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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



endoscopi ¢ 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 exanp] e of a surgical
st apl er ensiasaonis| o laparoseamioarplisations,A5e Fapable 9hRASSIHE direush Heannpla pagsagewasat © No.
5, 465, 895, which discloses an endocutter with distinct closing and firing
act i onsOngof the jaw wembers gicaiyes tptapld sartridgeihgviap peleass twd basalihwagedyonsaber s
upon tissue to position the tissue prior to firing. Once the clinician has
det er m siggles Mh¢ othbrgjayanemberidefites an enyil legyirg syapdg-fapminegpockets sligned mhieh the i ni ci an
can then fire the surgical stapler with a single firing stroke, or nultiple
firing rowsfoPk@ples MaRE Batiriige OThelihg@rdevt meludEs 4 plaglityhef réeip@icatitlg wddapd er causes
severing and stapling the tissue. The sinultaneous severing and stapling
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tissue. At the other extrenme, an excessive amount of clanped tissue may
cause bélindéiargusnathisevice srghletoeldse theggw mepgBmEupeA dissedppesidemihe déissiecut t er s
continue to increase in conplexity and function with each generation. One
of the priorno fisagdhee ftler clinfdian has detesnigeddiat the jaw members arecropartyf grippingFTF) to a
| evel

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



4 that all or a great majority of surgeons can handle. One known solution to
| ower FTF it use CO2 or electrical notors. These devices have not faired
much 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 Iimt within the capabilities of nbst surgeons (usually around
15-30 I bs). They also typically want to maintain control of deployin t he
st apl e thatalberiargyeaiinagority of susgeoas cambandige Qne knpwn selutenstorlepver FHE it yeae ﬁgmdl e of
the device feel too great or for sone other clinical reason. These
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endocutters. As a result, there is a general |ack of acceptance by
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is actuated by nerely pressing a button. SUVMARY [00081 In one general
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et r act heshleang Being apleityygfap at awlg@a%t\(l\g riitel Brine handigobhe deviFeleedpo may be
clanmped by the end effector. Then, when the operator retracts the firing

t ri gger great ardersomeyhep sligieal reasan.aTlagsa psegrfeadbackreffests age nadsuitabbneeplizablerin dri ve
shaft assenbly, which causes a cutting instrument in the end effector to
sever e piesent matmpeldiven erstogetters. As a result, there is a general lack of acceptance by physicians

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

button.

SUMMARY

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



5 [0009] In various enbodinents, the instrunent may conprise a power assi st
systemwi th |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 nmay be geared into the
gear drive train of the main drive shaft assenbly. In that way, the operator
may experience feedback regarding the force being applied to the cutting
instrunment. That is, the loading force on the firing trigger nay be rel ated
to the | oading force experienced by the cutting instrument. Al so in such
enbodi n9A0Y, Ineeriouseembodiments, tag instiugepat mak coBRMER NAYICH agsHd SR Withi ve

train, force applied by the operator nmay be added to the force applied to

t he not ading GRddieedimcloant crgtriobtovredice tis faningofdicrweruired whiemexehted by theng t ri gger
is retracted an appropriate anmount (e.g., five degrees), an on/off swtch
may be getatétisdrdenty @mmasds attmggpalativ nvachehbsdimentsrthé fiting aiggar mpeci f i ed
rate, thus comenci ng actuation of the drive shaft assenbly and end
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The proportional sensor may send a signal to the notor to rotate at a rate
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to detect the beginning of the stroke of the end effector (e.g., fully
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position), respectively. Consequently, the sensors may provide an adaptive
cont r ol [08¥8]t efrxdonding trtariob$ embpdementsfvheotthy fidkegtriggerantetiabtad an gpmyopritele of
the closed |l oop systemof the notor, gear drive train, and end effector.
[0011] amowdt (eeg., Bvedediae®)) tus on/bifewitch inag b hitgged, whish seads Hsigelil tetie imotgrear ed
into the gear drive

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



train used to actuate the end effector. In such enbodi nents, a second notor
may be used to 6 apply forces to the firing trigger to sinulate the

depl oynment of the cutting instrunent in the end effector. The second notor
may be controlled based on increnental rotations of the main drive shaft
assenbly, which may 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 instrument in the end effector. Additionally,
an on/off switch or a proportional switch may be wused to control the main
not or (appdy, foraento thefising trigger woaplatetthedepoyment pl/ibe suting jnstrpmentin theendar i ous

i npl enentations, the end effector nay use a helical drive screwin the base
of the effiitorf Thesesond mothrimay belventealtet! ibaggdiondnerementiel rowatigns ofkhg mein drixe so, t he
end effector may include a staple cartridge for stapling the severed
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sealing) the severed tissue may be used, including RF energy and adhesi ves.
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the cutting instrunment to travel longitudinally along the channel in order
to cut efitbeend effestopudrine theeutinginsirraent 6¢-2., knjty).4 Algonthg g£pd gffector may
i npl enentations, the instrument may include a rotational main drive shaft
assenbl include a steple anitmdget thestaplmg dlief ssuered tissmar Ahearding e otrai embhdiments lothfer nay
conprise an

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



articulating joint such that the end effector maybe articul ated. 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. [00151 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 nents free
up space in the handle directly above and behind the triggers for other
conponents of the instrunent, including conponents of the gear drive train
and t hecamgriserfocedampley s beeel gyartassembhRaNNNESal jo0 16 2 flgaiblototsiantsbli nent s of
the present invention are described herein by way of exanple in conjunction
Wi t h t heaphlsie bowanseiking torsisn fovbetoahderdd effecws. 1 and 2 are perspective views of
a surgical cutting and fastening instrunment according to various

enbodi NI OOtheh&pBitSSEME preddtft MivieRion dr GltEREd 3VaridiisSmEchRhigMe foro&iyy of an
end effector and sﬁaft of the instrunent according to various enbodi nents
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vari ous enbodi ments of the present invention;
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;



8 Figure 11 is a schematic diagramof a circuit used in the instrunent
according to various enbodinents of the present invention; Figures 12-13
are side views of the handle according to other enbodi nents of the present
invention; Figures 14-22 illustrate different nechanisns for |ocking the
closure trigger according to various enbodi nents of the present invention;
Fi gures 23A-B show a universal joint ("u-joint") that nay be enployed at the
articulation point of the instrument according to various enbodi nents of
the present invention; Figures 24A-B shows a torsion cable that may be

enpl oyed at Hipwe dt id aschemptgndipgramtof gfcircuinesed irs the imstiymentcasgordinggo veriausr i ous
enbodi nents of the present invention; Figures 25-31 illustrate a surgical
cut t i ngerabudirhand efithe\presens inventin, Wit h power assi st according to another
enbodi ment of the present invention; Figures 32-36 illustrate a surgical

cutting and Higsbem-NYadeRede idRIG1 thid lﬁéﬁdl&%@)’rdﬂg% Sther @BlsGiHemyot @e pREerdnOt her
enbodi ment of the present invention; Figures 37-40 illustrate a surgical

cutting,agfichastening instrument with tactile feedback to enbodiments of
the present invention; and Figures 41-42 illustrate a proportional sensor
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fastening. i nstrugent 10 acco vari ous errbodl ments of the present
inventi\‘f’ﬂlou bqdi ‘Pﬁ%tff’gtthgareé?fgéﬂgﬂjé‘?ﬂ’ is an endoscopic instrument and, in

general , the enbodi nents of the instrunent 10 described herein are
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 I 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



9 endoscopic surgical cutting and fastening instrunents. It should be noted,
however, that according to other enbodi nents of the present invention, the
i nstrument may be a non- endoscopic surgical cutting and fastening

i nstrunment, such as a | aparoscopic instrunent. [0018] The surgica

instrunment 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 nmay be provi ded adj acent
to the handle 6 to effect rotation of the end effector 12 about the

art i cul etlossnpipisurgtcallenttingnandHastédingimstrenents. diiwaidteamoted, heweved, thitf ect or 12 i s
configured to act as an endocutter for clanping, severing and stapling

t i ssue,acadriingue bthei ¢émisddivaénts efthe gies@it irsventibr, therigniunieyipmay bé aaonk ef f ectors
may be used, such as end effectors for other types of surgical devices,

such asenﬁéﬁ@ﬂ@@&gl&ﬂél&ﬁﬁg’sand%ﬁ&{ﬁg’ Mstrrhé?, sabPhd LaparoXepRSAstAMENEES,
drug/ gene erapy devices, ultrasound, RF or |aser devices, etc. [ 0019] The

handl e g, gzg iR sh dal maﬁ%er#qor@ icle ?Ae B ﬁreel%lnee%ﬁl }'Fésgﬂﬁ'ﬁdﬁz% andhadg firing

trigger for uatlng t he en be appréci ated that

| nst rung {cuhﬁﬁ% cg efgerc C)Evsot etcﬁeq té the shff{;lgraF Qn arti ?ulgtllonaplvotalﬁks may

have di tr| gers or Sui controls for
operati the end eff 2 The end effe 2 is shown separated from
Che. hani geuiagorteopiral i oy §° prosHgdee a%qqmtﬁ%ﬁaqd# e A ARB AL thegn
clinician or operator of the instrument 10 may articulate the end effector
12 r el affegior {3 ahave thetpstiqulasiopypivet i1 4 b theilkueatediermbediment; b cedptfector 1265 as
described in nore detail in pending U S. patent application Ser. No.
11/ 329, @20gurtd toemtit dsanendycut@y foz BB pireg) sévetinglanidSuapding dissuenalthougs i otHeryi ng An
Articulating End Effector,” by Geoffrey C Hueil et al., which is
i ncor posnsiodtindingy, differdny typef of @datfecioRGRs)] bellved,anch &f dndefffectodsXot drhbrges i n
this exanple, anong other things, a staple channel 22 and a pivotally
t r ans| ajfallgfoal dviges, A chB h8dpersS betersa stafBrs2dlip dppBdrs, 40béss AeAt &, amb/pemd ned at a

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

10



spacing that assures effective stapling and severing of tissue clanped in
the end effector 12. The 10 handle 6 includes a pistol grip 26 towards which
a closure trigger 18 is pivotally drawn by the clinician to cause clanping
or closing of the anvil 24 toward the staple channel 22 of the end effector
12 to thereby clanp tissue positioned between the anvil 24 and channel 22.
The firing trigger 20 is farther outboard of the closure trigger 18. Once
the closure trigger 18 is locked in the closure position as further

descri bed below, the firing trigger 20 may rotate slightly toward the

pi stol hgndls 6dacladssampigtol; grip rfower ?&a&hé&lqutﬁsgﬁdérlapwpta ¥ Ay ndietheand.

Then the operator may pivotally draw the firing trigger 20 toward the

pi st ol jinigianito cause chmping dreclasingsifithrpnai @4 teward theiapds chanagipddfthessnde in the
end effector 12. In other enbodinents, different types of clanping nenbers
besi deseffebtor &t ther2by clamipdisie pmsieidnedshmheeashe droviil Emdmhmnehm.oﬁmd‘ﬁirrgg ] aw,
etc. [0021] It will be appreciated that the terns "proximal" and "distal"

are usegg %@Q@hf‘faﬂhéﬁbutﬁcﬁf&éﬁﬁ@@loﬁtﬂe friggbd 19. QOB t dIHUrdGliggbel ianstked o of an
i nstrunment 10. Thus, the end effector 12 is distal with respect to the nore

proxi mahe BRAHE gos@uon' ds frhdr d@&nfoya biIGk, BP PRAAE tr?gtgeldzd hat mtste KligtQMYKAence and

clarity, spati ternms such “verti cal hori zont al are’used herein

Wih TRSRERS ofiPof Beudl #14 eaéﬁ%w@gg{ pSI LG RE chORAA THRA reeraifiicd 1 1

many orie PoSsIt1 ons ter are not to be

nce. t RBE ALY A B CHPR C1eeet GIoPRAE He s ﬁr??%ml?%g%%eeﬁg AT ector

12, the clinician may draw back the closure trigger 18 tg its fuIIy cl osed,
| ocked ﬁ@&%rmguqfﬁlaﬁmss!%ﬁ%}@énths epd effpstes 19t Typther %bOdFH%“tflqlff?f@mttyli’e@@ér 20 may
then be actuated. The firing trigger 20 returns to the open position (shown
i n Fi gulamsping methbis bakides théranvik24 enubd kernsedsuehess, for eszople, angpppdsisgjabed nor e
fully below. A release button on the handle 6

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

11



when depressed may rel ease the | ocked closure trigger 18. The rel ease button
may be |1 inplenented in various forns such as, for exanple, as a slide

rel ease button 160 shown in Figure 14, and/or button 172 shown in Figure
16. 100231 Figure 3 is an expl oded view of the end effector 12 according to
various enbodi nents. As shown in the illustrated enbodi nent, the end
effector 12 may include, in addition to the previously-nentioned channel 22
and anvil 24, a cutting instrunent 32, a sled 33, a staple «cartridge 34
that is renovably seated in the channel 22, and a helical screw shaft 36.
The cut impknentedsin vareystfogns sugly ap dor examplexasripilide releaspppigon hGhshgwiin Figuremy be
pi vot ably opened and cl osed at a pivot point 25 connected to the proxi mate
end of thendbebuteh 122 shoMreindngurk 164 may al so include a tab 27 at its
proximate end that is inserted into a conponent of the nmechanical closure
syst em [ode3jcrFipad 3fisian Bgrlodedlvias) of the epbeffeated 12 hodedihf e wdnioul ed¥odiMbes. t he
closure trigger 18 is actuated, that is, drawn in by a user of the

i NSt r UNROEhobh inkiE1186Mkdd etbodB¥end] tHOEndATRor | D raRiiYdiide, ROidattiod o tHet 0 t he
cl anped or closed position. If clanping of the end effector 12 is

e  the end ef 2
cpl ai niepisyortARATh A BLa i BE1I2E. oldi a3, ARLTEL gl 0t Sve
I i tudinall I th h L 22, . th ti ti I i thi
tne_end-traes v ab B erfBoRGaREIn CEpnanE £ i S REe TR Ak THEREEY o

the staples of fhe staple cartrid 4 to.be driven through the severed
tissue ﬁtﬂdrﬁij‘é?%ﬂayiﬁ or exauule akmiry %EQ?H‘II\I@%‘HW be pigotahly Og'?'%fﬂl and closedalst en
the severed tissue. In various enbodiments, the sled 33 _nmay be an integral
conponehPivet paiMeScannactedde theproximate epd of thg charmebZy Theanyvil28dnayglsog cal
stapling instrunment incorporating an E-beam firing mechanism" which is

i ncor poinaludela tabr2diat it proximedte eachidet, is prsevéddaty aempodentaif ths ra¢hanical giisure
two-stroke cutting and fastening instrunents. The sled 33 nay be part of

t he car §ysieg@destbibedficthert bebdwtb @pert drel dosefilee aRi12d1 Mignghé clbbueviripget iscut t i ng

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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operation, the sled 33 does not retract. 12 100241 It should be noted that

al t hough the enbodi nents of the instrunent 10 descri bed herein enploy an
end effector 12 that staples the severed tissue, in other enbodi nents
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 HEMOSTATIC DEVICE" to Yates et al., and U S. Pat. No.
5,688,270 entitled "ELECTROSURG CAL HEMOSTATI C DEVICE WTH RECESSED ANDY OR
OFFSET [B0ZALTRCIS!d hegrotegithet akthough the eihbadimenteof the drspumanteld deseréied hetgin
reference, disclose an endoscopic cutting instrunent that uses RF energy to
seal thmpevaerad effectos Uthat st&plesRhe saveredpisuec amtatioar e®dodialenNaliffdrgnt267, 811 to
Jerone R Morgan, et. al, and U S. Patent Application Serial No. 11/267, 383
t 0 Fr edeghinifaeEfor Biehingror stafingelie settred tivde alay de @sal. For ekamysie ad affecoRer ei n by
reference, disclose an endoscopic cutting instrunent that uses adhesives to

fasten h{iQsSRY@h&gy bl sdHeGives 16 TG thOered iR UsHY difdenedRsdr URY. PRINGET ei n
refers to cutting/stapling operations and the I'i ke below, it should be

r ecogni gegh ég@%&ti{léﬁ &gyl lgi;t?%ﬁ@éﬁi ENtORPATIE fth\lﬁ@ﬁ” ke YRQE eﬂm.?%doﬁ%?ibe

limting. I ssue- eni ng techniques may al so be used.
Fi gures, 4 .an e |Q§ % i éﬁﬁﬁéﬁ ' h& ' of the end
cf foct 9 Rs LR aR iR EEECTRTRERAL PO A B RENIE Ut houn T n the
illustrated enbodinment, th h % y include a proxi mate closure tube 40
and & dRSEERSHE ANH/OR QEESEREREC kQS%PSS% NRta e Yl s fneppRiELeEreifT o
distal closure tube 42 includes an opening 45 into which the tab 27 on the
anvi | 2y referange eliscloge pmenslogeapia euttijednstenment thakuses RE eaergy Ito seal thg severad: her
descri bed bel ow. Di sposed inside the closure tubes 40, 42 may be a
pr oxi netissues 3.8 ePaterit & ppBeation Seoslevo. ilhL6A8 11 tvelepmuR Mebegan sqzi aleandUb8. 46 nay be
a main rotational (or proxinate) drive shaft 48 that communicates with a

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

13



secondary (or distal) drive shaft 50 via a bevel gear assenbly 52. The
secondary drive shaft 50 is connected to a drive gear 54 that engages a
proxi mate drive gear 56 of the helical screw shaft 13 36. The vertical beve
gear 52b may sit and pivot in an opening 57 in the distal end of the

proxi mate 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. Collectively, the main
drive shaft 48, the secondary drive shaft 50, and the articulation assenbly
(e.g., the bevel gear assenbly 52a-c) are sonetines referred to herein as

t he " nmadth Hhe veicshbevel geas 82bmgy sit ambpivat imabepaningd 738 thdistal ¢ndrddheat a di st al
end of the staple channel 22, receives the helical drive screw 36, allow ng
t he hel progimatk spire tabe €4 Bdistad spineaiby 58 ataytbe used th enelopetbe s¢cconddre dubasingl 22.
The helical screw shaft 36 may interface a threaded opening (not shown) of

t he kni §@and@he 8iivdgdaltad4, 51 @bilcRtivell, thimamhdrive sBatt 48 WkesecbidarKdvivessha@ 50,0
translate distally or proximtely (depending on the direction of the

rotati ofhg thdaBEARiISRsGHBP (Eg CRMRE olet-asRABYY SHa0YlaYe sot@ithes kéterrétBion dri ve

shaft 48 is caused to rotate by actuation of the firing trigger 20 (as

explainﬁgdhqsﬂﬁuéhgﬂ?hgkh?p&kgg%pwihe bevel gear assenbly 52a-c causes the

secondary drive o rotate, which in turn, because of the

f, . the.dr] 4,. he hel.ical f 36
ot at o, KRplor befatec S Retiied o apist g RGP St 2atrsf bR el i vy °
31 casadhpeie Fnalowing Hechels Al oren o 40 HPDY Tos WL eIeo AP i St al

surface. As the sled 33 traverse the channel 22, the sloped forward surface
may pus?2.uphedielignlisgrewtsheft 36 s1aly dateifzeetaribreadedaipeniag (nat sigryenioth thedgifeBBe ¢l anped
ti ssue and against the anvil 24. The anvil 24 turns the staples, thereby
st apl i nguch et statemend thid shefid6 caldkethetkhide RAid tean3atel distalést orgooadatedhe kni fe 32
and sled 33 nay becone di sengaged, thereby |leaving the sled 33 at the
di stal @Rrpendingtdnahebizgurioh oPhe rotation) through the staple channel 22. Accordingly, when

the main drive shaft 48 is caused to rotate by actuation of the firing trigger 20 (as explained in

more detail below), the bevel gear assembly 52a-c causes the secondary drive shaft 50 to rotate,

which in turn, because of the engagement of the drive gears 54, 56, causes the helical screw shaft

36 to rotate, which causes the knife driving member 32 to travel longitudinally along the channel

22 to cut any tissue clamped within the end effector. The sled 33 may be made of, for example,

plastic, and may have a sloped distal surface. As the sled 33 traverse the channel 22, the sloped

forward surface may push up or drive the staples in the staple cartridge through the clamped

tissue and against the anvil 24. The anvil 24 turns the staples, thereby stapling the severed tissue.

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

the sled 33 at the distal end of the channel 22.

[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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100271 As descri bed above, because of the | ack of user feedback for the
cutting/stapling operation, there is a general |ack of acceptance anong
physi ci ans of notor-driven endocutters where the cutting/stapling operation
is actuated by merely pressing a button. In contrast, 14 enbodi nents of the
present invention provide a notor-driven endocutter wth user-feedback of

t he depl oynent, force, and/or position of the cutting instrunent in the end
effector. [0028] Figures 7-10 illustrate an exenplary enbodi nent of a

not or-driven endocutter, and in particular the handle thereof, that

pr ovi d@@h@é@iienfseefdlnﬁamsqnéglawamgr@\n@c HmelosyREeR endesuties Adihrger-feedhagk of ¢ he
cutting instrunent in the end effector. In addition, the enbodi nent may use
power the daplajeatnh forctendbe podition efitheiattiimgyinsthuamdnit fri tthg end effieptor. 20 t o power the
device (a so-called "power assist” node). As shown in the illustrated
enbodi o8] tHigurbemdd élustrate ah exkesplaryteaibodimenowfd mstoeldriven @riesuttzd,anB@ and
exterior upper side pieces 61, 62 that fit together to form in general, the

ext eri YartRular R HAAME Rr&f, thathRbV¥i8EsYisOfeeddbiNredtrdthglthe HEloYIRdH BAY loadiBy be
provided in the pistol grip portion 26 of thée handl e The battery 64

Povers g, ARk g cﬁélélg i 1hrt‘hea€hd%?i@€t'br Pl Eg‘ﬁﬂn Qhe Erlﬂﬁodd?l'eﬁttlﬂéy SHelpBwePr tion

26 of the han According to various enbodi nents, the notor 5 nay be a

o o0 R P R S 00 B ;???st
b I d a I 70. Th |
e 05858 Y g, ISR SERT D S

i ncl ude a pinion gear 74 connected to a drive shaft 76. The pinion gear 74
may dr i RieeesStd0iang exierier uppar sidapiesra 6] o thalditdogsdher esaﬁorrgelargeawaw@o via a
drive shaft 82. Aring 84 may be threaded on the helical gear drum 80.
Thus, vixémmior hEtherbarslle G5A batserattdssuch hea Li iog bgdery smaybgspravided i the elstadgoipg t he
hel i cal gear drum 80 by neans of the interposed bevel gear assenbly 66,
pl anet goyti@eXr ofalssleamiiley6. 7lhedbadenyitdgpogesra mM@or 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, S000 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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[ 0029] The handle 6 may al so include a run notor sensor 110 in conmmunication
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
exanple, a 15 rheostat or variable resistor. Wien the firing trigger 20 is
drawn in, the sensor 1 10 detects the novenent, and sends an el ectri cal
signal indicative of the voltage (or power) to be supplied to the notor 65.
When  t trheostsheiovariatle resistor. WWhere Bine 1ageiop) is dravkiain] iR gensphbl G dstestsith of t he
notor 65 may be generally proportional to the anbunt of novenent of the

f i ri ng moveggat; aiDsendhant elecsrical fighdlandiegsive af the voliage (dr pawserpio bl suprliedithe firi ng
trigger 20 in a little bit, the rotation of the notor 65 is relatively |ow
When t hike fnbtor 6§ Whiefj geerseRédr i1 $0 fsud Yayiable assistorror (lerlikentht hetafiad dfithe moweds
position), the rotation of the notor 65 is at its maxi mum In other words,

the harglgr bé%ﬁelﬁﬁ?ﬁro?&"doﬁalqa tHel¥enduhf éMBovehiehO&Rhe BAng ripge0. €THAOLst @R | S
applied to the notor 65, causing greater rates of rotation. [0030] The

handl e o?)]gm oh@%ragsg%lfclg%g%ﬁg %gﬁ%@éagﬁgfn&%it% 268f1n $fQnd ABtoyBREY Portion

of the'tiring-tri SO may conprise a bias spring 112

o IR P IMIEP v JRPDABL 418 987008 M e

trigger bi'as sprin ma e I'ts fully
open position. In that .way, when the operatqr releas the firi r.i gger
2. | HalhPREr EpMoi O3 1R e mangnyn Thane Pty S pg g aestret bl By fifind
position, thereby renpving actuation of the sensor 110, thereby stopping
r ot at i GHEEST 20+iBe mgrcoyoliage iSippplisshiathe gtoy b3, cansing ereater iea of radgiionhg 112, any
time a user closes the firing trigger 20, the user will experience
resi st dAe¥]t dhethendle b ayrinel middbmhandlegriesp yt 04 pdjosent toghe hppen pettionjof h
feedback as to the anmount of rotation exerted by the notor 65. Further, the
oper at ahe fidngd wiggérdd. IThie thandle 6 glsb meayfdomiprige 4 biagspering20 2 tconrideted dotveen pony €
force fromthe sensor 100, to thereby stop the notor 65. As such, the user
may st Qf thd@iddle 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

16




depl oynment of the end effector 12, thereby providing a neasure 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 assenbly. In
that way, rotation of the notor 65 causes the 16 nmain drive shaft assenbly
to rotate, which causes actuation of the end effector 12, as descri bed
above. [0032] The ring 84 threaded on the helical gear drum 80 may include a
post 8enaipgdrive shafijasssabbyto rafaies hich cansss agpation of the ehd efgetay e 9o deseribeds| ot t ed
arm 90 has an opening 92 its opposite end 94 that receives a pivot pin 96

t hat i sabowmanect ed bet ween the handl e exterior side pieces 59, 60. The pivot
pin 96 is al so disposed through an opening 100 in the firing trigger 20 and
an openoo3de] 10e ring 84hkereadeddinghdbeiidhlezept dram 8D0day inOdSh pbst 8adhktis disposeédhe
handle 6 may include a reverse notor (or end-of-stroke sensor) 130 and a

st op Myigin & Slot HEEF NbIRG Rin-9Bt I'TRK S)otte € AHO90 HbZin o'IaniMQQiZ auspsushedad®ent s, the
reverse notor sensor 130 may be a limt switch [ocated at the distal end of

the helj 63l .08a5 pgiroyﬁ?n% tﬁéf(?{jlcc;nn@éted bddSednl tﬂghﬁﬂléaﬁﬁ%ggﬁe\%%c&sr@, Bel Tl gear

drum 80 contacts and trips the reverse notor sensor en the ring 84

reaches, Lot al aNfodl ASaPE] dRAlngIBRin ALY %ied S0 LEY S SnlRIDS SCTSO"

en Ign e notor o‘revers rotation
direction, t by, with wing the knife 32 of the end effector 12
foIIomﬂﬂa“vﬁggkgP%#ﬁﬁ“ﬁﬁgégiion. [ 0034] The stop notor sensor 142 may be,
for exan&%ﬁ, a normally-closed Iimt switch. In varjous enbodinents, it may
a

be | oca0®3p]atln pddition ¢k handle Gnay wcludpa reysrse dagtordengndyeintiiolo sason HaP and he

ring 84 trips the switch 142 when the ring 84 reaches the proxi mate end of
t he held stefl mgienfor beginning-of-stroke) sensor 142. In various embodiments, the reverse motor

sensor 130 may be a limit switch located at the distal end of the helical gear drum 80 such that
the ring 84 threaded on the helical gear drum 80 contacts and trips the reverse motor sensor 130
when the ring 84 reaches the distal end of the helical gear drum 80. The reverse motor sensor
130, when activated, sends a signal to the motor 65 to reverse its rotation direction, thereby
withdrawing the knife 32 of the end effector 12 following the cutting operation.

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

[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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drum 80. [0035] In operation, when an operator of the instrument 10 pulls
back the firing trigger 20, the sensor 110 detects the deploynent 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, thereby causing the 17 helical gear drum80 to
rotate, causing the ring 84 threaded on the helical gear drum 80 to travel

di st al | Yeligrlgear dHgn §hepiretate. epvaing dharingsty threpgedhost e Peeabeeat AEIThEY fodEveear
drum 80 also drives the main drive shaft assenbly as described above, which
i n t ur ndistalliy elongthslhelierd gearsirum88. [The fasatdp of the heheal @per dsamdPradio drives thpat i s,
the knife 32 and sled 33 are caused to traverse the channel 22

| ongi t ushaimadrivg shafhesabyly asitlescried abwsejeviithainpen causes Hepleyrdere of thetkorfe 32. Al so,
the stapling operation of the end effector 12 is caused to happen in

enbodi NRithe endélfe@tor 131 Thatiif) Ghd MR 32ned elell 88 b caised to&r@dhrseliBO Sehn&)22t he ti ne
the cutting/stapling operation of the end effector 12 is conplete, the ring

84 on {fgithEhdIGhe@BREudhE T33O clhpkd AKE ef PARREA 12D, ?He%tapﬁﬂgjg ratidne

hel i cal gear drum 80, thereby causing the reverse notor sensor 0 to be

tripped;e) k&dﬂ?ﬁse%{mz?sr%ug@h h%ﬁoem&emo%eﬁ? \J%grle%gsll’%)gingttyfe R ecBPist ©

reverse its rotation. rn causes the o’retract, and al so
causes tge ring 84 on the helical gear drum 80 to nove back to the
proxinaP%’end of the helical gear drum 80. [00371 The m ddl e handl e pi ece

104 includes a backsi de shou| der. 106 that _engages. the sl otted rm 9Q as
best shBifko] nBPfFl&LIP’é%ﬁ!‘S caﬁt.lag)gt.ap ongrian of fsan sffﬁit%rcb? i3 Gampletso e glre 34

forward notion stop 107 that enga%es t he firin? trigger 20. The novenent of
t he sl opn the hglieal gearjdsum 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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controll ed, as explained above, by rotation of the notor 65. Wen the
slotted arm90 rotates CCWas the ring 84 travels fromthe proxi mate end of
the helical gear drum80 to the distal end, the mddle handle piece 104
will be free to rotate CCW Thus, as the user draws in the firing trigger
20, the firing trigger 20 wll engage the forward notion stop 107 of the

m ddl e handl e piece 104, causing the m ddl e handl e piece 104 to rotate CCW
Due to the backside shoul der 106 engaging the slotted arm 90, however, the
m ddl e handl e piece 104 will only be able to rotate CCWas far as the

s| ot t edomsomegeasperthe slatted gym %Wllzﬁ% rofating,rpad tsy user Wl nibgablede §pthebt at i ng 18
for sone reason, the slotted arm90 will stop rotating, and the user wll

not be duipd & the fifing trigmer 2@bevauserthe middid handly pigce d §é wilk dotdweciarede rotate GEWdI e
handl e piece 104 will not be free to rotate CCW due to the slotted arm 90.

[ 0038] dukguhe sbitedmnch 9® il lustrate two states of a variable sensor that may
be used as the run notor sensor 110 according to various enbodi nents of the

pres ent[omz 2 ;Pfi hRO41 INEABBRSPdte tstatBRYr d Vigiabld Gerdof REEMBPYHE 1RA agH.rud i rst

el ectrode 82, a second electrode (B) 284, and a conpressible
di el ect b6, SRR @l«lcc%ﬁﬁné & GriouEARDoARLNEENhE BR st EVh@SE STIREEnsof 39  The
sensor 110 may be positToned such that the face portion 280 contacts the

firing tri.ggen. 2 r e Nals) { 54N
s 1 ot e £ BolPERon oFb et iees B GU YerglARAE B 14
42, such that. the el ectrodes, 282, re closer together, Since the

i 5t ancempible R HaRERTE e £ s Do e SloghPES S, 25 diEaett he

i npedance between the el ectrodes 282, 284, the greater the distance the

mor e i nid@drayde posifignadruck thatbe faggporion28f centagithe|fising tiiggra dAnden | n t hat

way, the amount that the dielectric 286 is conpressed due to retraction of
t he fi rretmagtady iApgendingly, (hen theeltringtrifgar @8 is retragted, Faqydielectdip matesiab2¥pisrt i onal to
t he i npedance between the el ectrodes 282, 284, which can be used to

pr opor tdompadsted, asshbivalin Figared®, suchGhat the electrodes 282, 284 are closer together. Since

gm}gigger 20

own in Figure

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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[ 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 another opening in the closure trigger 18 which is

of fset fromwhere the pin 251 is inserted through the closure trlgg

Thus, rtbe yeket2581s @mn@%@d diagsRip @541t g eyt c@surea?t@g%t The Thp et closyre b ?the
closure trigger 18, to which the yoke 250 is attached via the pin 251, to

r ot at e X36\WONRE tola secand elodurofbraciet358. {Colectingly, the closwngdrackers 296,258 dpfine 254,

to a first closure bracket 256. The first closure bracket 256 connects to a
second aul apsning irbwhick éte p2&dmateécdnd @f the\pedyimateetosoteasher 4) (seaEigetest) 25@ate@58
define an opening in which the proximate end of the proxinmate cl osure tube
40 ( seenlihgMrs@cithat IBnGRAlirRImoadder OF the SUstiretbi@kets 0BE) 258tk lomgicedigt of the
cl osure brackets 256, 258 causes longitudinal notion by the proxinmate

cl osur et yAe prblfndidSibSHERIBE 460 TRE ﬁ@trma{tqd%fsoanah&%larcfosn@%aﬁ@o di sposed
i nsi de the prOX|ﬂate cl osure tube 40. The closure rod 260 may include a

w ndow &&%seq 19§18ew@'pg&uaa@%fosg§§§oe e Fc{surtqud ?@th@]}d@“ hdddl 8§€S. such

as exterior ustrated e RS dlsposed
to fixed

| y_cannect %ge clos er % 0 to t he h .

br oxi el g P 2 aes Tiah ndla S5 Ristatnapeh Shg Tl REFT is&r%?cgi%. U8 to
the closure rod 260, The cl osure rod 260 may al so include %gﬂa é col | ar
267 t hahe fljustgatedygrabodiment; is lisposed to fixedly senmastahesdpsie 1adrd04st lg 6r & aj ned
therein by a cap 271 (see Figure 4). [0040] In operation, when the yoke 250
r ot at esthafiveayt the peaximate icksursftuberd is cenablef mavingdengigidinaH relativedo ﬂ@ br acket s
256, 258 cause the proximate closure tube 40 to nove distally (i.e., away
from tdiesuteenodR60.eTie dbsurdredi 268 tnayradsotind@de, a dibtakbdvlloackthatt fite indo 8 talitycl osur e
tube 42 to nove distally,

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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whi ch causes the anvil 24 to rotate about the pivot point 25 into the

cl anped or closed position. Wen the closure trigger 18 is unlocked from
the | ocked position, the proxinmate closure tube 40 is caused to slide

proxi mately, which causes the distal closure tube 42 to slide proximately,
whi ch, by virtue of the tab 27 being inserted in the w ndow 45 of the distal
cl osure tube 42, causes the anvil 24 to pivot about the pivot point 25 into
t he open or uncl anped position. In that way, by retracting and | ocking the
closure trigger 18, an operator y clanp tissue between the anvil 24 and
channel 109211 aﬁaurﬁehl igf éqhﬁmatlf ﬁ@gltams%f@e efeé?rlcéklﬁl??ﬁltloﬁﬁledﬂﬁ“t“i"‘r?@? L9 agspiding
operation by unlocking the closure trigger 20 fromthe | ocked position. 20
[ 0041] ®eivguipes embbdirgengs efthe presdnt indentipmaiWldn aarppetagastinitisldy pdlisrio thetfirgfg t he
instrument 10 according to various enbodi nents of the present invention.
When antrigger 2 afiter looking atd ologued triggér 8t the sérisbt hig) is tetivagpey alRGviag twerent ocki ng t he
closure trigger 18, the sensor 110 is activated, allowing current to flow

t her e t h6Qudte thtdughhef tR@homally- c?@@fbvé@é’ﬁfoﬁﬁ sEMbOEWIRANSOris Sp¥nt(GRadiB@thes open
(meaning the end of the end effector stroke has not been reached), current

W T T g d9nPendt AELEGr RRIKE ’haéjﬁ)d’c%él reEH{eQYVcﬁr‘?érﬁ‘Wll:l-@lgw t§'ar§ﬁ1%let}nﬁ’e dBYKE se not or

sensor swtch 130 1s not closed, the inductor 134 of the —relay 132 will not

be ener 91' 5\? F'ela ﬁ2t %gnce %lllee%v ?«%rln olr Isefr}ggr gvﬂ%ch t1§O LH ?@g&p %QF%&E& tl§4 Oﬂjl'gct or

circuit Y Wér odes "X Car ockout séensor

12 include e cartri.dge, 34 nsor. 136 w he cl osed
state, ?fl? 0\17\’/? Y 185?1? cSHErgi 75 YOoNF re‘&yhg}mn g’e I fts P‘Hbe‘éeﬁ%i‘z%cfﬁﬁ%t& gf’e “iHti5es not
include a staple cartridge 34, the sensor 136 w pen, therehy

pr event Alpgyinchides aeartrides | OGhowtrS@rﬁpbb%er f e endy eff%@rol@ le@udqw&@ie Wfélﬁg% pib
staple cartridge 34 is present, the sensor 136 is closed, which energizes a
si ngl e thelsensos]Ifgridl ketin dw ql@leéytaﬁglowmewl‘tdliétOrfb}Vayoﬂl@BNuSs ibthe end gféestor
current flows through the relay 136, through the variable resistor sensor
110, antR deesmbeinontdos stéhle carridgedduthk serpot B36 widlliel 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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throw relay 140, thereby powering the notor 65 and allowing it to rotate in
the forward direction. [00431 Wien the end effector 12 reaches the end of
its stroke, the reverse notor sensor 130 w |l be activated, thereby closing
the switch 130 and energizing the relay 134. This causes the relay 134 to
assune its energized state (not shown in Figure 13), which causes current to
bypass the cartridge | ockout sensor 136 and variable resistor 110, and

i nstead causes current to flowto both the normally-closed double pole,
doubl e throw relay 142 and back to the notor 65, but in a manner, via the
rel ay 1hostop mator senseesvitohd gt astivaed.icausing/be switeh K42rtgroaen. dhriebydiemeringon.

[ 00441 Because the stop notor sensor switch 142 is nornally-closed, current
wi || flpowebfrob thomotonéSrel ay 134 to keep it closed until the switch 142
opens. Wien the knife 32 is fully retracted, 21 the stop notor sensor

SWi t ch [0645)i 9n attet srab&timemtatathegthahe popbitiohal kdpe defsc@1e0, antdnesfEbye saizoV i Ng
power fromthe notor 65. [0045] In other enbodi nents, rather than a

Pr opor tdo@riHe s An S6ESG@hbolirhéhts, Mk @R A TrbtatioHR st (REMSAE 65 GMIPhdiBeUsed. | n such
enbodi nents, the rate of rotation of the notor 65 would not be proportional

to the f ol BofaPR thg%r&?'%{)ﬁ)ggd %E?lrte?)hg’rrator.RﬁBtﬂﬁr, thetnll:}ft%@ 9FT1§gemmi>ﬂro&%@ rally

rotate "at”  a const ant e operator wo xperi‘ence force
f eedback because the. firing tri 20. i s geared.into the gear drive train.
[ o046 aegara e PUCte oy MolRERh exaeishiPEREEp I stndf HERIighFor | Sed
endocutter according to .another enbodi nent. The enbodi nent of Figure 12 is
si mi | ar?0t13 geaped intorthe-geas deixe traing g except that in the enbodi ment of Figure 12,
there is not slotted armconnected to the ring 84 threaded on the helical
gear drl09460 Figused 2 isch sidavieweof dhedwadledraf appwes-gasisemetorizedendocyfera4 i ncl udes
a sensor portion 1 14 that noves with the ring 84 as the ring 84 advances
down ( aagcbrding ¢kinothrer embodigient alhegahodamantroBigurgHe isemglar togbattof digutess-
includes a notch 116. The reverse

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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notor sensor 130 may be |ocated at the distal end of the notch 116 and the
stop notor sensor 142 nmay be |located at the proximate 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 mddle 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 nDtor sensor 110 detects the notion and sends a
signal to power the whi ch causes, . anong ot her things, the helica
gear drUMRSY tl!eoﬁrﬁllﬂt&géer 2)Qs Tthﬁ E G retatign ofgeymidgie pieesol 0 seusedhe art“h bl&tong 84
threaded on the helical gear drum 80 advances (or retracts, depending on
the rotmtao@FW witk the squsor portichd 1paf the nigg B seh thatahe aormi higd aysgisepsedin t he

m ddl e piece 104 is caused to rotate CCWw th the firing trigger 20 due to
t he f orthenotchdlé.oWhsi the rib@ B4trbaches th2 distad) evgbsf thdkelfchl geagdium &y ¢he a2@.11¥he CCW
rotation of the mddle piece 104 cause the arm 118 to rotate CCWwi th the

sensor RArdonfBt shlidh@tbyt thip the fRYerSdmdtoe Berlshat30t I$em iy, Whdn Steaitty 8l eadeed in
the notch 116. Wen the ring 84 reaches the distal end of the helical gear

drum 8%,3#) fﬂt&ﬁﬁf t héllcalat 8% @m%etépﬁrvﬁmeoﬁtaupma RfrdMAp IR &Y Or sensor

130. Sim e ring 84 reaches the proximate end of the helical

gear dr urﬂrt108 %{nsorhﬁz""%”&ﬁ"é 1|on§: %n%?eggrs? Qﬁld %t {h% otznr (%90 respgctﬁlg pas rﬁ)red Sensor

142. sut ions may reverse
descri bed above. [0048] Figure 13 is a S|de V|em10f t he handle 6 of a
power - a8%¥"$t notori zed endocutter according to another enmbodi nent. The
enbodi ment of Figure 13 is . simlar to that of Figures 7- 10 except that in
the enbl8#$te rﬁlg'eﬂe 1gigg pide-yigw Qils @mid@ 6f aroger-pesist motefiasd sodocpitert ead, t he
ring 84 threaded on the helical gear drum 80 includes a verti cal channel
126. | nascerdingdé amotkérembodimentr Fhe @ubddia¢ny @€Eigarepldsis simiRr thhat ofighrepbsed i n
t he channel 126. As the helical gear drum 80 rotates,

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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the ring 84 threaded on the helical gear drum 80 advances (or retracts,
depending on the rotation). The arm 90 rotates CCWas the ring 84 advances
due to the post 128 being disposed in the channel 126, as shown in Figure
13. [0049] As nentioned above, in using a two-stroke notorized instrunent,
the operator first pulls back and |ocks the closure trigger 18. Figures 14
and 15 show one enbodi nent of a way to lock the closure trigger 18 to the
pistol grip portion 26 of the handle 6. In the illustrated enbodi ment, the
pistol grip portion 26 includes a hook 150 that is biased to rotate CCW
about aVirlyloeksgibe glosure trigasy | &int placsi dive operpteyman peleasp the closyee Eiggar Byt ri gger
18 includes a closure bar 154. As the operator draws in the closure trigger
18, t hepushiogdoen ban slideibustog agjease 466 bo hedaghoort dppnsitesdensf thépistohgrirkpdrEon
thereby rotating the hook 150 upward (or CWin Figures 12-13) until the

cl osur e2éd@ushidpdown thelstilebyttopasisase 160 eotateomhe toplot 50 OW &b tipa dreadosuretbar a
recessed notch 158 of the hook 150, 23 which | ocks the closure trigger 18 in

pl ace. K265 RRALAL B RMreéBiR3DRN 138, Cl osure trigger 18 by pushing down on a
slide button release 160 on the back or opposite side of the pistol grip

aw éhﬁﬁ“?ﬁﬁt IS L S MolBP e e Fiskt "222%‘3“'6?‘?"? eI, h lse.
[0050] FI r?% 5 c}nr@é borziortﬁg of Hg(rl?ﬁs)e the c!o%&%rtgé%e(f nr%é&eeg %\Qz‘dgmﬁf: cording

to varléﬁs osure trigger
18 includes a wedge 160 . h n ar head Th head
or t 1 orlBY5E anaiBrdhead PeIARIAH 9%?”%% el poripn B braditpnasr s ibige 160
and | eaf spring 162 may be nade from_ for exanple, nolded plastlc When t he
cl osur e leafisggeg 168 The wtgﬁ 469 apdl leptpriag d 62umar hemade o forsxample; melded ed
through an opening 164 in the pistol grip portion 26 of the handle 6. A
| ower giastit.e Mdwn sher dlesuee thiggerol8 is tdtractad rtbearheadiegopariion] 463 insagedtbsough| ower
sidewal | 168 of the opening 164, forcing the arrow

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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head portion 161 to rotate CCW Eventually the |ower chanfered surface 166
fully passes the |ower sidewall 168, renoving the CCWforce on the

arrow head portion 161, causing the lower sidewall 168 to slip into a

| ocked position in a notch 170 behind the arrow head portion 161. [0051] To
unl ock 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 CCWand allowing the arrowhead portion 161 to slide out of the
openi ng 164. (LOOSZ] Figures 17-22 show a closure trigger |ocking nechanlsm
accor di dayvnwerdiiet Herarmel b suiotasest C WADY dhedaryer surfapg E34epiiibeivadgs 182t #sshewbsur e
trigger 18 includes a flexible |longitudinal arm 176 that includes a |ateral
pi N 178n&xdueesdi7ragd tlBe MWefendhe pifiiE8 dully f36s dredowenrsurfads] §athelleWrfate oh them

nol ded plastic, for exanple. The pistol grip portion 26 of the handle 6

i ncl udegmarTcepeniotad, b8 thal it 128 {sabtated AW exdhahati thgpinadgeoh8Rtodes piwsed
therein. Wen the closure trigger 18 is retracted, the pin 178 engages the

wedge 182 ﬁmehﬁae trm Wedké 82 SasfsREE ﬁguxd QYRGB (dcmg thd hesudd iigda 8l S

rotated CW by t | ower surface 184 of the wedge 182, as shown in Figures
17 and 48, teheh &ﬁ% didd¥eor W f Or ce
on the arﬁ???gwls f£h§3é§§m£y @%I i@gﬁﬁggﬁgﬁgﬁgggéiﬁ%suc : at the pin
178 co in a notch 186 behi nd t he wedge 182, as shomm in Figure

19, gﬁ%ﬁ@ ing the closure trigger 18. The pin 178 is further held in
place in ition, by @ifleX|bIe sto 88 exteg%gﬂg fram the
e

he Ioc ‘%& S

wedge 189 3][ olgsanlo R‘?Jﬁlf’fﬂfﬂtrf%ér ggstﬂpgragqunéa@' rtRe saygege GEEY furt her
squeeze the closure trigger causi ng the |n 178 to engage a sl oped
backwal 18, ¢e®@ingfthe pia laﬁmmggg%domddqaek\ﬁ%l Fshmop}?nglg 1§Pvierang s pin hid
flexible stop 188, as shown in Figures 20 and 21. The pin 178 is then free
to traystardpast tia ﬂapib&rstm]bﬁﬂ;les shb92 in Rigures 20ped 2 hgTh8Pinsli8hs thhmfre¢ toe cl osur e
trigger 18 is no | onger

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

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

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

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

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

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

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

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

gears 52a-c and the u-joint 195 to realize articulation of the end effector 12.

[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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| 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 linear (180) orientation and
Figure 23B shows the u -joint 195 at approximately a 150 orientation. The u
-joint 195 may be used instead of the bevel gears 52a-c (see Figure 4, for
exanple) at the articulation point 14 of the main drive shaft assenbly to
articulate the end effector 12. Figures 24A-B show a torsion cable 197 that
may be weher phedarsedispepedigtarame2He wapreinghe gearsarg cenngatgd bpiavegn thegilapetarys ¢ o
realize articulation of the end effector 12. [0055] Figures 25-31 illustrate
anot her geanBdahdtbepinidn gearrbd4oatitheeptoximats-endrod ke dsiye ghafad 8. cAvs explajnedafiyether
fastening instrument 10 with power assist according to another enbodi nent of
t he pr ebgow, thé geae bbx a’emBlye206 phoddesdeddbadk tétigursasvi2 hedikingsriggeri2Dar t o t hat

of Figures 6-10 except that instead of the helical gear drum 80, the

embodi ”ﬁgﬁrdiﬁfg tid @I nedBardiBohdifg F@Sofale @ldledfotiof 1 €ABSAthe uskr ingag éﬁ@w‘ol y.
I n

The enbodi nent of Figures 25-31 includes a gear box assenbly cluding a

25 nunb i i i I nect ed
ﬁc{\%é?fto @@f/s?erg'vﬁﬂgi g%r '?gx gsr?grﬁtaﬁ'm??&ass}emwmo th@ntg)?ﬂir’]esena efre&GON

bet ween t he planetary e pinion gear 124 at the proxi nate end

o e 5 B o L P s,y e ot asper

200 provVi e user Vvia regarding the
depl oynent, and | oadi.ng force. of th d effector 12 so, the user may
br v SeOHSRBI e R HemetpSrahingum et 40 s oy s Bedbith 13 Gt BEudBE e e
depl oynent. of the end effector  12. In that sense, |like the enbodinents
descri badipg fyee expadensad By theenttingfingtiugisiles 23-32 is  another power assi st,
nmotorized instrument 10 that provides feedback to the user regarding the
| oadi ngl0086]c elnahgpidlupteatebemimdimend, hefiring tyidggas2( npkudes. two(&e8$: 2 main fhedy
illustrated enbodi nent, the firing trigger 20 includes two pieces: a main
body  portion 202 and a stiffening portion 204. The main body portion 202 may be made of plastic, for

example, and the stiffening portion 204 may be made out of a more rigid material, such as metal.

In the illustrated embodiment, the stiffening portion 204 is adjacent to the main body portion

202, but according to other embodiments, the stiffening portion 204 could be disposed inside the

main body portion 202. A pivot pin 209 may be inserted through openings in the firing trigger

pieces 202, 204 and may be the point about which the firing trigger 20 rotates. In addition, a

spring 222 may bias the firing trigger 20 to rotate in a CCW direction. The spring 222 may have

a distal end connected to a pin 224 that is connected to the pieces 202, 204 of the firing trigger

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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portion 202 and a stiffening portion 204. The main body portion 202 may be
made of plastic, for exanple, and the stiffening portion 204 may be nade
out of a nmore rigid material, such as netal. |In the illustrated enbodi nent,
the stiffening portion 204 is adjacent to the main body portion 202, but
according to other enbodi nents, 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, sp rlng 222 may bias the
firing sheftgspembornddo providededdhack todhe wher werrding. thml@mqnhg thoondgffective  a
di stal end connected to a pin 224 that is connected to the pieces 202, 204
of the fAring trigger 20. The proxinmate end of the spring 222 may be
connected to one of the handle exterior |ower side pieces 59, 60. [0057] In
the ill08s8|atEid Raui a3diibly ROI May heludeiassHoody inbe illetiatdd 2mbodimeesix
stiffening portion 204 includes gear portions 206, 208 (respectively) at
their ugpgtarerd ﬁps@g&dr@rraofﬂae%em aBQEbIPIF) engggeis aPPEABAs 206026 oft N t he

gear box  assenbly , as expl ai ned bel ow, he main drive 26 shaft

ZEZEZﬂt’é% Rl b %ﬁgf%o‘ﬁ%fﬁﬁﬁﬂt*g%é?‘ Eéiag%‘éf%?%ﬁ’srae%i‘q* o AR R hown, in
the | us ate

assom) 7465 f@g 7T cibpifth g %h?ﬁ'i}f%%e%p 20 %ﬂtﬁgéesgérearzobox
| 1
el | oy Sl founs asr 23620 St waﬂﬁgage%"?&]g%?{% Ba?‘m gy ﬁ‘f% ifth e ¢ i 1 g

gear 214 engages ? smal ler fourth gear 216, the snaller fourth gear being
coaxi al geat 218 182907 bavehgear that gigagesc matmgr?o best gea1 320 et Howhdw Big. gbdhatt hat

engages a mating 90 bevel gear 220 (best shown in Fig. 31) that is
connect isdonnecteth e the pingen gpani 2414t drhas themamedrivehafrdi8n dri ve shaft 48.

[0059] In operation, when the user retracts the firing trigger 20, a run motor sensor (not shown)
is activated, which may provide a signal to the motor 65 to rotate at a rate proportional to the
extent or force with which the operator is retracting the firing trigger 20. This causes the motor
65 to rotate at a speed proportional to the signal from the sensor. The sensor is not shown for
this embodiment, but it could be similar to the run motor sensor 110 described above. The
sensor could be located in the handle 6 such that it is depressed when the firing trigger 20 is
retracted. Also, instead of a proportional-type sensor, an on/off type sensor may be used.
[0060] Rotation of the motor 65 causes the bevel gears 66, 70 to rotate, which causes the
planetary gear 72 to rotate, which causes, via the drive shaft 76, the ring gear 122 to rotate. The
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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[ 00591 In operation, when the user retracts the firing trigger 20, a run
not or sensor (not shown) s activated, which may provide a signhal 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 shown for this enbodinent, but it could be simlar to the run notor
sensor 110 descri bed above. The sensor could be located in the handle 6
such that it is depressed when the firing triqgger 20 is retracted. Al so,

i nst eadrotste. alhsrspaean DiPAngegep ehesgepspartions Oén?ogqu the frin &Eigger2Onthyreby used.

[ 00601 Rotation of the notor 65 causes the bevel gears 66, 70 to rotate,

whi ch causies thelfing pii ggee 26 tyrogpea CC¥R2 when thetnactter, 65 vitlescansard drivé fortlhee dr i ve
shaft 76, the ring gear 122 to rotate. The ring gear 122 nmeshes with the

pi ni on @daffedtdd]2 @hd edrotRe COWI bt thetntotd S orates inlfavese shatractdBe endThus,
rotation of the pinion gear 124 drives the main drive shaft 48, which causes

act uat i greck 12 NR tae b NEé SR Bk pehign@P BedbdcRreddtdih H Rrabing f6fct @fd @dploh#nent 00611
Forward rotation of the pi ni on gear 124 in turn causes the bevel gear 220 to

rotate, o t%%%rﬁ@fﬁ:@tﬂ? 5 by Ry Whthe Uert i dicthe Afing B F‘g%QIe% STHs, Whéh HEber POX

assenbly |rs gear 210 to 27 rotate. The first gear 210 engages

the gear F?cgsg té? s g réggrer %6) E%he Q%wr%gr \fNiIllr n&letnc% ggees\%ga%g reliari'%’é t%t%g 0108@ 3&“9 the

flrlngt ate rward drive for
the end effector

apd to. r e en the nptor ot at es reverse

to ret r%i‘@f’“?rﬁ%‘s Bnthe eﬁé ?ﬁt‘ﬂfrlzi%)‘ I?WC%? crafqf Lelfases %I‘B'é’lgltré%ﬁf’é f eedback
regar di ng | oadi ng force and depl oynent of the end effector 12 by way of the
user' s #fer hesHttingistapling wgeratmngs@ébat Aran 14Yra to itk apgipaPosisian, the wser &eﬂ s the
firing trigger 20, the operator will experience a resistance related to the
| oad f ogxperiensx p@rW eotatéah foycetfhen thedirmgzftaggen 20 thet isgenétally prppostienal te Hs oper at or
rel eases the firing trigger 20 after the cutting/stapling operation so that
it can teedrsy spetdofithe motar@dnal position, the user wll

[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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experience a CWrotation force fromthe firing trigger 20 that is generally
proportional to the reverse speed of the notor 65. [0062] It should al so be
noted that in this enbodi ment the user can apply force (either in lieu 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 portions 206, 208 to rotate CCW which
causes the gears of the gear box assenbly 200 to rotate, thereby causing the
pi ni on (0864l ~ Fignress32-3ooillsteate pavepirekgumetorigedsungica cyitingand fastaningd to rot at e.

[ 0063] Al though not shown in Figures 25-31, the instrunent 10 may further

i ncl udenstenrent ) withb poweraassistsicopdimgtt@anatlean smbgdimast. dBemnitivdiment of/ Eiguteh e
reverse notor and stop notor sensors nay detect, respectively, the end of

t he cut32-¥is SimfiRk & thhtdfIFigleel 20y heedcemfthit vethis rinbedisdeado OFigvres 32-36ghber 32)
and the end of retraction operation (full retraction of the knife/sled

drivi n_gﬁrn@rfh%er 28 2dcludds & 1dWdrportionm2Biahd hPupperporfies 280.bBskhpaRItAs RP8, @gpNnect i on
wi th Figure may be used to appropriately power the notor 65. 28 [00641

Fi gur es, 3&smietkd doUli {pﬁxfgalsmou{t %%0%9%7 tﬂﬁ?fs%éé)égégi dtﬁfbrugh €&dh doridn 129, ad

fastening 1 nstrunen assi st a Ing to another enbodi ment.
that 1 rErd Bt doss ot hifibdbel Wt HY SRadtaticer!
connectB 30 HIerBEnBBYLE cRRFELS BB Poria S Suel CRuBEHR POYER cach
portion 228, 230. The upper portion 230 includes a gear portion 232 that
engagesds blageditp rafate dgnthie OW @lirgetiany Thg aipper pgition 38 day alsodpgludery lowWeppimh 422 i s
connected to the upper portion 230 such that the upper portion is biased to
r ot at e that cphtactCyu uppee surifasa of tedowgpertiqna¥28iod theABngrrigeea 28 su¢mibhtudeenghd ower
o 234upper 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

CwW.

[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
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t hat contacts an upper surface of the |ower portion 228 of the firing
trigger 20 such that when the wupper 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 | ower 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 | ower
portion 228 rotates CWthe upper portion 230 also rotates CW 100651 The
i |1 ust reanteefed b theilorsertpotiano2 28md Itheféring thiggar 3R. Yhepractieaied theistep mpter

communi cates a signal to the notor 65 that, in various enbodi nents, my
cause tshsomb4sendba signal ta stoe thetreerspetion gitbpowtdrétal to the force applied
by the operator when retracting the firing trigger 20. The sensor 110 nmay

be, f or [0886jMPIn@perrtibh&atEhah opEratd fatraofsiiey closukd wigher I8dRiohalcRedERRdh, as
explained herein. In addition, the instrunent 10 may include a reverse

ot Or  SROBAg hi2Pert A0t rdidicled SRARY (@roughWhdcidhybRiwciathest, estiin@uhiient face
242 of the upper portion 230 of "'the firing trigger 20. Wen activated, the

rever se it o nz %@%9 92 L ACF R GAMAR S‘%ef%ﬂ %%t. %ﬁarfdlr}grg@gts%tesgﬁ 0180050513 Feffe

di rection. Kf the I nstrunment C S10p Notor Sensor 142 that
is tri d or actuateghmhen 29 cont act ed %, t he | portion 228 of the
e ng ¥ oG 20 e o e S MR B rrehed op MBS S8 BSENS 4 of gna
to stop.the.reverse rotation of the notor. 65. E0066 1 n operatj.on en an
oper at JITMEABEEE LR 1 FIA e GFUnE SRl OPEERoReAS SIRD ITERUAS poend +hrit tghne
firing trigger 20 is retracted slightlg %through mechani sms known in the
art, i roinkcassbownin igure 88 othe geappoetion 282 oy the apperpertioneddraf ghe faing trigger | v et .
al and United States No. 6,905,057 to Jeffery S. Swayze et. al, , which are
i ncor palan@ats nto engagbyentefitrtbe s} gew 21 haf the gear bor assemblyg2Ms PVhdnethe f i ri ng
trigger 20 to initiate the cutting/stapling operation, as shown in Figures
32 and operatofirettadgtthe 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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poi nt,

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
t he gear box assenbly 200. Wien the operator retracts the firing trigger
20, according to various enbodinents, the firing trigger 20 nmay rotate a

smal |

anount, 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 retraction force applied
by the operator. The forward rotation of the notor 65 causes, as descri bed

above,

caures thaigaard 21 Q826 inathe ge by agsemblydo reparse ireetipnewhich sausas the ugperi n t he

end effector 12 to be deployed (i.e., begin traversing the channel 22).

Rot at i

gortah 230 ef gierfirmig tggger 20 1@btateiVG twhich cosaselnt ledvet portibe 2280fthe fifing shaf t

48, causes the gears 210-220 in the gear box assenbly 200 to rotate. Since

the fi

legged €A to rdldle CW urtil eigidgengurtion228tripher gatesply dtopmofdbdsesbr 142 upper

portion 230 of the firing trigger 20, the upper portion 232 is caused to
rot at e yHel\dnheife32 i§ ANS PStrdchR, WRIR calRes the @ibtardD th Qtop! HPthaPwvay,ehd¥sly [ 0067]
When the knife 32 is fully deployed (i.e., at the end of the cutting
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not or
rotati
rotati
drive

se a sl gn

.di recti . Thi j . f
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shaft assenbly 30 causes th ears. 210-2 in the gear .bgx assenbly to
rever sEXBireBes E?ﬁ‘,sm{\iﬁﬁ r@ﬁ‘%&ﬂ g@?s‘}epﬁéfg\ﬁﬁtp?;rt&e Wr%ﬁgﬁtﬁr é%é“‘b n P?ﬂéc‘ﬁ’l’rr fof8et ri gger

20 to
20 to

sensor

rotate CW which causes the | ower portion 228 of the firing trigger
rlerdinteforopeypariencadty theligife Forlimparlp 2den thaepegmtorgeleases e i st op not or
142 when the knife 32 is fully retracted, which causes the notor 65

t o st oprigden20 hfier theguttingisaplmgroperiipese battesanfre@dbiedls ariggel posidond dplusgment  of
the end effector 12 by way of the user's grip on the firing trigger 20.

Thus,

Wit xpdtnes£C W eitdtivatforct fren the firigg triggeio® thailis gérdeeal Beopdrtionalid the
reverse speed of the motor 65.

[0068] It should also be noted that in this embodiment the user can apply force (either in lieu of
or in addition to the force from the motor 65) to actuate the main drive shaft assembly (and hence
the cutting/stapling operation of the end effector 12) through retracting the firing trigger 20.

That is, retracting the firing trigger 20 causes the gear portion 232 of the upper portion 230 to
rotate CCW, which causes the gears of the gear box assembly 200 to rotate, thereby causing the
pinion gear 124 to rotate, which causes the main drive shaft assembly to rotate.

[0069] The above-described embodiments employed power-assist user feedback systems, with
or without adaptive control (e.g., using a sensor 110, 130, and 142 outside of the closed loop
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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experience a resistance related to the depl oynent of the end effector 12
and, in particular, to the |I|oading 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 wll experience a CWrotation force fromthe firing trigger 20
that is generally proportional to the reverse speed of the notor 65. [0068]
It should al so be noted that in this enbodi nent the user can apply force
(either inlieu of or in addition to the force fromthe notor 65) to

act uat @riveghafied8n In pthgeerabediments bt Pyesend iaveRdoms éhe ysgemay,be proyidsd Hiithi ng
operation of the end effector 12) through retracting the firing trigger 20.
That i dactitecfeedbatk regarding the positipnt afitigianife 32 in thesnd effhatog dar witlurut having®2 of t he
upper portion 230 to rotate CCW which causes the gears of the gear box
assenblfiting @ligdep20 géadt¢kintd the pedvyrioattsinn Fidulfss 37pdnillastraeamofo?i4ed surgioblat e,

whi ch causes the main drive shaft assenbly to rotate. [0069] The

above- dagink ke rhsRARE MsiMAleht WAPLRYAdadi\RsitRaTeddbasisSkteheedback systens,
with or wthout adaptive control (e.g., using a sensor 110, 130, and 142

out si dgo@qt e eheiMREdtel Ao diRERE mlgareé R4 pmgge?ggeldzo 4y hdvdiaNewand end

ef f ect a two- stroke not ori zeéd sur gl ca cutttng and fastening
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trlggerpo orce y Vvirtue of
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ot her enbodi rrent s of the present invention, the user may be provi ded W th
tacti | @oftwadbaeteseytir RATRS thigeapdaye T bstead\dhacinptrwmess mqlflqeﬁé sese8d ef f ect or,
but without having the firing trigger 20 geared into the gear drive train.
Fi gur esn@ar-240 with aihreadederod 266 thyeaded thesgin gihsdhreadadirod 266 reqiprécatsseni ng
instrument with such a tactile position feedback system [00701 In the
i |1 ust Narigitddiaatiyoii ane otit affthd-imgtor 865 3s/thd thotdrl265 rotatesiglependiygeon thO dineyiohatie a
| ower

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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portion 228 and an upper portion 230, simlar to the instrunent 10 shown in
Figures 32-36. Unlike the enbodi nent 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

t hreaded 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 instrunent 10 al so includes an
encoder 268 that is responsive to the rotations of the nmain drive shaft 48
for trd0@2ht imgparation; arcshewann Higueentuwaen thetclaswredfiggand 8 nmnat lepked intesthaf t 48
(or other conponent of the main drive assenbly) into a correspondi ng series
of di giclaniped ipgsiadrs thef fiming teiggar0aotated aviap frohl the pisal edp pottiod i26@ffithe Hahdle pi ni on
gear 124 includes a proxinmate drive shaft 270 that connects to the encoder
268. [ @%ady thatvhe Frond fac BA2 of ke @ipeOpdrticn D3ES the fififd fridlgeCA( 6 bt in(cBMtacts hown) ,
whi ch may be inplenented using a mcrocontroller or sonme other type of

i nt egr afigdnhé plogithdte edd Gitthd BFQRU¥ERIEE. WHeAithAdpepdiditatrsctd the Bldkhie uggepdier 268.
Based on the signals fromthe encoder 268, the control circuit nay

cal cu l %}13 {(%%:E?it (]?%)%? r%lél pg:cii ?BJIR%Mt ﬁrmcgl tfgg er Iﬁﬂ ir(gt te? %lééh@ﬁ}t%\garaggﬁeg({csﬁr%t or 12.

That is, curt’can c ate | ul'ly
depl oyed, f QI retracted, or_ at an.intermtient , stage. B t he
cal cul Sotesh 219 wHEHE BREOL s ariinaBRarEE BB B apoRrrEBisr I8 nifls cone o
circuit may send a signal .to the second notor 265 tq control its rotation to
t her ebyPORBAR fr?fnéace%égi%ﬁh@&ap?rm@mﬁsl@éﬁéﬁetaﬁﬁ therproximatefad 9f thsdhrsagsd 32
[00721 In operation, as shown in Figure 37, when the closure trigger 18 is
not | odk®Pb.nto the clanped position, the firing trigger 20 rotated away
fromthe pistol grip portion 26 of the handle 6 such that the front face
242 of [0078] uppsehe wor thennet@80 thod fitikgetriggeri 2@gaftar iag gretial 26tatisnahemount (egnbact
with the proxi mate end of the threaded rod 266. When the operator retracts
the cl dsgreés dfirbtg@at) tHBrun 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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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
t he upper portion 230 contacts the proximate end of the threaded rod 266.
100731 As the user then retracts the firing trigger 20, after an initial
rotational anbunt (e.g., 5 degrees of rotation) the run notor sensor 110
may be activated such that, as explained above, the sensor 110 sends a
signal to the notor 65 to cause it to rotate at a forward speed proportional
to t heapaheslint the pperator, dowewvar, dass oet dipsptly aifiech thetdiive optheanain drive sha& i ri ng
trigger 20. Forward rotation of the notor 65 causes the main drive shaft 48
t 0 r ot atseemhilypbedaeseghafiriolg trigeet 20ais mpt gelaredtinto shesgesr dinee trdimirf his3bedonenk.ed 33
to travel down the channel 22 and sever tissue clanped in the end effector
12. Thejoord)t r®y vigthé 6Lirdckingand efenichl iitiout oSthg RRlsdd Vet Asembbodethe268
regardi ng the increnental rotations of the main drive shaft assenbly and

sends aouﬁhﬂ@'%hal_& RolhBe SROALD FBDME Contf Birb 1t GAYaRHlalePhenQRORS X i@ uIRES tO

rotate, which causes the threaded rod 266 to retract into the notor 265.

i o PIed 08 SORTaRE, DO R BoBl Bl b BBt o 8 eted, 21
CCW |

n that way. hecause the reciprogat.i venment ..of .t he.t hread ﬂ rod
266 i s dparEirerlzening b otue ramsiot o hEkA 1 dMere i Reon S B
operator of the instrument 10, by_way his/her grip on.the firin rigger
20, expursdirdastionel e Saindts-hn dsorbhith éeVﬁbsgidergawnowﬂtCﬁaés Rt or 12,
The retraction force 33 applied by the operator, however, does not directly
af f ect ytbe encoder 268. Basedrai the savierse raj#fipmedetegted bishaerisades 268, theeortiol j ng
trigger 20 is not geared into the gear drive train in this enbodi nent.
100741 dieuitsertds e sighalttp diekiepandt hetor Py te wause atl to rovesseirotagorsl dirétionmuch thati ve
shaft assenbly via the output signals fromthe encoder 268, the control
Ci I cui tthe theadad fodl 286 &tayd eextéirl lshgifudindBy fidmfthé higtor 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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deployed (i.e., fully extended). At this point, the control circuit may send
a signal to the notor 65 to reverse direction to cause retraction of the
kni fe 32. The reverse direction of the notor 65 causes the rotation of the
mai n drive shaft assenbly to reverse direction, which is also detected by
t he encoder 268. Based on the reverse rotation detected by the encoder 268,
the control ~circuit sends a signal to the second notor 265 to cause it to
reverse rotational direction such that the threaded rod 266 starts to
extend longitudinally fromthe notor 265. This notion forces the upper

por t i orsupgdnl bfstruments For expmple, gigronldie a nonrayttingendnscopipiinstrugigls 8 rasprs, 4 ower
portion 228 to rotate CW In that way, the operator may experience a CW
force fstapherf hdipfdppliergan adcggateviz®, a druglhgerehthgrapyddissryfdegith aakenegytdeeicoper at or
as to the retraction position of the knife 32 in the end effector 12. The
cont r ol ys@rgndtasbukR RFARE@ ¢tne when the knife 32 is fully retracted. At this
point, the control circuit nay send a signal to the notor 65 to stop

rotati %0771}00&1%@?%@&@& ihGenBbA Bhs R QicABRY }%reiﬁ]?ﬂ Sedthanvitpdeag t he

control circuit determ ne the position of the knife 32, reverse notor and

stop m&i?céos%&%ﬁ%&m%& &ﬁy‘iﬁ&ﬂﬁ?aﬁ‘%gm&ﬁﬁ&sﬂ?ﬁ}é@e emi)(EU ﬁgf?tisﬁﬂ e I ather

than usin roportional “senso {o control the rotation of the motor
65, an. o /of& switch or sor .can be used. In such an e dinent, the
oper at P ARgERsen bt SriHls BTSN LAY pE TS om Be S oy 0 TR ot or 65
Rather, it wuld rotate at a preprogranmed rate. 100761 The_vari ous
enbodi n@ﬁﬁ%alwetdrﬁeloa?f{e@é RS GRITHONGRISHARE MBS \Eﬁéé Zgﬁwewg
connection with cutting-type surgical instruments. |t should be noted,
howev erdeseripsion and fdlowing daipsaraitended togevar all speh medidigatigingal vengionsment
di scl osed herein need not be a cutting-type 34 surgical instrument. For
exanpl €0078] cAnyl phtdne, pabhcatiooLdrtatheg displdese opierial, irs whole®nin paat, gragspeid,to a
stapler, a clip applier, an access device, a drug/gene therapy delivery
devi ce,bedfcopputatgd byl eaferefice Hegdin s ilitdrparated AeteinfiInly loaBeéxteritibat the incorporated

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

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

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

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

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

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

existing disclosure material.
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[0077] Al though the present invention has been described herein in
connection with certain disclosed enbodi nents, many nodifications and
variations to those enbodi nents nay be inplenented. For exanple, different
types of end effectors may be enployed. Al so, where materials are disclosed
for certain conponents, other materials may be used. The foregoing
description and followng clains are intended to cover all such nodification
and variations. [0078] Any patent, publication, or other disclosure
material, in whole or in part, that is said to be incorporated by reference
her ei n GlsAIMiTor porated herein only to the extent that the incorporated
materi als does not conflict with existing definitions, statenents, or other
di scl osWha isrdtieredad: 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
whi chconf 116t W dugicAéltnl A Helehilihs@fenSloRig#IRAL S, O other discl osure
material set forth herein will only be incorporated to the extent that no

G scl osur o Aaess PRASIIRThraR(RR0E PUER, ERERT AR SRE B0t g

and fast nina h@ﬁt{unent conprising: an end effector conprising a noveabl e
cut ti nd™ MIfSF GHEAP > f or cutting an object positioned in the end effector; a

mai n drive shaft assgpgly cqpnectedg&oﬁ%he(ﬁ&% effeﬁtor; and a handl e
connect ed t @ ¥R dHy§ fhafassrmblycanneciediodhs on €839t he handl e conprises: a
gear drive train connected to the main drive shaft assenbly; )
a handle connected to the main drive shaft assembly, wherein the handlé comprises:
a gear drive train connected to the main drive shaft assembly;
a motor for actuating the gear drive train; and
a firing trigger for actuating the motor and connected to the gear drive train such

that the loading force on the firing trigger is related to the loading force experience by the cutting

instrument in the end effector.

2. The surgical cutting and fastening instrument of claim 1, wherein the firing

trigger includes a gear portion that is geared to the gear drive train.
3. The surgical cutting and fastening instrument of claim 1, wherein the gear drive
train comprises a helical gear drum and a ring threaded on the helical gear drum, and further

comprising an arm connecting the firing trigger to the ring.

4, The surgical cutting and fastening instrument of claim 1, further comprising a run

motor sensor for sensing retracting of the firing trigger, wherein, when retraction of the firing
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a notor for actuating the gear drive train; and a firing trigger for
actuating the notor and connected to the gear drive train such that the

| oading force on the firing trigger is related to the |oading force
experience by the cutting instrunent in the end effector. 2. The surgical
cutting and fastening instrument of claim1, wherein the firing trigger

i ncludes a gear portion that is geared to the gear drive train. 3. The
surgical cutting and fastening instrument of claim1, wherein the gear drive
train conprises a helical gear drumand a ri t hreaded on the helical gear
drum drigiger isrsehsed byéhﬁmmrmtwgseawrathmr@tmmmag@ tp fierwiard fotaje tor qaygpequtting t he
ring. 4. The surgical cutting and fastening instrunment of claim1, further
conpr i sifilg ebjectipositimediin the esdefféotor byedhmseutiing iestramdnt.ng of the firing trigger,
wherein, when retraction of the firing 36 trigger is sensed by the run notor
sensor, the notor is signaled to forward rotate to cause cutting of the

obj ect positioned in the end effector by the cutting instrument. 5. The

surgical cutsting Tﬁ@gurgfemt&m@%nuﬁﬁém@ﬂgtrmen@m1w4 wRRSiR tHe thiffhofd#n ot or
sensor conprises a proportional switch such that the rate of rotation of the

ot or s%ns%{- 9%&%9 Qgioga{tf?)nglrb%vﬁcﬁtsﬁ g}m%t%"e Jafé.roq%tg@&{ 6ietﬂe }r%t&rP?%JogSﬁlB%al

trigger astening Instrunent o

wher ei e run mtor onprises an on/off switch 7. The surgica
cuttlng gﬁ’e?%@P rﬁ@“ﬁi@??ﬁ%ﬁﬁ?ﬁg'“ﬁFﬁ|n14 further comprising: a reverse
notor sensor for sensing an end of a cutting stroke of the cutting

instrunent such that when the reverse notor sensor senses the end of the

cutting stroke, the nmotor is signaled to reverse rotate to retract the
cutting instb umgﬁ“the surgical cutting and fastening instrument of claim 4, wherein the run motor

sensor comprises an on/off switch

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

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

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

rotating.
8. The surgical cutting and fastening instrument of claim 2, wherein the gear drive

train comprises a gear box assembly between the motor and the main drive shaft assembly,

wherein the gear portion of the firing trigger is geared into a gear of the gear box assembly.
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a stop notor sensor for sensing retraction of the cutting instrunment such
that when the stop nobtor sensor senses retraction of the cutting
instrument, the notor is signaled to stop rotating. 8. The surgical cutting
and fastening instrument of claim2, wherein the gear drive train conprises
a gear box assenbly between the notor and the main drive shaft assenbly,
wherein the gear portion of the firing trigger is geared into a gear of the
gear box assenbly. 37 9. The surgical cutting and fastening instrumnment of
claiml1, wherein the end effector includes a staple cartridge. 10, The

surgi cal cutki ng Thagumicst awingandfatenipginstrument phelaim 1, Wf‘é‘?léflh? & flgstar
effector includes a helical drive screw, such that forward rotation of the
hel i calindndesa staplessartcidgses the cutting instrunment to undertake the cutting
stroke, and reverse rotation of the helical drive screw causes the cutting
instrunment to retract. 11. The surgical cutting and fastening instrunment of
claim1l1, wherein the main drive shaft includes articulation neans for

articul atingot he TRedurgfchPéitg aniiZastdii®; Mmsthih&h@bf Elbint | Rgheddif theas @feétor
instrunment of claiml1, further conprising a closure trlgger separate from

the fi rlhagdésrugﬂ@ap driVOGHEN SubR a8 rRhtid dhtlﬂ'tﬁé SHGFYr Jes Q6 @RS _the

end effector to he object positione e en ector. 13. The

sur gi Cal tt?n(%ﬁt%ﬁl%{l]lgle% to un Ocak tl?eqciurt,'tﬂlsgz tioRE r%d VEIQSG "f‘(l)tgl?tlc;lh f tﬂéjﬁ g drfv%%%’ lNSI ng a

Iockln Tosure g
surglcal cuttin and fasteang i nstrunent of cIa|n112 further conpr|5|ng a

mechani @Ufes desHing 18ument Tt osi ng the end ef fector when the closure

trigger is retracted. 15. The surgical cutting and fastening instrunent of
claim14, wherein the end

11.  The surgical cutting and fastening instrument of claim 1, wherein the main drive

shaft includes articulation means for articulating the end effector.
12.  The surgical cutting and fastening instrument of claim 1, further comprising a
closure trigger separate from the firing trigger, wherein retraction of the closure trigger causes

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

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

locking mechanism for locking the closure trigger to the handle.

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

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

15.  The surgical cutting and fastening instrument of claim 14, wherein the end

effector comprises:
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effector conprises: 38 an el ongate channel for carrying the cutting
instrunent; and a cl anpi ng nenber pivotably connected to the el ongate
channel . 16. The surgical cutting and fastening instrunent of claim 15,
wherein the mechanical closure systemincludes: a yoke connected to the
closure trigger; a closure bracket connected to the yoke; and a cl osure tube
di sposed in the closure bracket and connected to the clanpi ng nenber,
wherein retraction of the closure trigger causes the closure tube to nove

| ongi tudi nally such that _the cl anping nmenber pivots to a clanped position.
17. A sur gi cdicloagete chapnshigr eastingihg GUtRg iNsBRRE &¥hpri sing: an end effect or
conprising a noveable cutting instrunent for cutting an object positioned
in the end efdlaseping membappivotably gennekig to the stompaty chammakct ed to the end
effector; and a handl e connected to the nmain drive shaft assenbly, wherein
the handl e conprises: a gear drive train connected to the main drive shaft
assenbly; a notor for actuating the gear drive train; a firing trigger for
actuating the. notibe sunghvar Qitting i@ fhdtenimnginbttung@e of tlaint Of akaal tHeanechhdicgear
drive train such that the loading force on the firing trigger is related to
the | oagidge JySemEnclfdRer i enced by the cutting instrument; 39 a run notor
sensor for sénsing retracting of the firing trigger, wherein, when

a yoke connected to the closure trigger;

a closure bracket connected to the yoke; and

a closure tube disposed in the closure bracket and connected to the clamping member,
wherein retraction of the closure trigger causes the closure tube to move longitudinally such that

the clamping member pivots to a clamped position.

17. A surgical cutting and fastening instrument comprising:
an end effector comprising a moveable cutting instrument for cutting an object positioned
in the end effector;
a main drive shaft assembly connected to the end effector; and
a handle connected to the main drive shaft assembly, wherein the handle comprises:
a gear drive train connected to the main drive shaft assembly;
a motor for actuating the gear drive train;
a firing trigger for actuating the motor, wherein the firing trigger is connected to
the gear drive train such that the loading force on the firing trigger is related to the loading force

experienced by the cutting instrument;
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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 instrunment; a reverse notor
sensor for sensing an end of a cutting stroke of the cutting instrunent
such that when the reverse notor sensor senses the end of the cutting
stroke, the notor is signaled to reverse rotate to retract the cutting
instrument; and a stop notor sensor for sensing retraction of the cutting
instrunment such that when the stop notor sensor. senses retraction of the
cutting i nstrumedtun MREOr seiser for sensingetracting of e fiping trigasewhgrein.gvhenne

surgical cutting and fastening instrunment of claim17, wherein the run notor
sensor rewagtion obthe diripg dpgger ismeased bithectun snatér sehser, thhrmotaatiesigialedgp deriward of t he
notor is proportional to the retraction force applied to the firing

t r i ggerrotalédto cdinse cattihgiof dle objeict positioand irf the tehéffegtar bg thicuetirig iaftruhent;m 18,
wherein the end effector conprises: an el ongate channel for carrying the

cutting instrunentrevedRin@orieASiti HikeRBAPA! eddl ofdlcafting s&oRNECtheduttifg t he
el ongate channel. 20. A surgical cutting and fastening instrunent

conpri Sihﬁﬂimeﬁf‘sd%g that Whek tre PMD b5} Qs sErtbed ihe gn& BAthk ‘ﬁ!ﬁﬁiﬂg s{r&Eeh%:ét ting an

obj ect positioned 1n the end effector; a main drive shaft asse y

connect d fe , 40 Q. cted to the main drive
shaf t d§§8%§F§£§§§g}§?%S?(%S%5H%F%xggﬁﬁgfggggﬁﬁggﬁgﬁgr for actuating the
22![ E a'([j Ir In\éet ﬁgaglagfa%erg(%lay se\rlllsoar fca)lr s%(ralgrrlg gertrlagt?ontorf %}Ilendutt?ngf ilngtlrurh?entt rsdlc%qgt V\];hce):{x

the stop motor sensor senses retraction of the cutting instrument, the motor is signaled to stop

rotating.

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

19.  The surgical cutting and fastening instrument of claim 18, wherein the end
effector comprises:
an elongate channel for carrying the cutting instrument; and

a clamping member pivotably connected to the elongate channel.

20. A surgical cutting and fastening instrument comprising:
an end effector comprising a cutting instrument for cutting an object positioned in the end
effector;

a main drive shaft assembly connected to the end effector; and
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means for applying a loading force to the firing trigger such that the
| oading force on the firing trigger is related to the |oading force
experienced by the cutting instrument. 41

a handle connected to the main drive shaft assembly, wherein the handle comprises:
a motor for actuating the main drive shaft assembly via a gear drive train;
a firing trigger for actuating the motor; and
means for applying a loading force to the firing trigger such that the loading force

on the firing trigger is related to the loading force experienced by the cutting instrument.
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