MOTOR- DRI VEN SURGA CAL CUTTI NG AND FASTENI NG | NSTRUMENT W TH MECHANI CAL
CLOSURE SYSTEM CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 00011 The present
application is related to the follow ng concurrently-filed U S. patent
applications, which are incorporated herein by reference: -- MOTOR- DRI VEN
SURG CAL CUTTI NG AND FASTENI NG | NSTRUVENT W TH USER FEEDBACK SYSTEM

I nventors: Frederick E. Shelton, IV, John Quwerkerk and Jerone R Mbrgan
(Atty. Docket No. 050519/ END5687USNP) -- MOTOR- DRI VEN SURG CAL CUTTI NG AND
FASTENI NG | NSTRUVENT W TH LOADI NG FORCE FEEDBACK; |nventors: Frederick E.
Shelton, 1V, John N. Quwerkerk, Jerome R Mrgan, and Jeffrey S. Swayze .
(Atty. Docket No. 050516/ END5692USNP) -- MOTOR- DRI VEN SURG CAL CUTTI NG AND
FASTENI NG | NSTRUVENT W TH TACTI LE POSI TI ON FEEDBACK: I nvent ors: Frederick
E. Shel t MOTOR-DRINENSURGIMK EUTTING AND FQASI/ES%EFE INVIRYMENTWHH Sy 7
(Atty. Docket No. 050515/ MNESHANICME) CLOSURK SXSHEMEN SURG CAL CUTTI NG AND
FASTENI NG | NSTRUVENT W TH ADAPTI VE USER FEEDBACK; I|nventors: Frederick E.
Shelton, 1V, John N. Quwerkerk, and Jeronme R Mrgan (Atty. Docket No.
050513/ END5694USNP) -- MOTOR- DRI VEN SURG CAL CUTTI NG AND FASTENI NG

| NSTRUMERIDSSWHBHE RN T EUIOATABA FEEBNULPIIAFRATGTORS | nvent ors: Frederick E.

Shelton, IV and Christoph L. GIllum (Atty. Docket No. 050692/ END5769USNP) |
[0001] The present application is related to the following concurrently-filed U.S. patent
applications, which are incorporated herein by reference:

-- MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT
WITH USER FEEDBACK SYSTEM; Inventors: Frederick E. Shelton, IV, John Ouwerkerk and
Jerome R. Morgan (Atty. Docket No. 050519/ENDS687USNP)

-- MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT
WITH LOADING FORCE FEEDBACK; Inventors: Frederick E. Shelton, IV, John N.
Ouwerkerk, Jerome R. Morgan, and Jeffrey S. Swayze (Atty. Docket No.
050516/END5692USNP)

-- MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT
WITH TACTILE POSITION FEEDBACK; Inventors: Frederick E. Shelton, IV, John N.
Ouwerkerk, Jerome R. Morgan, and Jeffrey S. Swayze (Atty. Docket No.
050515/END5693USNP)

-- MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT
WITH ADAPTIVE USER FEEDBACK; Inventors: Frederick E. Shelton, IV, John N.
Ouwerkerk, and Jerome R. Morgan (Atty. Docket No. 050513/END5694USNP)

-- MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT

WITH ARTICULATABLE END EFFECTOR; Inventors: Frederick E. Shelton, IV and

Christoph L. Gillum (Atty. Docket No. 050692/ENDS769USNP)



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

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

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

Ti mperman (Atty. Docket No. 050698/ END5773USNP) -- SURG CAL | NSTRUMENT
HAVI NG A REMOGABIHBATTERYINGANDFSTENTRIGING TRIKMMENTSWeTHAH, O3S WREKevi n R
Doll, Jeffrey S. Swayze and Eugene Ti nperman (Atty. Docket No.

050699/ ERIBGGERUSMRING MEECITARBMCIivekiKis TS d AR YRS ALV lahS RUMENDJINCLUDI NG
SAME; Inventors: Jeffrey S. Swayze, Frederick E. Shelton, IV, Kevin R Doll

(ALtY. POgKiochld No. BBEFAGNENDRT (BMAWP) -- ENDOSCOPI C SURGI CAL | NSTRUVENT
WTH A DLE THAT CAN ARTI CULATE W TH RESPECT TO THE SHAFT; | nventors:

ek S AT T A By g M SR s Lol 2
G N A AR (TR 5 BRI ELLG N e SYSTe
£ o Shekion, L. Siephen 3. Bal ek and Eugens b JLIRBIR) (A'ty. Docket .
-- SURGICAL INSTRUMENT HAVING RECORDING CAPABILITIES; Inventors:
Frederick E. Shelton, IV, John N. Ouwerkerk, and Eugene L. Timperman (Atty. Docket No.
050698/END5773USNP)
-- SURGICAL INSTRUMENT HAVING A REMOVABLE BATTERY; Inventors:
Frederick E. Shelton, IV, Kevin R. Doll, Jeffrey S. Swayze and Eugene Timperman (Atty.
Docket No. 050699/END5774USNP)
-- ELECTRONIC LOCKOUTS AND SURGICAL INSTRUMENT INCLUDING
SAME; Inventors: Jeffrey S. Swayze, Frederick E. Shelton, IV, Kevin R. Doll (Atty. Docket No.
050700/END5775USNP)
-- ENDOSCOPIC SURGICAL INSTRUMENT WITH A HANDLE THAT CAN
ARTICULATE WITH RESPECT TO THE SHAFT; Inventors: Frederick E. Shelton, IV, Jeffrey
S. Swayze, Mark S. Ortiz, and Leslie M. Fugikawa (Atty. Docket No. 050701 END5776USNP)
-- ELECTRO-MECHANICAL SURGICAL CUTTING AND FASTENING
INSTRUMENT HAVING A ROTARY FIRING AND CLOSURE SYSTEM WITH
PARALLEL CLOSURE AND ANVIL ALIGNMENT COMPONENTS; Inventors: Frederick E.
Shelton, IV, Stephen J. Balek and Eugene L. Timperman (Atty. Docket No.

050702/ENDS777USNP)



2 -- DI SPOSABLE STAPLE CARTRI DGE HAVI NG AN ANVIL W TH TI SSUE LOCATOR FOR
USE WTH A SURG CAL CUTTI NG AND FASTENI NG | NSTRUVMENT AND MODULAR END
EFFECTOR SYSTEM THEREFOR; Inventors: Frederick E. Shelton, 1V, Mchael S
Cropper, Joshua M Broehl, Ryan S. Crisp, Jam son J. Float, Eugene L.

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

HAVI NG A FEEDBACK SYSTEM Inventors: Frederick E. Shelton, |1V, Jerone R
Morgan, Kevin R Doll, Jeffrey S. Swayze and Eugene Tinperman (Atty. Docket
No. 050705/ END5780USNP) BACKGROUND [0002] The present invention generally
concerns sur gilJ&POSABLIENYT ARIE CARTE Hﬁé/ﬂN@rngt@VHnW,ITHﬁF@SHErti cularly,

not or-driven surgical cutting and fastening instrunents. [0003] Endoscopic
sur gi caLOASEQRIFORt ISR VA Tof ASURGKEIADr C8ld TONSrAND ai STERMWMANG BYSEREMENTC al
devices since a smaller incision tends to reduce the post-operative recovery
ti me andNIEMWDULARI KB .EFEBCI@RISWSTEM BHBREFORahiventexse Faydemek E Isheltggne i nt o
a range of endoscopic surgical instrunents that are suitable for precise

pl acemeny, Mifchael i EtcHpeDskhbh Ve Brodhl Atyan Sl€Sisp, Tamisdh I F16a&! Esdene Lt hr ough a
cannula of a trocar. These di stal endy effectors engage the tissue in a

number qime;@eﬁanggnefmcﬁ&mo%mmﬁsm@rs&ﬁ?erapeutiC effect (e.g.,

endocutter, gra , cutter, staplers, clip applier, access device,

drug/ gene t her, Alkn@%\%ngﬁtﬁg\?FHﬁ%Ge&%ﬁ%b%?%&?ﬁ%ﬂglavéeﬂtérrs:asOund’ RF,

| aser, etc.). Ica apl ers™i e an en éctor that
si mul t aneous! kes ongi tudj nal jncisian i i ssye and applies |ines of
st apl es FEﬁqe%ﬁ%%gﬁ‘ﬁgo%&Hegrﬁge i{hgloirgﬁ'?i gFYiﬂ.i' %ﬁgﬂe @ eFYEEOG Hi%es a pair
of cooperating jaw nenbers that, if the instrunment is intended for

Timperman (Atty. Docket No. 050705/END5780USNP)

BACKGROUND

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

[0003] Endoscopic surgical instruments are often preferred over traditional open surgical
devices since a smaller incision tends to reduce the post-operative recovery time and
complications. Consequently, significant development has gone into a range of endoscopic
surgical instruments that are suitable for precise placement of a distal end effector at a desired
surgical site through a cannula of a trocar. These distal end effectors engage the tissue in a
number of ways to achieve a diagnostic or therapeutic effect (e.g., endocutter, grasper, cutter,
staplers, clip applier, access device, drug/gene therapy delivery device, and energy device using
ultrasound, RF, laser, etc.).

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

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



3 endoscopi c or | aparoscopic applications, are capable of passing through a
cannul a passageway. One of the jaw nenbers receives a staple cartridge
having at least two |laterally spaced rows of staples. The other jaw nenber
defines an anvil having staple-form ng pockets aligned with the rows of
staples in the cartridge. The instrunent includes a plurality of

reci procating wedges which, when driven distally, pass through openings in
the staple cartridge and engage drivers supporting the staples to effect
the firing of the staples toward the anvil. [00051 An exanple of a surgical
st apl er asap&camp er fapprogeepissapplicationp are caneble AEPassing dyewghyeepnnpla passagevayt . No.
5, 465, 895, which discloses an endocutter with distinct closing and firing
act i ons.One ofghé jaivonembarsreagivedn Staplevartrislge bavibg at least thokieralhyesppesd rawsber s
upon tissue to position the tissue prior to firing. Once the clinician has
det er m rsedpldshalie dther jaawemfebeb ¢ finea bl afpvi D@ ing)stapid-fopming pockas aligned méthahé ni ci an
can then fire the surgical stapler with a single firing stroke, or nultiple

firing gk okaapleiaREOCHMRIgO THehRsuSMéehCiBelulids'd piGralifyeofTediflocalngSicdptLr causes
severing and stapling the 'tissue. The sinultaneous severing and stapling

avoi ds R aR0En bialy ks BHA.BE oBOLs iRBIC B DR I AGRER Brivers

sequentially wth d erent surgi respec
stapl e. $poo 1 One, specifi.c advant age 0 Eein %%e tq close upon tissue
before f PP‘%@“% g‘gts}'?g[%s f%eeflfecﬁﬁer{?@igé’gﬁ}es&aé) elséo‘lg%)rgv 53 via an endoscope t hat
t he desi | ocation for the gut has .b achi eved, j.ncludjng a sufficient
amount  o008S]s AeHPIe dor et siaels” BuERESR Gerpitgeplitalions el
opposi ng jaws may_ be drawn too close together, especially pinching at their
di stal @dBat. N 44989 SnWhickdissloses A8 gpdo@ittes Wish distae ¢losingsind diring agtipis shver ed
tissue. At the other extreme, an excessive anount of clanped tissue nmay
cause bidaiaan wing this devicoispblet te clase thegaw peobeds upnoltistie pé postiaythetissueut t er s
continue to increase in conplexity and function with each

prior to firing. Once the clinician has determined that the jaw members are properly gripping

tissue, the clinician can then fire the surgical stapler with a single firing stroke, or multiple firing

strokes, depending on the device. Firing the surgical stapler causes severing and stapling the

tissue. The simultaneous severing and stapling avoids complications that may arise when

performing such actions sequentially with different surgical tools that respectively only sever and

staple.

[0006] One specific advantage of being able to close upon tissue before firing is that the

clinician is able to verify via an endoscope that the desired location for the cut has been

achieved, including a sufficient amount of tissue has been captured between opposing jaws.

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

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

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

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

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



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

notors. These devices have not faired nuch better than traditional

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

capabi | iHat elboraf greaishajorsty rofj ergeons ws barldie. PreumdwhSo®@ion bsloweTRE italse 602
typically want to maintain control of deploying the staple and being able

t 0 st opopélecsivdl niBeork.f Thdre devitesamavé abttfaired rhikch Beaedhen ehditibeal dend-pevdreb! t 0o
great or for some other clinical reason. These user-feedback effects are not

Sui t abl Yeyi&R) lsu% %}laedlff&enﬂ%ﬁs%ﬁn@ufﬁ@&ﬂtyﬁ&llﬁ%eﬁf‘%ﬁ&ﬁ&k@ proPortnh@Tsrct, there

is a general lack of acceptance by physici'ans of not or-drive endocutters
where t I S

but t on. JGERRERARApBIBRl RHRREEAh RO chioREiih Bff g é@n%‘aﬁ%n@ea%%‘?% e,
directe a not ed s |caI ut t an trumept that

or ovi dedit BeanBRSkei el rSRegt mthﬁ,‘%wgeﬁ&? o B SRR ol

depl oyment of the end effector. The instru in various e nts al so
al | ows f¥igeons pesialivproprd Lsa¢ ). s alsadveis q@d’i’%‘i‘ fo mﬁ'&r%f%rogb f ffﬁy A% to
stop deployment if so desired. The instrunent may include two triggers in
i ts handiestaple and beingable to sloggepnydime i theifercesfettin @géllﬁndle ofitheidevise gl @pe
actuation notions. Wien an operator of the instrunent retracts the closure
tri gger great ordfeusneoghdrictinedl reasonh&hesedisaffeatbadk efifimys dve notl saitpdd rdajizabieinend

effector. Then, when the operator retracts the firing trigger, a notor may

power, ‘Yieserd nﬂﬁc&lidrdféh ¢eddclufér., Adat@uR]th@od a garerhl |k of Bccepiande BRSSO Bibiaks

whi ch causes a cutting instrunent in the end effector to severe the cl anped
of motor-drive endocutters where the cutting/stapling operation is actuated by merely pressing a

button.

SUMMARY

[0008] In one general aspect, the present invention is directed to a motorized surgical cutting
and fastening instrument that provides feedback to the user regarding the position, force and/or
deployment of the end effector. The instrument, in various embodiments, also allows the
operator to control the end effector, including being able to stop deployment if so desired. The
instrument may include two triggers in its handle -- a closure trigger and a firing trigger -- with
separate actuation motions. When an operator of the instrument retracts the closure trigger,
tissue positioned in the end effector may be clamped by the end effector. Then, when the
operator retracts the firing trigger, a motor may power, via a gear drive train, a rotational main
drive shaft assembly, which causes a cutting instrument in the end effector to severe the clamped

tissue.



tissue. 5 [00091 In various enbodi ments, the instrunent nmay conprise a power
assi st systemwith |oading force feedback and control to reduce the firing
force required to be exerted by the operator in order to conplete the
cutting operation. In such enbodinents, the firing trigger may be geared
into the gear drive train of the main drive shaft assenbly. In that way, the
operator nay experience feedback regarding the force being applied to the
cutting instrunent. That is, the |oading force on the firing trigger may be
related to the | oading force experienced by the cutting instrunment. Also in
such enfi8d9nent wriobeenbsimerts the instngment iy epmpysappavest assistoystera wjar dri ve
train, force applied by the operator may be added to the force applied to

t he not Pading G6tédfeedinrnid bentiod torediuceube Brifpfdrceraguireduhba exdredfbiyitheng tri gger
is retracted an appropriate anmount (e.g., five degrees), an on/off swtch

may be ggdratat fGrdeMid &diniBRdiSe cuttigdiiRtatibn. thicheMBbdimlets! @t Firiag &igger mAgCi f i ed
rate, thus comenci ng actuation of 'the drive shaft assenbly and end

ef f ect op, ﬁ%?ona tﬂQ%éanH(/@ﬁﬁm%?Jﬁ-%qhﬂﬁﬂfﬁe SHAARLORMIY.| MNRk BENERopHRe De uSed.

The propo nsor S|gna to t m)tor to'fotate at a rate
proportional {I}?%} d.to the [ e e or
Phat e eres Patcdermer s3aa BRis bt epbfd g o} Fga insbile TR e
proportlonal to where the cuttin st runen S the end effetor.e.g.,
fully d&siBgderceoen g firpe tw&sqrg&yga)re e iq sﬁoadt%én OFFFEXRAT PO e 1Y
retracting the firing trlr%@er at sonme point in_ the, stroke to stop.the
ot or,  HHUmERSy Als igsugh erprodéiments. geavet the Airing frigegristacancd infe fheosear ¢R¥F be used
to detect the begl nning of the stroke of the end effector (e.g., fully
r et r act gaiinpfosietapphdd nitie bperatonhapbe added te thedkrse appligd to thelmetodepl oyed
position), respectively. Consequently, the sensors nmay provide an adaptive
cont r ol [EN6f eActording et driiuk Embodindnif Wit the ficlepliripgaristretidorid anappopsatde of
the closed |l oop systemof the notor, gear drive train, and end effector.

amount (e.g., five degrees), an on/off switch may be actuated, which sends a signal to the motor

to rotate at a specified rate, thus commencing actuation of the drive shaft assembly and end

effector. According to other embodiments, a proportional sensor may be used. The proportional

sensor may send a signal to the motor to rotate at a rate proportional to the force applied to the

firing trigger by the operator. In that way, the rotational position of the firing trigger is generally

proportional to where the cutting instrument is in the end effector (e.g., fully deployed or fully

retracted). Further, the operator could stop retracting the firing trigger at some point in the stroke

to stop the motor, and thereby stop the cutting motion. In addition, sensors may be used to detect

the beginning of the stroke of the end effector (e.g., fully retracted position) and the end of the

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

adaptive control system for controlling end effector deployment that is outside of the closed loop

system of the motor, gear drive train, and end effector.

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

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



[00111 In other enbodinents, the firing trigger may not be directly geared
into the gear drive train used to actuate the end effector. In such
enbodi ments, a second notor may be used to 6 apply forces to the firing
trigger to sinmulate the depl oynent of the cutting instrunent in the end
effector. The second notor nmay be controll ed based on increnental rotations
of the main drive shaft assenbly, which nmay be neasured by a rotary
encoder. In such enbodi nent, the position of the rotational position of the
firing trigger nmay be related to the position of the cutting instrunent in
t he end apily %UFQSrtQ thedfiring wigger|tg simavate fiedeplowmpnt o thercuting ipgumang iHethe &g t ch
may be wused to control the main notor (i.e., the notor that powers the main
drive skffkddr. TheBERind Inmteramaybscantpllehieasechon mormentadrasatibne pf thetmeain deive use a
helical drive screwin the base of the end effector to drive the cutting
i NSt r ughdft 4seengbly, Wifith gy bAnsasurédiey £rudargleh@deorinsagh embalimeie, the posifdre
cartridge for stapling the severed tissue. According to other enbodi nents,
other RaRTohAénal PSR STahd RfinS@kENAly bd1RlakRME kiRthdksitivh WE tHeRYitthg used,
i ncluding RF energy and adhesi ves. [08&3] Al so, the instrument may include
a mechany : ' r WRM de an
eIongatgh@ﬂgﬁﬁgﬁﬁﬁ%@ﬁ%g%ggg}%%gﬁﬂgmﬁgﬂgggikgﬁ% (gsﬁgo an@?ﬂ% pifg?gh%y
osit.ioned end effector. The

connected to the .channel to clapp tissue i.n the
user na&’s%dtctf’ i 'éfoé%het han %?Fpé‘ﬁ'g{na%é??tg%tH%tfp%Wés th‘:r’l i 4révgtsg?ﬁ)by retracting the
closer trigger, which, through a nmechani cal closure syst.em causes the
I anpi nd0UAT | Shvasiou Heplemaniatonscing ehd et oms F aMplical SRR TSRY 1 B8 Piiced i n
pl ace, the operator may activate the cuttin%gﬁperation by retracting the
separ at ©f therend gtfeqtorgg dFive thejcyttipgynsment 1ge Kaife) i AMgo.ithrerd gHestor mayt r avel
longitudinally along the channel in order to cut tissue clanped by the end
ef f ect onincljd@@istdpld qartvidge foustaplipd basemesadi tismee, Adeerdingstorathes wmbadiynentscothete a
rotati onal main drive shaft

means for fastening (or sealing) the severed tissue may be used, including RF energy and

adhesives.

[0013] Also, the instrument may include a mechanical closure system. The mechanical closure

system may include an elongate channel having a clamping member, such as an anvil, pivotably

connected to the channel to clamp tissue positioned in the end effector. The user may activate

the clamping action of the end effector by retracting the closer trigger, which, through a

mechanical closure system, causes the clamping action of the end effector. Once the clamping

member is locked in place, the operator may activate the cutting operation by retracting the

separate firing trigger. This may cause the cutting instrument to travel longitudinally along the

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

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

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

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



assenbly for actuating the end effector. Further, the main drive shaft may
conprise an articulating joint such that the end effector may be
articulated. The articulation joint may 7 conprise, for exanple, a bevel
gear assenbly, a universal joint, or a flexible torsion cable capable of
transmtting torsion force to the end effector. [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 ments free up space in the handle directly above and behind the

t ri gger sothpnisepfoh exancespdreaelt geandsserhtdy i angrtivansab jrtint, o and¢xible tgrsionnpideent s of
the gear drive train and the nechani cal closure system DRAWNGS [00161
Var i ous cgpabledif randnsittinig tolnfores enthe iend effdctaan ar e descri bed herein by way of
exanple in conjunction with the follow ng figures, wherein Figures 1 and 2

are per st | Oehey aspabts OF thd presel ifAdntich! hiel diGctd b ¥z leBighni st forIFEkihg
according to various enbodinents of the present invention; Figures 3-5 are

expl odeg\i & tﬂg%eg@% ?M&fﬁi%ﬂ%ﬁﬁ fitlom bietht nadid. Nsuch REbbUiNRALs REGP'Padeg  to

vari ous enbodi e the pres Invention; Figure 6 is a side view of the

end effg Ctthg hafic 1?6%&18 ggé\% and rbie?llﬂg ﬁhgqﬁggéé%rp It))?lef) %Oentlllnﬁlg{ltg ¢ ﬁl%%stf-uﬂl\éﬁp.t i 8 n,

Figure 7 1S AN explo View 0 rument according to

vari ous. odi nents of .the present, invention; .Figures 8 and 9 are parti al
bor specil<DEE wipoprs HethR g BV S eia At i TG ot GIFSUTESHEEt ment s of ¢ he
present invention; Figure 10 is a side view of the handle according to
various enbodi nents of the present

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

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

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

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

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

Figures 8 and 9 are partial perspective views of the handle according to various
embodiments of the present invention;

Figure 10 is a side view of the handle according to various embodiments of the present

invention;



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

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

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

enpl oyed at the articulation point of the i nstrument according to various
enbodi ments of the present jnvention; Figures 24A-B shows a torsion cable
that may be Eiggreollda agehampsic diagramy phd ?IEﬁﬁ"tp'é?%lP thg instryaent 3egordiRd iR VAU di ng
to various enbodi nents of the present invention; Figures 25-31 illustrate a
sur gi calemboditrienty ofithe pressthiainvengionnst r ument with power assist according to
anot her enbodi nent of the present invention; Figures 32-36 illustrate a

sur gi cal cut Figngesand faassidevieys iofithiehandiahcoordilg patksr eadbsdimientsanf ¢lor piesegt t o
yet anot her enbodi mnent of the present invention; Figures 37-40 illustrate a
sur gi calinvehtidd;ng and fastening instrunent wth tactile feedback to

enbodi nent's of the present invention; and Figures 41-42 |IIustrate a

proportional FRERRAN. ztzhﬂ&st&wdlh@remslﬁ@claﬁmg fr1Gcidity tHaEiofke mggaa & of
t he present ention. DETAI LED DESCRI PTI ON [ 001 Fi gures and 2 epict a

surgical cuttl and. f eni ment 10 according to various
enbodi NEAL S 0! @%H EmFEﬁZ% ﬂﬁ%@%ﬁ&%&%“ The illustrated enbodiment is an

endoscopi ¢ Figures 23A-B show a universal joint (“u-joint”) that may be employed at the articulation

point of the instrument according to various embodiments of the present invention;

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

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

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

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

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

embodiments of the present invention.

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

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



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

pr ovi deendasjopisenrgical cuthing nmﬁ@s@n@gwt@mﬁ@ét Itshould bpaotse, homevermthat of f ect or 12
about the articulation pivot 14. In the illustrated enbodi nent, the end

ef f ect oacchRingto ottenembodiednts@f Hetpressntanvantidodhe instruthent nedysregi my; severi ng
and stapling tissue, although, in other enbodinents, different types of end
ef f ect ogdoB®pidrges duttingaid Asteting istligehipuarchfaob lapabscogiy pesumeait. sur gi cal
devi ces, such as graspers, cutters, staplers, clip appliers, access devices,

drug/ ge 1§f hepaRYeida\hGRithent! 6 &Wéﬂ‘i@lchijﬁ%esof arld35&ImpIR¥s £ Bsndl€6, & shh®Q19] The
handle © of  the 1nStrunment 10 may include a closure trigger 18 and a firing

trigger ancf%l e{}rﬁgulﬁgltgééglg ieg??téll;fﬁ Olrﬁggtagﬁ; I:cﬁﬁﬁa&éd ljo2the gl’#aftvﬂ Atlanl}ﬁicﬁmlbﬁ PIV%E ?Q. t hat

i nstrunen avi n rected to different surglcal tasks may
have different .nunber r_types of tri r.s.on _other i.tabl.e ols for
operati i aftfféﬁaé'ﬁﬂ C%fﬁf"iég &a%@.p rwgedte%a%gq%ft%g‘[e(;’ramilﬁ%itg esﬁ%\f\?ﬁtaté%np(gfﬁg% éen from
the handle 6 by a preferably el ongate shaft 8. In qne enFodi t, .
cl i ni ci gHedter IgepPyiths ar&‘F“lt'*Wé‘ p‘i"?fslgr di‘rﬁ’r’?t‘ﬁ‘i%'aWQ)?mé’Pgi“&ﬂF’é eeelldnrf;ggétrﬁ’ﬂ ?%fsf ect or
12 relative to the shaft 8 by utilizing the articulation control 16, as
descr i beenfighreddp actde aaenddchtigdanepmping Sevegsiand saphng dwue. glhaegh, innggher
11/ 329, 020, filed January 10, 2006, entitled "Surgical Instrument Having An
Arti cul ambodimemd, difféenictypes,df ehy efBatdrs may bEusddugich asendieffectank farlvthes types
incorporated herein by reference. [0020] The end effector 12 includes in
this exanfirgical A6Wioes, idhek gtddpdtgSouttérs Sstapdrs; clip appirRks, decess devices, drug/gene

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

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

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

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

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

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

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

articulation control 16, as described in more detail in pending U.S. patent application Ser. No.

11/329,020, filed January 10, 2006, entitled “Surgical Instrument Having An Articulating End

Effector,” by Geoffrey C. Hueil et al., which is incorporated herein by reference.

[0020] The end effector 12 includes in this example, among other things, a staple channel 22

and a pivotally translatable clamping member, such as an anvil 24, which are maintained at a

spacing that assures effective stapling and severing of tissue clamped in the end effector 12. The
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and a pivotally transl atabl e clanping nenber, such as an anvil 24, which are
mai ntai ned at a spacing that assures effective stapling and severing of
tissue clanped in the end effector 12. The 10 handl e 6 includes a pistol
grip 26 towards which a closure trigger 18 is pivotally drawn by the
clinician to cause clanping or closing of the anvil 24 toward the staple
channel 22 of the end effector 12 to thereby clanp tissue positioned
between the anvil 24 and channel 22. The firing trigger 20 is farther

out board of the closure tri 18. Once the closure tr| er s | ocked in
t he cl obandie Gisiudesorpigtel grip g&@waﬁes‘wlf%éowr Bigses }?elepil‘rq tr Glf?‘iv'g b)érhezo may
rotate slightly toward the pistol grip 26 so that it can be reached by the
oper at otlinisamtp cene damping Thedpsingef thp envit A towaedythe staple ghanpelzof theend  r i ng
trigger 20 toward the pistol grip 12 to cause the stapling and severing of
cl anpedefféctgue to thetdby chinth tifshepdsitionz@ betivaerothhenvikPbadi chanted 22diThé Griegit t ypes
of cl anpi ng nenbers besides the anvil 24 could be used, such as, for

ex anpl Cirigdbr TR PHthRLohtBYArd ofthe clds@R2Aggek 1 8 WOhte fhe cRppk @tk &8 is Ioekedtie t er ns
“proxi mal™ and "distal" are used herein with reference to a clinician

grippi nﬂletcr:lbgu Giti6n 8s lel'th@rndésEl%eﬁ%%W tleQErlnEhHégerQb%a%ﬂgta?é JighliPtowhdd | S

distal wt ect to the nore proxinal be further
appreci gt ed. .t 0 n t

“verti i em%ol%%r%grsg that?t (A BEERER e 85@?%%‘* oq?e”sﬁéc? Fgr e BB nos.
However, sur ment.s are use |entat|on osi tions,
and  t heltes PRI dra st neripe a0 v ﬂre.rrﬁ %@C’l&ﬁa 55 SRR gnBo] The
closure trigger 18 nmay be actuated first, he cI|n|C|an S SatISerd

with t héevep@eoftqlwqégls&ue infike edefisriordd-ofn or_lzer emlredlerqnm diffgrentipesefaw back

the closure trigger 18 to its fully closed, |ocked position proximte to

t he pi stlempipgimem@rs tisisles theianyil 24 coujé be mdnwhtahéﬂr ¢xemplec By apRASing i, firi ng

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

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

[0022] The closure trigger 18 may be actuated first. Once the clinician is satisfied with the
positioning of the end effector 12, the clinician may draw back the closure trigger 18 to its fully
closed, locked position proximate to the pistol grip 26. The firing trigger 20 may then be
actuated. The firing trigger 20 returns to the open position (shown in Figures 1 and 2) when the
clinician removes pressure, as described more fully below. A release button on the handle 6 ,

when depressed may release the locked closure trigger 18. The release button may be
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clinician renoves pressure, as described nore fully below. A release button
on the handle 6 , when depressed nmay rel ease the | ocked cl osure trigger 18.
The rel ease button nay be 11 inplenented in various forms such as, for
exanple, as a slide release button 160 shown in Figure 14, and/or button
172 shown in Figure 16. [00231 Figure 3 is an expl oded view of the end
effector 12 according to various enbodi nents. As shown in the illustrated
enbodi ment, the end effector 12 may include, in addition to the

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

sl ed 33mplemientpd &n vagians faraig suchpst foaexanple, anashids rplegsehusianilA0 showvdhgse 22,
and a helical screw shaft 36. The cutting instrunment 32 may be, for

exanpl e,14paridrorbettonl & shownlin Bigureah6. be pi vot ably opened and closed at a

pi vot point 25 connected to the proximate end of the channel 22. The anvil
24 may qu; IFilrd /8l o dxploded vitv oftife dad@ffestdt B2 ssedrdititto vafonssstiddaentdt 0 a
conponent of the nechanical closure system (described further below) to

open andxsfshev%{-? HHB@ iR hted 2hbohRRt, tﬂaeeneleg*éée&elztrham%rudéanIaadmammsed t hat
is, drawn 1In user of the instrunent 10, the anvil 24 may pi vot about

t he pi Vgﬁ% 1&?%/9&&?&&(?5%}19@22%@%?12@ fa cﬁ{t qrqstpgfh%h{ 3??'3 Slehf?’t?’ﬁ% ﬁ?@bf‘g of the

end eff I'S sall stactor e ’op era or may actuate rlng

and ot ed R P ERrR @?#?ﬁ‘éﬁl&ﬁl%ﬁéﬁ#& Rl e ae: iy SHRd ng

tissue clanmped within the end effector 12, The novenent of the sled 33
al ong t HRSUARIEANA Moy be forsexamplena kaife, pTheanyi 24 H@Ysbﬁé’b‘f rLéBéPPer"ieél a@ds dasedgt pe
driven through the severed tissue and against the closed anvil 24, which
turns t it pping25 cannteted torthe proxipate erdofithe chaanel 23. The ovib24mepdisaent s, t he
sled 33 may be an integral conponent of the cartridge 34. U S. Pat.
6, 978, 92dcluderd tah P Bt itsSuoxjmasd endsha [id insayted irgd B womponannoithp oreabdnng! elosute beam
firing mechanism™ which is incorporated herein by reference, provides nore
det ai | s sgdieh{(destritied tidhes belokg te oehiand cReeltht agtiepd. NWhen el didsard Biggekh@ is

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

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

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

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

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

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

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

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

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

reference, provides more details about such two-stroke cutting and fastening instruments. The

sled 33 may be part of the cartridge 34, such that when the knife 32 retracts following the cutting

operation, the sled 33 does not retract.
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sled 33 may be part of the cartridge 34, such that when the knife 32
retracts followng the cutting operation, the sled 33 does not retract. 12
100241 It should be noted that although the enbodi nents of the instrunment 10
described herein enploy an end effector 12 that staples the severed tissue,
in other enbodinments different techniques for fastening or sealing the
severed tissue may be used. For exanple, end effectors that use RF energy
or adhesives to fasten the severed tissue may al so be used. U S. Pat. No.
5,709,680 entitled "ELECTROSURA CAL HEMOSTATI C DEVICE" to Yates_ et al,, and
U S.  P40024No It shoslddenpeddhatiattheugh tim endrrRosupaTithe insemmettAP desibed berey TH
RECESSED ANDY OR OFFSET ELECTRODES'" to Yates et al., which are incorporated
herei n employedneand rifectod] Sihhosaplarthesaresd digsue, iowther agbpdigtentsrdiffierenthat uses RF
energy to seal the severed tissue. U S. Patent Application Serial No.

11/ 267, §dchnigRes)F @i3RnMg obéliap thesdeverad tissad thaybSusedPdtoe Bxanfyiplend affeciorsSer i al
No. 11/267,383 to Frederick E. Shelton, IV, et. at, which are also

I ncor porypd %thﬁﬁ eRdrBy BYadhgli®dsan $tendhs SvORE tiddhe MUIQAFRHRY e UULS. PG NBST r unent

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

descr i pty AR diBleftifled “HIHCTHESURBICADHENBRTATE PRYIRE 87aR0f diNend ke

bel ow, it shoul € recogni ze at this rs an exenplary enbodinent and is
not mea boiting, . E ' - f ast.enj ﬁ@bﬁ' al so be
used - Toba% SepbarhindRy . BLERTROS R AR A R BEYICE W22 e vi ew
of the end effector 12 and shaft 8 according to various enbodi nents.. As
shown | ARIEHESTAD AN ARAIENLRFRERROTIG to YAk et - MM ot GRPOLPIet s¥eiay o
closure tube 40 and a distal closure tube 42 pivotably linked by a pivot
| i nks 44y rferengs, slisglose prpendoscopifruting insitimenbthabysen BEghergy 4% sqahthg soyeredh t he
tab 27 on the anvil 24 is inserted in order to open and close the anvil 24,
as furt hissuedd$SrRavend Alpplication Seggdsed 1/26A8i te JetvmeaR odlorgans atbdsantld).S42 nmay be
a proximate spine tube 46. D sposed inside the proximte

Patent Application Serial No. 11/267,383 to Frederick E. Shelton, IV, et. al., which are also

incorporated herein by reference, disclose an endoscopic cutting instrument that uses adhesives

to fasten the severed tissue. Accordingly, although the description herein refers to

cutting/stapling operations and the like below, it should be recognized that this is an exemplary

embodiment and is not meant to be limiting. Other tissue-fastening techniques may also be used.

[0025] Figures 4 and 5 are exploded views and Figure 6 is a side view of the end effector 12

and shaft 8 according to various embodiments. As shown in the illustrated embodiment, the

shaft 8 may include a proximate closure tube 40 and a distal closure tube 42 pivotably linked by

a pivot links 44. The distal closure tube 42 includes an opening 45 into which the tab 27 on the

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

inside the closure tubes 40, 42 may be a proximate spine tube 46. Disposed inside the proximate

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

secondary (or distal) drive shaft 50 via a bevel gear assembly 52. The secondary drive shaft 50

is connected to a drive gear 54 that engages a proximate drive gear 56 of the helical screw shaft
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spine tube 46 may be a main rotational (or proximte) drive shaft 48 that
comuni cates with a secondary (or distal) drive shaft 50 via a bevel gear
assenbly 52. The secondary drive shaft 50 is connected to a drive gear 54

t hat engages a proximate drive gear 56 of the helical screw shaft 13 36. The
vertical bevel gear 52b may sit and pivot in an opening 57 in the distal end
of the proxinmate spine tube 46. A distal spine tube 58 may be used to

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

Col l ectively, the main drive shaft 48, the secondary drive shaft 50, and

t he art i36ulThe vatical bsestgear 2b mpy, sittand pbiet il angppgring §3 emthedistal gnd pf the e
sonetines referred to herein as the "main drive shaft assenbly." [0026] A
bear i ng pa&impe Spint abedoatA distdi gpirel tubnB why bdresed t@aprodose tizenseedndady, drivecsbafv es
the helical drive screw 36, allowing the helical drive screw 36 to freely
rotate Wotaid HRPIE lzedrd 54,185, Crltlely, B mdihdriliethagald, e lsesundhgldrive Shafieo,
interface a threaded opening (not shown) of the knife 32 such that rotation

of the 0 ftfe Bl Seat 50bIF152a 9 HeabktiMbs REREHEL €l Y
(depend?ﬁgh%ﬁﬁ$%%ﬁ§??%E??§H%g+tthe fo gtion) ?hrgu%h t he été%le channel 22.

Accor di nal en . ' ' shaft 48 is caused to rotate by actuation
of the #@?%%ﬁ”@?faaépﬁﬁ ggg%?gﬁ%ined in nore detail below, the bevel

gear as y 52a-.c uses. the se dar, ri ve shaft to.rotate,. which in
Jurn, odBRLY A pSine SEsBieneta ohtilend i b stagieanish 22usbceitsd B Bierls

helical screw shaft 36 to rotate, which causes the knife drivin% nmenber 32
to traverive saeyBadlloningthghehigal drve scremAklo fresly fogate with sespedtite hgehanghped
within the end effector. The sled 33 may be nade of, for exanple, plastic,
and may 2Ravée helgiabgreeiv shadt 3 meyiintestaee a Ageadad opdninz B8t shommne pEibe khide 3hannel

22, the sloped forward surface may push up or drive the staples in the

st apl e cach thatdgetivivdHihglkhdft®6 cdusespbaknife 32tueraasiate daallysir ptdxématalyi | 24. The
anvil 24 turns the staples, thereby stapling the severed tissue. Wen the

kni f e 32dépendiff bR tefirectidifofitné foRatda) titshes iRtktaple ERYNSISOONRcOdHRNG 3RS

t her eby | eavi ng
the main drive shaft 48 is caused to rotate by actuation of the firing trigger 20 (as explained in
more detail below), the bevel gear assembly 52a-c causes the secondary drive shaft 50 to rotate,
which in turn, because of the engagement of the drive gears 54, 56, causes the helical screw shaft
36 to rotate, which causes the knife driving member 32 to travel longitudinally along the channel
22 to cut any tissue clamped within the end effector. The sled 33 may be made of, for example,
plastic, and may have a sloped distal surface. As the sled 33 traverse the channel 22, the sloped
forward surface may push up or drive the staples in the staple cartridge through the clamped
tissue and against the anvil 24. The anvil 24 turns the staples, thereby stapling the severed tissue.
When the knife 32 is retracted, the knife 32 and sled 33 may become disengaged, thereby leaving
the sled 33 at the distal end of the channel 22.
[0027] As described above, because of the lack of user feedback for the cutting/stapling

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

where the cutting/stapling operation is actuated by merely pressing a button. In contrast,
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the sled 33 at the distal end of the channel 22. [0027] As described above,
because of the lack of user feedback for the cutting/stapling operation,
there is a general |ack of acceptance anong physicians of notor-driven
endocutters where the cutting/stapling operation is actuated by nerely
pressing a button. In contrast, 14 enbodi nents of the present invention
provide a notor-driven endocutter with user-feedback of the depl oynent,
force, and/or position of the cutting instrunment in the end effector. 100281
Figures 7-10 illustrate an exenplary enbodi ment of a notor-driven

endocut embodimeuts of thepagsentdnyention h@VFfEr@dP@tot'ﬁ'éY“é‘@do‘t‘ﬁtﬁf with ggsrefeedback of

user - f eedback regarding the depl oynent and | oading force of the cutting

i nst r umdrtdeploymist, émck, efd/ecpasition|of thedhgitinganstrunteat isrthoeideffectatay use power
provi ded by the user in retracting the firing trigger 20 to power the device
(a so- 030028]31 FRoveI7-1@idiakiedte anedaplarAsmbbdiment of atrhetoi-ii vsitendo@tteg mbdth ment ,

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

si de pi %ﬁﬁi%ulﬁllthe ﬁgndlé‘ﬁl%re%ftthét@&ﬂi‘i&@ﬁlsérfi“eédbﬁéﬂ reAtdBIR MRS @ployinttdt aioadih@r  of
the handle 6. A battery 64, such as a Li ion battery, nay be prOV|ded in the

pi stol g&ﬂcgoftBQEﬁthRg n%{@u&énttlnﬁ}e@ﬂg%sct@r it Q&mﬁéﬁ RS iR RANGH 65

di spose orti stol grip portion 26 o handle 6.
Accordln ous enb g > €r|V|ng
ot or Ao e R B PEal %rfng”al&%?f?%t%ﬁ?w Pt 8568 %3&09%‘?”3’%
may drive a, 90 beve ear as enb| risi rst bevel gear .68 and
a secon&SS‘%eW@S géérs n ‘“ﬁ]i‘@ g@'é‘g?‘ﬁg'gg h&?g‘g% 6r‘r‘é “éﬁs ey ehE Gr y
gear assen&ﬁy 72. The Ianetary gear assenbly 72 may include a pinion gear
74 conndiacesdy 60 andthvreorsmammdp@lecrhél 63ithat & t@éﬁwr toforpyin gensrel, Wemat i ng
ring gear 78 that drives a helical gear drum80 via a drive shaft 82. A
ri ng 84 emmyiohaf thhhandtbe A battdrg 6heducie ad a hieian battaryn 84y, beTprasidedvnegthe pistol gop or 65
rotates, the ring 84 is caused to travel along the helical gear drum 80 by
means Ofpoftio 2J610f eefiandld 6. The battery 64 powers a motor 65 disposed in an upper portion of the

pistol grip portion 26 of the handle 6. According to various embodiments, the motor 65 may be a

DC brushed driving motor having a maximum rotation of, approximately, 5000 RPM. The

motor 64 may drive a 90° bevel gear assembly 66 comprising a first bevel gear 68 and a second

bevel gear 70. The bevel gear assembly 66 may drive a planetary gear assembly 72. The

planetary gear assembly 72 may include a pinion gear 74 connected to a drive shaft 76. The

pinion gear 74 may drive a mating ring gear 78 that drives a helical gear drum 80 via a drive

shaft 82. A ring 84 may be threaded on the helical gear drum 80. Thus, when the motor 65

rotates, the ring 84 is caused to travel along the helical gear drum 80 by means of the interposed

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

[0029] The handle 6 may also include a run motor sensor 110 in communication with the firing

trigger 20 to detect when the firing trigger 20 has been drawn in (or “closed”) toward the pistol

grip portion 26 of the handle 6 by the operator to thereby actuate the cutting/stapling operation

by the end effector 12. The sensor 110 may be a proportional sensor such as, for example, a
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bevel gear assenbly 66, planetary gear assenbly 72 and ring gear 78. [00291
The handle 6 may al so include a run notor sensor 110 in comuni cation with
the firing trigger 20 to detect when the firing trigger 20 has been drawn
in (or "closed") toward the pistol grip portion 26 of the handle 6 by the
operator to thereby actuate the cutting/stapling operation by the end
effector 12. The sensor 110 nmay be a proportional sensor such as, for
exanple, a 15 rheostat or variable resistor. Wen the firing trigger 20 is
drawn in, the sensor 110 detects the novenent, and sends an e|ectrjcal

si gnal irhedisteterivatakde resistory fYheadke {ing i5igarnd0 is drape 18iBppsnser 19 defests ot or 65,
When the sensor 110 is a variable resistor or the like, the rotation of the
ot or  6movamyntbandopendsr al dlgctnirabpignal imhicative of thh sokass ot payferhioberspphliedtto t he
firing trigger 20. That is, if the operator only draws or closes the firing
trigger t20métor 65. Wheh theliisor 1 h®israoiagitble resisfor bhehertike pthe G&atian ofitied mbiovéSy | ow.
When the firing trigger 20 is fully drawn in (or in the fully closed

POSi ti OMlay HehhBnerhIBf Fop&HfioRdl té tHe aRUAY offifoviemert ofitheSfiriMpxiriFden 20. MTHat REIF theor ds,
the harder the uséer pulls on the firing trigger 20, the nore voltage is

appl i ed é)b%%@op :3?]13'%58{; &%*Osgﬁ’fﬁé iﬁﬁi‘iaiﬁ%{i%%} 86 inf £itRe bR thE Pi&idnWTthd ABRP 5 he

handl e a md pi ece 104 adjacent to the upper portion

of the figri trigger..2Q.. The handl SQ . . i | as: j.ng 112
connect &t bsviosh BOStF Mot tieth Blatuy 8adR AR S BT GadbaticRpf e
trigger 20. The bias spring 112 nmm ias the firin trigger 20 to Lts fully
open podptiggnof q“hmf’ﬁ’ép? \}\%%}gts\mf’é‘ﬂni' eRb?}E?ra‘Y‘HPS’F }E‘g‘%"ééhet r P‘i‘léi%dgff t‘ﬁ‘%er

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

posi ti omr,lggehé@,égwmp@rmfagﬂglsaepwttp the meipr 65 causingsaseater rags of IERIOBY st oppi ng
rotation of the notor 65. Moreover, by virtue of the bias spring 112, any
time a (j8030] clThe bandihé nfayrinahgdeta miglglerha@dle pidee 10k adjacant fo thx peper portien of
resistance to the closing operation, thereby providing the user with

f eedbac khefridgrighe 20mThethandle 6 @lsaimagrtompeisd £bias pringha 2 woimcted betwaeh pbgts , t he

operator could stop retracting the firing trigger 20 to thereby
on the middle handle piece 104 and the firing trigger 20. The bias spring 112 may bias the firing
trigger 20 to its fully open position. In that way, when the operator releases the firing trigger 20,
the bias spring 112 will pull the firing trigger 20 to its open position, thereby removing actuation
of the sensor 110, thereby stopping rotation of the motor 65. Moreover, by virtue of the bias
spring 112, any time a user closes the firing trigger 20, the user will experience resistance to the
closing operation, thereby providing the user with feedback as to the amount of rotation exerted
by the motor 65. Further, the operator could stop retracting the firing trigger 20 to thereby
remove force from the sensor 100, to thereby stop the motor 65. As such, the user may stop the
deployment of the end effector 12, thereby providing a measure of control of the
cutting/fastening operation to the operator.
[0031] The distal end of the helical gear drum 80 includes a distal drive shaft 120 that drives a

ring gear 122, which mates with a pinion gear 124. The pinion gear 124 is connected to the main

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

[ 00311 The distal end of the helical gear drum 80 includes a distal drive
shaft 120 that drives a ring gear 122, which mates wth a pinion gear 124.
The pinion gear 124 is connected to the main drive shaft 48 of the main
drive shaft assenbly. In that way, rotation of the notor 65 causes the 16
main drive shaft assenbly to rotate, which causes actuation of the end

ef f ect omairpdrivesshafe assemblyto retatgy which gmisey actypsion phihe gnd eedarglPe 2biestiRedhel i cal
gear drum 80 may include a post 86 that is disposed wthin a slot 88 of a
sl ottedabovey 90. The slotted arm 90 has an opening 92 its opposite end 94
that receives a pivot pin 96 that is connected between the handl e exterior
si de pi ¢g032] 5The Fiflg 87 tireadpil wo thetieticAl Geardirath 80 natiysipcsda péut 86 ¢tat srdisposadi ng
100 in the firing trigger 20 and an opening 102 in the m ddl e handl e piece

104. [ OQ@ln 4 floestdiftd Mhedtabtft DML Slofled @ 90k WA Bpénih £YB1tS SppBBit©énd(
end- of - stroke sensor) 130 and a stop notor (or beginning-of-stroke) sensor

142. | i bodi. . 1 g Ot
n tﬁa@?éc&gésa %wggﬂlg?gitlgal{ 1se<%§n%: Wﬁﬁagﬁﬁm&{ﬁndfé%ﬂﬁﬁg %apgi%@éé 6@ The

switch ['ocate el'tcal gear drum 80 such that the
ring 84 threa%gd n the hel.ical gear .dr 80 t i ﬁ verse
ot or  s@hRspyegs S ditped tirpi 7Rl 1 g ARhEfl e B ekl D2
gear druym, 80., éhﬁ Qﬁverse tor sensor 130, when activated, sends a signa
to the rbthgmiddefandlepisestO4ts rotation direction, thereby withdraw ng the
knife 32 of the end effector 12 following the cuttin (gperation. 50034 The
st op not¥B3}% e adition theghandle 6 My inghade reyerse megr fen qn%= rsrekeisansem) 3¢ ch.
In various enbodinents, it maybe | ocated at the proxinmate end of the
hel i cal agtgrmatpu(or Bégismnghéstroke) sensor 142. In various embodiments, the reverse motor

sensor 130 may be a limit switch located at the distal end of the helical gear drum 80 such that

the ring 84 threaded on the helical gear drum 80 contacts and trips the reverse motor sensor 130

when the ring 84 reaches the distal end of the helical gear drum 80. The reverse motor sensor

130, when activated, sends a signal to the motor 65 to reverse its rotation direction, thereby

withdrawing the knife 32 of the end effector 12 following the cutting operation.

[0034] The stop motor sensor 142 may be, for example, a normally-closed limit switch. In

various embodiments, it may be located at the proximate end of the helical gear drum 80 so that

the ring 84 trips the switch 142 when the ring 84 reaches the proximate end of the helical gear

drum 80.

[0035] In operation, when an operator of the instrument 10 pulls back the firing trigger 20, the

sensor 110 detects the deployment of the firing trigger 20 and sends a signal to the motor 65 to

cause forward rotation of the motor 65 at, for example, a rate proportional to how hard the

operator pulls back the firing trigger 20. The forward rotation of the motor 65 in turn causes the

ring gear 78 at the distal end of the planetary gear assembly 72 to rotate, thereby causing the
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the ring 84 trips the switch 142 when the ring 84 reaches the proxi mate end
of the helical gear drum 80. [0035] in operation, when an operator of the
instrument 10 pulls back the firing trigger 20, the sensor 110 detects the
depl oynment of the firing trigger 20 and sends a signal to the notor 65 to
cause forward rotation of the notor 65 at, for exanple, a rate proportional
to how hard the operator pulls back the firing trigger 20. The forward
rotation of the nmotor 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 dr heficBDgenndnuot 3 ©, ro@ siusipgitheering %thmdtdwm@d delieah geandrune BY txtravgbar
drum 80 to travel distally along the helical gear drum 80. The rotation of
t he hel gially gpag tbrHentdeal dromd0i Tas rdthxéon ofahahdicalgeasdrafit 80ed sedrbley thas
descri bed aﬁove which in turn causes deploynent of the knife 32 in the end

ef f ect ofadldrivERBAf: hemblyais HBickiBeBaborBAvIsLICH (3 lses dapldphleit@fthekmifese t he
channel 22 Iongltudlnally thereby cutting tissue clanped in the end

ef fect of, digen r}ﬁé&t rtlaeTﬁEV\E th@%lf%oﬁr:ﬁlﬁ's% 33Qke éali]?eoetﬂ(i!ra%rfs@%(éﬁarﬁﬁl »5 caused

to happenin e I ments ere a stapling-type end e fector is wused. [0036]

By the ongﬁwé hﬂyn% 9%{n§m %ls g}a?@)%?% {hg dnd Effé qST ?J ftl?ecgt%’hné%ﬁérgtl

conpl et ear drum have 're

di stal en t he hellcal drum 80 her eb ca ng the rse. nDtor
sensor §'g‘eteB ector; 128 gpus ﬁoéﬁp%eé‘n‘a §"‘§°§‘F§H‘3I“¥h{"6€ 1 $1@p ﬁ lH‘%f%Pe %'gﬁ'tfgec@é&se t he
notor 65 to reverse its rotation. This in turn causes the knife 32 to
retract usedhnd al so causes the ring 84 on the helical gear drum 80 to nove
back to the proximate end of the helical gear drum80. [0037] The mddle
handl e 036k BY4hd tirot theeyttmgtstapking deerathoowdf dherendGélecthnl 2 srrgaglete, threring $k t ed
arm 90 as best shown in Figures 8 and 9. The m ddl e handl e piece 104 al so
has a f onwerhdlical gear drum 80 will have reached the distal end of the helical gear drum 80, thereby

causing the reverse motor sensor 130 to be tripped, which sends a signal to the motor 65 to cause
the motor 65 to reverse its rotation. This in turn causes the knife 32 to retract, and also causes
the ring 84 on the helical gear drum 80 to move back to the proximate end of the helical gear
drum 80.

[0037] The middle handle piece 104 includes a backside shoulder 106 that engages the slotted
arm 90 as best shown in Figures 8 and 9. The middle handle piece 104 also has a forward
motion stop 107 that engages the firing trigger 20. The movement of the slotted arm 90 is
controlled, as explained above, by rotation of the motor 65. When the slotted arm 90 rotates
CCW as the ring 84 travels from the proximate end of the helical gear drum 80 to the distal end,
the middle handle piece 104 will be free to rotate CCW. Thus, as the user draws in the firing
trigger 20, the firing trigger 20 will engage the forward motion stop 107 of the middle handle
piece 104, causing the middle handle piece 104 to rotate CCW. Due to the backside shoulder
106 engaging the slotted arm 90, however, the middle handle piece 104 will only be able to

rotate CCW as far as the slotted arm 90 permits. In that way, if the motor 65 should stop rotating

18



notion stop 107 that engages the firing trigger 20. The novenent of the
slotted arm90 is <controlled, as explained above, by rotation of the notor
65. Wien the slotted arm 90 rotates CCWas the ring 84 travels fromthe
proxi mate end of the helical gear drum80 to the distal end, the mddle
handl e piece 104 will be free to rotate CCW Thus, as the user draws in the
firing trigger 20, the firing trigger 20 will engage the forward notion
stop 107 of the mddle handl e piece 104, causing the m ddl e handl e piece
104 to rotate CCW Due to the backside shoul der 106 _engagi hg the slotted
arm 90, forommeasason, fike Hotird asmiPArwillstopi reling 9ad e usergilhnop e abiF &0 fugther ot at e
CCWas far as the slotted arm90 permts. In that way, if the notor 65
shoul d dtawpinrth¢ Atingigigker I0recawsathe maidisrhandlapiest 404 well notrhedteevp ratate C6pV
rotating, and the user will not be able to further drawin the firing
trigger dg@tdaRe alug&l 4rheoori ddl e handl e piece 104 will not be free to rotate
CCW due to the slotted arm90. [00381 Figure 41 and 42 illustrate two

states @§038] v #{dufdd ParkRAISALstdAtvo MiteddsF alabigblaSerlsbEthhttay bedised as@Rs@ 110
according to various enbodi nents of the present invention. The sensor 110

may inc 'c?'ébqfr Bg)@n;fgi?o gﬁéfdg;?é‘tgg\%ou@erﬁ-d‘d%elﬁé SGhE BidSent fverfin. heSERRRT10

electro ressible dielectric material 286 (e.g., EAP)
bet ween the el ectrodes .282,,284. The se V\ﬁ {440 such t hat
he f acEBardnie BEOPTURE 20 2 Wil PR 2 oo TR s R B B LRy
Accordingly, v,\ge, he.firing trigge i s retracted H 2g;iel ctric
mat er i alch‘B@S?‘ le %Fi‘?‘r'ﬁﬂce%‘?@ﬂgl 236 (ggm&‘ﬁ%? hetf—v%'h'ﬁ’g eﬁ’ﬁfro‘l“ﬁé S’t At Iﬁﬁ &BPect r odes
282, 284 are closer together. Since the distance "b" between the el ectrodes
282, 28410 sayibe pesitignadsueh tat the fach orftiop 288 sendadiethadisingitrigeer 80 en odes 282,
284, the greater the distance the nore inpedance, and the closer the
di st anceettdeed. |Aeserdinghe cdwan éhe firingtthiggerRalys retracteds theudielecthiamatdral dBceisect ri ¢
286 is conpressed due to retraction of the firing trigger 20 (denoted as
force " kompresfedgasshoda in Figuer42psuchithn e diectrotes 18ap2Riadre eloser together. Since

the distance “b” between the electrodes 282, 284 is directly related to the impedance between the

electrodes 282, 284, the greater the distance the more impedance, and the closer the distance the

less impedance. In that way, the amount that the dielectric 286 is compressed due to retraction

of the firing trigger 20 (denoted as force “F” in Figure 42) is proportional to the impedance

between the electrodes 282, 284, which can be used to proportionally control the motor 65.

[0039] Components of an exemplary closure system for closing (or clamping) the anvil 24 of

the end effector 12 by retracting the closure trigger 18 are also shown in Figures 7-10. In the

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

18 by a pin 251 that is inserted through aligned openings in both the closure trigger 18 and the

yoke 250. A pivot pin 252, about which the closure trigger 18 pivots, is inserted through another

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

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

trigger 18, to which the yoke 250 is attached via the pin 251, to rotate CCW. The distal end of

19



bet ween the el ectrodes 282, 284, which can be used to proportionally control
the notor 65. 100391 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 ivots, is inserted through anot her Penln in the closure
trigger thtSKOgh?-‘dhlS cennseted.atia f pim Mhorasfistdogyrebragiet ¢ dosuRG 'Efﬁéﬁt t he
closure trigger 18. Thus, retraction of the closure trigger 18 causes the
upper pase camhedthie axeosdrdosute braget 238, Callsctivelys thet desuyhrac 56524t defwRed vi a
the pin 251, to rotate CCW The distal end of 19 the yoke 250 is connected,
via a phmoptnthg ih Whichfthé ploxithais eidcofah@ptorima@SEosufhiaibe U0 $see Flipseidpis seatak et

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

br acket gn2R8d s SrighEdinAmARERhNEE thélc1whir€ Bratiteds I 25 8reduges0Akitkidahe
proximate closure tube 40 (see Figure 4) is seated and held such that

| ongi t ug‘ll ﬂ?]lr:] bm\é T aRic1dsif thbs! rﬁlCQﬁﬁﬁl'ﬁ'@h?l@é@O m%ﬁl%e§§‘l:'1§§tﬁe k&gdot udi nal

noti on e pr X|nate closure tube 40. The |nstrunent 10 al so includes a

cl osure rod sposed. i nsi de X|nate 4 Iosure
r od 260%‘5?/“"1g H@fdﬁgfée lgr OW"}?BEO@VO eltuto 9 018?11"6 rod B%B'Bégﬁg%%gfmd};u’%e handl e
exterior ﬁ as ex%gylor | ower. si.de p ce 5 the. illustyated
embodi mitie WhIck ARosiySal ons of fedande SRR SCER v Do by étﬁletpb“? handl e
6. In that way, the proximate closure tube 40 is capable of movin

| ongi t umenaustrylted@n@pdwnt ds diprosed fodiiedly Gopaech g clopue red g6¢;facthe bendi%@ toay

al so include a distal collar 267 that fits into a cavity 269 in proxinmte
spi ne t thaewdy thaprokimate¢lasunetibt He isdapatily obmowpg ngitidieadlyHetptive todthe [ 0040] I n
operation, when the yoke 250 rotates due to retraction of the closure

t ri gger clb8ure tdE260C IThe IR ulerrad R6d may Ao indhidle aaittat cbitar 267 abxit Mg idtocd @sity e t ube
40 to nove distally (i.e., away from

269 in proximate spine tube 46 and is retained therein by a cap 271 (see Figure 4).

[0040] In operation, when the yoke 250 rotates due to retraction of the closure trigger 18, the
closure brackets 256, 258 cause the proximate closure tube 40 to move distally (i.e., away from
the handle end of the instrument 10), which causes the distal closure tube 42 to move distally,
which causes the anvil 24 to rotate about the pivot point 25 into the clamped or closed position.
When the closure trigger 18 is unlocked from the locked position, the proximate closure tube 40
is caused to slide proximately, which causes the distal closure tube 42 to slide proximately,
which, by virtue of the tab 27 being inserted in the window 45 of the distal closure tube 42,
causes the anvil 24 to pivot about the pivot point 25 into the open or unclamped position. In that
way, by retracting and locking the closure trigger 18, an operator may clamp tissue between the
anvil 24 and channel 22, and may unclamp the tissue following the cutting/stapling operation by

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

wi ndow 45 of the distal closure tube 42, causes the anvil 24 to pivot about
the pivot point 25 into the open or unclanped position. In that

r et r act [09g1lanBighecldiing sthematit dingra of ancrlgstricaBeircyit of herinstermany 0 estcaﬁ%ns i ssue
between the anvil 24 and channel 22, and may unclanp the tissue follow ng

t he cut td vigibss apbddivgerapef tht bmerh;‘mveuﬁnd»m cWhergart dyeratdrasisially pnllgigehe fiing r om t he
| ocked position. 20 10041] Figure 11 is a schematic diagram of an el ectrical
Ci I cui t yrpoet NPafied TckiNGRAS clduratpedi ) the sksor A0 Busti e dilowing suoént tdre
present invention. Wen an operator |n|t|aIIy pulls in the firing trigger

20 af t eqol,Qfdtl ﬁﬂoﬁéﬂe Iﬁh@ %an@all;ytdpﬂﬂ Sevets® mdidlSe QP SRIchl ﬂ-fQ) iis Dp@t{nhe4ain@the

al I owi ng current ow there through. If the normally-open reverse notor

Sensor Svﬁ%fgﬁ%% effe%to?gt?&ie(ﬂzgﬁpﬂ L) }Q?%edzflﬁn% wifl§10678 dsf ’Eﬁﬁ?é‘% "uBl%ke has

not beef" . curren si ngl e pole, OM/reIay

134 of e 18y L5 SUuPr eohst ﬁ%io‘%wi%“g%@@c&’ﬁﬁas Soparoel 4 Py B BT o

non- energlzed state, The circuit also includes a cartridge Io kout .sensor
136. | f relael Rrvillavt beensrgized, shithe gelay 132 wilkhs ig its apflwep%fgﬁce@atate gcughsor 136
will be in the closed state, allowing current to flow Oherwise, if the end
ef f ect oplso iR ludees cartriidge rfmkgut@ensosﬂé@l i theaand reffdefer Blincludes sstaplocartrBigedit | be
open, thereby preventing the battery 64 from powering the notor 65. 100421
When t hehestmpl 3@ will bd dgke Adsedstapy, aB@ning ctihent sefiswr Ollzowiss, i€ thesad effedtorc h
energizes a single pole, single throwrelay 138. \Wen the relay 138 is
ener gi zgd dodstot RRfudt b Qwplet AFAEHB4, BR sensor 136 will be open, thereby preventing the

battery 64 from powering the motor 65.

[0042] When the staple cartridge 34 is present, the sensor 136 is closed, which energizes a

single pole, single throw relay 138. When the relay 138 is energized, current flows through the

relay 136, through the variable resistor sensor 110, and to the motor 65 via a double pole, double

throw relay 140, thereby powering the motor 65 and allowing it to rotate in the forward direction.

[0043] When the end effector 12 reaches the end of its stroke, the reverse motor sensor 130

will be activated, thereby closing the switch 130 and energizing the relay 134. This causes the

relay 134 to assume its energized state (not shown in Figure 13), which causes current to bypass

the cartridge lockout sensor 136 and variable resistor 110, and instead causes current to flow to

both the normally-closed double pole, double throw relay 142 and back to the motor 65, but in a

manner, via the relay 140, that causes the motor 65 to reverse its rotational direction.

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

the relay 134 to keep it closed until the switch 142 opens. When the knife 32 is fully retracted,
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relay 136, through the variable resistor sensor 110, and to the notor 65 via
a doubl e pole, double throw relay 140, thereby powering the notor 65 and
allowing it to rotate in the forward direction. [0043] Wen the end
effector 12 reaches the end of its stroke, the reverse notor sensor 130

will be activated, thereby closing the switch 130 and energi zing the relay
134. This causes the relay 134 to assune its energi zed state (not shown in
Figure 13), which causes current to bypass the cartridge |ockout sensor 136
and variable resistor 110, and instead causes current to flowto both the
nor mal | yhecttapsreotodsenbdrewitch d42 thagtivated, hausingrthe swyitchat24e @perm hereby remevipst or

65, but in a manner, via the relay 140, that causes the notor 65 to reverse
i ts rot abierfadm ehermetot 6. 10044] Because the stop motor sensor switch 142 is
normal | y-cl osed, current will flow back to the relay 134 to keep it cl osed

until thepssM f:ehhddenbiaansnts, YR thdiea fopdrtiomad-type sbilor ¥ 10,ehoacdfegpe séidort he
stop notor sensor switch 142 is activated, causing the switch 142 to open,

t her eby CR&IH‘W LA, Iﬁgmrerﬁﬂl’ogmlénlf's? tHEQhR o f ﬁiatlc{nQﬁ‘ﬂﬁ_klmbt%]g 8% heuidagesdi nent s,

rat her than a proportional-type sensor 110, an on-off type sensor could be
used. In such enmbodi nents. . fr [ f not be
or opor t PO P O PERBPIR: B8Ry oncRiils 8P sondiudhl et eue
woul d generally rotate at a constant rate. But .t er at or uld .stil
exper | Spcentan e Bidbe kB SO0 SR experiersrdor (ergBak bR 8 el iBRT o ¢ ne
gear drive train. [00461 Figure 12 is a side-view of the handle 6 of a
powver - agdiisgearpdtiniojtbegrag ddvweititer according to anot her enbodi nent. The
embodi nent of Figure 12 is simlar to that of Figures 7- 10 except that in
t he enbd4egntFiguke R uarsedetdew o thedhandle ot a pbwet-asdisamntocizechersloeutter o t he ring
84 threaded on the helical gear drum 80. Instead, in the enbodi nent of
Fi gur e hecordihg to dndgheBémboditlentd elhe@nbedisent figuren 2 1sldmilbato thar\wé FigardsT-t he
ring 84 as the ring 84 advances down (and

10 except that in the embodiment of Figure 12, there is not slotted arm connected to the ring 84

threaded on the helical gear drum 80. Instead, in the embodiment of Figure 12, the ring 84

includes a sensor portion 114 that moves with the ring 84 as the ring 84 advances down (and

back) on the helical gear drum 80. The sensor portion 114 includes a notch 116. The reverse

motor sensor 130 may be located at the distal end of the notch 116 and the stop motor sensor 142

may be located at the proximate end of the notch 116. As the ring 84 moves down the helical

gear drum 80 (and back), the sensor portion 114 moves with it. Further, as shown in Figure 12,

the middle piece 104 may have an arm 118 that extends into the notch 12.

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

the pistol grip 26, the run motor sensor 110 detects the motion and sends a signal to power the

motor 65, which causes, among other things, the helical gear drum 80 to rotate. As the helical

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

depending on the rotation). Also, due to the pulling in of the firing trigger 20, the middle piece

104 is caused to rotate CCW with the firing trigger 20 due to the forward motion stop 107 that
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back) on the helical gear drum 80. The sensor portion 114 includes a notch
116. The reverse notor sensor 130 may be | ocated at the distal end of the
notch 116 and the stop notor sensor 142 may be | ocated at the proxi nate end
of the notch 116. As the ring 84 noves down the helical gear drum 80 (and
back), the sensor portion 114 noves with it. Further, as shown in Figure 12,
the mddl e piece 104 may have an arm 118 that extends into the notch 12.
[00471 In operation, as an operator of the instrunent 10 retracts in the
firing trigger 20 toward the 8I stol grip t he run notor sensor 110

det ect s engagentheifising atigees 3R dThey S%mzptlomf ﬁm’mmdktpeeced@ﬁ Gausgshe agpy di§ te auses,
anong ot her things, the helical gear drum80 to rotate. As the helical gear
dr um 80 rotateAA@F, witththe sérsgr @Atiomt Eaafabe omg 84 aich that dwl argddB staysidisp@ed dvances
(or retracts, depending on the rotation). Also, due to the pulling in of
the firigRondtéd DIBEWER thé Fifig 8Y edkieespheedistal chd4bf ik Hetits @@art drum@0athe afle\M 8V t h
the firing trigger 20 due to the forward notion stop 107 that 22 engages

the firing cbihdIRd akfeb Tﬁftwér&trﬁ&tbp&ng& 1BbesmittllyewRérER rth@84Geueass t he

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

A A S e
e r%%ﬁ%%ﬁ%%?@@ﬁﬂv G ?fﬂd%?dpgtﬁ‘smhm isPef Tl s g o act

and t her eby trip the stop notor sensor 142. Such actions may reverse and
stop t h&bA¥st or 65, respectively, as described above. [0048] Figure 13 is a
side-view of the handle 6 of a power-assist notorized endocutter according

t o anot HeQ48 nibegirerbhis.a Sldﬁewewwémeri@ndleéfof Bipgweeassst ingtogized engocyttert hat of
Figures 7- 10 except that in the enbodi nent of Figure 13, there is no slot

i n the aceordidg td amtleadmbodiment. riche®mbotl imepadiitigae 18 hiesimélai twahatedé Higudestim 80

includes a vertical channel 126. Instead of a slot, the arm
10 except that in the embodiment of Figure 13, there is no slot in the arm 90. Instead, the ring 84
threaded on the helical gear drum 80 includes a vertical channel 126. Instead of a slot, the arm
90 includes a post 128 that is disposed in the channel 126. As the helical gear drum 80 rotates,
the ring 84 threaded on the helical gear drum 80 advances (or retracts, depending on the
rotation). The arm 90 rotates CCW as the ring 84 advances due to the post 128 being disposed in
the channel 126, as shown in Figure 13.
[0049] As mentioned above, in using a two-stroke motorized instrument, the operator first pulls
back and locks the closure trigger 18. Figures 14 and 15 show one embodiment of a way to lock
the closure trigger 18 to the pistol grip portion 26 of the handle 6. In the illustrated embodiment,
the pistol grip portion 26 includes a hook 150 that is biased to rotate CCW about a pivot point
151 by a torsion spring 152. Also, the closure trigger 18 includes a closure bar 154. As the
operator draws in the closure trigger 18, the closure bar 154 engages a sloped portion 156 of the

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

154 completely passes the sloped portion 156 passes into a recessed notch 158 of the hook 150,
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90 includes a post 128 that is disposed in the channel 126. As the heli cal
gear drum 80 rotates, the ring 84 threaded on the helical gear drum 80
advances (or retracts, depending on the rotation). The arm 90 rotates CCW
as the ring 84 advances due to the post 128 being disposed in the channel
126, as shown in Figure 13. [0049] As nmentioned above, in using a two-stroke
notorized instrunment, the operator first pulls back and | ocks the closure
trigger 18. Figures 14 and 15 show one enbodi nent of a way to | ock the
closure trigger 18 to the pistol grip portion 26 of the handle 6. In the

i |1 ust r athéch lecksdlk etesure trigeprel &inplagk. Em prasaipt mayrepease thelclpgurs teiggrsdR Y50 t hat
is biased to rotate CCWabout a pivot point 151 by a torsion spring 152.

Al so, t pashihgdowreort 4 slgigeuttdB rdleasé Uelben the bhaksarroppdsite sidde4f thespistblegripogetiernt or
draws in the closure trigger 18, the closure bar 154 engages a sl oped

por ti on 255@ughing difvn theekideltidton réledse DY Fodtes the BodkESONOWksudb thatihetcdufediar CW i n
Figures 12-13) until the closure bar 154 conpletely passes the sl oped

portlon1%5%Ig@§§ﬁqh*§&@rgwggg%§§9q5@otch 158 of the hook 150, 23 which | ocks
t he closure trigger in place. The operator may rel ease the closure

tri el Ey F O@?{E& ugt h&“clé‘su?é ﬁ%ﬁeﬁb‘é@@é‘mé gﬁleacé&‘gl %t’lﬂwﬁ ack or

opp03|t grip I de button
rel ease 1 0 rotat

h hqQo 5 h that th b
rel eased PS‘r‘ﬂePﬁe?‘? 3}9&3&)@8 "ﬁeé’%BﬁF‘%rgsl%[c%ﬁ “rﬁltrégﬁeg i‘}eﬁjcﬁg (’Vﬁﬂ%et ]n6é)|r cl osure

trigger |ocking mechani sm according to various _enbodi nents In the
enbodi néAYingan pirepithead portipn 46 b | ‘bg AToW-heag pertiong 6l r&%;ll"aifééjoé‘m%@ﬂjg@r &2&9 bYhavi ng
an arrow head portion 161. The arrow head portion 161 is biased downward (or
CW by adedfeprings[2 ridhe vaRge Toeandddafespiing 1 Ghaay bamadgpirpmgfor 62amply, meldedhde
from for exanple, nolded plastic. Wien the closure trigger 18 is
r et r act edhstit.N'&han thewldsesedripgerti8asiretrédted, shd arsosv-head polticoulyt is anservqethiongh 164 i n
the pistol grip portion 26 of the handle 6. A |lower chanfered surface 166 of

an opening 164 in the pistol grip portion 26 of the handle 6. A lower chamfered surface 166 of

the arrow-head portion 161 engages a lower sidewall 168 of the opening 164, forcing the arrow-

head portion 161 to rotate CCW. Eventually the lower chamfered surface 166 fully passes the

lower sidewall 168, removing the CCW force on the arrow-head portion 161, causing the lower

sidewall 168 to slip into a locked position in a notch 170 behind the arrow-head portion 161.

[0051] To unlock the closure trigger 18, a user presses down on a button 172 on the opposite

side of the closure trigger 18, causing the arrow-head portion 161 to rotate CCW and allowing

the arrow-head portion 161 to slide out of the opening 164.

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

embodiment. As shown in this embodiment, the closure trigger 18 includes a flexible

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

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

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

closure trigger 18 is retracted, the pin 178 engages the wedge 182, and the pin 178 is forced
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the arrow head portion 161 engages a | ower sidewall 168 of the opening 164,
forcing the arrow head portion 161 to rotate CCW Eventually the | ower
chanfered surface 166 fully passes the |ower sidewall 168, renoving the CCW
force on the arrow head portion 161, causing the lower sidewall 168 to slip
into a |l ocked position in a notch 170 behind the arrow head portion 161.

[ 0051] To unlock the closure trigger 18, a user presses down on a button 172
on the opposite side of the closure trigger 18, causing the arrow head
portion 161 to rotate CCWand allowing the arrow head portion 161 to slide
out of dhenepdri.agthe6m 17OB5fateRiGW) by theTower sutfess B4af tramedeerlB3geshowr ki ng
mechani sm according to another enbodinent. As shown in this enbodi nent, the
cl osur e it Figg@en 7 a&d 1 HicWhee shegpid 1 B8 fulllly passkothgildwetismdicedi8 the €W Hiarte pmtheudes a
| ateral pin 178 extending therefrom The arm 176 and pin 178 nmay be nade

from molaggd761saehbeed, AT the pAIISEs rotdted ECW Qlch@idt Ehelisifi 1 T®Bom&s tofrest fiea handl e 6
i ncl udes an openi ng 180 with a laterall y extendi ng wedge 182 di sposed

therein, W48 B%\ﬁnd fhle?fe?gglﬁf la ?%?fcwenélﬁ B Agﬁ.léé £ rtﬁ&&lﬁﬂocﬁﬁ@th@'c'fbs&r%&n%%@qges the

wedge 15?8 and ownwar d e., the arm

d f f
R E R

on the arm?jil 2 is renoved, and the pin 178 is rotated CCW such that the pin
178 comte Veferd8t in a notch 186 behind the wedge 182, as shown in Figure
19, thereb%bl ocking the closure tri The pin 178 is further held in

pl ace i 10053 [Tocrkwk thssslosusntriggers] & 8@)@%‘13@ maﬁrfuri@s S@uEeEHBE Slpseredigeef he
wedge 184. [0053] To unlock the closure trigger 18, the operator may further
squeeze I8hausihg thermen 178 woagagelBslonsd beikvenll 198 abthe apeging d 8@yfgeedreg the pindy&d
backwal I 190 of the opening 180, forcing the pin 178 upward past the
I Lexi bl epsuipadi@fe flasbrhlmpnl 88nasshgwh @isFiglreandl adl2 1. Thiee gih 178 B8hérsfrédven free
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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travel out an upper channel 192 in the opening 180 such that the closure
trigger 18 is no longer |ocked to the pistol grip portion 26, as shown in
Figure 22. [0054] Figures 23A-B show a universal joint ("u-joint") 195. The
second piece 195-2 of the u- joint 195 rotates in a horizontal plane in
which the first piece 195-1 lies. Figure 23A shows the wu -joint 195 in a

| inear (180) orientation and Figure 23B shows the u -joint 195 at
approximately a 150 orientation. The u -joint 195 may be used instead of

t he bevel gears 52a-c (see Figure 4, for exanple) at the articul ati on point
14 of t imembreriaf gars dispesedfin a frame AB1 ywhepein thej gepis ateconpectedhbrtwedny the pigpetary.

Fi gures 24A-B show a torsion cable 197 that may be used in lieu of both the
bevel gear7d ab@ thepisinul gedrd 24 at fheiprixim@b endof thaiiveshafttdi8c dissxpinedfurtthiee end
effector 12. [0055] Figures 25-31 illustrate another enbodi nment of a

ot or i Z@dlowt We-geir tdlkasseuitly 26U provides fegdbasloth thasseemiarthye firiag triggen20 10 wit h
power assist according to another enbodi nent of the present invention. The

enbodi Mty 3o fik AHFI6Pmem and 1dadingiBick 8f the @nd Bfdctéf 12FI AW, @ BedRagyeoRie t hat
instead of the helical gear drum 80, the enbodi ment of Figures 23-28

i ncl ude n alte i Sr{) 608! Xsist Thed ;@Q&y Al Ql?dé:fif&w es
25-31 i %8%? 8stﬁeagy8%}§1r\%§g%e§érs%o 45%% §| ncl usé]f' ng a&) nl?gger © of gear sr
disposeg [ frame .201, wherein the gears are connecte t wee e
pl anet ar'y- ﬂb@étr SeRss, Hﬁ%l&‘f’ FRDRHimesIs ‘G%"é&e{i‘%gf’vﬁt tﬁ? ﬁ‘é‘gf)‘f‘WP églgﬁsdﬁd?fl Bhe drive
shaft 48. As explained further below,  the gg%r box assenbly 200, “ﬁéides
f eedbaclanetherinoaer assistmotorized ipstrumegt +{ thetpeevi fF%‘g’é?‘ﬁf"rf € P§cE r‘?ﬁéﬁ'&/ nt and
| oading force of the end effector 12. Also, the user may provide power to
t he systleading farcegspegiencedduithe sytingingtraroentt o assi st t he depl oyment of the end
effector 12. In that sense, |ike the enbodi ments descri bed above, the
enbodi ngens56pf Iirihgullestra@8 -eBbodmneng tiat fivirrg tpggerr20asdudes tworpteoes: 2 @thin badyr unent
10 that provides feedback to the user regarding the |oading force
exper i epeRibn2Y?2 bh€a StifféniMYpdriist 2O4TETHe.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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[0056] In the illustrated enbodinent, the firing trigger 20 includes two

pi eces: a main body portion 202 and a stiffening portion 204. The nmai n body
portion 202 may be made of plastic, for exanple, and the stiffening portion
204 may be made out of a nore rigid material, such as netal. |In the
illustrated enbodi nent, the stiffening portion 204 is adjacent to the nmain
body portion 202, but according to other enbodinents, the stiffening
portion 204 could be disposed inside the nain body portion 202. A pivot pin
209 may be inserted through openings in the firing trigger eces 202, 204
and may shaft assemy iand toairovide fitsilbarkin thefuseri rpgprding Hgaleplpyment %fttgeendl aifesi@8i t i on,
a spring 222 may bias the firing trigger 20 to rotate in a CCWdirection.
The sprilag 222 may have a distal end connected to a pin 224 that is
connected to the pieces 202, 204 of the firing trigger 20. The proxinate
end of {6U58pPThegeatBIx mmb@ TONhecineiddé g5 shoenoih thdilubteanel entsodiraertosix | ower
side pieces 59, 60. [0057] In the illustrated enbodlnent both the main body

por tion @2aRANA fikEgcat bid 6Mthe@ed? bk bABMbEDHOIcEged R orféHsti0g 0826, 208
(respect@\c/%fly) at t%‘IEII‘ uppergeend portrlnolzr'l’?@ 'Iqh%iggear gggﬁlons 206, 208

engage l?esfzﬁﬂr%la 2 L& RechdRhPMo fiR drive the
mai n drl%\l/e rﬂg%t]n %érfft{% asg(idrrg% an %r%)\?‘% E g%ack to the usér regarding
t he depl o of, th d. effect éﬂﬁl 0 %F h enbl 200 may
ol ude STETGRETY SefF 3 A eing Gar RV BRESIAMRENT 2151 The [ a2 Evpedep oy
gear 210 of t he gear box assenbly 200 engages the gear porti ns 20 208 of
the firismgl %rrfpwbgeaszéw ithe stepdiet f%lﬁh geHeemecopxiglaith Qi@héﬁga?dgs The &g | er
second gear 212, the smal | er second gear £12 bei ng coaxial with a |arge
third gesar 2184s a 9cbeveli gear thatangaeks agwaiing 98’ bevekarar 22} (begishewn gekig. Pdahatt he
smal l er fourth gear being coaxial with a fifth gear 218. The fifth gear 218
i s a 90 ibenatctghiarthd piatonaegalPdsha dnimed thg nfath dreveshafyddr 220 (best shown in
Fig. 31) that

[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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is connected to the pinion gear 124 that drives the main drive shaft 48.

[ 0059] In operation, when the user retracts the firing trigger 20, a run
not or sensor (not shown) is activated, which nay provide a signal to the
notor 65 to rotate at a rate proportional to the extent or force with which
the operator is retracting the firing trigger 20. This causes the notor 65
to rotate at a speed proportional to the signal fromthe sensor. The sensor
is not showmn for this enbodinment, but it could be simlar to the run notor
sensor 110 descri bed above. The sensor could be |located in the handle 6
such t haotatet The ficke peaz23@ dngeigenthe Igearfportiong 206,128 ef thediring triggar 28.cthergby Al so,
instead of a proportional -type sensor, an on/off type sensor nmay be used.

[ 0060] Raisiig thafitihg tripgen® wrrofate C@Wswhent the moer 65 podades foitvard Oriveofor ticat e,

whi ch causes the planetary gear 72 to rotate, which causes, via the drive

shaft 7@nd bil&tdr INYaftPR roth#2CECW WREnEthE mold?®5 réthfed irdReérsd el fASendd t h t he
pi ni on gear 124, which is connected to the main drive shaft 48. Thus,

rotatl O%ff&t,t?rt ﬁ?hg{ @hf\?a}g %?e;l%s TAngfién\é@§feEMC g?rﬁéel\ﬂg(liqiag Z%r%e 4R de%ﬁﬁn@auses

actuation o I'ng apl rng operation ect or [ 0061]

r':g[ ‘Q’f‘;d oF & {%tgh%’f:fgﬁésreltszflﬁ’yby!a ”&f}ﬂg Heehs g%if)%nitﬂ‘e f@‘i‘{%&&%@&%? h?:? RhGhe Qs%ggxzzo to

h est o ears or 'the gear

assenbly 200, the first gear 210 to . 27 rotate. .The first ar 2 engages
the gearretffarstth%ﬁen%@,gerz%a?*@ropm@rfvﬂll SRR epsegerisisnee refaisdapgne leaﬁgr%g the
firing trigger 20 to rotate CCWwhen the notor 65 provides forward drive for
the endxpdricaeaddyy thoendgfbectas 12 o Supidarisowheinta operatoprlensesghe fignatrigeer 20 r ever se
to retract the end effector 12). In that way, the user experiences feedback
r egar di nffed thaditting/staploeg epethtide pd thah nan redfrn tchigs @rginad pbgtomthel&debyillvay of t he
user's grip on the firing trigger 20. Thus, when the user retracts the
firing tekpgpace 20W tdriondercatom the fiking xiyget Z0det is gtiesalt mpopatioellas td to the
|l oad force experienced by the end effector 12. Sinmilarly, when the operator
rel easegevel® shéddioTehd hb©@e€s. 20

[0062] It should also be noted that in this embodiment the user can apply force (either in lieu of

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

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

That is, retracting the firing trigger 20 causes the gear portions 206, 208 to rotate CCW, which

causes the gears of the gear box assembly 200 to rotate, thereby causing the pinion gear 124 to

rotate, which causes the main drive shaft 48 to rotate.

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

motor and stop motor sensors. As described above, the reverse motor and stop motor sensors

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

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

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

appropriately power the motor 65.
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after the cutting/stapling operation so that it can return to its original
position, the user will experience a CNrotation force fromthe firing
trigger 20 that is generally proportional to the reverse speed of the notor
65. [0062] It should also be noted that in this enbodi nrent the user can
apply force (either inlieu of or in addition to the force fromthe notor
65) to actuate the main drive shaft assenbly (and hence the
cutting/stapling operation of the end effector 12) through retracting the
firing trigger 20. That is, retracting the firing trigger 20 causes the gear
porti ond0Wab, Fixpg:st3g- 3601 usteateGOmo-strake Hmotorizagesyraien cyfeing andfasiep@ggear box
assenbly 200 to rotate, thereby causing the pinion gear 124 to rotate,

whi ch canssramehthid wigh povkriavgstabairding & dnotheotmbedimett0 A3k eAlbotimephofligushown i n
Figures 25-31, the instrunment 10 may further include reverse notor and stop

ot or  SgNBIi§simitar BaB& of PREIraRSVH, extcélft thae HEthe emBBdifen©dTigiroP32¥86,ake SENsor s
may det ect, respectlvely the end of the cutting stroke (full deployment of

he kni f 0 full
the kni ﬁ‘?{nﬁ(lt)f&t ﬁﬁo Lucﬁfaes iR gm%%)l z@@gn&mp%e\gp&{ A 30, q;&h%nfaa@m heg (fu

retraction i1 fel riving nmenb A'simlar circuit to that

d b t el
vover T AR FEEERLAPep o PR

t | d fast t t
nccor di e pEPdnat e L AR A ke PP HEM AR N AREREcTe ry gptiet D S EEn B 11 | o
to that of Figures 25- 31 except that in the enbodi nent of Figures 32-36, the
firing @apsegybr209 T, ﬁéPftk'éHe%zzdSP%‘WéPt%&‘thF YpPy partion 338 sushdpalrthe werer pertiono.

Both portions 228, 230 are connected to and pivot about a pivot pin 207
that is ldlblespdﬁ@d)tath frothg 16 Vé dirkctivor {lihe npix @ort28@30 mal alseppadudegrlonvienarmpZa
i ncludes a gear portion 232 that engages the first gear 210 of the gear box
assenbl yha? Géhtacthan wipet suyfa2@ af the loampertioad28 of thediring peggep A0 kuchntha3theauloh t hat
t he upper portion

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

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

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

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

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

Cw.

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

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

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

110 may be, for example, a rheostat or some other variable resistance sensor, as explained

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

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

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

Also, the instrument 10 may include a stop motor sensor 142 that is tripped or actuated when
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is biased to rotate in the CWdirection. The upper portion 230 may al so
include a | ower arm 234 that contacts an upper surface of the | ower portion
228 of the firing trigger 20 such that when the upper portion 230 is caused
to rotate CWthe | ower portion 228 also rotates CW and when the | ower
portion 228 rotates CCWthe upper portion 230 also rotates CCW Simlarly,
the lower portion 228 includes a rotational stop 238 that engages a | ower
shoul der of the upper portion 230. In that way, when the upper portion 230
is caused to rotate CCWthe | ower portion 228 also rotates CCW and when

t he | oveantasted iy dite lepver pestian 838 efthe Eé‘nglﬁtfé?r #br Vnghacsiysted, '36 sopMatds  cw
100651 The illustrated enbodi nent al so includes the run notor sensor 110

t hat cosensonild2t@sls a signakgnatopttie teMersestasion @b thetmator 653 var i ous enbodi nent s,

may cause the notor 65 to rotate at a speed proportional to the force

appl i ed [6066] hén epestRinpwhavh@nopeedtoraetradugthe hiesdre trigpgr 18 ingg the 1@dked phetieensor

110 may be, for exanple, a rheostat or sone other variable resistance
sensor, tha%irify BigleP26lis rBedceddblightly ARGUER ABchahRskAGWA B art Ldch@dingiUitidedde a
reverse notor sensor 130 that is tripped or swtched when contacted by a

front f gtg, s t%ﬁténtcg 978 1UBRELdR §hddn 3301047 ahfh Einftkd -Sﬁ&]stl\{dgg%ﬁs,ogﬁto Je%@tnt o

acti vat révef'se notor sensor 130 sends a signa e notor 6

reverse.direction Q. the instrunment ' ? 0 r sensor
1421 had TSEE o Bieh Bt Dol RHE T e RV i 0ty ShER-IEMET 2 255
of the %Lrin trjgger..20. Wen activated, .the stop .mtor ensaqr ends a
i gnal TEMEFREeT a0 T B P e el TR B PPt Do WBen TAGEBER 1 “dpd I on.
when an operator retracts the closure tr”g er 18 into_the | ocked position,
the firPeigt ayshgyarin Ypures33, dhe gear eartien 23hefthe wrnsr prgAN 430 AEHE SWBL AEERA i n t he
art, including United States Patent 6,978,921 to Frederick Shelton, IV el.
al and Rinbeeh iBoengazenent Gith 086, {05 Zean2 |Paff ther gear Bix Soemble 280. Whien the whi ch are
i ncorporated herein by reference) so that the user can grasp the

operator retracts the firing trigger 20, according to various embodiments, the firing trigger 20

may rotate a small amount, such as five degrees, before tripping the run motor sensor 110, as

shown in Figure 34. Activation of the sensor 110 causes the motor 65 to forward rotate at a rate

proportional to the retraction force applied by the operator. The forward rotation of the motor 65

causes, as described above, the main drive shaft 48 to rotate, which causes the knife 32 in the end

effector 12 to be deployed (i.e., begin traversing the channel 22). Rotation of the pinion gear

124, which is connected to the main drive shaft 48, causes the gears 210-220 in the gear box

assembly 200 to rotate. Since the first gear 210 is in engagement with the gear portion 232 of the

upper portion 230 of the firing trigger 20, the upper portion 232 is caused to rotate CCW, which

causes the lower portion 228 to also rotate CCW.

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

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

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

rotational direction to retract the knife 32. Reverse rotation of the main drive shaft assembly
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firing trigger 20 to initiate the cutting/stapling operation, as shown in
Figures 32 and 33. At that point, as shown in Figure 33, the gear portion
232 of the upper portion 230 of the firing trigger 20 noves into engagenent
with the first gear 210 of the gear box assenbly 200. Wien the operator
retracts the firing trigger 20, according to various enbodi ments, the firing
trigger 20 may rotate a small anobunt, such as five degrees, before tripping
the run notor sensor 110, as shown in Figure 34. Activation of the sensor
110 causes the notor 65 to forward rotate at a rate proportional to the

r et r act canmesfthe gearslifr228dnithe gdaebayprssembly to rEMerss dirqehipd, Wiehequses tBe UPRFE ot or
65 causes, as described above, the main drive shaft 48 to rotate, which
causes péreiok D3 ef tBR fitring tripzeeito refafecCWowhikh cawseb thedeywerqypetion 228cof thevlrifign
traversing the channel 22). Rotation of the pinion gear 124, which is
connect gghobo20 d@otari WitV the Sb@éripokfon 28 usgsSortabage destdplilodREenkor e gear
box assenbly 200 to rotate. Since the first gear 210 is in engagenent with

the gea i fafly tdiicteM APGER BRIsES tROmEREY 68%o §iBs. fr thht\Gayl EHedger 20, the
upper pgvrh??gl%kgg%g?s% caﬁse Ctteo’ rotate COwah' ch 0caﬁses the}fower portion

d i
228 to al so._ rotat ' bSyf L.e., at
the end“SFtHE® ?el? ?%%%\é\é%a%rlggé%‘flé%ﬁ%t??@ﬁ? H(lti ga@%%&zlz}yo%}{(%;féﬂ(ﬁg%g)f@ggﬁl| on 230
trips the reverse t sensor, 130, whic ends.a signal to.the, notor 65 to
rever sen}"(;{rﬁ'ﬁi%gﬁflr 1% O fhe “fﬂirgtr%c&tggir'f‘%i“grgﬁf %@El?ei W assenmbly to
reverse rotational direction to retract the knife 32. Reverse rotatjon of
t he nmi AXREFIERGS agRgstancedelaied iq thegleplayment of the eyd sffecton B anslyin partigplargtadhe oy
assenbly to reverse direction, which causes the upper portion 230 of the
firing loadipgderceexpeniencsdbydheduyifed?i Simianls edien the dpetesar rpleases the fXM@ of t he
firing trigger 20 to rotate CWuntil the |lower portion 228 trips or
act uat es&rigghe2Gsafap thenductinggstapdiag oferationdoahattitan ketifneto 32 originhlipdsitionethe asdred,
whi ch causes the notor 65 to stop. In that way, the user experiences

f reied bgﬁ kvill BERFiENRG CWRLAYIBR fdrc®fromie fiith @izh@cioanati2gdralgpréfortidifl t6SRE ' S
o reverse speed of the motor 65.
[0068] It should also be noted that in this embodiment the user can apply force (either in lieu of
or in addition to the force from the motor 65) to actuate the main drive shaft assembly (and hence
the cutting/stapling operation of the end effector 12) through retracting the firing trigger 20.
That is, retracting the firing trigger 20 causes the gear portion 232 of the upper portion 230 to
rotate CCW, which causes the gears of the gear box assembly 200 to rotate, thereby causing the
pinion gear 124 to rotate, which causes the main drive shaft assembly to rotate.
[0069] The above-described embodiments employed power-assist user feedback systems, with
or without adaptive control (e.g., using a sensor 110, 130, and 142 outside of the closed loop
system of the motor, gear drive train, and end effector) for a two-stroke, motorized surgical
cutting and fastening instrument. That is, force applied by the user in retracting the firing trigger

20 may be added to the force applied by the motor 65 by virtue of the firing trigger 20 being

geared into (either directly or indirectly) the gear drive train between the motor 65 and the main
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the firing trigger 20. Thus, when the user retracts the firing trigger 20,
the operator will experience a resistance related to the depl oynent of the
end effector 12 and, in particular, to the 1oading force experienced by the
knife 32. Simlarly, when the operator releases the firing trigger 20 after
the cutting/stapling operation so that it can return to its original
position, the user w /|l experience a CNrotation force fromthe firing
trigger 20 that is generally proportional to the reverse speed of the notor
65. [00681 It should also be noted that in this enbodi nent the user can

appl y f drivesha8i48hdn othar ¢meadiments of the preseiinveation, she user may beprovided i not or
65) to actuate the main drive shaft assenbly (and hence the

cut t i ngistikpleedbgclopgadingahe pdsitidneofemcknifer3@an dre end effe¢ton byhwitkaut hevingithet he
firing trigger 20. That is, retracting the firing trigger 20 causes the gear
porti on g u@fget D@ getp@EINtME e Wiz d Baino Figuadsait7et0GMMtratha mivtarizad ewrgichle gear s
of the gear box assenbly 200 to rotate, thereby causing the pinion gear 124

to rot atc@ttin?’@h@ﬂsﬁﬁﬁlg%tﬁlhﬁntr@itl?s@hia\{ﬁ‘ctﬁé‘ﬁgsiticﬁﬁ‘é&imélé’sytsfén{Ot ate. [00691 The

above-descrrbed enbodi nents enpl oyed power-assi st user feedback systens,

1 o] D AR BRB Lo e 130T pganity S5 el

out si de close 0 , rive train, and end
effectﬁég for t wo- st r oke,. rized,surgical ¢ i ng.and fa i ng
nst r umeheionzRRend & Snnst pariah apP.siny ¢ e HllnenHt ol Flayr@R2 R g
trigger 20 may bhe added_ to the force app]ied by the tor 65 by virtue of
the firiYnike theggrhodensaf ﬁl@ure&éa%éow‘te& th&RRASEPOTHPR égﬁ) flgesgiot M}éiargéeft ly) the
gear drive train between the notor 65 and the main 31 drive shaft 48. In
ot her erpoontest matesfwitthparpeidbegaar driveimin.omsteagdhqiwsirumenyt inpdudes eveepad wit h
tactil e feedback regarding the position of the knife 32 in the end effector,
but w t meatdr Z6dwvithga thheaded radi26g threadpd elierdf. Teaheddddnbd 26Geecipearatedr i ve trai n.
Figures 37-40 illustrate a notorized surgical cutting and fastening
i nst r umBsigitatinhlliacnd dut §thé htd@ 265 hi BB nictePBa chtaky SdePERding on the direction of
rotation. The instrument 10 also includes an encoder 268 that is responsive to the rotations of the
main drive shaft 48 for translating the incremental angular motion of the main drive shaft 48 (or
other component of the main drive assembly) into a corresponding series of digital signals, for
example. In the illustrated embodiment, the pinion gear 124 includes a proximate drive shaft
270 that connects to the encoder 268.
[0071] The instrument 10 also includes a control circuit (not shown), which may be
implemented using a microcontroller or some other type of integrated circuit, that receives the
digital signals from the encoder 268. Based on the signals from the encoder 268, the control
circuit may calculate the stage of deployment of the knife 32 in the end effector 12. That is, the
control circuit can calculate if the knife 32 is fully deployed, fully retracted, or at an intermittent
stage. Based on the calculation of the stage of deployment of the end effector 12, the control

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

reciprocating movement of the threaded rod 266.
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[0070] In the illustrated enbodi ment of Figures 37-40, the firing trigger 20
may have a |l ower portion 228 and an upper portion 230, simlar to the

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

32- 36, however, the upper portion 230 does not have a gear portion that
mates with part of the gear drive train, Instead, the instrunment includes a
second notor 265 with a threaded rod 266 threaded therein. The threaded rod
266 reciprocates longitudinally in and out of the notor 265 as the notor
265 rotates, depending on the direction of rotation. The instrupent 10 al so
i ncl ude$003R] ehengeationss shpwn in Eiguresiiowhen/ e closugdriggst 48 i 1@;@&’ e thegi n
drive shaft 48 for translating the increnmental angular notion of the main
drive shhafipedBosition, thetftring tiggan 80 eotated awahBomahepigiol gup persienBb pf thehaedle
correspondi ng series of digital signals, for exanple. In the illustrated
enmbodi mgRuch thixah@frontccegBrof tiuppacpardes230 ¢fithfirimg @igded 20eis ahtihtcontdad0 t hat
connects to the encoder 268. [0071] The instrunment 10 al so includes a

cont r ol yGihfifdibroxinfhed er’iSTWRY thrabBédidd P8E. Mehen ke pRARSHrewhdisthd glodure trigger 18
m crocontrol l'er or sonme other type of integrated circuit, that receives the

di gi tal ,sigoal $ fJ tﬁlgmagn%?(ti ﬁ@nﬁggggq%gﬁgttgg%%ﬁ% 9&&991@&@@@&% frRMdsie encoder

268, the contro cir e stage O epl oynent of the knife
32 in the end e ircuit.ca | ate if

f%ec or 12. That | he . conty.0l
the. kni F2EE5020 & Pt o R by ans bR Ean b oM h BT E e cne
stage. Based on the calcul ation of the stage of depl qynment of th %%%
of f oct 0POR5N firdreit ek a2 offhe dgpe pﬁ&ws?@h&g%}agt? i aroTatRd Lt R0 265
to control its rotation to thereby control the reciprocating novenent of
the threed2 rod 266. 32 [0072] In operation, as shown in Figure 37, when
the closure trigger 18 is not |ocked into the clanped position, the firing
t ri gger [@T3} oattlexiusandign fatantstthefimmstrigier@0i gigpen inioal roBtiodal ameuntdadl, & 6
such that the front face 242 of the upper portion 230 of the firing trigger
20 i s ndkgres cfestaddd) the run motor sensor 110 may be activated such that, as explained above, the

sensor 110 sends a signal to the motor 65 to cause it to rotate at a forward speed proportional to

the amount of retraction force applied by the operator to the firing trigger 20. Forward rotation

of the motor 65 causes the main drive shaft 48 to rotate via the gear drive train, which causes the

knife 32 and sled 33 to travel down the channel 22 and sever tissue clamped in the end effector

12. The control circuit receives the output signals from the encoder 268 regarding the

incremental rotations of the main drive shaft assembly and sends a signal to the second motor

265 to caused the second motor 265 to rotate, which causes the threaded rod 266 to retract into

the motor 265. This allows the upper portion 230 of the firing trigger 20 to rotate CCW, which

allows the lower portion 228 of the firing trigger to also rotate CCW. In that way, because the

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

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

experiences tactile feedback as to the position of the end effector 12. The retraction force
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with the proximte end of the threaded rod 266. Wen the operator retracts
the closure trigger 18 and locks it in the clanped position, the firing
trigger 20 rotates slightly towards the closure trigger 20 so that the
operator can grasp the firing trigger 20, as shown in Figure 38. In this
position, the front face 242 of the upper portion 230 contacts the proximate
end of the threaded rod 266. [0073] As the user then retracts the firing
trigger 20, after an initial rotational anobunt (e.g., 5 degrees of
rotation) the run notor sensor 110 nmay be activated such that, as explained
above, appbied b theoperaton, hnsveyer, doesinghdiréctly affpet thexdrive eghe Bainive shaft t o rot at e
at a forward speed proportional to the anobunt of retraction force applied
by the apeanblybecause thhdirihg tiigggr 20 isgme gea@@l infothevgead drive traingn thipémbobmenst or 65
causes the main drive shaft 48 to rotate via the gear drive train, which
causes [00¢4] KBy VRtud3f nckind @ irdBerhentd] rétutidnsdoie miie debasting as@intdy diashwy er
tissue clanped in the end effector 12. The control circuit receives the

out put é&tgﬁl%tg%alfs 'FRM th @n&He PR, tIRABnfrSILHCEiL Bsh dalt@ildtdwherakalfe BRisAuilpns of
the main drive shaft assenbly and sends a signal to the second notor 265 to

caused 5&2@8?@2&%@@%@3A%gsyogrﬁ%e Wtﬁhcﬁ&ﬁﬁﬁ?y 108 g AdeRk fBr266 to

retract 1ows the upper portion 230 of the firing
trigger %Otoro.ate whi ch . al t I r portion 228 .0of the firing
L1 ger o4 B T e Betiocen iiper ol 32 HE  REE B 8RR Bt crront
of the threaded rod 266 is related to the rotatigns .of the main drive shaft
assenbl §ausese eationof thegpaip Jeive a53REHRLY togevesse %t‘@?’ ‘Yh‘gl'l ﬁé‘lsogjlﬂeﬁte n the
firing trigger 20, experiences tactile feedback as to the position of the
end ef f bthsrenaqtler 36fe Based ar theaeverssrretationdeipgied ithp gneader Hife thgtcontrolhonever
does not directly affect the drive of the main drive shaft assenbly because
t he fi r tingittsendygesigraltol the pabndjp@te @65 nt cusdie tayeaersarotat®nalrdirentiomsuch kst
enbodi ment. [0074] By virtue of tracking the increnental rotations of the
mai N dr ihé@hredtRl rod36Editsyto \ekRnd Rmgitudinally from the motor 265. This motion forces the

upper portion 230 of the firing trigger 20 to rotate CW, which causes the lower portion 228 to

rotate CW. In that way, the operator may experience a CW force from the firing trigger 20,

which provides feedback to the operator as to the retraction position of the knife 32 in the end

effector 12. The control circuit can determine when the knife 32 is fully retracted. At this point,

the control circuit may send a signal to the motor 65 to stop rotation.

[0075] According to other embodiments, rather than having the control circuit determine the

position of the knife 32, reverse motor and stop motor sensors may be used, as described above.

In addition, rather than using a proportional sensor 110 to control the rotation of the motor 65, an

on/off switch or sensor can be used. In such an embodiment, the operator would not be able to

control the rate of rotation of the motor 65. Rather, it would rotate at a preprogrammed rate.

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

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

embodiments, the inventive surgical instrument disclosed herein need not be a cutting-type
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out put signals fromthe encoder 268, the control circuit can cal cul ate when
the knife 32 is fully deployed (i.e., fully extended). At this point, the
control circuit nmay send a signal to the notor 65 to reverse direction to
cause retraction of the knife 32. The reverse direction of the notor 65
causes the rotation of the main drive shaft assenbly to reverse direction,
which is also detected by the encoder 268. Based on the reverse rotation
detected by the encoder 268, the control ~circuit sends a signal to the
second notor 265 to cause it to reverse rotational direction such that the
t hr eadesurgisal ip8Bmenhr Far examplet ié aepld b g nenrantHag pRAdopeapis MBEURYL.G SIOWIST, aThj s
notion forces the upper portion 230 of the firing trigger 20 to rotate CW
whi ch cataples atclip appliseranmocdss devi@2 8 dtug/genothatapy elivdrn devied, angyergy Heviemper at or
may experience a CWforce fromthe firing trigger 20, which provides

f eedbacksih@ukiasoupPERBlINer,@kc.t 0 the retraction position of the knife 32 in
the end effector 12. The control circuit can determ ne when the knife 32 is

fully r gﬁdﬁgt AGthodih thOpes@ irfVentiort K48 beGTUds@ibeainbfeit fn BRYecHBAWith cehanal to
the notor 65 to stop rotation. [0075] According to other enbodi nents, rather

than ha\éis@l%Setdha bg)gﬂ{nén%, n{'\a%lg%dﬁﬁcqﬁ&r?sragh@g i&tnﬁs tPBSedd d%erﬁb@ayg-éf e 32,
reverse notor and stop nbtor sensors nmy be used, as escri ped apove. In

addition, rathe han usjn ortd onal. sensor 110 to control .t he

rot ati off"BEME 85.”%?r&xangg!e, %ﬁéreﬁhﬁﬁ?sf Oflse\ﬂﬁtetfﬁ&%rrs e r?gggnpg%v 8berA 19588 n such
an enbodineni, t he operator woul d not bgﬁable,to C ntrgl he. rate of

r ot at | ofPaiTIalsEe dis¢lpyedder cegainrompongnts, ghegmpisials gaybeds 'e—b?eofﬁfe&%‘gd rate.
[0076] The various enbodi ments of the present invention have been descri bed
above i desceipiieneand; folowing iglaims aterrferded do eemenplt suchimpsdifieatien asd varfatiensul d be
not ed, however, that in other enbodinents, the inventive surgical

i nstrunm§e78Hi Aml psedt, heblaatiom ee dthaodisdlesuee matetialng-whgle oS pardy thatciakaid to
instrunment. For exanple, it could be a non-cutting endoscopic instrunment, a
grasper be tncofforddddty refer&ice Pe@ppis iorpodle BE €I SnaY ititexteht EHat! e GRddepdrited apy

delivery device, an energy device
materials does not conflict with existing definitions, statements, or other disclosure material set
forth in this disclosure. As such, and to the extent necessary, the disclosure as explicitly set forth
herein supersedes any conflicting material incorporated herein by reference. Any material, or
portion thereof, that is said to be incorporated by reference herein, but which conflicts with
existing definitions, statements, or other disclosure material set forth herein will only be

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

existing disclosure material.
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using ultrasound, RF, laser, etc. [0077] Although the present invention has
been described herein in connection with certain disclosed enbodi nents,
many nodi fications and variations to those enbodi mrents nay be inpl enented.
For exanple, different types of end effectors nay be enpl oyed. Al so, where
materials are disclosed for certain conponents, other materials nmay be used.
The foregoing description and following clains are intended to cover al
such nodi fication and variations. [0078] Any patent, publication, or other
di sclosure material, in whole or in part, that is said to be incorporated
by refeféad®Sherein is incorporated herein only to the extent that the
incorporated materials does not conflict with existing definitions,

st at ene Wit iswlaimedhast di scl osure material set forth in this disclosure. As
such, and to the extent necessary, the disclosure as explicitly set forth
herei n supersedes any conflicting material incorporated herein by reference.
Any material, or portion thereof, that is said to be incorporated by

reference hefein, ARutgiE@Hng A fabtehifig Mstrimeebmbplisidgdef i ni tions,
statenents, or other disclosure materral set forth herein will only be

i ncor por at ed I.hat no conflict arises between that incorporated
mat eri al andaé%ghgg§?é%?ﬁgnﬁﬁgclosure material. 35 CLAIMS Wat is clained

is: 1. A surgical cqttiag and .fastening i nstrunent conprising: an end
ef fector conprisi HHCOMMETBAR e channel : a cl anpi ng menber pi vot abl y

connected to the channel; and a  novyeable cufting instrunent for traversing
t he channel to cu® Cl&ﬁlplﬂgj raembex lpé}’r?f% connected to the’channel; and

a moveable cutting instrument for traversing the channel to cut an object clamped
in the end effector by the clamping member when the clamping member is in a clamped position;
a main drive shaft assembly for actuating the cutting instrument in the end effector;

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

a motor for actuating the gear drive train;

a closure trigger;

a mechanical closure system connected to the closure trigger and to the clamping member
for causing the clamping member to pivot to the clamped position when the closure trigger is
retracted; and

a firing trigger separate from the closure trigger for actuating the motor when the firing

trigger is retracted.
2. The surgical cutting and fastening instrument of claim 1, wherein the mechanical

closure system comprises:

a bracket connected to the closure trigger; and
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in the end effector by the clanping nenber when the clanping nenber is in a
cl anped position; a main drive shaft assenbly for actuating the cutting
instrunment in the end effector; a gear drive train connected to the main
drive shaft assenbly; a notor for actuating the gear drive train; a closure
trigger; a nmechanical closure systemconnected to the closure trigger and to
the cl anping nenber for causing the clanping nenber to pivot to the clanped
position when the closure trigger is retracted; and a firing trigger
separate fromthe closure trigger for actuating the notor when the firing
trigger is ratlosure tbe agsenbhehayings distel endrconnrgtedriel thepdarepingmembst ndrfent  of
claim1, wherein the nmechanical closure system conprises: a bracket

connect erbximaté biel ehied um thetbracljeter ; and 36 a cl osure tube assenbly having a
di stal end connected to the clanmping nenber and a proxinate end seated in
the bracket. 3. The surgical cutting and fastening instrunment of claim 2,
wherein retraction of the <closure trigger causes the closure tube assenbly

to slide proximatehysussied] chftdh ahd Easteh AERARAAM ABTRELIM D bAb R fetradichnbfaRen
position to the clanped position. 4. The surgical cutting and fastening

posi ne ol amped posi surgi cal’ 9
S A R L e

5. The sur%ical c ting and f%st nhp%linsgrunFnt of claim3, further
conpr i Sflﬁa‘l gr rotates from ar open position to the'tlamped posiuon.

4. The surgical cutting and fastening instrument of claim 3, wherein the end effector
includes a staple cartridge seated in the elongate channel and the clamping member comprises a

anvil,

5. The surgical cutting and fastening instrument of claim 3, further comprising a

locking mechanism for locking the closure trigger when retracted.

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

traveling proximately along the channel.

7. The surgical cutting and fastening instrument of claim 3, wherein the main drive

shaft assembly includes articulation means for articulating the end effector.

37



| ocki ng mechani smfor |ocking the closure trigger when retracted. 6. The
surgical cutting and fastening instrunment of claim3, wherein the end
effector further conprises a helical drive screw, such that forward
rotation of the helical drive screw causes the cutting instrunent to
undertake the cutting stroke by traveling distally along the channel, and
reverse rotation of the helical drive screw causes the cutting instrunent to
retract by traveling proximtely along the channel. 7. The surgical cutting
and fastening instrument of claim3, wherein the main drive shaft assenbly
i ncl udes artgcul atheqrgieal qutting anchfasteping sstragentad clawy Sephereindthe figngg  The
surgical cutting and fastening instrunment of claim3, wherein the firing

tri gger triggegie geared intd thetgh@ dyvatradr i ve train. 9. The surgical cutting and
fastening instrunment of claim3, further conprising a tactile position

f eedback system for applying force to the firing trigger such that position
of the firing trigger is related to the position of the cutting instrunent

in the end e§fectpge subfleal ThRing dhdFa6Rhing WstrluGnITR 1A, ARthRE cdmisrisingent  of
claim3, further conprising a run notor sensor for sensing retracting of

the firj I L r.ed i t [ i IS
tonsed HSAerlfGe foclR'seudn AGPLERE (RELS R BinglEect st lat doktiGABEtED

cause cut.ti of the object .position in_the end, ef the cuttin
ot r unbhek Pkpefis A6 ROWERhSiBET oA hE Oilnd PuPlerf ABiebFEhBhar” of "ot &' 10°
wherein the run notor sensor conprises a proportional switch such that the
rate of rotation of the notor is proportional to the retraction force
applied to the firing trigger. 12. The surgical cutting and fastening
i nstrunent of0.cl alla spigical gptting and Basispingiinfrumsni of\edaimd, %gg@p CQJBPFESHIS § BN
sensing a condition indicative of an end of a cutting stroke by

motor sensor for sensing retracting of the firing trigger, wherein, when retraction of the firing

trigger is sensed by the run motor sensor, the motor is signaled to forward rotate to cause cutting

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

11.  The surgical cutting and fastening instrument of claim 10, 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.

12.  The surgical cutting and fastening instrument of claim 11, further comprising:

a reverse motor sensor for sensing a condition indicative of an end of a cutting stroke by
the cutting instrument; and

a stop motor sensor for sensing a condition indicative of retraction of the cutting

instrument.
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the cutting instrunment; and a stop notor sensor for sensing a condition
indicative of retraction of the cutting instrunment. 38 13. The surgical
cutting and fastening instrument of claim3, wherein the nmechanical closure
system further conprises a yoke connecting the closure trigger to the
bracket. 14. The surgical cutting and fastening instrunment of claim 3,
wherein the notor and a battery for powering the notor are disposed in a
handl e of the instrunent. 15. The surgical cutting and fastening instrunent
of claim3, wherein the closure tube assenbly conprises a proximate cl osure
tube and a di3st alThelspegigabcyttingandfasiening insirpmeof glaim 3, whergia tB%E‘F?ha&éCé]enbl y

i s disposed inside the closure tube assenbly. 16. The surgical cutting and

f ast eni cgsureisysteunfarthercfomplrisésa Ydke chumectieg the clogwre stigger to the ragkett ube di sposed
bet ween the cl osure tube assenbly and the main drive shaft assenbly. 17. A
surgical cutting and fastening instrunment conprising: an end effector
conprising: an elongate channel; a clanping nmenber pivotably connected to

the channel ;14nd ﬁae@@yg‘i‘éﬁbhﬁnﬁghﬁd AAStehiAg tdstImBt Jf Qlairh BawRESinBe Mderah@anel to
cut an object clanped " in the end effector by the clanplng menber when the

¢l anpi ngaf{zf}{@?@ow@dﬁqh@m%k&qpeeﬂsﬁgéd inlaMfinde B¢ [HRlifufdiche shaf t assenbly for

actuati rnstrument 1n the en ector; a handle conprising: a
gear drlve train connected to the main drive shaft assenbly a notor for
actuating the gear drive train;

15.  The surgical cutting and fastening instrument of claim 3, wherein the closure tube
assembly comprises a proximate closure tube and a distal closure tube, and wherein the main

drive shaft assembly is disposed inside the closure tube assembly.

16.  The surgical cutting and fastening instrument of claim 15, further comprising a

spine tube disposed between the closure tube assembly and the main drive shaft assembly.

17. A surgical cutting and fastening instrument comprising:
an end effector comprising:
an elongate channel;
a clamping member pivotably connected to the channel; and
a moveable cutting instrument for traversing the channel to cut an object clamped
in the end effector by the clamping member when the clamping member is in a clamped position;
a main drive shaft assembly for actuating the cutting instrument in the end effector;
a handle comprising:
a gear drive train connected to the main drive shaft assembly;

a motor for actuating the gear drive train;
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39 a closure trigger; and a firing trigger separate fromthe closure trigger
for actuating the notor when the firing trigger is retracted; and a
mechani cal cl osure system connected to the closure trigger and to the

cl anpi ng menber for causing the cl anping nmenber to pivot to the clanmped
position when the closure trigger is retracted, wherein the nmechanical

cl osure system conprises: a bracket connected to the closure trigger; and a
cl osure tube assenbly having a distal end connected to the clanpi ng nenber
and a proxi mate end seated in the bracket. 18. The surgical cutting and
fasteni ng i nstrurAsthesuss trigel AdL7, wherein retraction of the closure trigger
causes the closure tube assenbly to slide proximtely such that the clanping
menber rotates frafmirgtriggarseprate fioorthe olosure trigggnfre dctpatdig the motargvhemiilee
surgical cutting and fastening instrunment of claim3, wherein the end

ef f ect ofiringd thighéras ret@opd;jshds a helical drive screw, such that forward
rotation of the helical drive screw causes the cutting instrunment to

undert ake t hemedHahichIk1SdufOKBteRYconh@Y& to ik dosikedriggeraindng tHehgamgih@megber and

reverse rotation of the helical drive screw causes the cutting instrunent to

retract ol?xausgx{gﬂﬂg{:lgrﬂﬁiél%{n?@fﬁ nphelgiy%gp mlérnﬁegfaggipeﬁ Wher the d?bsﬁwﬁ'gg&hs cutting

and fastening-instru co an en ector conmprisin an

el ongat ¢ chamngleidenih BB TR ThALn Bl ¥ghah! y connected to the channel

a bracket connected to the closure trigger; and
a closure tube assembly having a distal end connected to the clamping member

and a proximate end seated in the bracket.

18.  The surgical cutting and fastening instrument of claim 17, wherein retraction of
the closure trigger causes the closure tube assembly to slide proximately such that the clamping

member rotates from an open position to the clamped position.

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

traveling proximately along the channel.
20. A surgical cutting and fastening instrument comprising:

an end effector comprising:

an elongate channel;
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a noveable cutting instrunent for traversing the channel to cut an object
clanped in the end effector by the clanping nenber when the cl anpi ng nenber
is in a clanped position; a nmain drive shaft assenbly for actuating the
cutting instrunent in the end effector; a gear drive train connected to the
main drive shaft assenbly; a notor for actuating the gear drive train; a
closure trigger; neans for causing the clanping nenber to pivot to the

cl anped position when the <closure trigger is retracted; and a firing
trigger separate fromthe closure trigger for actuating the notor when the
firing trigger isclampinganeuberpivotably connected to the channel; and

a moveable cutting instrument for traversing the channel to cut an object clamped
in the end effector by the clamping member when the clamping member is in a clamped position;
a main drive shaft assembly for actuating the cutting instrument in the end effector;

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

a motor for actuating the gear drive train;

a closure trigger;

means for causing the clamping member to pivot to the clamped position when the
closure trigger is retracted; and

a firing trigger separate from the closure trigger for actuating the motor when the firing

trigger is retracted.
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