MOTOR- DRI VEN SURGA CAL CUTTI NG AND FASTENI NG | NSTRUMENT W TH ARTI CULATABLE
END EFFECTOR CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] The present
application is related to the follow ng concurrently-filed U S. patent
applications, which are incorporated herein by reference: -- MOTOR- DRI VEN
SURG CAL CUTTI NG AND FASTENI NG | NSTRUVENT W TH USER FEEDBACK SYSTEM

I nventors: Frederick E. Shelton, IV, John Quwerkerk and Jerone R Mbrgan
(Atty. Docket No. 050519/ END5687USNP) -- MOTOR- DRI VEN SURG CAL CUTTI NG AND
FASTENI NG | NSTRUVENT W TH LOADI NG FORCE FEEDBACK; |nventors: Frederick E.
Shelton, 1V, John N. Quwerkerk, Jerome R Mdrgan, and Jeffrey S. Swayze
(Atty. Docket No. 050516/ END5692USNP) -- MOTOR- DRI VEN SURG CAL CUTTI NG AND
FASTEN NGMOEORWRIWENWURGICAL CETPUSGTA NN FASTIENDKG INSTRITMENT WHIEr i ck
E. Shelton, 1V, John N QREIGELATABLDENDREFVBECIOR and Jeffrey S. Swayze
(Atty. Docket No. 050515/ END5693USNP) -- MOTOR- DRI VEN SURG CAL CUTTI NG AND
FASTENI NG | NSTRUVENT W TH ADAPTI VE USER FEEDBACK; I|nventors: Frederick E.
Shelton, 1V, John N. Quwerkerk, and Jeronme R Mrgan (Atty. Docket No.
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applications, which are incorporated herein by reference:
-- MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT
WITH USER FEEDBACK SYSTEM; Inventors: Frederick E. Shelton, IV, John Ouwerkerk and
Jerome R. Morgan (Atty. Docket No. 050519/END5687USNP)
-- MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT
WITH LOADING FORCE FEEDBACK; Inventors: Frederick E. Shelton, IV, John N.
Ouwerkerk, Jerome R. Morgan, and Jeffrey S. Swayze (Atty. Docket No.
050516/ENDS692USNP)
-- MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT
WITH TACTILE POSITION FEEDBACK; Inventors: Frederick E. Shelton, IV, John N.
Ouwerkerk, Jerome R. Morgan, and Jeffrey S. Swayze (Atty. Docket No.
050515/END5693USNP)
-- MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT
WITH ADAPTIVE USER FEEDBACK; Inventors: Frederick E. Shelton, IV, John N.
Ouwerkerk, and Jerome R. Morgan (Atty. Docket No. 050513/END5694USNP)
-- MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT
WITH MECHANICAL CLOSURE SYSTEM; Inventors: Frederick E. Shelton, IV and

Christoph L. Gillum (Atty. Docket No. 050693/ENDS5770USNP)



-- SURG CAL CUTTI NG AND FASTENI NG | NSTRUMENT W TH CLOSURE TRI GGER LOCKI NG
MECHANI SM I nventors: Frederick E, Shelton, IV and Kevin R Doll (Atty.
Docket No. 050694/ END5771 USNP) -- CGEARI NG SELECTOR FOR A PONERED SURG CAL
CUTTI NG AND FASTENI NG STAPLI NG | NSTRUMENT; | nventors: Frederick E. Shelton,
IV, Jeffrey S. Swayze, Eugene L. Tinperman (Atty. Docket No.

050697/ END5772USNP) -- SURG CAL | NSTRUVENT HAVI NG RECORDI NG CAPABI LI TI ES;

I nventors: Frederick E. Shelton, 1V, John N CQuwerkerk, and Eugene L.

Ti nperman (Atty. Docket No. 050698/ END5773USNP) -- SURG CAL | NSTRUMENT
HAVI NG A REMEVAREBATTERFINGANRASTENING Y TRUMEN TSMAITHEAL OPWREKeyi n R

Dol |, Jeffrey S. Swayze and Eugene Tinperman (Atty. Docket No.

050699/ FRIGGFRUSMEKING MEECHARIBMCINvenoUTFSdedil BiheitanllViand RruivEReINCL UDI NG
SAME; Inventors: Jeffrey S. Swayze, Frederick E. Shelton, IV, Kevin R Doll
(Atty. DeKeock& .No. 0505QMENDEBMTBNHNP) - - ENDOSCOPI C SURG CAL | NSTRUMENT
WTH A HANDLE THAT CAN ARTI CULATE W TH RESPECT TO THE SHAFT; | nventors:

Frederick E. _SheAkNG SEVECTSH FeR A Powiwans SURGIOAISCUDTING, ANDd Leslie M
Fugi kawa (Atty. Docket No. 050701END5776USNP) -- ELECTRO- MECHANI CAL SURGH CAL
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-- SURGICAL INSTRUMENT HAVING RECORDING CAPABILITIES; Inventors:
Frederick E. Shelton, IV, John N. Ouwerkerk, and Eugene L. Timperman (Atty. Docket No.
050698/END5773USNP)
-- SURGICAL INSTRUMENT HAVING A REMOVABLE BATTERY; Inventors:
Frederick E. Shelton, IV, Kevin R. Doll, Jeffrey S. Swayze and Eugene Timperman (Atty.
Docket No. 050699/END5774USNP)
-- 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. 050701 END5776USNP)
-- ELECTRO-MECHANICAL SURGICAL CUTTING AND FASTENING
INSTRUMENT HAVING A ROTARY FIRING AND CLOSURE SYSTEM WITH
PARALLEL CLOSURE AND ANVIL ALIGNMENT COMPONENTS; Inventors: Frederick E.
Shelton, IV, Stephen J. Balek and Eugene L. Timperman (Atty. Docket No.

050702/ENDS5777USNP)



2 -- DI SPCSABLE STAPLE CARTRI DGE HAVI NG AN ANVIL WTH TI SSUE LOCATOR FOR
USE WTH A SURG CAL CUTTI NG AND FASTENI NG | NSTRUMENT AND MODULAR END
EFFECTOR SYSTEM THEREFOR; | nventors: Frederick E. Shelton, [V, Mchael S.
Cropper, Joshua M Broehl, Ryan S. Crisp, Jam son J. Float, Eugene L.

Ti mperman (Atty. Docket No. 050703/ END5778USNP) -- SURGA CAL | NSTRUMENT

HAVI NG A FEEDBACK SYSTEM I nventors: Frederick E. Shelton, IV, Jerone R
Morgan, Kevin R Doll, Jeffrey S. Swayze and Eugene Tinperman (Atty. Docket
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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.).

[0004] Known surgical staplers include an end effector that simultaneously makes a
longitudinal incision in tissue and applies lines of staples on opposing sides of the incision. The

end effector includes a pair of cooperating jaw members that, if the instrument is intended for



3 endoscopi c or | aparoscopic applications, are capable of passing through a
cannul a passageway. One of the jaw nenbers receives a staple cartridge
having at least two |laterally spaced rows of staples. 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

reci procating wedges which, when driven distally, pass through openings in
the staple cartridge and engage drivers supporting the staples to effect
the firing of the staples toward the anvil. [00051 An exanple of a surgical
st apl er esgﬂswm er Inpgroscapisspplinations prei c@pabloplpastingdseuahiie@dnnyia PRISIZEWsYt .~ No.
5, 465, 895, which discloses an endocutter with distinct closing and firing
act i ons.Onk of tei jmw membeusiengjveshi saplecarttidge bavaig & least vadgieral lysppeed ronsneler s
upon tissue to position the tissue prior to firing. Once the clinician has
det erm @Q?le%.hﬂie ditkee jdvawiembebdstmesiearpildaeini gtagle-fophing pothkessalggned withehd ni ci an
can then fire the surgical stapler with a single firing stroke, or nultiple

firing rs&éok&mlesds BRNGHAAgO Tht MudREGReluddsaiphetalithf SebigtbEating Wedpdser causes
severing and stapling the "tissue. The sinultaneous severing and stapling
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tissue. At the other extrene, an excessive anmpbunt of clanped tissue may
cause biclidiciag uaing tlEin déevicoispblette close thajaw MOOBTE uporlbssue P posgticanphetissueut t er s
continue to increase in conplexity and function with each

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

ends, and thus not effectively forming closed staples in the severed tissue. At the other extreme,

an excessive amount of clamped tissue may cause binding and an incomplete firing.

[0007] Endoscopic staplers/cutters continue to increase in complexity and function with each

generation. One of the main reasons for this is the quest for lower force-to-fire (FTF) to a level



generation. One of the main reasons for this is the quest for |ower
force-to-fire (FTF) to alevel 4 that all or a great majority of surgeons
can handl e. One known solution to lower FTF it use CO2 or electrical

notors. These devices have not faired nuch better than traditional

hand- powered devices, but for a different reason. Surgeons typically prefer
to experience proportionate force distribution to that being experienced by
the end-effector in the formng the staple to assure them that the
cutting/stapling cycle is conplete, with the upper limt within the

capabi | ithdt e opé greaisajostyrafsorgsofsuzn hndle.aPoe kepwirssodgioniie Jower Fdy ihpse 02
typically want to maintain control of deploying the staple and being able

t 0 st op oatlearyilinidorsf Thie devicecisavk @bt fairad tnneh battedthan dfaditivealdeud-pewered| t oo
great or for sonme other clinical reason. These user-feedback effects are not
sui t abl Vevig@ bataht £difRrenPreasiNSuf@iofs typicaNe preit @9 expletiefice. prégorflonagsiotde, t here
is a general |ack of acceptance by physicians of notor-drive endocutters

where t W%( @&{{%{ Gthd é}%eﬁa%@t{y e dnd-cREtidAnaHe RYmiRY 8L YtaPle QS 8isi@ them

but t on. 0081 In one geheral aspect, the present iInvention is
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depl oynment of the end eff r e instrunent, in vari.ous e iments, also
ol ovs " ehigeotbnatgaaugd (SapTt. Ther ativbiRBDbar s midiRg HaT AP RARE ¢ o
stop depl oynent if so desired. The |nstrunment nmay include tmo,triqgers in
i ts handhestaple and-heirg ghle torsiepyat anyiime H the foreey falt indlghandle ofjthg,devige feg! 19q
actuation notions. Wen an operator of the instrunment retracts the closure
tri gger great ps®uoeomosihei dindel reasanh Theseduser-feedhask effests bre not suitably reglizable imnd
effector. Then, when the operator retracts the firing trigger, a notor may
power, \préest mear-didvaneadbcuaters, As areswdt, thereak aendral lakki ofecedpiince by pleysidians
whi ch causes a cutting instrument in the end effector to severe the clanped
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,
tissue positioned in the end effector may be clamped by the end effector. Then, when the
operator retracts the firing trigger, a motor may power, via a gear drive train, a rotational main
drive shaft assembly, which causes a cutting instrument in the end effector to severe the clamped

tissue.



tissue. 5 [0009] In various enbodi ments, the instrunment may conprise a power
assi st systemwith |oading force feedback and control to reduce the firing
force required to be exerted by the operator in order to conplete the
cutting operation. In such enbodinents, the firing trigger may be geared
into the gear drive train of the main drive shaft assenbly. In that way, the
operator nmay experience feedback regarding the force being applied to the
cutting instrunent. That is, the |oading force on the firing trigger may be
related to the | oading force experienced by the cutting instrument. Also in
such enti81%reAr saridys cabediments, therinstiyment maeeompyisgaporEr assisbsysied wehr dri ve
train, force applied by the operator nmay be added to the force applied to

t he not deadifgoke]fectbadk atidrogntra to azduceithe éwing donce requiredviodre axkrsed by thag t ri gger
is retracted an appropriate anmount (e.g., five degrees), an on/off swtch
may be aptratr @tordehto bmpRitdihe @uting bpdraticn. tih sudhdntiodirhénts, dlicafitngtriggerapeci f i ed
rate, thus comenci ng actuation of the drive shaft assenbly and end

ef f ect Ofpe gAGEP I e gbft RIVRRRIESRASIARNrve sRafPASARBL! PREHat RENIRNE opRatode Used.
The proportional sensor may send a signal to the notor to rotate at a rate
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t hat way, rotationa sitton o ring tri I ener
proportional to where.the cutting, instr nt. is in the end ef&e tor. . (e.g.,
Purty. adpiiRedsnits ins vighane oy SRl PR ooding R Pepincga b e
retracting the firing trigger, at sonme paint .in the stroke to stop the
ot or, - ARRFUEIFER (b5 Ut REoTmente ko ASE Pisiring rigeiit PHEd 186 BT be used
to detect the beginning of the stroke of the end effector (e.g., fully
r et r act éedipderre apphipd By thet apsraggrdnayf beradded torthe fasce appljed tofthe mptafepl oyed
position), respectively. Consequently, the sensors nmay provide an adaptive
control [8§K)} e dcardingantvanbusi empodinglents, fxbet dre fotimgltoggee ik retrhcted asappudsiatte of
the closed |l oop systemof the notor, gear drive train, and end effector.
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
adaptive control system for controlling end effector deployment that is outside of the closed loop
system of the motor, gear drive train, and end effector.

[0011] In other embodiments, the firing trigger may not be directly geared into the gear drive

train used to actuate the end effector. In such embodiments, a second motor may be used to



[0011] In other enbodinents, 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 6 apply forces to the firing
trigger to sinmulate the depl oynent of the cutting instrunent in the end
effector. The second notor nmay 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 trigger may be related to the position of the cutting instrunment in
t he endapphf ortesto thadiding itrigest toysimulatethg déployamdnt efithe cutiing insgrgmentonahe endi ¢ ch
may be wused to control the main notor (i.e., the notor that powers the main
drive séradctor. ThO&tadd inotor araly e sontngled irasedanni insremernthleowtidnedfftbe mein drig use a
helical drive screwin the base of the end effector to drive the cutting

i nst r ungpt abRnbly, Whidhfhdy bénsurddts 866neédceddrolin SRy enibodinkhe, the pdsitjiine
cartridge for stapling the severed tissue. According to other enbodi nents,

ot her f i ( j i ihe used,
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eIongatlélS avi n a n as a , p1votably
connected to the channel to cl tissu ositioned in the.end effector. The
user naysedi ?(\ngh&ef‘ﬁé“ E‘P%‘i'%éngﬂﬁodﬁ’agf’g?’?fétﬂbermalgfdf‘@%F%&)by retracting the
cl oser tri%ger, whi ch, through a nechani cal closure, system causes, the
cl anpi nlO0AZ i arvapipus intplemgntations theend effestor max uss & hglicabdriveessisay injthe basgked i n
pl ace, the operator may activate the cutting operation by retracting the
separ at ef th¢ endeffector gdnive thecuitinginsecamen (¢-BekeifR)t Asp, theend gifeetor may t r avel
| ongi tudinally along the channel in order to cut tissue clanped by the end
ef f ect omcluf©0 it4ple lcartridgel foustaplimglthaentmd itissus, Acb@rdingso oteeerhbodiyentsaitheie a
rotati onal main drive shaft

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.

[0014] In various implementations, the instrument may include a rotational main drive shaft

assembly for actuating the end effector. Further, the main drive shaft may comprise an

articulating joint such that the end effector may be articulated. The articulation joint may



assenbly for actuating the end effector. Further, the main drive shaft may
conprise an articulating joint such that the end effector may be
articulated. The articulation joint may 7 conprise, for exanple, a bevel
gear assenbly, a universal joint, or a flexible torsion cable capable of
transmtting torsion force to the end effector. [0015] O her aspects of the
present invention are directed to various nechanisns for |ocking the
closure trigger to a lower, pistol-grip portion of the handle. Such

enbodi ments free up space in the handle directly above and behind the

t ri gger somprisepfdiexarsplaprobrynt geapassemblyi muniversal point, of a8pxibilerigrsiomrpbleent s of
the gear drive train and the nechani cal closure system DRAWNGS [0016]

Var i ous cepdbteci fnmnémsittirfg tolséonporsentheiend effeitan are descri bed herein by way of
exanple in conjunction with the follow ng figures, wherein Figures 1 and 2
are per @S| i \ORhetiaShstsQf tike frbdedi iadéntiot tatd digtcrado {@sdus RidaBarigiad fod IRRing
according to various enbodi nents of the present invention; Figures 3-5 are
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various e of the pres I nvention; Figure Is a side view of the
end effect.or cqrdin vahl ou i t f r t tion;
Fi gure 4 %hg hgnca §%$°6‘Hg‘85‘\(’/)"1 %n\%/ bg h ﬁe%%%%ﬁz&g@ e? ﬁ%ﬁlp (Ensetn guﬁ?ﬁ{ﬁ‘%t@%eﬁ‘gi ng to

vari ous odi ments of .the present.invention; Figyres 8 and 9 are parti al
o S peciPgs SRR LR Sl BN AT PEHpaieh e rent o of ¢ he
present invention; Figure 10 is a side view of the handle according to
various enbodi nents of the present

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 embodiments of the present

invention;



invention; 8 Figure 11 is a schematic diagramof a circuit used in the

i nstrunment according to various enbodinents of the present invention;
Figures 12-13 are side views of the handl e according to other enbodi nents of
the present invention; Figures 14-22 illustrate different nmechanisns for

| ocking the closure trigger according to various enbodi nents of the present
i nvention; Figures 23A-B show a universal joint ("u joint") that may be

enpl oyed at the articulation point of the instrunent according to various
enbodi ments of the present invention; Figures 24A-B shows a torsion cable
that may be Eigpledydsla athetratic diagrapudfa ¢irmit peddnin thyf instrument gecording it vasiousdr di ng
to various enbodi nents of the present invention; Figures 25-31 illustrate a

sur gi cakmbediikritg ofhd ptasitdivengon;nst rument wi th power assist according to
anot her enbodi nent of the present invention; Figures 32-36 illustrate a

surgi cal cut tighgs 300 3TASJi@NBEs bt hidB&hccbidiny BOHRE embEdistentsat el stesedt t
yet anot her enbodi mnent of the present invention; Figures 37-40 illustrate a

surgi cal eutiing and fastening instrument with tactile feedback to
enbodi nents of the present invention; and Figures 41-42 illustrate a

Phe. prosent. FRIGRYFoR et ReeBREte RERER POk N Qe w RRELERILS, O

surgical cutting, and ggstenin instrument 10 according to various
enbodi ni¥#ius gmbpdimentsad e PressibiRyEIN The i || ustrated enbodi nent is an

endoscopi c . . . : .

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.

DETAILED DESCRIPTION
[0017]) Figures 1 and 2 depict a surgical cutting and fastening instrument 10 according to
various embodiments of the present invention. The illustrated embodiment is an endoscopic

instrument and, in general, the embodiments of the instrument 10 described herein are



instrument and, in general, the enbodi ments of the instrunment 10 descri bed
herein are 9 endoscopic surgical cutting and fastening instrunments. It
shoul d be noted, however, that according to other enbodi nents of the
present invention, the instrunent may be a non- endoscopic surgical cutting
and fastening instrument, such as a | aparoscopic instrument. [0018] The
surgical instrunent 10 depicted in Figures 1 and 2 conprises a handle 6, a
shaft 8, and an articulating end effector 12 pivotally connected to the
shaft 8 at an articulation pivot  14. An articulation control 16 may be

pr ovi deendgejoRicesyigicad cutting Rogh iapignige distrumeast 1should be oA, RaVEVER At of 1 ect or 12
about the articulation pivot 14. In the illustrated enbodi nrent, the end

ef f ect oacco@lingsto otfen eingodisgntsof tetpressntinventign.dhe instrument edyies Imjl severing
and stapling tissue, although, in other enbodinents, different types of end
ef f ect oeislos@pidsargicat duttiapgahd festening iestiueehip sichfas i lmamscopiy psgumeiit. sur gi cal
devi ces, such as graspers, cutters, staplers, clip appliers, access devices,

drug/ gegms]t hekaqiY gida ht@ent! 6 di@ﬁ:@émﬂ FigRlireOT arldels &dmstaies & @andl€6.ca shh@]9] The
handl e f the instrument 10 may include a closure trigger 18 and a firing

trigger ) 4ff e{] ul@ gl 'eﬁgct&hﬁz 506G R) EGMEQEd 2he Saftvd Atlanfeti RIPARHOR pivétk €4 t hat

i nstrunents aV|ng end effectors Irected to different surgical tasks may

have di f e agﬁ %e)xﬁoﬁ 1 ma&%%%%qsﬁjiedta{ Ea%glﬁ h[%rhagqlg% toe ét&@@h&h GARL Ergi s for

Ana
oper at i hg fthe e en I'S S own separated from

t he hand e 6 hy ef el ongat e sh

clini ci ey lgp‘?@?%ﬁtﬁ a‘%‘f’ plvw”][% h ﬁ&f"ﬁ’f’?i"&‘iﬁ‘?%%e‘}‘ﬂgﬁéﬁ’a?%ﬁ ect or
12 relative to the shaft 8 by utilizjng the articul ation gntrol 16 as
descri beenfighrediie ectaétaapndqcmtifefﬁm HYPIng; §CV$551gé‘Hfi stapling E%%twff aygh, ingsher

11/ 329, 020, filed January 10, 2006, entitled "Surgical |nstrunent Having An
Articul ambm;ma’ft& diff¢reridypes,of eb@/eﬁf%@ﬂﬁ may beusqdysych ag endypifectayp fartpthes types

i ncorporated herein by reference. [0020] The end effector 12 includes in

t hi s exafiquirgical davings, aitiches gtdspergscutters,stappdre clip appleeks, a&ess 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.
11/329,020, filed January 10, 2006, entitled “Surgical Instrument Having An Articulating End
Effector,” by Geoffrey C. Hueil et al., which is incorporated herein by reference.

[0020] The end effector 12 includes in this example, among other things, a staple channel 22
and a pivotally translatable clamping member, such as an anvil 24, which are maintained at a

spacing that assures effective stapling and severing of tissue clamped in the end effector 12. The
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and a pivotally transl atabl e clanping nenber, such as an anvil 24, which are
mai ntai ned at a spacing that assures effective stapling and severing of
tissue clanped in the end effector 12. The 10 handl e 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

bet ween the anvil 24 and channel 22. The firing trigger 20 is farther
outboard of the closure trigger 18. Once the closure trigger 18 is |ocked in
t he cl obardie pinsludeonpigi! Buip %m@&whmeal%@pmge{ h& ispivotaldy diapgdartheo nay
rotate slightly toward the pistol grip 26 so that it can be reached by the
oper at oclinisiamtp canse dlanping thelosinp of the envit 24 towaed/thpistapteadhbyned 22 wf theend i ri ng
trigger 20 toward the pistol grip 12 to cause the stapling and severing of
cl anped effe@&U tb fherdby citth Bésiepbditiontd betweeptheanvit ahad okumhel, 220 The diriagt t ypes
of cl anpi ng nenbers besides the anvil 24 could be used, such as, for

exanpl € trigher FPRIFHAY oliBYard oftHe: cldsBR ik gdrt1 8Wanke B ci’d%ﬁfeecﬁ?gérq(g it RRkediRe terns
"proxi mal™ and "distal" are used herern with reference to a clinician

R e e R

. d

di st al e nore p rther
appreci gted that,. for, convenience and clarity, spat.i al r such. as
“ver i clePpigR b ion threeGeLd e Pafhotlvind SRetadd. dRe S REEHIB ngs.
However, surgical instrupments are used in_nany.orientatiﬁns qnd posi tions,
and t he§@YpapRallydrav thefinng HggefOtewyd the Riste] #ip L@ capsdhestarlinggndo] The
closure trigger 18 nay be actuated first. Once the clinician is satisfied
wi t h t heevepog pf ¢lampeskfissie intthe enbefbectos d2.on ather embhedimngnts, diffatentéypespbw back
the closure trigger 18 to its fully «closed, |ocked position proximte to
t he pi stlhampirg merditers Bdsadek ithrel angil 24 icgajd ibe 28edgraychtak cfior reampde; tan @appabingljae, firi ng
trigger 20 returns to the open position (shown in Figures 1 and 2) when the

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

closed, locked position proximate to the pistol grip 26. The firing trigger 20 may then be

actuated. The firing trigger 20 returns to the open position (shown in Figures 1 and 2) when the

clinician removes pressure, as described more fully below. A release button on the handle 6,

when depressed may release the locked closure trigger 18. The release button may be
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clinician renoves pressure, as described nore fully below. A release button
on the handle 6 , when depressed nmay rel ease the | ocked cl osure trigger 18.
The rel ease button nay be 11 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 ment, the end effector 12 may include, in addition to the

previ ousl y-nmenti oned channel 22 and anvil 24, a cutting instrunent 32, a

sl ed 33impders¢nagal i@ vadeust foimdgmicB 4s, tforaxample; mslablrsfle@e@p@@lnﬂép%wndngr&w 22,
and a helical screw shaft 36. The cutting instrunment 32 may be, for

exanpl el4,and/Bi bigton T2 skéwn In Biduredy. be pivotably opened and closed at a

pi vot point 25 connected to the proximate end of the channel 22. The anvil

24 may [)o39 Flgﬁﬂe@qﬁ aft ek FIBded Wi of the eRd BXfEIGIH 12 REstdinRas virsousREDLE@tkntsNt 0 a
conponent of the nechanical closure system (described further below) to

open ang, 81!10 nttﬁ'@lllﬁgﬁldtédf&élh odi&R &Q@n&éf@e%wr%trﬁdy%aﬁdel% h@ditiGiloyRd ed, that

is, drawn 1n user e Instrunent 10, the anvil 24 may pi vot about

223 2:‘ ;/grzgylgﬁsq%flenéoneéltc nel ?2 gnd?‘ {{{R}‘ﬁ%@g cﬁlgg %@trﬁ’lﬂéﬁt%zfé‘ sleéi f3% s é ng of the

the’ 0 may actuate rlng

and S eEArer 3 ﬁwsaﬁéﬁmwﬁ'aa%%%ﬂﬁaﬁae”ﬁ she ek BRIAher e33R A, Dl et ng

tissue clanmped within the end effector 12. The novenent of the sl ed 33
al ong t HetreiRei A Imay bec i sxample rpcknifea Jihe anvif 24 Wéy be piypiablypnepedigyd closed gt pe
driven through the severed tissue and against the closed anvil 24, which
turns t heivet pphteXd doondctest tethe prexigwtecenddi thesshamnel P2 The awuk2denaodsorent s, t he
sled 33 may be an integral conponent of the cartridge 34. U S. Pat.
6, 978, 9ihtludeatdbt 7 its Pruximatalend gtaaslinseged imsd 4 corpinentnafahpmedianivgl dosuke beam
firing mechanism™ which is incorporated herein by reference, provides nore
det ai | ssyahatitdesdibBd Fdres bélok ProCpeh hitDclafdhd askIE. NGhémgk clodBiitEggef 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

reference, provides more details about such two-stroke cutting and fastening instruments. 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.
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sled 33 may be part of the cartridge 34, such that when the knife 32
retracts followng the cutting operation, the sled 33 does not retract. 12
100241 It should be noted that although the enbodi nents of the instrunment 10
described herein enploy an end effector 12 that staples the severed tissue,
in other enbodinments different techniques for fastening or sealing the
severed tissue may be used. For exanple, end effectors that use RF energy
or adhesives to fasten the severed tissue may al so be used. U S. Pat. No.
5,709, 680 entitled "ELECTROSURG CAL HEMOSTATI C DEVICE" to Yates_et al,, and
U.S.  P4024NoTt showdde powd dhat pithasgh the quebrrinsrorcp icthe instrwmertA P desqibedt berely TH
RECESSED ANDY OR OFFSET ELECTRODES'" to Yates et al., which are incorporated
herei n etmplayahend affestordi Xthhtostap larthesetersd tipiue, iowther agbodigtentsrdifierenthat uses RF
energy to seal the severed tissue. U S. Patent Application Serial No.

11/ 267, &khnigq@esior 28@nitg oMdagiag thegtvered tissadithalbSusedPdoe axanfiiglend affeaorsSer i al
No. 11/267,383 to Frederick E. Shelton, IV, et. al., which are also

i ncor poryaf ﬁ& REEREy BYadheitdsqd %tendhe%éb@r‘é@ tiSdhe AW AR sed UULS. PG, NBSt r unent

t hat uses adhesiveS to fasten the severed tissué. Accordingly, although the

descri pts%@ 6§8r§hgdr«%&@’cﬁrﬁc§s d;sgﬁém?@&@mﬁﬂ: BB‘VI@F” SRE aghsndu

bel ow, shou recogni ze IS IS an exe iment and is
not nea E al so be
used. r%ab%@q P Beteiindiéa G ECTROSTRSCAEHE Pféévfféﬁ? “EFS’E?% 251 de i ew
of the end effector Eﬂgﬁ@fﬁé & qr dj to vari Qus enbodi ment s
shown i REGFSSED ‘%EIW égéf h Oﬁ%&‘ to g.néf gt al. wle |a\ﬁ%1“ﬁﬂ@o¥ft‘?ﬁirr}t‘f%‘?mt e
cl osure tube 40 and a distal closure tube 42 plvotably | i nked by a pivot
| i nks 4y rafrenefi, disaloseamendpecopigsatting insipmedcthatuseHRE gnergy assqahthg S%ﬁ’rf@h t he
tab 27 on the anvil 24 is inserted in order to open and cl ose the anvil 24,
as furt tissued &58.rRalzad Applicavion Besal déed1/26h81 de JetomedR ddorgantatbdsandld/).S42 may be
a proximate spine tube 46. D sposed inside the proximte

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

spine tube 46 may be a main rotational (or proximate) drive shaft 48 that communicates with a

secondary (or distal) drive shaft 50 via a bevel gear assembly 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
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spine tube 46 may be a main rotational (or proximte) 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

t hat engages a proximate drive gear 56 of the helical screw shaft 13 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 secondary drive shaff{ 50, and
the art Beullhe vasticahbevshieay 52k myy sittapgd plyet/@ ang@ﬁ@lﬂ&é%@hﬁ?ﬁl%ﬂééﬂ%?f%e
sonetines referred to herein as the "main drive shaft assenbly." [0026] A
bear i ng pB&imgespine tied6ans distdi pirgltulsnTs why besed tagricdose zassedndapy drivesbiafy es
the helical drive screw 36, allowing the helical drive screw 36 to freely
rotate \Wothhd HeSIBRE pedro 54,156, codlactdlely, #i2.maih driteshattall, the sesondiryfdrivashafiep,
interface a threaded opening (not shown) of the knife 32 such that rotation

of the shafhk aRRuEAYS GSehBl &Y, iR Bedel %%alﬁ 55366115223 aleabm¥tifes RfGedI®L €l y
(depending on the direction of the ro ation) through the staple channel 22.

Accordl 9&%um%@§9nmﬂﬂﬁ§gﬁkﬂx§&J shaft 48 is caused to rotate by actuation

of the firing as explained in nore detail below), the beve

d whi ch
turn, i@%&%ewné@%ﬁég gyt 3 L'gt%élgac?%ﬁ?g%&lieg*@%*%hcﬂ e
hel I haf t wh f 32
o tr avelive SN Dot e eiigl Site Shanish 150 Pluth srpes e b ememped
within the end effector. The sled 33 nay be nade of, for exanple, | asti c,
and rmay 2RaFhe helisabsseay ghadi 36 mayinfesfage 2 Idisead%ogqn@tg @3t thoupe pEbe kpife éﬁannel

22, the sloped forward surface may push up or drive the staples in the
st apl e cuaghthitdgetiomothgbhafth¥ clusespkeknife 3230 ¢rangiate digtallysr praxématalyi | 24. The
anvil 24 turns the staples, thereby stapling the severed tissue. Wen the
kni f e 3Zdépendirg omtheealikectidncofkthe foratidn) thichgh Ittecktapde chmyindl @20 Mecoidipihyg aded
t hereby | eavi ng
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.
[0027] As described above, because of the lack of user feedback for the cutting/stapling

operation, there is a general lack of acceptance among physicians of motor-driven endocutters

where the cutting/stapling operation is actuated by merely pressing a button. In contrast,
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the sled 33 at the distal end of the channel 22. [0027] As described above,
because of the lack of user feedback for the cutting/stapling operation,
there is a general |ack of acceptance anong physicians of notor-driven
endocutters where the cutting/stapling operation is actuated by nerely
pressing a button. In contrast, 14 enbodi nents of the present invention
provide a notor-driven endocutter with user-feedback of the depl oynent,
force, and/or position of the cutting instrunment in the end effector. [00281
Figures 7-10 illustrate an exenplary enbodi nent of a notor-driven
endocut e@bodiments ofthepagsentcinyentioh peovitkeradhetot-tevenaindoduttat with esérefeedback of
user - f eedback regarding the depl oynent and | oading force of the cutting
i nst r umgtdeplyinBer, Biek, ahd/6Chd3itionlof tiedattingdnstrunteat @ithodideffictaray use power
provi ded by t%e user in retracting the firing trigger 20 to power the device
(a SO-CZ«?dzﬁg FRAVET7-1 (338t al©@fplarPEmbE@WRNT JF aligtob-Hlivisi dndbesdteg RO Ment
e

t he han I ncludes exterior |ower side pieces 59, 60 and exterior upper

si de P geeRBiye E%T{hg@%re%;fthétﬁgﬁti&grusérg"eg(f%cm reg%ffiglggf?é alploynliéht afifofdiher of

t he han as a Ll 1tonb y ‘be provided in the
pistol gri ortion. 26 of the hand 6. The .battery 64. I 65
di spos eg"rf’ 0 He EypRe MsEPPEgAn eflﬁ Shgcﬁ?rs B Iag(aﬁ?lb tlgeo%/r?l?(gdﬁlgg%e%% Lfgﬁ gg %’gﬂr’]dl e 6.
According to various enbodi nents, . the m)'é;ar 65 ma ge .a  DC b[}%j:‘hed driving
mot or  h&UAVidsd by Heecseim rEGecking She fining tigasr AitpRpwenthe 89es @srcate PORSE or 64
may drive a 90 bevel gear assenbly 66 conprising a first bevel gear 68 and a
second apsisyeinod®aAsBhow jrethp élustraigd smbediments the hapdlggyingdpdasexteriar lowst 8AG gear
assenbly 72. The planetary gear assenbly 72 may include a pinion gear 74
connect @ikcess 9% 60 nnd/exteiafuppateideThieces pl,ri2ahat die sogethér toafprroy in\generalpthei ng ri ng
gear 78 that drives a helical gear drum80 via a drive shaft 82. Aring 84
may be thiegadsdhomndless. helbatal 6gemth ay aihi i8A batldsyamaybeeprovided imnthe pistob grip
rotates, the ring 84 is caused to travel along the helical gear drum 80 by
means OhoftfdR 26/¢ HeARME 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.

[0029] The handle 6 may also include a run motor sensor 110 in communication 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 may be a proportional sensor such as, for example, a
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bevel gear assenbly 66, planetary gear assenbly 72 and ring gear 78. [00291
The handle 6 may al so include a run notor sensor 110 in comuni 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 15 rheostat or variable resistor. Wen the firing trigger 20 is
drawn in, the sensor 1 10 detects the novenent, and sends an el ectrical

si gnal riredstatadrivagahlé resistory Wheadle {inng piggen20 is drapa inLippénser 119 detdsts thert or  65.
When the sensor 110 is a variable resistor or the |like, the rotation of the
not or  6movemyntbandgendsraal dlgctrivabgigndl iiraticativé of thh eolkkape ot pasfernobersepiliedfto t he
firing trigger 20. That is, if the operator only draws or closes the firing
trigger t0ndtbr 65.1 When @eRedsor | IBisaGhAkblO FesRor bhthe Mkt Othe Bftatich of1tkd Mbioyesy | ow.
When the firing trigger 20 is fully drawn in (or in the fully closed

posi ti Og%a bk %@nerﬁl@lﬁBE&ﬂoﬁl t {he a%h&(of%deﬁeﬁttof'tﬁegﬁﬂﬁ%&@g@f' 20. "rHat Re#r teor ds,

t he har e us I's on the firing trigger nmore voltage is

appl i ed t gperatop 8nln'ﬁ¥ S o@%losgsca#xg Gl g%%ré%} 50 in aalgtggbﬂ dlhé %tgti UF tlill{]lglgf%p %5 fhe

handl e e am Iece acen e upp ar portion

connect edebielidosn B8 gang?r%gﬁ?@amh%ﬁwén"@f&@ el Sndpeeationk g °

trigger 20. The bias sgrln 112 may bias the firing trlg er 20 to |ts fully
open posetetianef themetenp W@aﬂ}ltSW@éﬁn‘iIﬁeI‘tfﬁb‘Fa’f%ﬁis tha fé‘&ieééhec‘ﬁér pyllsionghs fisipgyer

20, the bias spring 112 will pull the firing trigger 20 to its open

posi t i ofriggeh2, diyymorsrvoltagegs applieditd the masbr §3; causmgsgyeatarirates phestation. st oppi ng
rotation of the notor 65. Moreover, by virtue of the bias spring 112, any
time a (&030] clThs Randld e mhay rindllgietarmglgkerhaams picoe 1 b adjacsnt fo tha pgrer portion of
resistance to the closing operation, thereby providing the user with

f eedbac khedfrirgripf@ 206 MU hartfle 6 ks tia ?'&oﬁﬁﬁktzﬂﬂas Q¥ink @2 Bhrctel Detwedh pbsts . t he

operator could stop retracting the tiring trigger 20 to thereby
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
deployment of the end effector 12, thereby providing a measure 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 with a pinion gear 124. The pinion gear 124 is connected to the main

drive shaft 48 of the main drive shaft assembly. In that way, rotation of the motor 65 causes the
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remove force fromthe sensor 100, to thereby stop the nmotor 65. As such, the
user may stop the deploynent of the end effector 12, thereby providing a
nmeasure of control of the cutting/fastening operation to the operator.

[ 00311 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 16
main drive shaft assenbly to rotate, which cause g%}%ﬁ%io Ofd# e. eg

ef f ect omainzrive shaficassembp g rosgiewehich msez]acfPﬁ’éoqf ?fﬁE ¢ PS5t Ed hel i cal
gear drum 80 may include a post 86 that is disposed wthin a slot 88 of a
sl ot t edatmven 90. The slotted arm 90 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 @08y Sbhe it} 84Tiecad@d stothe hielicad gear sirumh 8@ mdly spbetech pdst duthlat iadisppsedi ng
100 in the firing trigger 20 and an opening 102 in the m ddl e handl e piece

104. [ OQARh alsTot BH S b isRfted hlreomankl Gotfedmbm J0Mas aiflepeningeNeitsseppasitecsnd Odr
end-of stroke sensor) 130 and a stop notor (or beginni ng-of-stroke) sensor

142. We&&%}e@amgﬁm{hﬁ 1s%9&e@é&%é§feex‘ﬂﬂe@1‘émdl§ @ﬂ%ﬁ& stk0piB&Y sbes(R THem t

SMAtCh ocate dlsta end of the helical gear drum80 such that the

ring 84 threa h C verse
ot oSBT 055 i AHReREt iRl B PR LR RS Ao i ahRpehipg 02
gear dru %g;e reverse tor sensor 130, when actlvated sends a signa
to the %F“ hagd éU@F§Q its rotation direction, thereby withdrawing the
knife 32 of the end effector 12 followi ng the cutting gperation. [0034] The
st op notl¥33ks elnsadditipnpthahigndle 6 mayindyderayierersamptsr (ayien D&S%S%‘@‘oﬁeworﬁ F30samdt ch.
In various enbodinents, it nmay be |located at the proxi mate end of the

hel i cal a gtepmothrifon l&(gimmlg-cbifésttroke) 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.

[0035] In operation, when an operator of the instrument 10 pulls back the firing trigger 20, the
sensor 110 detects the deployment of the firing trigger 20 and sends a signal to the motor 65 to
cause forward rotation of the motor 65 at, for example, a rate proportional to how hard the
operator pulls back the firing trigger 20. The forward rotation of the motor 65 in turn causes the

ring gear 78 at the distal end of the planetary gear assembly 72 to rotate, thereby causing the
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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. [0035] In operation, when an operator of the
instrument 10 pulls back the firing trigger 20, the sensor 110 detects the
depl oynment 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 to rotate t her epy USIQQW§E$ 17 h Ilcal
gear drhelicgd@entairm8atte rotats caupige thsding §4ghrsadedianghg B%l‘cé 8%3h todf a"ﬁ
drum80 to travel distally along the helical gear drum 80. The rotatlon of
the hel distally goug the hekivag@eaidsion 801 Therotaiion oftiierheliedl wearsiami80pdsoctiyesy thys
descri bed above, which in turn causes deploynent of the knife 32 in the end
ef f ect omaihrivd blgift dssemilhes descfibed3boee) dvhidheid t38 causes deplswulert of thednde §2 t he
channel 22 longitudinally, thereby cutting tissue clanped in the end

ef f ect of; tfiend¥RBror 1 D ETRAt 3D ki GhifRBad kied 33 afe dah@das traedrietit ohanhdl 125 caused
to happen in enbodi nents where a stapling-type end effector is used. [0036]

By the foh&ﬁhﬁrﬂlﬁyQHE%B\}]%ﬁB?ﬁéshﬂglaﬁ@Q{ ﬁ'rtthQQn(Péfféc{b‘? lQané%f {HRGhMingd 8%ér§t10n

conpl ete, gear drum 80 w I | have reached the

Sstal S0 406 )Y B ek HTS Pt T o GRS bers Y ‘ﬁ%-t%& BEELRLCE *the

notor 65 to reverse its rotation. This in turn causes the knife 32 to

retract¥ednd al so causes the ring 84 on the helical gear drum 80 to nove
back to the proximate end of the helical gear  drum 80. 0037& The, m ddl e
handl e [903¢le Bythejting the cutting/sapling eperaiion of theend glfeqtprat? igsgmplete: theding %t t ed

arm 90 as best shown in Figures 8 and 9. The m ddl e handl e piece 104 al so
has a farthahelical 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,
the middle handle 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 motion stop 107 of the middle handle
piece 104, causing the middle handle piece 104 to rotate CCW. Due to the backside shoulder
106 engaging the slotted arm 90, however, the middle handle piece 104 will only be able to

rotate CCW as far as the slotted arm 90 permits. In that way, if the motor 65 should stop rotating
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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, the mddle
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 mddle handl e piece 104, causing the m ddl e handl e piece
104 to rotate CCW Due to the backside shoul der 106 engagi ng the slotted
ar m 90, fonewmeeasont the strittdd aem AB mdll stop iretaténgl angl the Iuﬁerc‘jiﬁllylob@e ¢ o fpghery ot at e
CCWas far as the slotted arm90 permts. In that way, if the notor 65
shoul d &aapn tetfaingnggdd 20 becaiserthe meddle handlhpiesd bt widl reot fre Gi@e 4 tofates CONY
rotating, and the user will not be able to further drawin the firing

tri gger 2o pRCAsted ath®om ddl e handl e piece 104 will not be free to rotate
CCW due to the slotted arm90. [0038] Figure 41 and 42 illustrate two

stat es ﬁfo 3§ VA hL%Qll%n§QQ§l‘PﬁsthaQ%o'§ﬁYesQ?aU&%l@s%ﬁ&@hd’t%y B¥0ised asesd 110
accordihg to v rious enbodi nents of the present invention. The sensor 110

may inc| “&',( éejnsf%rg@% ROkl %QQOusaeangpmeaﬁlq? J R8N BertBR: The §8‘%91”P'10,

electroH@ ectric material 286

b he el des. 282, 2 hOh
he 1 acBe B LIBA PG ORI 30 2htg i 928 goerordg eanand pge g, " 1
A dingly, when the f t t ed, t

ot or | af SIS GllsHB BT 286 (S| PR aoden Y. ke TEREMBect  odes

282, 284 are closer together. Since the distance "b" between the el ectrodes
282, 28410 mayibe pasitioned suchithat thorfapthportiom2éhenneactsdhaditing frigger ) when odes 282,
284, the greater the distance the nore inpedance, and the closer the
di st anceetiabted. Aessdinglyewhercthe firing tringer Y&is retrdveedatio il edtii@matehiel 28i6es ectri c
286 is conpressed due to retraction of the firing trigger 20 (denoted as
force "tomprBsskd, @y sfovddin Figurb 4o sach thanek elettrddee 2BD2BdARCEoser 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

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 another

opening in the closure trigger 18 which is offset from where the pin 251 is inserted through the

closure trigger 18. Thus, retraction of the closure trigger 18 causes the upper part of the closure

trigger 18, to which the yoke 250 is attached via the pin 251, to rotate CCW. The distal end of
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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 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 anot her openin Qe cl sure

tri gger thegoth? ¥his F@nflfFﬁ‘ege‘flaﬁﬂ’éhﬁﬂh@r%ﬁ‘tsh‘éofﬁr%b‘?ﬁ@t|2§6 ﬁ%eeg‘isé Of"r’i? tt he
closure trigger 18. Thus, retraction of the closure trigger 18 causes the
upper pasé camedth® adeosnd dosure brgejest 238, Collgctivly he ﬂésumh@c&%@z?% 238 defied vi a
the pin 251, to rotate CCW The distal end of 19 the yoke 250 is connected,
via a phmopdmhg ih vhich the ptoxthats undofithaploaim®s 6losurb aibkid0Sseedligmadpistseatek et

256 connects to a second closure bracket 258. Collectively, the closure

bracket gnPRfd sihdh# ¥righBdindNmORGNNEE thelcloklire Bratkets 5626 deiBeshdgialdinane
proximate closure tube 40 (see Figure 4) is seated and held such that

l ongi tu y'ﬁ b%‘éﬁﬁ?ﬂha@cl dIf BbOFH T PhdIh QARG 1620 itRRIS A URSEe keBEd udi nal

noti on the pr te closure tube 40. The instrunent 10 also includes a

O oo e STt PbS P B DR 255, B Qe osure
t I d 5 the.jllustrated

ebodi b MHG og%@gﬁ%n%%%&%ﬁ@le%ﬁgﬁéwe%ﬁ Ce S tpcsé’c?ﬁ Hhandi e

6. In that may the proximate closure tube 40 is ca abl e of nmovi

| ongi t utheristsp eﬁ@n@pdwnt ds dipRosee foulixpdly Goppech 1S, CIOFHEG ref 360 fthe é\andi%é Hay

al so include a distal collar 267 that fits into a cavity 269 in proxinmate
spi ne t thaewayp theprokinateclasure thbe 48 is¢apally obmouing dangitpdiaall Frefpiive tathe 100401 I n
operation, when the yoke 250 rotates due to retraction of the closure
tri gger clb8yre tde260c I Thewiadulerrad R6D maR aBo inthileqaliss collar J67akatifas mtch esitye t ube
40 to nove distally (i.e., away from

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,

causes the anvil 24 to pivot about the pivot point 25 into the open or unclamped position. In that

way, by retracting and locking the closure trigger 18, an operator may clamp tissue between the

anvil 24 and channel 22, and may unclamp the tissue following the cutting/stapling operation by

unlocking the closure trigger 20 from the locked position.
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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, causes the anvil 24 to pivot about

the pivot point 25 into the open or unclanped position, In that
ret ract [00g1hnHiguesckii ing sehpmagic dingram pf angleqtrioad cirgit of ghs @F@?mﬁ'ﬁJ O@F%%mgl ssue
between the anvil 24 and channel 22, and may unclanp the tissue follow ng

t he cut to veyioss epbodimentp of &Elpmselhiynvennbmcwhng an pperatpomiffadlytpuilg inethe figng r om t he
| ocked position. 20 [0041] Figure 11 is a schematic diagram of an electrical

ci rcuit u@fget Deaftdrséokingané clbburaaiggedi §)ghe deasordil 0 iustieatbdailowitguakntithe
present invention. Wien an operator initially pulls in the firing trigger

20 af t efolvakdt Molde IPth@SﬂéﬁﬂalW b3aeEvetsd mbtbesensitSitcH 180 isopas (hsirgcthe
allowing current to flow there through. If the nornmally-open reverse notor

Sensor sy M%h d;f’eﬂfe%toqef%@ke(ﬂaﬁ@ﬁm tst]%nt&%heoz%et \Lhﬁn&uﬂ) gtltgetperef gubRke has

not been reac current wl owto S|ng e pol e dou hrow rel ay

132. Sl .se tor sen ch.1 As n ctor
134 of 8“' r? 8¥ i@l 1%5‘:%%%“%? Y O, Sﬁ%sr gi z'é%l‘ 1?3% S PRl ?Sg aRg %Ctopﬁd (%{e{hll nits
non- ener |zed state The circui.t udes a cartri out sensor
136. | f reipelIneillarof e pRpreiz ns?u&‘teda‘éﬁgz yﬂgeﬁ ‘E?aﬂotlrﬁtnaféézeggtate Uewlor 136
will be in the closed state, allowing current to flow Oherwi se, if the end
ef f ect orlso inrlygises cwmdged@qk@abseascgtlé@ ¥ theyendrafegier 32 inclydes 8 staplscanttideed4 | be
open, thereby preventing the battery 64 from powering the notor 65. [0042]

When t héhesseasolr é3@will bé oighe Bldsddsstase,@aewing cutrentse fiswr QB i, dlthesend, efighioc h

energi zes a single pole, single throwrelay 138. Wen the relay 138 is

ener gi zad doestiot @tludelaGvupld dakteidgr34, ke 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
both the normally-closed double pole, double throw relay 142 and back to the motor 65, but in a
manner, via the relay 140, that causes the motor 65 to reverse its rotational direction,

[0044] Because the stop motor sensor switch 142 is normally-closed, current will flow back to

the relay 134 to keep it closed until the switch 142 opens. When the knife 32 is fully retracted,
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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. [0043] 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 variable resistor 1 10, and |nstead .cayses current to1%?ep/ bot h the
a

nor mal | the BPPFWEPTEBRReT BViK 142 1gagiiypieds qapeing fheisuich 432 tepep B ot or

65, but in a manner, via the relay 140, that causes the notor 65 to reverse
its rankaﬁath¢n®Kﬂﬁ6n. [ 0044] Because the stop notor sensor switch 142 is
normal | y-cl osed, current will flow back to the relay 134 to keep it cl osed
until t{oe43wilhokhet éRbodiarsts, Mihenthhe pkapofteondRtyps sdnsdrd M Oy et omoffdyhe sepsbrt he
stop notor sensor switch 142 is activated, causing the switch 142 to open,

t her ebycdufBMisedl InRAWEEmbsdmehtsaheRtO6f Bfatioh O0HEdtsr 63twearld aatiedi ment s,
rat her than a proportional -type sensor 110, an on-off type sensor could be

used. |5, gha‘? EEP@Q 'f(ﬁ@@ﬁ liel B? tﬁeaép%ra@(fr RAHRE, i mBior &5 % olRE Qne@lly Witate Qt nOt be

proportio a e forc appli by the opérator. Rather, the nDtor

oxper 2%%”;?%'64 b’ PUEhE Era 02'@‘&202&?11%&'?‘%?%5 R L85 RRAL bl %‘%%% L' the

gear drjve train 0046 ure 12 is a side- V|em10f t he handle 6 of a
power - F§$mﬁ%P%ﬁ §Ba 'ﬁFEer according to anot her enbodi nent. The
enbodi ment of Figure 12 |s sim]ar t hat of Figures 7- 10 exc%pt that in
t he emb@8#6le rﬁlg'éﬂe Iiigapide-yiew ofifhs hand ge %t?a ROV TSt AR5 A584RWHe 0 the ri ng
84 threaded on the helical gear drum 80. Instead, in the enbodi nent of
Fi gur e agordirigdo phother@mbodimadnt:d ke embestigent of Sigureol? is simitanse theboiddgwies Tr t he
ring 84 as the ring 84 advances down (and

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
motor 65, which causes, among other things, the helical gear drum 80 to rotate. As the helical
gear drum 80 rotates, the ring 84 threaded on the helical gear drum 80 advances (or retracts,
depending on the rotation). Also, due to the pulling in of the firing trigger 20, the middle piece

104 is caused to rotate CCW with the firing trigger 20 due to the forward motion stop 107 that
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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 grip 26, the run notor sensor 110

det ect serigagesiin fining taigderstdn dhe L GWgntation of themdddle higce hif erusethe aphiléhtcauses,
anong ot her things, the helical gear drum80 to rotate. As the helical gear
dr um 80rotamd @C¥Ewith fiee sehsvg pBrtionHrl ¢ afl e rimg Sdtsecthihbi thahrnyd b8 stdysudis@edadvances
(or retracts, depending on the rotation). Also, due to the pulling in of
the firinBdofch il 98€WhR thetriify 8% rdalhes e @etal eAd4f the helada gehr deuni 80,ahearGCVV8N t h
the firing trigger 20 due to the forward notion stop 107 that 22 engages

the fi r{.Vngcc;n{d.cg&ﬁrth%%bﬁfﬂﬂ)ﬁh%ﬂ%@%ﬂrg&s@ 13desifiddy, SviRineRErindd4 feabtsg the

arm118 to rotate sensor portion 114 of the ring 84 such that

th 118 st i d | t.h tch 116. i h th

e 2 AL AR LB AR NGB R s he
th by trip th t 30. .Sim| , Wh th i 84
ooy g Bl bR Lo, e, 420, SISl Yyt he Bt

and thereby trip the stop notor sensor 142. Such actions nmay reverse and
stop thebaypt or 65, respectively, as described above. [0048] Figure 13 is a
side-view of the handle 6 of a power-assist notorized endocutter according
t o anot [0@48lenbiguientdris a sithoiaynblotie handle @bf Fpepuararssig meforzadidndpcutter t hat of
Figures 7- 10 except that in the enbodi nent of Figure 13, there is no slot
in the acondig tolanstheradnbddireenti Mhe Sdbodifesiad Eibued 13 Baihiddrite dlat gfBiguds Bm 80
includes a vertical channel 126. Instead of a slot, the arm

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

151 by a torsion spring 152. Also, the closure trigger 18 includes a closure bar 154. As the

operator draws in the closure trigger 18, the closure bar 154 engages a sloped portion 156 of the

hook 150, thereby rotating the hook 150 upward (or CW in Figures 12-13) until the closure bar

154 completely passes the sloped portion 156 passes into a recessed notch 158 of the hook 150,
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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 the pistol ngp portion 26 of the handle 6. In the

i || ust rehiddloekesbelclosure triggen 8 i Rlecst 1§eoperpor meyreledse thegloryastrigesiol$ibyLs0 ¢t hat
is biased to rotate CCWabout a pivot point 151 by a torsion spring 152.

Al so, truehiog dewn en & slidegeitton 8elease |1 6@l es the batloenappositer sidesef thengistohgrip peréipat or
draws in the closure trigger 18, the closure bar 154 engages a sl oped

porti orpel Paskifig ddren theatile Bifithn releasedi6y rotatesithie dgok hE0 EBOkuchIhat tpvdosirfmar CW i n
Figures 12-13) until the closure bar 154 conpletely passes the sl oped

por ti o sk56rcRASATForh MeGedeséc@GREhadgnot ch 158 of the hook 150, 23 which | ocks
the closure trigger 18 in place. The operator may rel ease the closure

tri ggerm&s?o] b)Pi%LPQ?ﬁEMsdﬁW&ePaoﬁlré b F8r Qeﬁiggﬂxef:ﬁn%?%cgmn% vafigudack or

opposi te srde e pistol grip portion Pushi ng down the slide button
rel ease 16Q. rotates th Eook 150. CW h & hat. .t I is
rel eas eedi“]qogﬁ?ﬁféshén %ceé%ebso Hn%%togﬁlgf%&l’l%(%%]’ It’el'—tlhggerr(e\1 8?%6@%3\%5%%1 %? er closure
trigger, | ocking nmechani sm ording to various _enbodi pents. |n t
enbodi rs¥Ean aFfP}jdfeég%r,“OP ﬁgf'cﬁ-g%ﬁf?(@”'g?qcéﬁ’é?onlhé I Rlagefedovivasd ( él\gbby havi ng
an arrow head portion 161. The arrow head portion 161 is biased downward (or
CW by algafispring §6% i The wetze 19f endyeatipring d ARy be a1ads Hom dorrgompleymgldedy de
from for exanple, nolded plastic. Wien the closure trigger 18 is
r et r actpdabtict Méhea theoskesuecliggen 18 io retrbgted, the amewheatipartien lighis isgerteptmougl) 164 i n
the pistol grip portion 26 of the handle 6. A |lower chanfered surface 166 of

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

longitudinal arm 176 that includes a lateral pin 178 extending therefrom. The arm 176 and pin

178 may be made from molded plastic, for example. The pistol grip portion 26 of the handle 6

includes an opening 180 with a laterally extending wedge 182 disposed therein. When the

closure trigger 18 is retracted, the pin 178 engages the wedge 182, and the pin 178 is forced
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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
portion 161 to rotate CCW and all ow ng t he arrowgfaﬁj portior 61hto slide
out of daveveapdfienghermm. 170005s3tedC N irbydhe lowsn surfase, 184 of the yyedes ’f%@%ﬁ Mcki ng
mechani sm according to another enbodinent. As shown in this enbodi nent, the
cl osur eintRiguyepel7 4b8 18nVhudehe pinf178fully assdsdhgyiowgrisuitace 48mthe7eW foage anribe udes a
| ateral pin 178 extending therefrom The arm 176 and pin 178 nmay be nade

f r om noirgherdopt amioved, ahdthegpianp$ &.rofhted G Wtsoth tai the por 178028 tofestihe handl e 6
i ncl udes an opening 180 with a laterally extending wedge 182 di sposed

t her ei NpotMNESE Belid the Qéag;el 80I AsOHi6Wn 1BFigtre 19} thabe tockinpathptiosir? digegigjes t he
wedge 182, and the pin 178 is forced 24 dowward (i.e., the arm176 is

rotat Ed]ilgvgi(}\ﬁ% fst}ﬁrtlllé?%fd in giaffc@ﬁ?thé%kéﬁ pdsitfonisdoexltfle stop 3 88 BRGAding froml gur es

17 and en the pin 17 ully passes the I'ower surface 184, the CWforce
on the arm 17fig4is renoved, and the pin 178 is rotated CCWsuch that the pin
178 conB&W885 &%k in a notch 186 behind the wedge 182, as shown in Figure

ol ace Wb TouBtk BEEISwE e M fEtere moofRtBeRuRte i gt Bikeet e
wedge 184. [0053] To unlock the closure trigger 18, .the operator nay_further
squeezel$ gausingdhepia {78t grgage a slopedibackyall tl?n(gofpthﬁ operdng hBGs fRysige the RIp if)%d
backwal I 190 of the opening 180, forcing the pin 178 upward past the
f | exi bl epvsardpast 88, flexible stopuh88, as Fhayur indigoessdfoand 2.1. Tihe pini H 813 Shendreetien free
‘o 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 (1 80°%) 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.

[0055] Figures 25-31 illustrate another embodiment of a motorized, two-stroke surgical cutting

and fastening instrument 10 with power assist according to another embodiment of the present

invention. The embodiment of Figures 25-31 is similar to that of Figures 6-10 except that

instead of the helical gear drum 80, the embodiment of Figures 23-28 includes an alternative gear

drive assembly. The embodiment of Figures 25-31 includes a gear box assembly 200 including a
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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 lies. Figure 23A shows the wu -joint 195 in a

|l inear (1800) orientation and Figure 23B shows the u -joint 195 at
approximately a 150 orientation. The u -joint 195 may be used instead of

t he bevel gears 52a-c (see Figure 4, for exanple) at the articul ation point
14 of t hembaiof getrs dispasedirt a frame 201, ywheceimthei gears ateeconhecteshoptwednfthe plgnetary.

Fi gures 24A-B show a torsion cable 197 that may be used in lieu of both the
bevel geans aﬁ@ﬂreg)ilﬂ&dgédﬁﬁulatth@bﬂixirﬂz&Eeﬁ@oﬁtﬁﬁﬂﬂi?@s[ﬁfttmclﬁsedxbtainedffudﬂme end
effector 12. [0055] Figures 25-31 illustrate another enbodi ment of a

MOt Or i Z@gow! MR pAr K GsseHbY S0 provititd REdbadinb th@fdee Viatle tifiag trigFen20 10 with
power assist according to ‘another enbodi ment of the present nvention. The

enbodi ' - I.S: Sl Sf1oFig RedBaEB%sRie t hat
nat eadrap iy SHAGTpAR aid1ds8ind et Bk nd Piteidh 1270 B RecHafliogE

i ncludes an alternative gear , drive.as | y.. e.e di f  Eegures
25-31 i REVEIJRMESYSEm vig gﬁ%fsbé’msvﬂ?%f‘?ﬂ%%%ft% %ep@ S ngtté‘F 8%‘? g%%g"rrs

di sposed in a frame 201, wherein the gears are copnected t wee e

pl anet aly- Injbafrsenss, ]élFRJIt%F rEbpdiAests d@%&‘i‘%’v&ttﬁ? ﬁ‘@gﬁ‘ﬁB‘fc‘P tég‘érﬁ%l%é the drive
shaft 48. As explained further below, the gear box assenbly 200 provides

f eedbac Rnathertpowenassist, maiorized instrumgat 14 thgqevides feedbaekdiorthe nee regaplingthant and

| oadi ng force of the end effector 12. Al so, the user nay provide power to

t he syst@dingifarce bepegieacedbyrhasgembingtr@déntt o assi st the depl oynment of the end
effector 12. In that sense, |like the enbodi nents descri bed above, the

enbodi NpgUs6Pf 1HHhe WllBSraidd edBoditnent i fivég tHigyE R 0asSides twopleots: 2 @thin Bedyr unment
10 that provides feedback to the user regarding the |oading force

exper i encRfdnbBY2 hikea StidniMiOpdridst S04TeIMNHe-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
20. The proximate end of the spring 222 may be connected to one of the handle exterior lower
side pieces 59, 60.
[0057] In the illustrated embodiment, both the main body portion 202 and the stiffening portion
204 includes gear portions 206, 208 (respectively) at their upper end portions. The gear portions

206, 208 engage a gear in the gear box assembly 200, as explained below, to drive the main drive
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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 through openings in the firing trigger piege 202, 204
and maysha8 assembpoandtto @Mﬂf?ﬁ bapk torfbe pser reggrding @68?1’19@“?‘&"5{@5@ eHed%Wi t i on,
a spring 222 may bias the firing trigger 20 to rotate in a CCWdirection.
The sprihg 222 may have a distal end connected to a pin 224 that is
connected to the pieces 202, 204 of the firing trigger 20. The proxinate
end of [0p8s]sPThdErarBak aBdmbI§ 200 Aiagdiictetietas shoven,df tHehi Bustated|eenbedineant,cix | ower
side pieces 59, 60. 100571 In the illustrated enbodi nent, both the main body

portion andl riGest 210f M aPBER 4s98bIR 040 brpabesths g&R Fortdk L06EH8 306, 208
(respecgﬁgéry) at ?ﬁeir uppé&ggnd portio%s. f%%kgeargpo?tions 206, 208

engage ae%ﬁlgéﬁ%%g?g ﬂleﬂfdﬁgﬁxth@?ﬁ&?@érb@%ﬂ%ag@%a %Qhéisgﬁﬂd%ﬁﬁm& fhe drive the

main drive assenbl y and to provi eedback to e user regarding
el ude B RE Rl etk 2 FBCE b Sl Bmsalihater 206, R Un AR £ ™
Phe. 1 Pl Faigaieaispio. 1 SO PR SR GoE Fotal o oah B adbe 1oE URR [or
second gear 212, the snaller second gear 212 being coaxial wth a |arge
third geesr 2b8is.a 9Pnbevehiear thps sngazesia mabeg) ¥l bgvel gaen 720 (besp shavn igdug: 31 that't he
smal l er fourth gear being coaxial with a fifth gear 218. The fifth gear 218
i s a 90iswenmctegeathetrhigivn geryegé thaadrivdsitymaip doise ehafyddr 220 (best shown in
"o 31{()0'[5;‘]3'[ 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

ring gear 122 meshes with the pinion gear 124, which is connected to the main drive shaft 48.

Thus, rotation of the pinion gear 124 drives the main drive shaft 48, which causes actuation of

the cutting/stapling operation of the end effector 12.

[0061] Forward rotation of the pinion gear 124 in turn causes the bevel gear 220 to rotate,

which causes, by way of the rest of the gears of the gear box assembly 200, the first gear 210 to
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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 enbodinment, but it could be simlar to the run notor
sensor 110 descri bed above. The sensor could be located in the handle 6
such t heetate.t Theirgtegspp3hengagrsihe grar portippy2Qos Potef the firing trigegt £ & dhasepy Al so,
instead of a proportional -type sensor, an on/off type sensor may be used.

[ 0060] usiag therfirofg tripgerROtorotes CEN vden theanotev 6] pgaides fapardaivedor the at e,

whi ch causes the planetary gear 72 to rotate, which causes, via the drive
shaft 7énd dfieetof I Dhnd@@rotdtd ZAW wheh aieamotdhés ratitexgingederselta fetriesthesndhi t h t he

pi ni on gear 124, which is connected to the main drive shaft 48. Thus,

rotati ogerfortiDe mickdt ygﬁehs&%ﬂp&feh&’@&feédb@cmgﬂdﬁﬁIIUaeh fde aﬁ&deﬂﬁylﬁémcauses
actuation of the cutting/stapling operation of the end effector 12. [0061]

For war doh\% é}ﬁc&frlmv&wf% &y H-;?éln{h@ firid @nggw@smage“m@xa{e ear 220 to

rotate causes, rest of the gears of the gear box

ta‘ﬁzegte)la etr%%g lﬁe?:{%g];%%gsetr %ggtﬁ %P%tg% 111 gx7 eﬁ?&cgta?esm-[%ﬁ:e r ?]t%& tcgﬁlgrloa%]fgrcgngages

ir causi ng the

the "Snatefiet b g3 £ ot ot e S e3¥es3@sfariﬁg;¥@g9 g2

to retract the end effector In that way, the user erlences f eedback
r egar di piter Iheeruiting/ sapliog oawan%fm tbgtnbw retyfn toHis Oélﬂﬂlaqusé&“@ emserillngy of t he
user's grip on the firing trigger 20. Thus, when the user retracts the
firing expegeree aZOW rotaton freceafram the ﬂ'mmgtxlggerriwrtbeé ingaenesilly tpaooetiong| tatthel to t he
| oad force experienced by the end effector 12. Simlarly, when the operator
r el easemvelesgetd be midtergst 20

[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

may detect, respectively, the end of the cutting stroke (full deployment of the knife/sled driving

member 32) and the end of retraction operation (full retraction of the knife/sled driving member

32). A similar circuit to that described above in connection with Figure 11 may be used to

appropriately power the motor 65.
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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. [0062] 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 is, retracting the firing trigger 20 causes the gear
por t i on§008dK, Fizoes B3-364 ustatecro-siroke notenzpdsuraiab cyiling andfaseRi@8gear box
assenbly 200 to rotate, thereby causing the pinion gear 124 to rotate,

whi ch cassemertH® withi povebr iassast 9¢eafdingl ® anothepem @.impmogehp epbodigneghohlogushown i n
Figures 25-3 1, the instrunent 10 nmay further include reverse notor and

st op nDBRR6SENGNASO 8 0fBipards 263 |adxoape that imethe embodimentdfdiigued3BB@pherot or
sensors may detect, respectively, the end of the cutting stroke (full

depl oy mgihe @feokit®0 HBiulie! S100dr Porkivh N8 altBAPpespoXtiGNIBA. 'Both Pertidhs 228,236t i On
operation (full retraction of the knife/sled driving nenber 32). Asimlar

circuit LQ bRECaRACY Givbihifi 2P RGH i Apbleki ol ERn bbrBRY22BE2305€d to
appr opr F{ftcgblh;e%%eg\?\grag{ hlglgrmt or @E\; ﬂ})218 ?‘8064]S FPgur es 3%‘?36 ilflustrate a
two-strgke, notoriz surgjcal cuttin fast enin i.nst it h
pover  adbr UpPRpdapPas MR B erd okl et AL A W e M
32-36 is sim!lar t hat Fi gures 25-31 except t int enbodi nent of
Fi gur es 238m ,ﬂph&:‘%e PPfﬂfi%?Sé%'F F%ﬁ@?te‘é&’ tihﬁBPRFE!QQR':QnItzgﬁé?ChptB?tth%prfﬁg("gﬂﬂ an
upper portion 230. Bot hc&(,)r tions 228, 230 are connected to and pivot_ about
a pi vot ishigsedeyroasain the CAY disection. (he BRRFR Petion 230 may gisosngdudemigwer aHE2Zifhper
portion 230 includes a gear portion 232 that engages the first gear 210 of
t he geathaboontactsaeuppkysuzface oflthe layyar ipargior 228 pEthe dimng ditigger 26 sudhethatpphen theor t | on
230 such that the upper portion

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

herein. In addition, the instrument 10 may include a reverse motor sensor 130 that is tripped or

switched when contacted by a front face 242 of the upper portion 230 of the firing trigger 20.

When activated, the reverse motor sensor 130 sends a signal to the motor 65 to reverse direction.

Also, the instrument 10 may include a stop motor sensor 142 that is tripped or actuated when

29



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 portion 228 also rotates CCW and when
the | owentasiaditiyshe o@r portian @38 efthe hising gigger Ao r Whsh a%@@rg’a SIORAQRs  Cc w
[0065] The illustrated enbodi nent al so includes the run notor sensor 110

t hat cosamsori ldasesisa signabteatoptthe raversermtaiongd theyaetor % vari ous enbodi nent s,
may cause the notor 65 to rotate at a speed proportional to the force

appl i ed [0066] hén opeitivng whed emopesstoactractg thelotoshiertiigger tl Biingg e 12oked Plositigmns or
110 may be, for exanple, a rheostat or sone other variable resistance

Sensor, ¢agirfsiigicn 20 idYerradted slightlpeidug eclidd@nisiabtvi i@ e atQ incbydirigGhitede a
reverse notor sensor 130 that i1s tripped or swtched when contacted by a

front f g(%l s%ﬁl%npé,ﬁi@z [UBREEdRCK ShARdN2RPeOhI dnd®ritel iSWfl:stN(i).QgﬁTS,(%@ t0J

acti vat e réverse notor sensor 130 sends a signal to the nmotor 65 to
reverse.direction l so, . the instr ' hyq{ Sh lQr sensor
142 t hat" $V¥aytZF ehgha™ %C%aagef ﬁlgglgag\?ﬁqehlr%p%grb%g)e%rg&é&%&@y Eggﬁrowegrag%r tion 228
of the firing trigger.20. Wien activated, .the stop mtor ns 14 ends a
signal {iHNg {r?gﬁert #@t%r‘%\’féﬁeége g S| ingOPPIRLOR 35 E}FOV@S'?]I%%‘H %%?Lf 7'}90§c§péA?tz2itP‘iﬁon,
when an operator retracts the closure tri qg er 18 into the | oiked ﬁosi tion,
the firPoigtes shyyayinFigure 33.dhe ggar pertien 24he '36 upRsr OGRS RAHIESHINEKHBEH i n t he
art, including United States Patent 6,978,921 to Frederick Shelton, IV et.
at and @Rimoses iStosngageaent Bith W5 I57aan2 Ubofithe gear Box swembly 200. Whenthe whi ch are
i ncorporated herein by reference) so that the user can grasp 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.

[0067] When the knife 32 is fully deployed (i.e., at the end of the cutting stroke), the front face

242 of the upper portion 230 trips the reverse motor sensor 130, which sends a signal to the

motor 65 to reverse rotational directional. This causes the main drive shaft assembly to reverse

rotational direction to retract the knife 32. Reverse rotation of the main drive shaft assembly
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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 notor 65 to forward rotate at a rate  proportional to the

r et r act canses the gearapl-224inkshe gee bopassembly to Tverse dirggion. Whichcpysss te UPRE not or
65 causes, as described above, the main drive shaft 48 to rotate, which
causes bpbiokaBo ef A2 firing tiggee 2@l to refateCWowhich dapsds ¢hedeproyatiof R2&of the fgng
traversing the channel 22). Rotation of the pinion gear 124, which is
connect @gboeP20 foofiRl OWrtl eheslbati poffion Z28usipsoit dteuags aticsst@i froR2 Gerisar 1422 gear
box assenbly 200 to rotate. Since the first gear 210 is in engagenent with
the geakhRRiHeIATe 33% Rfly t&ifictedPREICh RAIsES BB nda&t 63fto 610, T tHan@ay,tho@er 20, the
upper portion 232 is caused to rotate CCW which causes the |ower portion
228 to also | i | (- €., at
t he end%’éfe?'te{ﬁ%g?%t(a P%%%&ggéépl%%t%?%%@ g%ge§§r4122$ %;“%%gf‘ﬂggééf% olrP 'Eognon 230
trips the rever.se t sensor, 130 i.C nds.a si | to the. nmotor 65 to
rever se%eotiréﬁgi tﬂﬁ%ﬁrggi %Ei’i‘x@ﬁalﬂ?‘a B %}4@%@83{?‘8@‘% %8,33? ORTIREMI assemdly to
reverse rotational direction to retract the knife 32 verse rotatjion of
the ni GXREFiENE ayeaipancedsiatad|ty thegleployment qfjthe ‘ijéaﬁfé"’t?iéz 2% iR parfifiiaty fothe 1y o
assenbly to reverse direction, which causes the upper portion 230 of the
firing toeadingdorce@xpasienesddyehcipyifentd. cHimilaths exheniize onsvrser ielenses die Hrg of t he
firing trigger 20 to rotate CWuntil the |lower portion 228 trips or

act uat esrigdee2@ hftgy thentudtingdstapdimg opd@tiombrethatt iheankmtufreto3 s arigirfalipositions theaserd,

whi ch causes the notor 65 to stop. In that way, the user experiences

f eedbackyin egstidhdeth daploaitior férco fromhie firifg 8fgoec(thatlia gbnersByproportibeal uswie’ s
grip on

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
system of the motor, gear drive train, and end effector) for a two-stroke, motorized surgical
cutting and fastening instrument. That is, force applied by the user in retracting the firing trigger
20 may be added to the force applied by the motor 65 by virtue of the firing trigger 20 being

geared into (either directly or indirectly) the gear drive train between the motor 65 and the main
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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 that in this enbodi nent the user can

appl y fdsiveshafiedt. Harothen embpadimsnts of the presgatdinyengian1the 1358 My e Previdsd Wit not or
65) to actuate the main drive shaft assenbly (and hence the

cut t i ngactilafeedbagk ogparding tha positiotef the ¥niéf 37emttb¢ endffector g witheutrhagingils t he
firing trigger 20. That is, retracting the firing trigger 20 causes the gear
porti Orﬁrﬂfgarigéertzb%ew@ﬁrto ﬂﬁrgtehnod‘rivz?.ﬁiﬁ. Figured 37-¢0 Od¢ratehimdtoizadsergitahe gear s
of the gear box assenbly 200 to rotate, thereby causing the pinion gear 124

to rot atRingWill FRthAESBRrInhRt With Buch 4 Mexils Paditiorfes @ik yysi@nr ot ate. [00691 The
above- descrlbed enbodi nment s enployed power - assi st user feedback systens,

W th ‘(mt gk ﬂgaggdve?nwam&ﬁ ks 3749] g f@mg%ngge; 28 hfy hhd0a lRRd 142

outsid the ¢l ose system t he nbt or ear drive tral n, and end
effectg@wfo a two-stro or| i.C i ng
st unshon AR A8 uPpds o Glon D) Ui o e Bpery i o V?*g%lfff’%"ff*? T35 Mong
trigger 20 may be adde totg?gf ce applied b tor virtue of
the firymgeths ?jﬁ'é‘}dl@entlﬁ’ IRy Bsdps g’tﬁ’weﬁ?r R‘E PR &) “H’in 95 ol iiaYl%‘? $ECt1y) the
gear drive train between the notor 65 and the main 31 dr| ve shaft 48. In
ot her enfiséefl thetrmaesowith part pf tig gpar drivg &rain; desteadnibe irpmmeatinglades 0Pt wi t h
tactile feedback regarding the position of the knife 32 in the end effector,
but wi trhotot 26fawiting thrbasled fod 266thteadegtbere O Thethreaded rad26bireciproadtesdr i ve trai n.
Figures 37-40 illustrate a notorized surgical cutting and fastening
i nst r uneAgitudirtally Slad cut bk iMc@ofBBSiak itermbtec2isaotatssyddpenaling 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

control circuit can calculate if the knife 32 is fully deployed, fully retracted, or at an intermittent

stage. Based on the calculation of the stage of deployment of the end effector 12, the control

circuit may send a signal to the second motor 265 to control its rotation to thereby control the

reciprocating movement of the threaded rod 266.
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[00701 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 reciprocates longitudinally in and out of the notor 265 as the notor
265 rotates, depending on the direction of rotation. The iqgif¥nen% 10 al so
i ncl uded032] elncapgetionss shewn in BigureSdovaenbe closym &rigest 48 1o losked e thegi n
drive shaft 48 for translating the increnental angular notion of the main
dri ve sbhlafpedifositmn, thetfirmg tdggep 30 eotated awathBomahapigiol giip persienBp pf thehaedle
correspondi ng series of digital signals, for exanple. In the illustrated
enbodi mesiich thitehiroritdaceParof izdippacpanies2 34 qfitiexfirieg igded 20as abtihtco®d@ t hat
connects to the encoder 268. [00711 The instrunment 10 al so includes a

cont r ol with kiSbrbxifriARL endb@W) throaliddldd 178y, Wihen tHERIpermdtiretshctiSthe @losure trigger 18

m crocontrol l'er or sonme other type of integrated circuit, that receives the

di gi tal ,5f goal i?inﬁﬁ@@fhﬁqggd ﬁ&b@t%?fhe?fﬁﬁlgtt gdo Q&atwﬁi%ﬁhg Ratdd eldsiie encoder

268, the contro circurt may calculate the stage o epl oynent of the knife

22 0 DSt B Gt s e Bk VG EERTE R 2 e 1

eployed, cted, or at a érnittent

stage. Based gn the_calcul ation of the stage aof depl oynent OE tR %%%
ef f ect oPOS{oN, ﬁﬁér%fﬁ”f‘ 3&1(’&&‘? &npse pﬁﬁ?“&éh& nfacts H‘ﬁéﬂ%’i‘ afeicad oL ths E‘e or 265
to control its rotation to thereby control the reciprocating novenent of
the thresd§ rod 266. 32 [0072] In operation, as shown in Figure 37, when
the closure trigger 18 is not |locked into the clanped position, the firing
t ri gger [@33}) oAattedisenthyn fetraets thedinpigdttigger @0 gitepan iniitial rotgtigrfal ameuidedl & 6
such that the front face 242 of the upper portion 230 of the firing trigger
20 i s ndégreas of eotatiudid) 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

reciprocating movement of the threaded rod 266 is related to the rotations of the main drive shaft

assembly, the operator of the instrument 10, by way of his/her grip on the firing trigger 20,

experiences tactile feedback as to the position of the end effector 12. The retraction force
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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 proximate
end of the threaded rod 266. [0073] As the user then retracts the firing
trigger 20, after an initial rotational anobunt (e.g., 5 degrees of
rotation) the run notor sensor 110 nmay be actjvated such that, as. explained
above, apipied bethsoperaton, hasyeyer, doesinghdirectly affge thpdrive dfshe Hainlive SF‘I‘ift to rotate
at a forward speed proportional to the anmount of retraction force applied
by the speanblybecause thhdirihg tiigggr 20 isqwpe geaedl infoothevgeat driye sreinon thispmbedmgeft or 65
causes the main drive shaft 48 to rotate via the gear drive train, which
causes [goe4] KBy VRtuddf anekisd td idBerhentil ratadnsddvire iie deihesindl astdntdp diagbe er
tissue clanped in the end effector 12. The control circuit receives the

out put &tgﬁ%\kﬁ%aﬂ‘s HRM TR @n&sHePIsy, tREBntrE0Mc i Bsh ddlculdte Ghedaitkalfe 32tisfullpns of
the main drive shaft assenbly and sends a signal to the second notor 265 to

caused {16, SGEONGIDLALNGED APindHotfiCine MR calSRsy LAG LAUBAAaR: Fafhr 266 1O

retractd?) 1ows the upper "portion 230 of the firing
trigger 20 to rotate CCW which . all t I r portion. 228 .0f iring
trigger 6% 1 BYLY HETULRIOCAHR® rleﬁa‘it‘r?at(’f%mfgg%‘aﬁﬁ%retvﬁrée d'rrée)éélloﬂrog(t:haetrpéltgp?rgoverrent
of the threaded rod 266 is relateg to the rotations .of the main drive shaft
assenbl §ausesbe eationtof thegnaip dgive %?Fé‘?i{?y Qreveye HERFLgR, ‘?4?‘@7 ﬁ@:lsodgf tegn t he
firing trigger 20, experiences tactile feedback as to the position of the
end ef f bythgrengaler 26 Based ae thegpvearsrrettigndelpgied ythegneader ke thereontrolhowever |
does not directly affect the drive of the main drive shaft assenbly because
t he fi rcingittsendyopesigriaDta the serbnd)emtaa @6 1t cuusdie tayesersalratatenal direqtipmsuchithat
enbodi ment. [00741 By virtue of tracking the increnental rotations of the
mai N dr ihé@hrsdtRl rod3erRE Yo ekRnd figitudinally 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.

[0076] The various embodiments of the present invention have been described above in

connection with cutting-type surgical instruments. It should be noted, however, that in other

embodiments, the inventive surgical instrument disclosed herein need not be a cutting-type
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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 nmotor 265 to cause it to reverse rotational direction such that the
t hr eadeslrgioal idiineharkos ekamektiecwhld bagnenidittiag éndoscopim inteinmant,cr gra®sr, aThi s
notion forces the upper portion 230 of the firing trigger 20 to rotate CW

whi ch caasi@sa Elﬁﬁaﬂ&l}\‘/ﬂﬁ lan RE&debd @IVicd2 B ditug/gefi@thatapy QWMvekndéied, aanergy devieper at or
may experience a force fromthe firing trigger 20, which provides

feedbacgﬁﬁé?ﬁg%%u&pq&angr@é to the retraction position of the knife 32 in

t he end ector 12 Thé control circuit can determ ne when the knife 32 is
fully r ct i al to
the. ot B07BS" &iihaeh ddlieeiPlnlentop e EfUelinef hhlih ecAGT it SR 10
t han ha t.he c ntrol circ det er sitiqn . of the k fe 32
reverse‘\{‘:ﬁ‘ﬂgic’lstﬁ’fj ea*ﬁa 158> WB’IP%P’%QQW%(?”S? ﬁévarﬁé‘(’ﬁy@c}g";ﬁsﬁ"‘g@gﬁﬁ% I

addition, rather than using_a proportional sensor 110 to Erol the

rot at i ofnRi¢mented. ior sxamaple, differepfifypasiof end elfaetass may be smploys bé Ws¥here| n such

an enbodi ment, the operator would not be able to control the rate of

r ot at | omaisfials hee disslased 65 cefin gemponentsyoherinatetizls magbe asgsk elhedgreaomed r at e.
100761 The various enbodi ments of the present invention have been descri bed
above i desciimivnent ifdtowing blamud dre ingeridgg & cwegil csuch ineslificatiemarsd variatisdsoul d be
not ed, however, that in other enbodinents, the inventive surgical

i nst r unpoys)di Aﬁy paes, hdliehtibn) 6esthéeltischRurk rhatéridl N Wholeordfl pantBatGabaid to
i nstrunment. For exanple, it coul d be a non- cuttlng endoscopi ¢ i nstrunment, a

gr asper pe @eorpbraR®y refRrentd Rer@RRY in8brpoifbdHefdit Snlf &Y iHe@xteftt HRM8E ARBPoLR&S aPY

delivery device, an energy device

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 all
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 refeféAdMSherein is incorporated herein only to the extent that the
incorporated materials does not conflict with existing definitions,

st at eneNtsy isplaimedisr 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 hegein, ARuigiodhtwhing o fabtehifig WistrBme@ecofiptisiggdef i ni ti ons,
statenents, or other disclosure material set forth herein will only be

i ncor por at ed { : -ggt no conflict arises between that incorporated
mat eri al andal% géfgeﬁﬁ)ﬁ?ﬁ rlgcil scl osure material. 35 CLAIMS Wat is clained
is: 1. A surgical CLitti ng hande_fasteni ng instrunent conprising: an end

ef fector conpri si?‘l’g‘? ey 3ﬂ'§ellte channel ; a cl anpi ng nmenber pivotably

connected to the channel; angl a.noveabl e cu tiﬁg instrunment for traversing
t he channel to cuf“4RPHERLE egpg’ﬁi% 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 for actuating the cutting instrument in the end effector;

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

a motor for actuating the gear drive train;

a closure trigger for causing the clamping member to pivot to the clamped position when
retracted;

a firing trigger separate from the closure trigger for actuating the motor when the firing
trigger is retracted; and

means for articulating the end effector.
2. The surgical cutting and fastening instrument of claim 1, further comprising an

articulation control for allowing an operator of the instrument to control the means for

articulating.
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in the end effector by the clanping nenber when the clanping nenber is in a
cl anped position; a main drive shaft assenbly for actuating the cutting
instrunment in the end effector; a gear drive train connected to the main
drive shaft assenbly; a notor for actuating the gear drive train; a closure
trigger for causing the clanmping nenber to pivot to the clanped position
when retracted; a firing trigger separate fromthe closure trigger for
actuating the notor when the firing trigger is retracted; and neans for
articulating the end effector. 2. The surfgi cal cutting and, fastenin

i nstrument of cl diheisurgiqalipytiing andoiapieniag igirament.of clagm | aVNeRIndBH Meats Por

all ow ng an operator of the instrunment to control the neans for

arti cul aticulgting3®npriselreurgvarspil-geint. cut t i ng and fastening i nstrunent of claim
1, wherein the neans for articulating conprises a universal joint. 4. The
surgical cutting and fastening instrunent of claiml1l, wherein the nmeans for
articulating conprises a bevel gear assenbly. 5. The surgical cutting and

fasteni ng i ngt r umatsuficat bting dnd BEAIRE thsiriMefRARRih Al wheretn thel hhnsfgr
conprises a torsion cable. 6. The surgical cutting and fastening instrunent

of claim.: el Glised Jd3r sk yMElyShaft assenbly conprises a proximte
drive s éhlatgﬁcfroapgﬂsesstgfwgﬁ vfa ssfla??]; and the neans for articulating are
connected to the main drive shaft assenbly between the

5. The surgical cutting and fastening instrument of claim 1, wherein the means for

articulating comprises a torsion cable.

6. The surgical cutting and fastening instrument of claim 1, wherein:

the main drive shaft assembly comprises a proximate drive shaft and a distal drive shaft;
and

the means for articulating are connected to the main drive shaft assembly between the

proximate drive shaft and the distal drive shaft.

7. The surgical cutting and fastening instrument of claim 6, further comprising a run
motor sensor for sensing retracting of the firing trigger, wherein, when retraction of the firing
trigger is sensed by the run motor sensor, the motor is signaled to forward rotate to cause cutting

of the object positioned in the end effector by the cutting instrument.
8. The surgical cutting and fastening instrument of claim 7, wherein the run motor

sensor comprises a proportional switch such that the rate of rotation of the motor is proportional

to the retraction force applied to the firing trigger.
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proximate drive shaft and the distal drive shaft. 7. The surgical cutting
and fastening instrunent of claim®6, 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 instrunent. 8. The surgical cutting and fastening
instrunment of claim7, wherein the run notor sensor conprises a
proportional switch such that the rate of rotation of the notor is
proportional to the retraction force applied to the firing trigger. 37 9.
The surgical cutting and fastening instrunment of claim@8, further

conpri sing: % revihesuargigal oittieg steing dstemery of clebn i furder ¢aITSEEF ve of an
end of a cutting stroke by the cutting instrunment; and a stop notor sensor
f or sensi ng @arecandinbiod senisoudfoe sdnising aabndidon adidative affantdnd of atcufting strokediyr unent .
10. The surgical cutting and fastening instrunent of claim9, wherein the

firing thtch@ig€MmsirsmatadRd i nto the gear drive train. 11. The surgica
cutting and fastening instrument of claim®6, further conprising a

mechani cal %ﬁ%&o?&ﬂs%?%@ﬁ%ta%l@n@iﬁoﬁ nﬁi&ﬁgéw@trmﬂogwheae@qintgo t he

cl anpi ng ne or causing the clanping nenber to pivot to the cl anped
positio.g%ﬂﬁ tthe closure trigger is retracted. 12. The surgical cutting
and fastening instrunent of claim1l, wherein the nechanical closure system
conprises: a bracket connected to the closure trigger; and

10.  The surgical cutting and fastening instrument of claim 9, wherein the firing

trigger is geared into the gear drive train.

11.  The surgical cutting and fastening instrument of claim 6, further comprising a
mechanical closure system connected to the closure trigger and to the clamping member for
causing the clamping member to pivot to the clamped position when the closure trigger is

retracted.

12.  The surgical cutting and fastening instrument of claim 11, wherein the mechanical
closure system comprises:
a bracket connected to the closure trigger; and
a closure tube assembly having a distal end connected to the clamping member

and a proximate end seated in the bracket.
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a closure tube assenbly having a distal end connected to the clanpi ng nenber
and a proximate end seated in the bracket. 38 13. The surgical cutting and
fastening instrument of claim®6, wherein the end effector includes a staple
cartridge seated in the el ongate channel and the cl anpi ng nenber conprises a
anvil. 14. The surgical cutting and fastening instrunment of claim®6, further
conprising a |ocking nmechanismfor |ocking the closure trigger when
retracted. 15. The surgical cutting and fastening instrument of claimS3,
wherein the end effector further conprises a heljcal drive screw _such that
forward rotak3 on Bt surgicaheyttipgpndfaptoring Msymentah sloam Gpwhergin ﬁﬁ“‘iN‘?fgelcF‘ﬁrrent

to undertake the cutting stroke by traveling distally along the channel,
and r evierledesaxitaplé cantrivige s¢ntednio|thecelpngate qhen@g prdithe glagping memper qompgises a
instrunent to retract by traveling proximtely along the channel. 16. The
surgi caianvilutting and fastening instrunment of claim®6, further conprising a
tactile position feedback systemfor applying force to the firing trigger
such that position of the firing trigger is related to the position of the
cutting instrument in the end effector. 17. A surgical cutting and fastening

i nstrument cpyipr !ﬁiegrgli%i/ca@g%tgﬁg afd faSEhiRE iRIREASIrR ik 6TR¥ERPESnSHkidg 419

instrunment; a main e assenbly for actuating the cutting 1nstrunent

in the end effector: handl e i Si : drive train connected to
the mai ﬁ’c Pg{}lg‘a% ésﬁf"éz%"é%ﬂ%q)l}? CI%g&Pn%f%Fp\?%?nqgggﬁé'i ng the gear drive train;
39

15.  The surgical cutting and fastening instrument of claim 3, wherein the end effector
further comprises a helical drive screw, such that forward rotation of the helical drive screw
causes the cutting instrument to undertake the cutting stroke by traveling distally along the
channel, and reverse rotation of the helical drive screw causes the cutting instrument to retract by

traveling proximately along the channel.

16.  The surgical cutting and fastening instrument of claim 6, further comprising a
tactile position feedback system for applying force to the firing trigger such that position of the

firing trigger is related to the position of the cutting instrument in the end effector.

17. A surgical cutting and fastening instrument comprising:
an end effector comprising a moveable cutting instrument;
a main drive shaft assembly for actuating the cutting instrument in the end effector;
a handle comprising:
a gear drive train connected to the main drive shaft assembly;

a motor for actuating the gear drive train;
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a closure trigger for causing the end effector to clanp an object positioned
in the end effector when the closure trigger is retracted; and a firing
trigger separate fromthe closure trigger for actuating the notor when the
firing trigger is retracted; and neans for articulating the end effector.

18. The surgical cutting and fastening instrunent of claim 17, wherein: the
mai n drive shaft assenbly conprises a proximte drive shaft and a dista
drive shaft; and the nmeans for articulating are connected to the main drive
shaft assenbly between the proxinmate drive shaft and the distal drive
shaft. 19. The sarcipsoed triggartfprepusing theend effesier tostammuaneohiech Potitigneghin the
further conprising an articulation control adjacent to the handle for

al | owi ngndafifectpewhérthe ofostrkérigges isrratmantdd; bmd control t he neans for
articulating. 20. A surgical cutting and fastening instrunent conprising:

an end effector Gdifg tekg sepaiay Gahi the clobire Bipgenfulr nctetitig tha nfotorditendlennect ed
to the end effector via a shaft, wherein the handle conprising a firing

tri ggerﬁl@,{quig &§PREAtE . Ghasure trigger; closure means for causing the end
effector to %anp an object positioned in the end effector when the closure

trigger is rrﬁéa:ngggreagtéctuf'aging??ﬁeo Hi%$H Qpans responsive to the firing trigger

for actuating cu g®instrument ~ when the firing trigger is actuated,
and nmeans for articulating the end effector.

18.  The surgical cutting and fastening instrument of claim 17, wherein:

the main drive shaft assembly comprises a proximate drive shaft and a distal drive shaft;
and

the means for articulating are connected to the main drive shaft assembly between the

proximate drive shaft and the distal drive shaft.

19.  The surgical cutting and fastening instrument of claim 18, further comprising an
articulation control adjacent to the handle for allowing an operator of the instrument to control

the means for articulating.

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,
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motorized means responsive to the firing trigger for actuating the cutting instrument
when the firing trigger is actuated; and

means for articulating the end effector.
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