that drives the main drive shaft 48.

[0059] In operation, when the user retracts the firing trigger 20, a run motor sensor (not shown)
is activated, which may provide a signal to the motor 65 to rotate at a rate proportional to the
extent or force with which the operator is retracting the firing trigger 20. This causes the motor
65 to rotate at a speed proportional to the signal from the sensor. The sensor is not shown for
this embodiment, but it could be similar to the run motor sensor 110 described above. The
sensor could be located in the handle 6 such that it is depressed when the firing trigger 20 is
retracted. Also, instead of a proportional-type sensor, an on/off type sensor may be used.

[0060] Rotation of the motor 65 causes the bevel gears 66, 70 to rotate, which causes the

planetary gear 72 to rotate, which causes, via the drive shaft 76, the ring gear 122 to rotate. The
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is connected to the pinion gear 124 that drives the main drive shaft 48.

[ 0059] In operation, when the user retracts the firing trigger 20, a run

not or sensor (not shown) is activated, which nay provide a signal to the
notor 65 to rotate at a rate proportional to the extent or force with which
the operator is retracting the firing trigger 20. This causes the notor 65
to rotate at a speed proportional to the signal fromthe sensor. The sensor
is not showmn for this enbodinent, but it could be sinilar to the run notor

sensor 110 descri bed abov The uld be I ed i.n t.he h le 6
SuCh ¢ haling e 2 ResECuLh HROR BEA 120 M F UUEFege e mBEHIETRR 1o so,

i nstead of a proportlonal-type sensor, an on/off type sensor may pe uysed.
[0060] FOwatrpHomef the piniest gsier 62 dries & mae dws daftfdahich sausepagipatioghs e

whi ch causes the planetary gear 72 to rotate, which causes, via the drive
shaft 7@he tuigng/stagingeperatig of the end effestortde 27 ring gear 122 meshes with the
pi ni on gear 124, which is connected to the main drive shaft 48. Thus,

rot at i onooé1]t Ferwardirowmtigeat thd gihidr dewe 24t ih eurmeausesithie bevel lyadrt22080 rottech causes
actuation of the cutting/stapling operation of the end effector 12. [00611

Forwar d wRQtptduds, B whier e Més0Bf B6 @bard 8fthé Bedr BHR a&3MBBS200Nhe IRM PeardBIt0 220 t O
rotate, which causes, by way of the rest of the gears of the gear box

assenbl y, %&Q’Th%g]gstféfﬁlsfm%‘ﬁ?ieg]ﬂfﬁgfegrg pdr@bRt06, iﬂ%%fftﬂerﬁnggtﬁﬁéerzzboth%%ﬁges the

gear portions trigger 20, thereby "Causing the firing
tr er 2 e r t he
eni:lggf f 66 Sl}lg T’Z:%(%%Er %\1\5 6\?0 {z)tattm%n M@’dg‘jﬁ@ﬁ%&é@@g qflké/rﬁ)éft/% seto
retract t ctor at_wa user erle s f eedback

" egar i SRR e EuSiit ChapMBphiRmetGos s r\‘areéfFfr% qisiradigdiay of ¢ he
user's grip on the firing trigger 20. Thus, when the user, retracts the

firing teffeggel2)pdn thahwapthe uieh EXReFiences fasdback segarding l@gﬂ@géﬁ% apddeploynent t he

| oad force experienced by the end effector 12. Simlarly, when the operator
r el easesofttheeendieffeetgr 12 byjtyey oPthe user’s grip on the firing trigger 20. Thus, when the user

retracts the firing trigger 20, the operator will experience a resistance related to the load force
experienced by the end effector 12. Similarly, when the operator releases the firing trigger 20
after the cutting/stapling operation so that it can return to its original position, the user will
experience a CW rotation force from the firing trigger 20 that is generally proportional to the
reverse speed of the motor 65.

[0062] It should also be noted that in this embodiment the user can apply force (either in lieu of
or in addition to the force from the motor 65) to actuate the main drive shaft assembly (and hence
the cutting/stapling operation of the end effector 12) through retracting the firing trigger 20.

That is, retracting the firing trigger 20 causes the gear portions 206, 208 to rotate CCW, which
causes the gears of the gear box assembly 200 to rotate, thereby causing the pinion gear 124 to
rotate, which causes the main drive shaft 48 to rotate.

[0063] Although not shown in Figures 25-31, the instrument 10 may further include reverse

motor and stop motor sensors. As described above, the reverse motor and stop motor sensors
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after the cutting/stapling operation so that it can return to its original
position, the user will experience a CNrotation force fromthe firing
trigger 20 that is generally proportional to the reverse speed of the notor
65. 100621 It should also be noted that in this enbodi nrent the user can
apply force (either inlieu of or in addition to the force fromthe notor
65) to actuate the main drive shaft assenbly (and hence the
cutting/stapling operation of the end effector 12) through retracting the

firing trigger 20. That s, retracting the fjri tri r 20 sgs. the gear
port i on§iay SBtFCtQGBPetCBV?lbttB? gn e %ﬁ“&%tm?%éhéie qﬁ%’n&gg’??’eﬁm%ﬁgeﬁd%ﬂngbox
assenbly 200 to rotate, thereby causing the piniopn gear 124 to rotate,

whi ch caeswer 3andrthierend of (etraghiir qperpgiop full geteaceon ’i{}@Sg‘l‘f?(f’ ehdtiyne M5MPEhown i n
Figures 25-31, the instrument 10 may further include reverse notor and stop
not or s8Rk 0k similascidwitdo thae desaibadabovhia qopnestigr withtFagurah i msy &g uptskter sensors
28 may detect, respectively, the end of the cutting stroke (full depl oynent
of the kpirbgasdlegower thié mgtordnber 32) and the end of retraction operation
(full retraction of the knife/sled driving nmenber 32). Asimlar circuit to

that deggsysspeigaRase-36N11GRARALHENOrokt tothiigidsergidal BinPendifasdning
appropriately power the notor 65. 100641 Figures 32-36 illustrate a

two-str L@ LEHiG 3bcordthd t MhofaFerh BREBBHN T he bABHAMPRNSS Fifurdd t h
power aggﬁg?ggggé&ﬁf 5&?8 énot%@r %nbogine%t. The enbgdineﬁt of Fi%ﬁres

Fi gur es 53353 it Al BF plues 8l TR g genalinthe BRbodiBh TS BN an
b vor gk ks 2hinE e &k B0Rof AP SRR Aol i 2o Pohs Pl 2o 200!
Phe geapasmnecidenst pSomouinenei A5 B0sHspeun Auct U PPRIn Ggpeh Tpor L1 on
230 such that the upper portion

The upper portion 230 includes a gear portion 232 that engages the first gear 210 of the gear box

assembly 200. The spring 222 is connected to the upper portion 230 such that the upper portion

is biased to rotate in the CW direction. The upper portion 230 may also include a lower arm 234

that contacts an upper surface of the lower portion 228 of the firing trigger 20 such that when the

upper portion 230 is caused to rotate CW the lower portion 228 also rotates CW, and when the

lower portion 228 rotates CCW the upper portion 230 also rotates CCW. Similarly, the lower

portion 228 includes a rotational stop 238 that engages a lower shoulder of the upper portion

230. In that way, when the upper portion 230 is caused to rotate CCW the lower portion 228

also rotates CCW, and when the lower portion 228 rotates CW the upper portion 230 also rotates

Cw.

[0065] The illustrated embodiment also includes the run motor sensor 110 that communicates a

signal to the motor 65 that, in various embodiments, may cause the motor 65 to rotate at a speed

proportional to the force applied by the operator when retracting the firing trigger 20. The sensor

110 may be, for example, a rheostat or some other variable resistance sensor, as explained
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is biased to rotate in the CWdirection. The upper portion 230 may al so
include a | ower arm 234 that contacts an upper surface of the | ower portion
228 of the firing trigger 20 such that when the upper portion 230 is caused
to rotate CWthe | ower portion 228 also rotates CW and when the | ower
portion 228 rotates CCWthe upper portion 230 also rotates CCW Simlarly,
the lower portion 228 includes a rotational stop 238 that engages a | ower
shoul der of the upper portion 230. In that way, when the upper portion 230

is caused to rotate CCWthe | ower paorti 228 al so rotaﬁg;hccmg.aqg when
t he | owdereybripiaddition.ghg instggnaent éW’%Wé“‘db‘%é’r reygse MeIer sH§onL Yo htdt Hireed oy

[ 00651 The illustrated enbodi nent al so includes the run nmptor sensor 110
that comwitchasarhss cantagiedhup fiopt fane2470efdhe wpper pertion 230 obthe Hriag gsstiztent s,
may cause the notor 65 to rotate at a speed proportional to the force
appl i ed Whert dvevapd tiat reversdmntor e¢nserct3iOrsgndstacsignat forthe molag§éto payersyHisedti@As or
110 may be, for exanple, a rheostat or sone other variable resistance

sensor, Aso,eihaiunest 20 magisilule al stopaelcliot sedsor 4D ehat msstrippereortac@tedashenncl ude a
reverse notor sensor 130 that is tripped or swtched when contacted by a

front faegiadddbPiheliGRerfoRfdn BRIJf itl%“ﬁr%%(}rlgéertﬂ)e Wiehi 2a@vdtéd, @gsstop@otor Wien
activated, the Treverse notor sensor 0 sends a signal to the notor 65 to

reverse ude a stop notor sensor
142 thatsghsro‘?ﬁil %ggsda ékr?%é? %thﬁ tﬂgq%&&%%g%%gfct?ggmﬁdﬁ%ltshe | ower portion 228 of

the f d
si'gnal "t BPGEIopAtREraF ol BB BB B e S PO e BB ek osRALC

wh t ts t 18 to t tj

e BERR Boar SR MBI ST b W@S' Tihe
art, including United States. Patent 978,921 to Frederick Shelt IV et.

al and (iatesptent §948.9%b to Frederipkihelten, Iﬂj &t pband Unjted§ates No e, 905a(PS7 t J@ﬁfﬁrﬁh are

i ncorporated herein by reference) so that the user can grasp the
S. Swayze et. al, , which are incorporated herein by reference) so that the user can grasp the

firing trigger 20 to initiate the cutting/stapling operation, as shown in Figures 32 and 33. At that
point, as shown in Figure 33, the gear portion 232 of the upper portion 230 of the firing trigger
20 moves into engagement with the first gear 210 of the gear box assembly 200. When the
operator retracts the firing trigger 20, according to various embodiments, the firing trigger 20
may rotate a small amount, such as five degrees, before tripping the run motor sensor 110, as
shown in Figure 34. Activation of the sensor 110 causes the motor 65 to forward rotate at a rate
proportional to the retraction force applied by the operator. The forward rotation of the motor 65
causes, as described above, the main drive shaft 48 to rotate, which causes the knife 32 in the end
effector 12 to be deployed (i.e., begin traversing the channel 22). Rotation of the pinion gear
124, which is connected to the main drive shaft 48, causes the gears 210-220 in the gear box
assembly 200 to rotate. Since the first gear 210 is in engagement with the gear portion 232 of the
upper portion 230 of the firing trigger 20, the upper portion 232 is caused to rotate CCW, which

causes the lower portion 228 to also rotate CCW.
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firing trigger 20 to initiate the cutting/stapling operation, as shown in
Figures 32 and 33. At that point, as shown in Figure 33, the gear portion
232 of the upper portion 230 of the firing trigger 20 noves into engagenent
with the first gear 210 of the gear box assenbly 200. Wien the operator
retracts the firing trigger 20, according to various enbodi ments, the firing
trigger 20 may rotate a small anobunt, such as five degrees, before tripping
the run notor sensor 110, as shown in Figure 34. Activation of the sensor

110 causes the nmotor 65 to for rd rog.ate ort t he

r et r act i[f67} oMdendbgoknitscp 2y Tl lyedeploxe {‘Gr’ at t%ﬁ@“‘f BE%F‘&I% é?l?e (r){ﬁ'e #rmf&% ‘ot or
65 causes, as described above, the main drive shaft 48 to rot te whi ch
causes A2 okihiefippeportiont238 teprthe evese WForf?‘SPbl%)eW&é"ﬁl S6 {enagto hi’)egl n
traversing the channel 22). Rotation of the pinion gear 124, mhlch is
connect ebtbrosstth eeversemotdtionab disétibnal 4 §hissavsse thetrnin deivg shaft pesepiidy fofevaee gear
box assenbly 200 to rotate. Since the first gear 210 is in engagenent with

t he gealkotatéral QifecBidr tdfetrhdiehe lupfecs?. Reversorotda ofthetrhain trive stepfitassegady 20, t he
upper portion 232 is caused to rotate CCW which causes the |ower portion

228 10 ahRs [Helgah§ 266950 3Dtht @OL Dox WhembE: gh@ rdéRisk @ird@ions whithlcyusdeeappet (i . €.,

at the end of the cutting stroke), the front face 242 of the upper portion

230 tri @%n &%36%*’@&%&1%%1%&%@@&R}"taté@@‘l WHH L SE S 0ved h&HiBh 228)0fth@ ﬁrlﬂgt or

65 to reverse rotatio rectional. This causes the main drive shaft

assembl 1%ger ?ﬁ ¥o rr?,gart‘% C Elﬁ | tssﬂl% Jrﬁg rlE)Q of sf‘cTtJa?e%ttléé gg% ﬁ%k%%g%%rzb verse

rotatio rirve sse causes In the
o the. THER A eggds RISk Fbch'a&;”seaﬁ%ﬁoﬁ‘%rc 38%pnd" b ERaPTebn 225 of
2t Uat eSNOSTiEn R OR batiore L SUE P DAEET i o é?fR‘lﬁf?‘i\!\g abvofy Fﬁée’grrsﬁér#p%a ed,
whi ch causes the notor 65 to stop. In that way, the user experiences
f eedbac Khe Bring tigaer 29e Plhos.vdien the useheetracigtherfriagttdgeer 205he apsyatef wilhe user' s
orip on experience a resistance related to the deployment of the end effector 12 and, in particular, to the

loading force experienced by the knife 32. Similarly, when the operator releases the firing

trigger 20 after the cutting/stapling operation so that it can return to its original position, the user

will experience a CW rotation force from the firing trigger 20 that is generally proportional to the

reverse speed of the motor 65.

[0068] It should also be noted that in this embodiment the user can apply force (either in lieu of

or in addition to the force from the motor 65) to actuate the main drive shaft assembly (and hence

the cutting/stapling operation of the end effector 12) through retracting the firing trigger 20.

That is, retracting the firing trigger 20 causes the gear portion 232 of the upper portion 230 to

rotate CCW, which causes the gears of the gear box assembly 200 to rotate, thereby causing the

pinion gear 124 to rotate, which causes the main drive shaft assembly to rotate.

[0069] The above-described embodiments employed power-assist user feedback systems, with

or without adaptive control (e.g., using a sensor 110, 130, and 142 outside of the closed loop
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the firing trigger 20. Thus, when the user retracts the firing trigger 20,
the operator will experience a resistance related to the depl oynent of the
end effector 12 and, in particular, to the 1oading force experienced by the
knife 32. Simlarly, when the operator releases the firing trigger 20 after
the cutting/stapling operation so that it can return to its original
position, the user w /|l experience a CNrotation force fromthe firing
trigger 20 that is generally proportional to the reverse speed of the notor
65. [00681 It should also be noted thaj. in i S enbog i ment .t he useL can

appl y f eyssen pkthe motor; gear deye Bain, 3d epde Eﬁfﬁ’r? ﬁ‘tf"8 StRES f"bql?:réze rO¥ ¥he not or
65) to actuate the main drive shaft assenbly (and henc

cut t i nglesttiag hichfgstopiag instromentf TthnélSeﬁecFe@pplee@thyrthq_%er ﬂw‘i’eHanWgrtE‘? fitipg frigget he
firing trigger 20. That is, retracting the firing trigger 20 causes the gear
por t i on 283Rydk atithel tapipeforqappliahbyXBe motor 66 by airtueditre &?\m ghigeerdginghe gears
of the gear box assenbly 200 to rotate, thereby causing the pinion gear 124
to rot alggaredMiitSRitBEURRELIY HieindRédilyyithe gearsiiat trameentehyhd motoobaned the@GHD1 The
above-descri bed enbodi nents enpl oyed power-assi st user feedback systens,

Wi th ok ieus. %’%ﬂfef YRbSHRMERS bf e pebsent ifieiGord tIFeARSOMayl BOprokfed wathd 142
outside of the closed | oop 31 systemof the notor, gear drive train, and end

ef fect or ) Offﬁa%agly\'f%gﬁl?fr%l?ﬁe %@Sﬁ{l J%@éjklﬁférﬂl ift #e end lé}‘fEétBH baNWithAR h@ﬂhé‘ﬂle

|nstrurrent the user 1nretracting the firing

trigger ﬁﬁlélgttr:}g‘%ggg g%agg(ﬁmto Je tgQaer rﬁé?rgma@? & 7b4/0 %lnﬁra@% %tcﬁégﬁ’x rgfcfilt ue of

the firi elng “geared into Yeit Irectly or ectly) the
gear drive tra bet ween the nptor 65 an drive shaft 48. I n other
enbodlnéHF@gGPéEﬁ@“ﬁgéggﬂFwPHWE%?F@ﬁimF“%Pﬁggwqﬁﬁem%%SBFBV|ded with tactile
f eedback nuﬁardlng the position of the knife 32 in the end efLector but

wi t hout [PRARI ndn thedllustrated gbodinggef FZS‘"@%%? 40, the,firing Wigegrea(t may haye alpwer,

Figures 37-40 illustrate a notorized surgical cutting and fastening
i nst r unmettioni22R agd amupper gettioh @3psanilarde thedestiiymert Kyshowimin Figures 32-36.

Unlike the embodiment of Figure 32-36, however, the upper portion 230 does not have a gear
portion that mates with part of the gear drive train. Instead, the instrument includes a second
motor 265 with a threaded rod 266 threaded therein. The threaded rod 266 reciprocates
longitudinally in and out of the motor 265 as the motor 265 rotates, depending on the direction of
rotation. The instrument 10 also includes an encoder 268 that is responsive to the rotations of the
main drive shaft 48 for translating the incremental angular motion of the main drive shaft 48 (or
other component of the main drive assembly) into a corresponding series of digital signals, for
example. In the illustrated embodiment, the pinion gear 124 includes a proximate drive shaft
270 that connects to the encoder 268.

[0071] The instrument 10 also includes a control circuit (not shown), which may be
implemented using a microcontroller or some other type of integrated circuit, that receives the
digital signals from the encoder 268. Based on the signals from the encoder 268, the control

circuit may calculate the stage of deployment of the knife 32 in the end effector 12. That is, the
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[0070] In the illustrated enbodi ment of Figures 37-40, the firing trigger 20
may have a |l ower portion 228 and an upper portion 230, simlar to the

i nstrument 10 shown in Figures 32-36. Unlike the enbodi ment of Figure

32- 36, however, the upper portion 230 does not have a gear portion that
mates with part of the gear drive train. Instead, the instrunent includes a
second notor 265 with a threaded rod 266 threaded therein. The threaded rod
266 reci procates Iongitudinally in and out of the notor 265 as the notor

265 rotates, dependin e di 0 nst r.ument. 10 also
i ncl udescoRROlGHERGER ‘2‘%8‘ *it‘h%ftt § ki {‘gg \flgp'f’?SeC{’ ?‘glyrrS?%t“}?cg RS atoaf" it '%t

drive shaft 48 for translating the |ncrenental angul ar_notign of th naln
drive steidee. Bgsedon thmah@ﬂat@@@gmge@f demleymsat A e cod etietenbst e crpif
corresponding series of digital signals, for exanple. In the illustrated
enbodi neriteyit triag spidrd Ognad)athe $&ond noturdés toacqptrokitsmetasion te therebh gpntral ie t hat
connects to the encoder 268. [0071] The instrunment 10 al so includes a
control retip@iting(metenfehovtthe thrdudedraddbebe i npl enent ed using a

m crocontroller or sonme other type of integrated circuit, that receives the

di gi tal pomals obératidd, A siNGOH Figue687, wirs et ekutd@iggéditak aof lockedtile tencoder
268, the control ci rcwt may ca %cul ate the stage of deploynent of the knife

32 in thg, @a 1?1‘31:!,%95 fitiA Eeéélt 20 r%tatéd"ﬁv ty%?on?@l@tp‘is%l g?itprp%ﬁi(;n LAY thdhdndleat e i f

the knife ly refracted, or an intermttent

t t

ot aci ord 191 tf{aﬁthe?ﬁonf?as?%%';‘%frtﬁﬁ.u?ﬁené@ﬁgér% 305 8 AR U)oL R 265
t trol it t t
the. t hr sttt P .enf“e%%}hrmf@&of%ﬁ Sfher B apdfiit RirREF i os%?e“t‘r”a%”ﬁe&n Uhe
cl osure trlg er 18 is not |ocked into the clanped position f|r|ng
trigger ¥ locks dtintheslppadnomtiondhs fieingiriages 39 raiafesishighthetoyards ihe ‘ﬁ

such that the front face 242 of the upper portion 230 of the firing trlgger
20 i s ndrigger 20 that the operator can grasp the firing trigger 20, as shown in Figure 38. In this

position, the front face 242 of the upper portion 230 contacts the proximate end of the threaded
rod 266.

[0073] As the user then retracts the firing trigger 20, after an initial rotational amount (e.g., 5
degrees of rotation) the run motor sensor 110 may be activated such that, as explained above, the
sensor 110 sends a signal to the motor 65 to cause it to rotate at a forward speed proportional to
the amount of retraction force applied by the operator to the firing trigger 20. Forward rotation
of the motor 65 causes the main drive shaft 48 to rotate via the gear drive train, which causes the
knife 32 and sled 33 to travel down the channel 22 and sever tissue clamped in the end effector
12. The control circuit receives the output signals from the encoder 268 regarding the
incremental rotations of the main drive shaft assembly and sends a signal to the second motor
265 to caused the second motor 265 to rotate, which causes the threaded rod 266 to retract into
the motor 265. This allows the upper portion 230 of the firing trigger 20 to rotate CCW, which

allows the lower portion 228 of the firing trigger to also rotate CCW. In that way, because the
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with the proximte end of the threaded rod 266. Wen the operator retracts
the closure trigger 18 and locks it in the clanped position, the firing
trigger 20 rotates slightly towards the closure trigger 20 so that the
operator can grasp the firing trigger 20, as shown in Figure 38. In this
position, the front face 242 of the upper portion 230 contacts the proxinmate
end of the threaded rod 266. [0073] As the user then retracts the firing
trigger 20, after an initial rotational anDunt (e.g., 5 degrees of
rotation) the run notor sensor 1 10 be a at ed suc t hat. xpl ai ned
above, #¢FProcaing BOvVeMeNtHd Hlfsth‘&agfiddﬁglz 5 r?lﬁtg %{"8 rotggons g (t,lg’dg%lh df lvf ghaf?tot ate
at a forward speed proportional to the amunt of retra jon for applled
by the epemhtyothetoperates of thejingrumengtfe by 2@y of-bis(hsr &rip o Q‘Fl Bine tgeer @ not or
causes the main drive shaft 48 to rotate via the gear drive traln whi ch
causes tekgeriekes taztiBfeadtdcls setd tBBpasionofthelend gffecteni. cHhgriptsaction foreel sever
tissue clanped in the end effector 12. The control circuit receives the

out put  spgIRalby the eperdthe heweetaoe26@ diretbraffeagthe Hevé oftthe maut driiversbefat i ons of
the main drive shaft assenbly and sends a signal to the second notor 265 to

caused thempRCKI ﬂlse‘ﬂ{eoﬁrlrggﬁﬁgg& 200t Abtgearel it thepesedriviehaid hrikddatodiardn266 t o
retract into” the notor 265." This allows the upper portion 230 of the firing

trigger [6@7 LI ; g%ﬁﬁeeow&ncreﬁleﬁ@mtahbﬁs SFANEMaUrivie QRafeBe@blytvitethé i ri ng

trigger r ot at I'n that way, because the 33 reci procatl ng

roverent o élgfalgg%rﬁ%ﬁe ?Olﬁo&q 28830 SorliB! B csgcalbaatw%wb\& fme.gyztlg

drive sia € 0 era i nstrunent s/ her

[ t 2 tactile f b k
0B e R BB i EROBL BTSSR P R Ao b
operat or, however, does not directly affect % drive of the e
shaft —&3d@FRYPFE BEeciipado eatise ftfptiy dith ?CE%T & rYSTseSursrtan of %mm?é%ear

drive train in this enbodi nent. 100741 By virtue of tracking the
i ncr enersauges thetretatiomef the mahedrivgishafiasserably i faverss disegsiop. Whigh sdso detected

by the encoder 268. Based on the reverse rotation detected by the encoder 268, the control
circuit sends a signal to the second motor 265 to cause it to reverse rotational direction such that
the threaded rod 266 starts to extend longitudinally from the motor 265. This motion forces the
upper portion 230 of the firing trigger 20 to rotate CW, which causes the lower portion 228 to
rotate CW. In that way, the operator may experience a CW force from the firing trigger 20,
which provides feedback to the operator as to the retraction position of the knife 32 in the end
effector 12. The control circuit can determine when the knife 32 is fully retracted. At this point,
the control circuit may send a signal to the motor 65 to stop rotation.

[0075] According to other embodiments, rather than having the control circuit determine the
position of the knife 32, reverse motor and stop motor sensors may be used, as described above.
In addition, rather than using a proportional sensor 110 to control the rotation of the motor 65, an
on/off switch or sensor can be used. In such an embodiment, the operator would not be able to

control the rate of rotation of the motor 65. Rather, it would rotate at a preprogrammed rate.
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out put signals fromthe encoder 268, the control circuit can cal cul ate when
the knife 32 is fully deployed (i.e., fully extended). At this point, the
control circuit nmay send a signal to the notor 65 to reverse direction to
cause retraction of the knife 32. The reverse direction of the notor 65
causes the rotation of the main drive shaft assenbly to reverse direction,
which is also detected by the encoder 268. Based on the reverse rotation
detected by the encoder 268, the control ~circuit sends a signal to the
second notor 265 to cause it to reverse rotational directjon such that the
t hr eade 00761 Pawvasious embediments of theipeesghtinnHaR haverheglesEbsfAbgYe o5, Thi s
notion forces the wupper portion 230 of the firing trigger 20 to rotate CW
whi ch caosestidnheith aueng-fype sirgivabingrunents: dt shoaldbgmored, hemsevepdlat in pldeoper at or
may experience a CWforce fromthe firing trigger 20, which provides

f eedbackmbeditests ape natitiveaardial ilseumertrdisctosathhegpeis inkédomot bE atchtingryfee 32 in
the end effector 12. The control circuit can determ ne when the knife 32 is

fully retbRetiBsrunfént.t ForexRRpR! it codliiBe & ApH-E@ting bidovtdpidmytraad, Hgraipgnal to
the notor 65 to stop rotation. [00751 According to other enbodi nents, rather

than hay, s B%Qg gf?ﬂfeg,oaln AebdsS Hivicd G URIMBRE E)Hepa‘f)y dgf?v?éﬁ boncQhin bR adi& 32,

reverse stop notor sensors nay be uSed, as described above. In

addition,. rather t i a proportional sensor 110 to control the
rotati0H98$“@Q§“%83§$1%%h%gh on/of f switch or sensor can be used. In such

an enbog' t, the operator.would not be able to .control .the.rate_.of
ot at | ol GF't puhfarghe BESHein Riben 1 begiie B b TR on s Sid Bl o e
34 [0076] The various enbodi ments of the present inveq%jon have Egen
descr i batclaprshambodimengs maay modifigationsangd vapagions pethessregniodimentsmay fent s. 1t
shoul d be noted, however, that in other enbodinents, the inventive surgical
i nst r umimpleniented.oBardxhmplei diffieeatitypes ofisad affeciers imay-beyepwloysdr dilwawhengst r unent .
For exanple, it could be a non-cutting endoscopic instrument, a grasper, a
st apl er materialsigpe dipglbsedrfor cnamaoepenahtsy other matedals glaydeais¢cheflepipregeingver y
devi ce, an energy device

description and following claims are intended to cover all such modification and variations.

[0078] Any patent, publication, or other disclosure material, in whole or in part, that is said to

be incorporated by reference herein is incorporated herein only to the extent that the incorporated

materials does not conflict with existing definitions, statements, or other disclosure material set

forth in this disclosure. As such, and to the extent necessary, the disclosure as explicitly set forth

herein supersedes any conflicting material incorporated herein by reference. Any material, or

portion thereof, that is said to be incorporated by reference herein, but which conflicts with

existing definitions, statements, or other disclosure material set forth herein will only be

incorporated to the extent that no conflict arises between that incorporated material and the

existing disclosure material.
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using ultrasound, RF, laser, etc. [0077] Although the present invention has
been described herein in connection with certain disclosed enbodi nents,
many nodi fications and variations to those enbodi mrents nay be inpl enented.
For exanple, different types of end effectors nay be enpl oyed. Al so, where
materials are disclosed for certain conponents, other materials nmay be used.
The foregoing description and following clains are intended to cover al
such nodi fication and variations. [0078] Any patent, publication, or other
di sclosure material, in whole or in part, that is said to be incorporated
by refedddMSherein is incorporated herein only to the extent that the
incorporated materials does not conflict with existing definitions,
st at emeWisat isorlaimethé: di scl osure material set forth in this disclosure. As
such, and to the extent necessary, the disclosure as explicitly set forth
herei n supersedes any conflicting material incorporated herein by reference.
Any material, or portion thereof, that is said to be incorporated by
reference henein, Abuigiddctting aif fabtehigg Mstrimegcosiprisiggdef i ni ti ons,
statenents, or other disclosure material set forth herein will only be
i ncor por at ed o} on § ffecfit LERPriiRgh nR ety indthintés fl@UIWRGANdBRLt pRRARPT at ed
material and the existing disclosure material. 35 CLAI VWhat is clained
is: 1. Asurgical cutting and fastening instrument conprising: an end
effectoﬂnﬁﬁﬁ%gF§?%%3a noveabl e cutting instrument for cutting an object

haf t gssenbly connected to

Pﬁ:i Eaingnggf e%%?&r&%ﬁgﬁ%&%&%&@Sﬁﬁcg%itgalge[%l\éfeﬁéct%iaﬁ drive shaft assenbly,
the handle Cgrﬂgﬁélg Icc?ngn:ected to the main drive shaft assembly, the handle comprising:

a gear drive train connected to the main drive shaft assembly;

a main motor for actuating the gear drive train; and

a firing trigger configured such that retraction of the firing trigger causes

actuation of the motor, wherein the rotational position of the firing trigger is related to the

position of the cutting instrument in the end effector.
2. The surgical cutting and fastening instrument of claim 1, wherein the handle
further comprises a closure trigger, separate from the firing trigger, wherein retraction of the

closure trigger causes the end effector to clamp the object positioned in the end effector.

3. The surgical cutting and fastening instrument of claim 2, wherein the firing

trigger includes a gear portion that is geared to the gear drive train.

4. The surgical cutting and fastening instrument of claim 2, further comprising a run

motor sensor for sensing retracting of the firing trigger, wherein, when retraction of the firing
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a gear drive train connected to the main drive shaft assenbly; a main notor
for actuating the gear drive train; and a firing trigger configured such
that retraction of the firing trigger causes actuation of the notor,
wherein the rotational position of the firing trigger is related to the
position of the cutting instrunment in the end effector. 2. The surgical
cutting and fastening instrunment of claim1, wherein the handle further
conprises a closure trigger, separate fromthe firing trigger, wherein
retraction of the closure trigger causes the end Fffector to cIanB i he

obj ect  prigger isoensad by therran E1otpraersen g motgr ispigmaled tey farwprdrgtaty IR §AUKE RSt eni ng
instrunment of claim?2, wherein the firing trigger includes a gear portion
t hat i s ofjthaobtct msitioeedyimethe ehrd affector by the attinghestginegt-cal cutting and
fastening instrument of claim2, further conprising a run notor sensor for
sensing retracting of the firing trigger, wherein, when retraction of the
firing 36 trigger is sensed by the run notor sensor, the notor is signaled

to forward retat eThOszGUARueiglahd GastelinglifirualRhesticlfmss, hereidithicmurt ietoend
effector by the cutting instrunment. 5. The surgical cutting and fastening

instru n%a}sglloéogmrtﬁleﬂa éﬁg%@ﬁﬁiswt‘:l‘i‘ Such\iat PR e of SRAGRY o fARSRbI0? ®Spraportional

proportion C that the rate of rotation of the notor 1s

proportiopal . to the rety. i . plied to the firing trigger. 6. The
surgicaﬁo@ﬁf?ﬁﬁgmbﬁﬁ“¥%?p§%#ﬁggPﬁggﬁgﬁgﬁt of claim4, wherein the run notor
sensor conprises an on/off switch 7. The surgical cutting and fastening
instrunment of claim4, further conprising: a reverse notor sensor for

sensing an end of a cutting stroke of . the cuttiéfhiﬁstaggent such t hat when
the reverse fotor Thesusicalcafingand fasteaing ipstrumeat of flaimyy viepedi the rpmmBolRst or s

sensor comprises an on/off switch

7. The surgical cutting and fastening instrument of claim 4, further comprising:

a reverse motor sensor for sensing an end of a cutting stroke of the cutting instrument
such that when the reverse motor sensor senses the end of the cutting stroke, the motor is
signaled to reverse rotate to retract the cutting instrument;

a stop motor sensor for sensing retraction of the cutting instrument such that when the
stop motor sensor senses retraction of the cutting instrument, the motor is signaled to stop

rotating.

8. The surgical cutting and fastening instrument of claim 7, wherein the end effector

includes a staple cartridge.

9. The surgical cutting and fastening instrument of claim 7, wherein the end effector

includes a helical drive screw, such that forward rotation of the helical drive screw causes the
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signaled to reverse rotate to retract the cutting instrunent; a stop notor
sensor for sensing retraction of the cutting instrunment such that when the
stop notor sensor senses retraction of the cutting instrunment, the notor is
signaled to stop rotating. 8 The surgical cutting and fastening instrunent
of claim?7, wherein the end effector includes a staple cartridge. 9. The
surgical cutting and fastening instrunment of claim?7, wherein the end
effector includes a helical drive screw, such that forward rotation of the
helical drive screw causes the 37 cutting instrunent tqg undertake the

cut t i ng cuttingkistrument tp undargke thecatting strofe, anbrep@ps wiatiogaf the hedFalWrive sGe%s t he
cutting instrunent to retract. 10. The surgical cutting and fastening

i nst r unemdseothe chi@ingnindfrumbetrteiretrache mai n drive shaft includes articulation
means for articulating the end effector. 11. The surgical cutting and
fastening instrument of claim1l, further conprising a closure trigger
separate fromthe firing trigger, wherein retraction of the closure trigger

causes the gpd effeglPicallRetfilgAB AshRRinRhRGimeROSH d1AiRITE WHekeid the nedisldedd ect or .
12. The surgical cuttinhg and gastenlng instrument of claim2, further

COMPY | Sihgh Al MBENAN Gt FLAS M SRYBHAPMEAhachBabng the end ef fector hen

the closure tri I's retracte he surgical cutting and fastening
instrunment of claim7, wherein the end effector conprises: an elongate
channel for carrying the cutting instrunent; and a clanpi ng nenber pivotably

iC gg? ? ﬁ tng gt ' gfltl QFai%h‘? Qﬁg@%@ﬁgﬁnﬁh Ii;i)s%qlrllg]gﬁgsﬁru%%rng ot cefallimcﬂtﬂtlrltlpe cgrllqgrigir?g g ening

closure trigger separate from the firing trigger, wherein retraction of the closure trigger causes

the end effector to clamp the object positioned in the end effector.

12.  The surgical cutting and fastening instrument of claim 2, further comprising a

mechanical closure system for closing the end effector when the closure trigger is retracted.

13.  The surgical cutting and fastening instrument of claim 7, wherein the end effector
comprises:
an elongate channel for carrying the cutting instrument; and

a clamping member pivotably connected to the elongate channel.

14.  The surgical cutting and fastening instrument of claim 7, further comprising

means for locking the closure trigger to the handle when the closure trigger is retracted.

15.  The surgical cutting and fastening instrument of claim 7, wherein the gear drive

train includes a helical drum gear.
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means for |ocking the closure trigger to the handl e when the closure trigger
is retracted. 15. The surgical cutting and fastening instrunment of claim7,
wherein the gear drive train includes a helical drumgear. 38 16. The
surgical cutting and fastening instrument of claim3, wherein the gear drive
train includes a gear box assenbly between the notor and the main drive
shaft, wherein the gear portion of the firing trigger is geared into a gear
of the gear box assenmbly. 17. A surgical cutting and fastening instrunent
conprising: an end effector conprising: an el ongate channel; a cl anping
menber pivotably connected to the channel; and a noveable cutting instrunent
for traversing the channel to cut an object claqpe. in the end effector by
the cl anpi nglérembEhe swingipaltchiging landrfristegingdrsyamentoficiim X whgfsitths gs3tdriva  a
mai n drive shaft assenbly connected to the end effector; and a handle
connect edintincltde aeambokrasseentd bétveersthe misitor, and ke hain drize slatip whsiergthe geas| osur e
trigger for causing the clanping nenber to pivot to the clanped position

when t heofloAS¥ iR firlngda8der iisSgdafddrintotag@ar ¢f thegdar o akerhblgi N connected to the
main drive shaft assenbly; a main notor for actuating the gear drive train;

and a firing trigger configured such that retraction of the firing trigger
causes actuation of the notor, wherein the rotational position of the

firing trigg?51g§A¥ﬁéﬁ&§gmhgé%ﬂ§%?¥?ﬁgh%ﬁ@ngtc%ﬁﬁﬂgﬂgiing instrunment in the

end effector. surgic asteni ng”instrunment of claim 17,

further Corrpgrll grlldq&fector comprising:

an elongate channel;
a clamping member pivotably connected to the channel; and
a moveable cutting instrument for traversing the channel to cut an object clamped
in the end effector by the clamping member when the clamping member is in a clamped position
a main drive shaft assembly connected to the end effector; and
a handle connected to the main drive shaft assembly, the handle comprising:
a closure trigger for causing the clamping member to pivot to the clamped
position when the closure trigger is retracted;
a gear drive train connected to the main drive shaft assembly;
a main motor for actuating the gear drive train; and
a firing trigger configured such that retraction of the firing trigger causes
actuation of the motor, wherein the rotational position of the firing trigger is related to the

position of the cutting instrument in the end effector.

18.  The surgical cutting and fastening instrument of claim 17, further comprising

means for locking the closure trigger to the handle when the closure trigger is retracted.
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means for |ocking the closure trigger to the handl e when the closure trigger
is retracted. 39 19. The surgical cutting and fastening instrunent of claim
17, further conprising a run notor sensor for sensing retracting of the
firing trigger, wherein, when retraction of the firing trigger is sensed by
the run notor sensor, the notor is signaled to forward rotate to cause
cutting of the object positioned in the end effector by the cutting
instrument. 20. A surgical cutting and fastening instrunment conprising: an
end effector conprising a noveable cutting instrument; a handle connected to
the end effector via a shaft, wherein the handle conprising a firing

trigger and a separate closure trigger; closure neans for causing the end

ef fector to B9.anpllesucti¢acuttipgand fasteridg instrumenterfalaimefl7 eftirther comgmisinge cl osur e
trigger is retracted; a firing trigger; and notorized neans responsive to

the firundmbtoi @@0T f6109ensiff teddattivg dfitiee Bridd trig@erl WhErein@Atn retdaetiont dfehd firinghg
trigger is actuated, wherein the rotational position of the firing trigger

i43 rel aggder ik QerdsEEbPABIrhh ARt EersbE tHthdtbNE sighaled WRMvarldtofahao @Rtke 8likiRgt OF -

of the object positioned in the end effector by the cutting instrument.

20. A surgical cutting and fastening instrument comprising:

an end effector comprising a moveable cutting instrument;

a handle connected to the end effector via a shaft, wherein the handle comprising a firing
trigger and a separate closure trigger;

closure means for causing the end effector to clamp an object positioned in the end
effector when the closure trigger is retracted;

a firing trigger; and

motorized means responsive to the firing trigger for actuating the cutting instrument
when the firing trigger is actuated, wherein the rotational position of the firing trigger is related

to the position of the cutting instrument in the end effector.
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