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applications, which are incorporated herein by reference:
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WITH USER FEEDBACK SYSTEM; Inventors: Frederick E. Shelton, IV, John Ouwerkerk and
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WITH ADAPTIVE USER FEEDBACK;, Inventors: Frederick E. Shelton, IV, John N.
Ouwerkerk, and Jerome R. Morgan (Atty. Docket No. 050513/ENDS5694USNP)
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WITH ARTICULATABLE END EFFECTOR; Inventors: Frederick E. Shelton, IV and

Christoph L. Gillum (Atty. Docket No. 050692/END5769USNP)
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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
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Doll, Jeffrey S. vaad/fe and Eugene Tinperman (Atty. Docket No.
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(Atty. Dhakteph NoGilluBS@tG0DEMKSS ReSUHBNP/ENDHZRUCSEEPI C SURG CAL | NSTRUMENT
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CUTTI NGrANPE ARG AP INNNISTRYRMENTAY R ofy: RIdEARY ] SRleha AND et GPYRE SYSTEM
W TH PARALLEL CLOSURE AND ANVI L ALI GNVENT COMPONENTS; | nventors: Frederick

7ol s bV Pl fbrhan B P IDARRA NG BS6K87/EnDs FROSRR) (ALty. Docket No.

050702/

-- 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. 050701END5776USNP)

-- 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/END5777TUSNP)



2 -- DI SPCSABLE STAPLE CARTRI DGE HAVI NG AN ANVIL WTH TI SSUE LOCATOR FOR
USE WTH A SURG CAL CUTTI NG AND FASTENI NG | NSTRUMENT AND MODULAR END
EFFECTOR SYSTEM THEREFOR; 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
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devices since a smaller incision tends to reduce the post-operative recovery
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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 e@d%secam @ IppArosspRi6 appljsiationsppieicanablep{Passingfhequeh Beaniuip pagsagewmat . No.
5, 465, 895, which discloses an endocutter with distinct closing and firing
act i ons Ongof thejjaw oiembetsgeerives bistaptiesartodge kaving at laast teiodaterallinepjcadvravesdier s
upon tissue to position the tissue prior to firing. Once the clinician has
det er m peagdlet. [Tk othee javamvembetizfinessaneanpil bpeng ytaplefpypiing podkessaligned wizh thei ni ci an
can then fire the surgical stapler with a single firing stroke, or nultiple

firing rébdskeplesHeRRREAGOThE IBtréiadt Goludel b iphRBalith 6f Fdipdddatihg Skddser causes
severing and stapling the tissue. The sinultaneous severing and stapling
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sequentially wt surgl o0l s t respectively only sever and
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tissue. At the other extrene, an excessive anount of clanped tissue may
cause bichaiciag using tfémdwins‘:dﬁplbletceclfﬁerthn'gw heober} upmdiisseoei oskion pheatissuec ut 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 Iimt within the

capabi | thtt adlsorafgrend stajorgy pfipwgené cautzntle. &neknowi Selgton todpwerTHBY it absG0:
typically want to maintain control of deploying the staple and being able
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great or for some other clinical reason. These user-feedback effects are not
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is a general |ack of acceptance by physicians of notor-drive endocutters
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depl oynent of end effect nstr, in varjous e dlnents al so
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stop deployment if so desired. The instrument may include two triggers in

its hantiestaple agd beipg able te ptppganytimg ibthe forpesdelt iy t@g bandle ofjthe Heviegfsalitae e

actuation notions. Wien an operator of the instrument retracts the closure

t ri gger greattar §gsemp ethier clomieal réason.hEhese dseefféedbaakreffeats abeenat saitabdydreblizablesn end

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

power, presenémg@taddrisién srlobitars), Ada feltildtthe@@ Bla general lack bfacefiaice bapheditihns,

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

button.

SUMMARY

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

tissue.



tissue. 5 [0009] in various enbodi nents, the instrunment may conprise a power
assi st systemwith |oading force feedback and control to reduce the firing
force required to be exerted by the operator in order to conplete the
cutting operation. In such enbodinents, the firing trigger may be geared
into the gear drive train of the main drive shaft assenbly. In that way, the
operator nmay experience feedback regarding the force being applied to the
cutting instrunent. That is, the |oading force on the firing trigger may be
related to the | oading force experienced by the cutting instrunment. Also in
such ente009)reintvariolseamehogléndrg thd instngndnt imgg eompssegeuvent assidt oystdne wighar dri ve
train, force applied by the operator may be added to the force applied to

t he not Rading ARdOTeedeRBAH EhtioPtovBice tise MFPOicRREqUSed tBAetdned biy kieng tri gger
is retracted an appropriate anmount (e.g., five degrees), an on/off swtch
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proportional to the force applied.to the firjng trigger by the eragtor. In
Phat ey pineipastdsdbch gl B ot e sppliod § Hhs oy np et o TR e
proportional to where the cutting instrunent is in the end effector (e.qg.,
fully depdisg&dceen thgfiring tyigger a@vgayqla%wh% toading dorgp gxperispced iy the gitting
retracting the firing trigger at some point in the stroke to stop the

not or, sfdumnéngr &bsp is sugh enthwdinnants, hecansst the firing triggddis gewnd inde the@esr drivg be used
to detect the beginning of the stroke of the end effector (e.g., fully

r et r act eainplogietapplivd e vperatenthapbe hdded tsthe dbree gEpligd to fhelmhatodepl oyed
position), respectively. Consequently, the sensors nmay provide an adaptive
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the closed loop systemof the notor, gear drive train, and end effector.

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

to rotate at a specified rate, thus commencing actuation of the drive shaft assembly and end
effector. According to other embodiments, a proportional sensor may be used. The proportional
sensor may send a signal to the motor to rotate at a rate proportional to the force applied to the
firing trigger by the operator. In that way, the rotational position of the firing trigger is generally
proportional to where the cutting instrument is in the end effector (e.g., fully deployed or fully
retracted). Further, the operator could stop retracting the firing trigger at some point in the stroke
to stop the motor, and thereby stop the cutting motion. In addition, sensors may be used to detect
the beginning of the stroke of the end effector (e.g., fully retracted position) and the end of the
stroke (e.g., fully deployed position), respectively. Consequently, the sensors may provide an
adaptive control system for controlling end effector deployment that is outside of the closed loop
system of the motor, gear drive train, and end effector.

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

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



[0011] In other enbodinents, the firing trigger may not be directly geared
into the gear drive train used to actuate the end effector. In such

enbodi ments, a second notor may be used to 6 apply forces to the firing
trigger to sinmulate the depl oynent of the cutting instrunent in the end
effector. The second notor nmay be controll ed based on increnental rotations
of the main drive shaft assenbly, which nmay be neasured by a rotary
encoder. In such enbodi nent, the position of the rotational position of the
firing trigger may be related to the position of the cutting instrunment in
t he endapply oodes ta thadiding ituggsk tojsimalateghd déloyamdnt ofithe cutting instromentonalie endi t ch
may be wused to control the main notor (i.e., the notor that powers the main
drive séffifctor. ThOSLahd motor ataydbieontnql ledrbasddatni incremeirithlerotanidnedfitbe main driy use a
helical drive screwin the base of the end effector to drive the cutting
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cartridge for stapling the severed tissue. According to other enbodi nents,

ot her ﬁggmtt%al g&%ﬁﬁ 'o?&g(tﬂ[nﬁﬁgéér[ﬂ'%b%i?@at’é@\’@ﬂh@ ogltlééyﬁh@eumpgmus_ed,

i ncl udi ng ener hesrve e I nstrunent y include
a nechanlcal Sur.e chanl Sy ude an
el ongat WSy ﬁg{}(ii F%ec e I‘Aé fona XT@H‘S@E) %l ¢ ulcﬁ §p “’ﬁ’%’ah"\ﬂgﬁwng‘iy‘vo CQD

connected .to t he %hannel to cl agg ti ssue 03| ti oned in the end effect or The
user ‘5}3336? fapgrobthe main poIgEGqyd E’tofoéﬁhaéf’ vers thedRain drixe sy retracting the
closer trigger, which, through a mechanical closure system causes the
cl anpi nPOAZk | rvagpus implamrntaons dhoend atfstor may usq aahihcaédrlwmswmt%e baseked in
pl ace, the operator may activate the cutting operation by retracting the
separ at ef the endeffectar gmdnive the cettinginstament (¢.pekeite)t Adsp, thesnd gffector may t r avel
| ongi tudinally along the channel in order to cut tissue clanped by the end
ef f ect oincludl® R 3tdple lcartiidgel forigaplimglthnentmet tissus, Acb@rdingséd vtheearhbatiyientsialthede a
rotati onal main drive shaft

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

adhesives.

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

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

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

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

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

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

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

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

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

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

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



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

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

t ri ggersompype, derrexpmplsng benehgenr assembly, ¢ HBiversahdpint or a fexible A IWS#PBnent s of
the gear drive train and the nechani cal closure system DRAWNGS [0016]
Var i ouscapatidooli transmgting tordien foreegethe éndeéiactoon are descri bed herein by way of
exanple in conjunction with the follow ng figures, wherein Figures 1 and 2
are per[epesjt iOthervdspanss effth@presenginvedtionuird dingtedrio vardmisemdchgnisms for lovkimg
according to various enbodi nents of the present invention; Figures 3-5 are
expl odafe Mb&iE tripfgedtd 290 bisRiofip pafibnDifiéethaldle! BecH dintiddiriems fracgspatang to
vari ous enbodi nents of the present invention; Figure 6 is a side view of the

end eff, i i i i ntion;
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Fi gure view of t ndl e of the instrunent according to

various. .embodi nents. of. the esent | nv. i_on. . Fi d 9 are parti al
perspedPﬂV@n%F%Rgng“Pﬁgwﬁﬁﬁgﬁgwag%b?@ﬂﬁg&Fgﬁ@5?¥%ﬁéﬁégﬁg%ginents of the
present invention; Figure 10 is a side view of the handle according to

various enbodi nents of the present

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

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

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

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

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

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

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

invention;



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

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

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

enpl oyed at the articulation point of the instrunent according to various
enbodi ments of the present invention; Figures 24A-B shows a torsion cable
that may be Eigpledyasia athetriatic diapiaocudfat dinit peddrih thef insttumgenit actordingwt vagiogor di ng
to various enbodi nents of the present invention; Figures 25-31 illustrate a
sur gi cabmbetimkmtg ofthe pfaasitamengon;NSt runent wi th power assist according to
anot her enbodi nent OF the present invention; Figures 32-36 illustrate a

surgi cal cut gibRgs #93 LAasHGViBEs bIRE haBNMcc¥idin} (B QR emBSdiffents JF BRALBG O
yet anot her enbodi ment of the present invention; Figures 37-40 illustrate a

surgi calrl tgﬁﬁogli ng and fastening instrument with tactile feedback to

enbodi ment's of the present invention; and Figures 41-42 illustrate a

proportional _sens 1at  may..he ysed, accor di t o yvarious, .enbodi nents of
Phe or csant. TRvERTFan isetRd AEe RS BSr IK A R w et EREO TR ot &
surgical cutting.,and fastening instrunment 10 according to various

enbodi n¥Hts gmbediments o HstPresEMUIAYSIEAN: The i1l ustrated enbodiment is an

endoscopi c _ . . o
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



i

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.instrunment. [0018] The
surgical instrunent 10 depicted in Figures 1 and 2 conprises a handle 6, a
shaft 8, and an articulating end effector 12 pivotally connected to the
shaft 8 at an articulation pivot 14. An articulation control 16 may be
provi deshdestppic ewigicabeuttieg dralrfditenifg instrehérgs t It shmubt beomoted, howevesrtiat ef f ect or 12
about the articulation pivot 14. In the illustrated enbodi nent, the end

ef f ect adecdrdinigdo othendrigndirents of the predent anvertich) chetih@runient mal dapinog;s severing
and stapling tissue, although, in other enbodinents, different types of end

ef f ect Oé’naoﬁﬁﬁlc ReErgtta PELttiS 4 ASerEinSirimeitOfush A4 1a9§ﬂa§>dolptcmagmm@ft. sur gi cal
devi ces, such as graspers, cutters, staplers, clip appliers, access devices,

drug/ 96@6 e 1&?%5&%&%%'0'[({6 _4 F%B%sqralnh%% ﬁ@é@lac}%dle%t G sh d4f99191 The

handl e LT ument I nc osure trlgger 18 and a firing
trigger .20 for ctua ffect 1 b reciated that

i nst r unifdeL 2HY| ag 8‘?1% fg%toérc]? & ﬂvogalgl P e%etc gt %hed*?? glraea'% a‘g‘ﬁ%{)%“a v agks may

have different nunber es of triggers. o h ui tabl e ntrols for
oper at i hg a‘i“ﬁ'éla%‘i’fhc%‘f’f’é Eé)’@?y %gpr oFifigd éﬂ'&g"g‘f fodthe E’i‘“diezg foseff%wtpt@gﬁiﬁgteg from
the handle 6 by a preferably elongate shaft 8. In gne enbodi nent, a

cl i ni cielfecior 12 pquathsraragulatioa piyosd fr Imbaillusmatadsmbedimens theend glfedtordl 265 f ect or

12 relative to the shaft 8 by utilizing the articulation control 16, as
descr i bevdfiguredrtr ast deara¢ridocuitep Emdiamping, S;vepag emdt stapl migitissute, altho8gh,.in Nther
11/ 329, 020, filed January 10, 2006, entitled "Surgical Instrument Having An
Ar ti cul @hbodgndnte] difirére eipes of erlyeffeewtd maybdisetjsach asdndadffectovdfoe bthestypes
incorporated herein by reference. [0020] The end effector 12 includes in
thi's examplgioal &8RRG, LRSS gratPeRd Sutteds, StapleksSclf@pNels, #4ess 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 tri 18 is locked in
t he cl obandle pinsiugesonpisiel grip g‘%@waﬂbwlﬂbwow¢ Bigeet lr?elsmqgﬁky drayvg Gethe20 nay
rotate slightly toward the pistol grip 26 so that it can be reached by the
oper at oclimgamy cane dwnping Fhaosingef the emak 2 towawhthe steple shanneli2 el thévend i r i ng
trigger 20 toward the pistol grip 12 to cause the stapling and severing of
cl anpedefféctsue td thetdbe chantp teskhepdsitiond@betivaerothb anvie2dardi danted 22 diThé ériept t ypes
of cl anpi ng nenbers besides the anvil 24 could be used, such as, for
exanpl eyrigagy 1P eiiheHoutBdird ofihe clds@@Zdgek 18 WDhée the cRBIE &G gt &8l ist|BéKedime ter ms
“proxi mal™ and "distal" are used herein with reference to a clinician

gri ppi n&etcpl)% B&ki6n & ﬁhﬁ@t’ﬁe‘s&%«:ﬁ WaRnt tl%Q'Hm;égi-f%ger bb‘?na?/r}gtaﬁefsglgﬁl?}p{ow%?d i's

distal wt ect to the nore proxim [t wl urther
appreci gt ed that f or cony ni enc ﬁ clarit paia % S
"verti cgﬂe p 155‘?%&”*’ ﬁg PP %lbaﬁ {'&P PRFE ?ebé( 1 e(r)peelrar%orvvll}/S f esrbéeciﬁe{nrm? ﬂée% Pgw ngs.
However, sur nent.s are use orientations ositions,
and t neley PEPIRDS drav MR saRed (S BO N AT g 20 B I RTME80b] The
closure trigger 18 nmay be actuated first. Once the clinician is satisfied
with t heeveprgsoldlampeddgisste infe adetieptortd.oin offier embadigents; diffsrenhiypeseiaw back
the closure trigger 18 to its fully «closed, |ocked position proxinmate to
t he pi stlainpmgingen#@rs tRiseles theianyil 24 cqdébe Q@drmlyh ahdor dxemplec aappdingJdve, firi ng
trigger 20 returns to the open position (shown in Figures 1 and 2) when the

etc.

[0021] 1t 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 fuIIy be|OM/ A rel ease 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 33jmplemtrgd @ vaciand forrdgsucB4stthatxanpla, esrosialel rylesediuadn i1 60 sHosvnch&igued 22,
and a helical screw shaft 36. The cutting instrunment 32 may be, for

exanpl e 14 anbifat b&ttonTire sBowh in Rigusdas. be pi votably opened and closed at a

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

24 may m(ﬁg]f F%ﬁl‘é’ﬂﬁ aft ek ABdG Vi of IhR cRA SIETBH 12 RBSHdIRb vhFodsRafboliftntsNt O @

conpone mechani cal cl osure system (described further belomo to

open and <LaReBENRRKIL: dhodthien, HheFLAGHIS, ,ﬂanganﬁelg,hmm&,c t hat

is, drawmn’in e instrune about

(e BV e B RS IR b i B8 B Raherer D aied 2 Y .”%g"f e

trigger 20, which, as explained . in more detail below, causes the knjife 32
and s| egargiiee é%h%wrmpw seatfidrin theehannshd?.and a beligahsqrew shaff 36 Basycuttingt i ng

tissue clanmped within the end effector 12. The novenent of the sled 33

al ong t instrument3dimaybeg farswampleracknifea gihe envit 24 mey be pyoblyaenenediang cdased ot be
driven through the severed tissue and against the closed anvil 24, which
turns t heivet paiheXS donnéast tonhd proxmeveened ftheschamel P2 Vhe arovils2demdppalsarent s, t he
sled 33 may be an integral conponent of the cartridge 34. U S. Pat.

6, 978, 9fhkiudentat 124 its puxgine@lend Habflihsdgled MSd & LdTRFUneht WTAhPREEahieal Afsule beam
firing mechanism™ which is incorporated herein by reference, provides nore

det ai | s sARONdeSitbRA iMIe? bEIOW P toCdPeh bADcIBRANKE ZRLEM. NEMENBE CWWIRR LS geel 18 is

actuated, that is, drawn in by a user of the instrument 10, the anvil 24 may pivot about the pivot
point 25 into the clamped or closed position. If clamping of the end effector 12 is satisfactory,
the operator may actuate the firing trigger 20, which, as explained in more detail below, causes
the knife 32 and sled 33 to travel longitudinally along the channel 22, thereby cutting tissue
clamped within the end effector 12. The movement of the sled 33 along the channel 22 causes
the staples of the staple cartridge 34 to be driven through the severed tissue and against the
closed anvil 24, which turns the staples to fasten the severed tissue. In various embodiments, the
sled 33 may be an integral component of the cartridge 34. U.S. Pat. 6,978,921, entitled “Surgical
stapling instrument incorporating an E-beam firing mechanism,” which is incorporated herein by
reference, provides more details about such two-stroke cutting and fastening instruments. The
sled 33 may be part of the cartridge 34, such that when the knife 32 retracts following the cutting

operation, the sled 33 does not retract.
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sled 33 may be part of the cartridge 34, such that when the knife 32
retracts followng the cutting operation, the sled 33 does not retract. 12
[0024] 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.  HE024INdt shoulsde notedl thsfraithpugh theereodimentef bainsimeriTiescriediheseinyg TH
RECESSED ANDY OR OFFSET ELECTRODES' to Yates et al., which are incorporated
her ei n enipjoy af endefifcetor i thet aplessthe sgvdreddispiecincathariempoilimentsdifferent hat uses RF
energy to seal the severed tissue. U S. Patent Application Serial No.

11/ 267,t8hhiques fbe faatering. or sealipgnhe evereditissuanchy e 8sed. Fatr exdamplppdndeéfectors Ser i al
No. 11/267,383 to Frederick E. Shelton, IV, el. al., which are al so

i ncor pahatuedRPeAGEN oP¥dHeSIVEY 18 Tasten tHe StkRA Gissue ne4yCHISCIR¥NIsed.CULS. iPagNonst r ument

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

descri pi,goyé%gseflgﬁéa TRIRFROSUREHEAL MEINOIPAITRE [ﬂﬁﬁt@f’ k@Rsted it B Uide

bel ow, 1| be recognized that this is an exenplary enbodi nent and is

t ALt ng.. ' «f i I b
ised " bouSs Mgt bl RERETRAS AL REE RS REBEVICEVER 7250 de vi e
f th 2 or dj g . enmbodi ts. As
o o P S R or PO P RBIASEA0 Lot o VAl RO v o
cl osure tube 40 and a distal closure tube 42 Pivotably |l i nked by a pivot
|i nks 4%, refepraceyidisclose an rdoseopiq@tinganstimnentibat usss BEsaFigy taseaf meéemﬁh t he
tab 27 on the anvil 24 is inserted in order to open and close the anvil 24,

as f ur ttiseye. dé8chatent dpplitasian Serislddes dd/267,881 thelerdmee BI Motgan, afudleanddd.S. 42 nay 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 3@ Uulletvedivabisssyehgday SZemgy sit hmEpibﬁm’e bn gpaningaShiantd JisaPendof tlae e
sometimes referred to herein as the "main drive shaft assenmbly.” [0026] A

bear i Ngpr3@imagOspirie tARESH. aA dastdlispinatube 38 ntly behBeSloptBsciha RERhdAY drive SRV es
t he hellcal drive screw 36, allowng the helical drive screw 36 to freely

rotate v ify th@aRRE déeaPsQMt B €bpanstly tﬁ@ma%w?%héf?@é tﬁ&§e€¥¥1&8ﬂlﬁve§ﬁa

interface a threa opéni ng (not shown) of the kni'fe 32 h that rotation
of the S r ter

( depend?@g%ﬁég ?11&?31 aS§en§lng ﬁé(gf Iht%tlfggerl atalssge i % aﬁé ?qr?]éé{% eésl NS cL'{'g?ritnel
Accordlgg % @ dri F Shaft 48 is caused to rotate by actuatlon
of the ! ﬁ@ﬂFrFﬁﬂbr“fé ¢ §“8%Eyalned in more detail below), the beve

gear assenbly 52a-c causes the secondary drive shaft 50 to rotate, which in
turn, bEOZEIseAdearings8s posiidencd at  distal end ¢fithetanleehanng 22, meeivesttie belicehe

helical screw shaft 36 to rotate, which causes the knife driving nenber 32
t o travéive seregi 16 dlloing yheshedbing drive sehwRfde freely rotateoyith rgspect foghechanhel nped
within the end effector. The sled 33 nay be nade of, for exanple, plastic,
and may2hadite lelisdl opred stafs Bamayunttdae.a thieadddeopshiag (13)3 shaven)aif sle kdife 3¢hannel

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

stapl e gh kiak BaRichITaMIMak 36 cEhseemeknift S & Pandnth agallyst prokighatlyi | 24. The
anvil 24 turns the staples, thereby stapling the severeJ)tlssue When t he

kni fe 3gehéhd] I%tdnatﬁé &ilectibh 81 thRirbiGticts tGgHSthe Stapid HERhePEE ONEotliR Q) SRRk

t hereby | eavi

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

[0027] As described above, because of the lack of user feedback for the cutting/stapling
operation, there is a general lack of acceptance among physicians of motor-driven endocutters

where the cutting/stapling operation is actuated by merely pressing a button. In contrast,
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the sled 33 at the distal end of the channel 22. [0027] As described above,
because of the lack of user feedback for the cutting/stapling operation,
there is a general |ack of acceptance anong physicians of notor-driven
endocutters where the cutting/stapling operation is actuated by nerely
pressing a button. In contrast, 14 enbodi nents of the present invention
provide a notor-driven endocutter with user-feedback of the depl oynent,
force, and/or position of the cutting instrunment in the end effector. [00281
Figures 7-10 illustrate an exenpl ary enbodi nent of a notor-driven

endocut grehodirents plthe pegsent qyention mewr%laﬁmOéortqﬁefﬁéélﬁdOCtlﬁ%&WlﬂT w¢r-Eredback of

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

i nst r untbadeploymdéns, fered, andfasposition phthe detfing ttrumerd ie thesdd glpetonmy use power
provi ded by the user in retracting the firing trigger 20 to power the device
(a so- c[28]d Fipmee?-10akhstrate anrseiaplary’antsidonent ofia triveoridrivas endrtcedercartodi nent ,
the handle 6 includes exterior |ower side pieces 59, 60 and exterior upper
si de pi gpfedld the KbddlcRdredf] that RYeidbeiset-CelficRregdardigehedaployinbs an@Xdadingor of
the handle 6. A battery 64, such as a Li ion battery, may be provided in the

pi stol @ricRr uRUutdfdIndfinftht kiR BRNGHR1P: ITRRIRAL HELHHBENRAYRES use FRIP 65

di sposed I n an upp portion of the pistol grlp portion 26 ot the handl e 6.

Accordi ng t.0.vani o S dr|V|ng
motor  HagY g &Y e ug%ﬁn”éﬁ% Ul Tl BP0 it e %86%%%%% Pt or

may drive g 9 ear, asse 6 .C a fi veI ear. 68 and
a secon¥S!S bMO %1? inhe H%‘%?dyedlg’é’ld %Eét‘r%%‘%}‘% (}‘a férloél e’:;{r‘?la-‘jf’ary
gear assenblg 72. The . planetary gear assenbly 72 naﬁ)lnclude a pinion gear
74 connigges 919 and gxiegigr uppsy side giecesd , 62 that %Hogélaﬁr tey Iorpn gRNELRE tBE mat i ng
ring gear 78 that drives a helical gear drum80 via a drive shaft 82. A
ring 84exterioriobthethredlel€d Adbatteneddrsidhaala Ldéar batterynm@p be Prvidediin éhe pisiel ampt or 65

rotates, the ring 84 is caused to travel along the helical gear drum 80 by
means Ofﬁortidire% ot the baskd6. 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 novenment, and sends an el ectrical

si gnal rheditat at varmblefregister. VWherathe fifiog tnggee2( istdvavireins thepensd 11 @detediethant or  65.
When the sensor 110 is a variable resistor or the |like, the rotation of the
nmot or  GRovenmyit, Bed g@ids adkletripsl amak indidativetod tHeholtage(on powér) fobesuppliedd t he
firing trigger 20. That is, if the operator only draws or closes the firing

tri ggermefhotd? 68. Wiehlthe &hnbor 111065 4 PdrAbledBsifbr dritke TRYL e rBfatib® of the hikdresl y | ow.
When the firing trigger 20 is fully drawn in (or in the fully closed

' EZ: Liagfﬁ%& b %2%28?’%?!@9‘2‘8‘“5?%‘”@*". PhrAS b bt 3‘8@?’%%&‘%?-?‘&%%23%&? <
[ 6 ' . . ' 0030]. .T
Pandl o oy SR BeoRchheh A (g o in  MhEPiE el bl Bfloe hBER 4 "por i on

of the firing trjgger . The handl e 6 al so . CO ise a bias spring 112
connect BRI jsen WHEL fre g ager A oy R in (3 indie B <loser PaSianriig
trigger 20. The bias spring 112 may bias the firin trigger 20 to its fully
open poetatipeaf the mater£S inayits mpremumh dn efher worss, thehargerde uses pplly omie figingger

20, the bias spring 1 12 will pull the firing trigger 20 to its open

posi t i omiggarl?dy thbynarevaltage s applierhtoi thmotak 65 reuseggeated talss of hatatedny st oppi ng
rotation of the notor 65. Moreover, by virtue of the bias spring 112, any
time a (0030] CIHedRaditBandy intlode & midii€hand(® pikdeci 04 adjacatit kd the xipperipdrid of
resistance to the closing operation, thereby providing the user with

f eedbacke Afing RigoBE2AMHE Han@ 6 MModthayOlbnfHFRE b 8fhs spiing NS WREQKedRtwEMHoer . the

operator could Sstop 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.

[ 0031] The distal end of the helical gear drum 80 includes a distal drive
shaft 120 that drives a ring gear 122, which mates wth a pinion gear 124.
The pinion gear 124 is connected to the main drive shaft 48 of the main
drive shaft assenbly. In that way, rotation of the notor 65 causes the 16
main drive shaft assenbly to rotate, which causes actuation of the end

ef f ect omaih2rivashafiessambde tb rotdde) wehich ISR Jactiilwdornr ofithe 8wl dffecwad2chsalesdribed hel i cal
gear drum 80 may include a post 86 that is disposed wthin a slot 88 of a
sl ot t edhbaken 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 pg Sth g4lthR d&id{% RélRtaPeat 8rudtl §PmI) FRARGA Jobtr syugly igd @i ng
100 in ?hgﬂflrfﬁggirlgggr e aﬁ %ﬁén?hg 1r(512y in thébnlddlelhaﬁgﬁg pi ece

104. I

end- of - sffﬁlaﬁes‘%?ﬁ??)%%%do* dd" SFosBa B o B i S PRI R < ersor
142. | nbod th t

AN U DR T A D N S
ring 84 threaded on the helical gear drum 80 contacts and trips the reverse

mot or  SRIKYGHN 915 alsprbiposadehraugly aapsning 104 thediredtigger 2 @ngd an ppainge] 42c o
gear drum 80. The reverse notor sensor 130, when activated, sends a signal

to the mdhomidgk hapdiepiesed@4its rotation direction, thereby w thdraw ng the
knife 32 of the end effector 12 following the cutting operation. [0034] The
st op noj0e33]s einsdditidd,2herbandbee) nifap incdudampberseanator @akhdrofbtogdedenson)i 30swnd t ch.
In various enbodinents, it nmay be |located at the proxi mate end of the
hel i cal a gegmothr ¢oh tBQinshgtdTatroke) 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 betic8geandmut & te rotawueciusipg theering $dthgadedoncthd belicahgean druve B9 tretiravgkbar
drum 80 to travel distally along the helical gear drum 80. The rotation of
t he hel dically gioag thdrhetiv@eal dsam@0i Ths rdtitéon dfehehetical\peasdramt 80ad sadrbiey thes
descri bed above, which in turn causes deploynent of the knife 32 in the end

ef f ect OmaihldrivERRdft ilsinglPQs H&dcEiBedBaborb dvISEIER tord califes daplopflerdtdf tHedefe 3¢ t he
channel 22 1 ongitudinall thereby cutting tissue clanped in the end

ef f ect of, f@end ] 2 tlbeTﬁat% 'tha&lfe@raap isRA 339f &I gqagrfaeéréee&l@%arﬂa@l 38 caused

to happenin e I ment s where a stapling-type en ector is used. [0036]
By the tinal lJ,nd n n% f%
corpl et ong?lh%ﬂa‘ﬁafh‘*'l @hy AThE iR RS AL GReRE TR NG g Bpliion,
di st al %ﬁ; |caI drum 80 hereb causi.ng .the reverse. notor
Sensor $hUe fos i g supusdid éﬁp&e@dasma@maﬂ@ B L R ge 9 {B°8hse ¢ he
notor 65 to reverse its rotation. This in turn causes the knife 32 to
retract Usednd 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 middle
handl e [1036k BPheitinet he enttingistapking oheratioo wif therend @fectbral? i ggaplste, theaing| &t t ed
arm 90 as best shown in Figures 8 and 9. The m ddl e handl e piece 104 al so
has a f o W@rhdlical gear drum 80 will have reached the distal end of the helical gear drum 80, thereby

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

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

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

drum 80.

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

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

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

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

CCW as the ring 84 travels from the proximate end of the helical gear drum 80 to the distal end,

the middle handle piece 104 will be free to rotate CCW. Thus, as the user draws in the firing

trigger 20, the firing trigger 20 will engage the forward motion stop 107 of the middle handle

piece 104, causing the middle handle piece 104 to rotate CCW. Due to the backside shoulder

106 engaging the slotted arm 90, however, the middle handle piece 104 will only be able to

rotate CCW as far as the slotted arm 90 permits. In that way, if the motor 65 should stop rotating
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notion stop 107 that engages the firing trigger 20. The novenent of the
slotted arm90 is <controlled, as explained above, by rotation of the notor
65. Wien the slotted arm 90 rotates CCWas the ring 84 travels fromthe
proxi mate end of the helical gear drum80 to the distal end, the mddle
handl e piece 104 will be free to rotate CCW Thus, as the user draws in the
firing trigger 20, the firing trigger 20 will engage the forward notion
stop 107 of the mddle handl e piece 104, causing the m ddl e handl e piece
104 to rotate CCW Due to the backside shoul der 106 engaging the slotted

ar m 90, fonwmeavzessony the slefteripren Hhwl gomrosatiagand the wser will yoths aklsita fargher 1 ot at e
CCWas far as the slotted arm90 permts. In that way, if the notor 65

shoul d dsawn the fiaing trigge829 becagserthe maddiohgndierpdecs| 198 vl nat ba Bee tairptatedi G
rotating, and the user will not be able to further drawin the firing

tri ggerdudo thechuséainn@0.m ddl e handl e piece 104 will not be free to rotate
CCW due to the slotted arm 90. 100381 Figure 41 and 42 illustrate two
states 9038} \@giradl endENARELritd 8o SBEs HFa HirRBledtnsohthat Ay beDéedras siRNeAr 110
according to various enbodi nents of the present invention. The sensor 110
n‘ay 1 N . Y A ,

ol st 1 o gisdsg 0 oEREARER EriSus Enbofibny o PEEPRIEWNEnHE TRBRETE  ap)
bet ween_t he el ectrodes. 2 284, Th e hi such t hat
the t adBorBrEHER Moo RisR S e ealtof F R o B SR RRs By 2. 30FE
Accordingly, whep the firin i g9 IS retracte e, fielectric

mat er i aﬂ"%s‘p@ d?‘i!‘c’)%? @é?@d?zéérsﬂe‘%hwgﬁt“ﬁ?@ ﬁ’reé?%%’f’gésstﬁt?ﬁ’ %zﬂ‘faﬁ herREnsel ect r odes
282, 284 are closer together. Since _the distance "b" between the el ectrodes
282, 284 Oimaychernsgitioged wich thagthe dagerpertion 8 santacty thefiring trigger 281vdepr odes 282,
284, the greater the distance the nore inpedance, and the closer the

di st ancetradieal. Acagexlingipodendhe fiting trigaer 2Ry retracted, dhodintectricanateried 286 &l ectri c
286 is conpressed due to retraction of the firing trigger 20 (denoted as

f or ce "dompredsdd, aishewhdn Figarg42) pachithainkd ele@rcdbe? 82yp@tiave choser together. Since

the distance “b” between the electrodes 282, 284 is directly related to the impedance between the
electrodes 282, 284, the greater the distance the more impedance, and the closer the distance the
less impedance. In that way, the amount that the dielectric 286 is compressed due to retraction
of the firing trigger 20 (denoted as force “F” in Figure 42) is proportional to the impedance
between the electrodes 282, 284, which can be used to proportionally control the motor 65.
[0039] Components of an exemplary closure system for closing (or clamping) the anvil 24 of
the end effector 12 by retracting the closure trigger 18 are also shown in Figures 7-10. In the
illustrated embodiment, the closure system includes a yoke 250 connected to the closure trigger
18 by a pin 251 that is inserted through aligned openings in both the closure trigger 18 and the
yoke 250. A pivot pin 252, about which the closure trigger 18 pivots, is inserted through another
opening in the closure trigger 18 which is offset from where the pin 251 is inserted through the
closure trigger 18. Thus, retraction of the closure trigger 18 causes the upper part of the closure

trigger 18, to which the yoke 250 is attached via the pin 251, to rotate CCW. The distal end of
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bet ween the el ectrodes 282, 284, which can be used to proportionally control
the notor 65. 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 opening in the closure
trigger tl@eyoghz&lspgnwteéewaﬁrpmﬁf\ﬁh@r?eﬂltsh@ow%b@s@t £36.i hagetirskelosuie biaghtett he
closure trigger 18. Thus, retraction of the closure trigger 18 causes the
upper pae canhedthto acdeosnd dosurg brgget 238, Caltectivdly lthe Heswokracki80236s 258 defuked vi a
the pin 251, to rotate CCW The distal end of 19 the yoke 250 is connected,
via a phmopdmng ihovhichf the ptoxirhas andofithaplogimatdelosufl aibk i40gicedigaeid pisBeaak et

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

bracket an@kfd sizh8hAedrghadinAMmORanNEF thé\clohlire Bratkets P36 258 BAReLI0Agialdidane
proximate closure tube 40 (see Figure 4) is seated and hel d such t hat

| ongi t “g{oﬁﬂ{% bi'the Baaf%fcl(fsﬂf‘e tﬁt@wrﬁaeﬁﬁétﬂﬁﬁég?l@?l@o 111%51%e§§l:‘1%§1§e k@1t udi nal

noti on e’ proximate closure tube Instrunment 10 al so 1 ncludes a

cl osure rod 60. sposed . i 3 de. th imte closure t 40. Th | osur e
rod 260d]r§8?/se§ rdd:g% gomma&eoa % tutb % Vﬁclo%ur odé%%néaéf nglﬁgeawm e%}éi

oSt one o € handl e
exterior piec as ex i.or Iomer si.de piece 59 jn the jllustrated
e bod b WHIEE HRcst U ane of Teandle SHEHeRIcERBug Sahiasior kg ce¥E i hanal o
6. In that way, the proximte closure tube 40 is capable of mpvin

| ongi t umenﬁvatryted@mpﬂwnf ds digrosed fodfixedly Goparch ths clophie red g6¢ kacthe aendi%@ tray

al so include a distal collar 267 that fits into a cavity 269 in proximte
spi ne t thaewayp theprokignatetlasune thbe He ixdapatily obmeowpg DongitpdinalyRielptive tothe [ 0040] | n
operation, when the yoke 250 rotates due to retraction of the closure
tri gger clb8yre tdd260c IThs icdulerrad R6d maP 2o inthidle aalissa co e 2617 abdt fied idtocd @ity 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 , by
retract if91hndiduecki 5@ SPW%ICM@“ of aygjeqtriqad cireyit of fbe msEumendl O@P%m%i“g i ssue
between the anvil 24 and channel 22, and may unclanp the tissue follow ng

t he cut té naiost epbodioents f ﬂteimemynvamtibmcwbng ai hperatoomutiadlytpuilg gethe 86ing r om t he
| ocked position. 20 [00411 Figure | | is a schematic diagram of an

el ectri aiaggee0 efidrtlodking the clobgt trigpent 8,1k @as@d) ixactivated,allowing carbadb ment s of
the present invention. When an operator initially pulls in the firing

trigger fRQ tﬁér& Hroh A ¥ 12 doRBalf)- Qf%drrsvetr:fe' BB sehbor siviteh $SMEYperd Gfledntng the
activated, all omnng current to flow there through. If the nornally open
reverse phPfhe 3 é@éct&‘%r%ﬁ@he&%gt b %%Heo() 'E‘ﬁ:réhﬂgll tllfﬁ':‘?/ daapgngte ngéedcﬁl'Bﬂe
ef fector stroﬁ as not been reac ed), current MA OM/t S|ngle pol e,
doubl e hro % Y nce sQr, not
cl osed, WY FRUAT cymGERe s ?Ve{sﬁé“" Gl s e pgtiget tﬁ%r"éjf’%dig& A e
relay 132 will bhe in its no The circuit |ncludes a
cartri dgeay biutinos B Breizal so e TEhe | Sha Ibbs BdidonEpeiatred sifis s@lesceralar e
cartridge 34, the sensor 136 will be in the closed state, allow ng current
to fl owalsorimdides s sartiidgerlpekortignedrlae: Hithe arl effsetor hdinciusies oelepls cattrigaed,
cartridge 34, the sensor 136 will be open, thereby preventing the battery
64 fr omtlpnmesdr Ag6 whlebermt the cloSed st0@4Hawingenrrettdo SbwplQsheravises ifdlgpeend4 fiestor
present, the sensor 136 is closed, which energizes a single pole, single
t hr ow r dRalpeslad inciften stdpée dagtridye 188hd sensord 86wk be opan; therdby fpkeventingdtheugh t he

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. [00431 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 |nstead causes current to fEOM/to bot h the
nor mal | ¢ EPREVE dEBT %""Eﬁ?l 142 iganiypied 1 qapng theswitch 442 oppendarebyreMexingot or

65, but in a mnner, via the relay 140, that causes the notor 65 to reverse
i ts rotpeweofrain thé metsri6dn. 100441 Because t he stop notor sensor switch 142 is
normal | y-cl osed, current will flow back to the relay 134 to keep it cl osed
until t[oe43jwilhothel ddbadimests, rdthenthhine pkopoftenadAypssensdrl Iy Of @t oracff €xpe seiddr t he
stop notor sensor switch 142 is activated, causing the switch 142 to open,

t her ebycouRIBMIsEd InRAVIREmbddaetEahdmtesf rbatiod SRS otdt 65tWRild getivedi ment s,
rat her than a proportional -type sensor 110, an on-off type sensor could be

used. '&O@m&aﬂmﬁgk&wwlea Bfu{e%p@ramrhk%e; HRMGtbr 651G olRt Rherdfy Mégt fot be

pr opor ti to the force appli e operator. Rather, the Tnotor

woul d. gae&%gt tr)fter gég@ga?éra O?V\%ﬁmsstt #r?eﬁlge fo$ tfeécib?icl?ﬁ’%ggeotﬁe ﬂﬂh‘%g giiglj l !

experience Torce ecause I T1Nng nto the
gear dr ve trajn 11[110046 ure 12 |s a side- V|em10f t he handle 6 of a

power - §P§?“ﬁ%?5} g 8gpr ﬁPter accordi ng to anot her enbodinent. The
enbodi ment of Figure 12 |s simlar to that of Figures 7- 10 except that in

the enbl8846lerfigwe 1Figpside-yiew affis handle it Pé’l“Gf'P%Ft gofRrizsd gedacidet o t he ring
84 threaded on the helical gear drum 80. Instead, in the enbodi nent of
Fi gur e acgordingdo piater@mbodimsnt By embodimmant Of)Bltgtlledﬂ i gimilah ¢t thatofdégusgsth 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 pistol gri t he run notor sens 110

det ect seERALSS th fiytg thiggerdln dde Cs‘i"g?faﬁwft @%B%Wéjrdl‘i pgce [Rgrcgpsethe a'iﬁhﬁ)% °causes,
anmong other things, the helical gear drum80 to rotate. As the helical gear
dr um 80rotate GEBEWith e sehseg pedionHl 88@@@ ring 8¢ techHbatj theyarmy b steysuspeeddvances
(or retracts, depending on the rotation). Also, due to the pulling in of
the firtha gotbh il by eWh2@thetrimg 84i relathes the distal edddf the he:j'a:alsaar thonr 80, dlecar®MBWI t h
the firing trigger 20 due to the forward notion stop 107 that 22 engages

t he fi rwigcohtaco@@rthe?by tFipehdieWrs@mator 8¢hseif 1 30N Sinilatty, evhigh eleeridddsy eadee t he
arm118 to rotate CCWw th the sensor portion 114 of the ring 84 such that

the ar r@héﬂaﬁ)xﬁﬁﬁyéndﬂbﬁﬁeﬁaﬂzal Fear Hieh SRkt hrch k61 Ak atnaeherremr@fthé@@& hes the

distal end of the helical gear drum 80, the arn1118 w Il "contact and
th b
e ) Bk NG Bl O e S e R s

and thereby trip the stop notor sensor 142. Such actions nmay reverse and
stop th@ tor 65, respectively, as described above. [00481 Figure 13 is a
si de-vi ew of the handle 6 of a gé)wer-ass st notorized en%oc tter according

to anot K8#8lenfigere ta it a sideryicangfdng basdle Qe aRay(srassiss malorigeqiendqeutiey t hat of
Figures 7- 10 except that in the enbodiment of Figure 13, there is no slot
in the aseondg to prathesmbogineent.i Reg @abodirhers o8 Biguem X in sinvilar it thet ofdigurey Trm 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. 100491 As nentioned 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 ustr avhich leoksatie ohesure triggee 1 $instlade. Jihe ppgratot mepm redéase thel alekuire tigarydi bY50 t hat
is biased to rotate CCWabout a pivot point 151 by a torsion spring 152.

Al so, t hasldhgdaweon b slidpeutthB réleask dd@en thedladsorappbsite sidedof tiéspistobgrippetion or
draws in the closure trigger 18, the closure bar 154 engages a sl oped

por ti on 265@ugHing §Gwn the@kddBittontrblgisel1B0 kahtas ihe Gobdlo €5OWKsukh Ghad Bwes] sbufetar CW i n
Figures 12-13) until the closure bar 154 conpletely passes the sl oped

portion 1]5§§s1%?e§§e%5frdn'i‘ﬁfér@ch&eG%&%QSQOtCh 158 of the hook 150, 23 which | ocks
the cl osure trlgger in place. The operator may rel ease the closure

tri gger e[i’JQdey Fi rf tl"b nl%\gs \S{P)th%r clgsu% {rf'%%gﬁl%%é‘mﬁu fﬁ%?ﬂeacég%l é}ﬁé}aﬁ?&a(:k or

opposi t he™p1'st grip sl'ide button
rel ease 160 rot at he hook 15 at the clgsure bar 154 is
rel eased™ S'r‘ﬁ'et“FFeEiPéllf’ hog ?5‘58 Fighte ll%gﬁ§gisurﬁlt[j%$eé lgén%lm@ werlgs h%dr cl osure

trigger |ocking mechani sm according to various enbodlnents In the
enmbodi metdvingfan prrgyyrhead gortiopd 6 b Bhgareov-heagrortiongl 61 n&ba&résd%ww&b@rfé@ bhavi ng
an arrow head portion 161. The arrow head portion 161 is biased downward (or
CW by aleafspfing po2. ncheveige The anklgafespliag 16hmay bamade fiomg fargRamply, beldadide
from for exanple, nolded plastic. Wien the closure trigger 18 is
r et r act gastic h&han tievel bedeitriggert i8dm retadted ghe mrs@v-headl pdmiaudfl is dnseng@kthrough 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 arrowhead portion 161 to slide
out of davawgpkhienthersm, 17papmeatedC ¥ byshelpwepsusfasel & of the wedga H2gaethomacki ng
mechani sm according to another enbodinent. As shown in this enbodi nent, the
cl osur eintFigugepel7 ab8 18ndVheabe pinfll78 Xilkyl masses dregowendiunfate B347tle7GWt floece onrtled udes a
| ateral pin 178 extending therefrom The arm 176 and pin 178 nmay be nade

f rom modraheld 6 Rgtolved, ahd thepim P8 & .rothted QUWisadh wat the pidrit78@omastoaksttime handl e 6
i ncl udes an opening 180 with a laterally extending wedge 182 di sposed

ther ei o8 vehad i Radieq 8.1 ds@B&Wn ABFibsre!16! th@x%ﬁd),ckm@%doémsulgﬁig%ag@ges the
wedge 182, and the pin 8 is forced 24 downward (i.e., the armI76 is

19t 2 P TN A B g 0B M90S Bt B0 =

on the ,arm17 4is renoved, and the pin 178 is rotated CCWsuch that the pin
178 corBE WS4 in a notch 186 behind the wedge 182, as shown in Figure
held in

ol ace T ORYe ToRBek (o diorri asgr 1 HREaRecie o G ausEE AL ST BRFer he
wedge 184. [0053] To unlock the closure trigger 18, the operator may further
squeezel& paustigdkapia 178 tqeneege a gopedhaskvig)! 1 Heofghqropepdg Boeﬁxﬁg@tm P81 bifed
backwal I 190 of the opening 180, forcing the pin 178 upward past the
fl exi bl wvetrdpasi 8 fleablesttoniBy, as sfiogurie FigdGesA0c@n@ 21. Thepii I78iyten fre¢ tven free
e 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
linear (180) orientation and Figure 23B shows the u-joint 195 at
approximately a 150 orientation. The u-joint 195 may be used instead of the
bevel gears 52a-c (see Figure 4, for exanple) at the articulation point 14
of the mumbernfiggers disapteddr 8 digmiey20f ovkarein dhe geaws arheonapgied betpgen Be plapetary gur es
24A-B show a torsion cable 197 that may be used in lieu of both the bevel
gear s 52garc’2aand thehmnion geari 128 al §i6 praximatalend of the diiveiftafti48n Aof exiplagnedifurtlesi f ect or
12. [0055] Figures 25-31 illustrate another enbodi mrent of a notorized,

t Wo- St 1 GRws tHeGleaeboxCidédn by 20@prdvidas feedbaok) td the useut Weathe fitinpiridpep?®er assi st
accordi ng to anot her enbodi nent of the present invention. The enbodi nent of

Fi gur es rardidg ihe d%%l@&lln@x’it ah@ 184a8g Bfce b e efectél ©XERS, thdder mA§ pRAGHOf t he
hel i cal gear drum 80; the enbodinent of Figures 23-28 includes an

al ter naijo\fv@r t%ﬁglf Vs%%%g t@%ﬁ@fass&%@y %g@n@djsﬁﬁr{fle 8 lcgﬁn%ﬁ'i 8Bthé gfu‘]g J:fféc‘i‘(}ﬁ'l udes a

gear box asse I ncl a er of gear Isposed I1n a frane
201, wherein th ears.are.connect ed Qg en the planetary.. ge .and the
oi ni on géai 2 eat TRE S e PRIREERier8F AR e SuP el Rh OO e R BT i nec
further bﬁloma t he, gear bgg,assenblﬁ% 00 prﬁviggﬁ)feeggack to %Pe ser via
the fi ridAGNETROYNGERASSEDH MAGATY| HYrumeat ARrREAeS apkplodhh yser s7e2Eding thehe end
effector 12. Al so, the user may provide power to the systemvia the gear
box assépasling rE experiggeqdshy theelttapinstiwient. of the end effector 12. In that
sense, |like the enbodi nents descri bed above, the enbodi nent of Figures 23-32
i's anot[fe§6] pdnwhe ibgssiated embotiorent, ¢lk finreg triggerr?0 idduddsawo pieoes: demif baliback to
the user regarding the | oading force experienced by the cutting instrunent.

portion 202 and a stiffening portion 204. The main body portion 202 may be made of plastic, for

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

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

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

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

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

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

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

20. The proximate end of the spring 222 may be connected to one of the handle exterior lower

side pieces 59, 60.

[0057] In the illustrated embodiment, both the main body portion 202 and the stiffening portion

204 includes gear portions 206, 208 (respectively) at their upper end portions. The gear portions

206, 208 engage a gear in the gear box assembly 200, as explained below, to drive the main drive
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[00561 In the illustrated enbodi nent, the firing trigger 20 includes two

pi eces: a main body portion 202 and a stiffening portion 204. The nmai n body
portion 202 may be made of plastic, for exanple, and the stiffening portion
204 may be made out of a nore rigid material, such as netal. |In the
illustrated enbodi nent, the stiffening portion 204 is adjacent to the nmain
body portion 202, but according to other enbodinents, the stiffening
portion 204 could be disposed inside the nain body portion 202. A pivot pin
209 may be inserted through openings in the firing trigger _  pieces 202, 204
and nayshp assgmblysindto proyise fogsdback toflee yser sea@rdtmgitgrg%wl%@%%&hsgnd? cddi ti on,
a spring 222 may bias the firing trigger 20 to rotate in a CCWdirection.
The spri2ag 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 [0BE8]sFlierpgardRR aswemtby2¢®may otchde hostmme, of the Hiistratad embediment, six | ower
side pieces 59, 60. 100571 In the illustrated enbodi nent, both the main body
por t i onePBearangl fikdd Gedy 211 0 b theBGartditak b1 200D dn@gdd dinsgcaepsrtipay 2060068 @06, 208
(respectively) at their upper end portions. The gear portions 206, 208
engage e gf trlgge,tfo? Ig%aaitigﬁ,%hélﬁ%?g%lrm@%ag@ssa SxPlcpidesnld ek o, tho drive the

mai n drive 6 Shaft assenbly an provide feedback to The user regarding

he, SePLOEDL 5 £ LA Qg e TATRR IS 1960010y 5EGIILY £00 ™

i ncl ude™as
Phe. i rivies P B 206 e SHARF trd EsprErs rariahude 136 SRS Wb [or
second gear 212, the snaller second gear ,212 being coaxial with a |arge
third ggear2iBuga %i@whsqaaﬂ@b%a@%@ B e bevel s%ﬂg%ﬁbeﬁ*oﬁbpwn i Eigr SD1hAt "t he
smal ler fourth gear being coaxial with a fifth gear 218. The fifth gear 218
i s a 90sbewetted tethe phdan geaghdfethatadrivas thegnadodri ft4§ear 220 (best shown in
o 31[)00;;; atln 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.

[ 00591 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 sensar could be |ocated in the handle 6
such t htats. t ThedirgeaspielOanengrs the g5ar parHens200, 2Qd the lﬁlgstrlgg%rt%oaeheﬁy Al so,
instead of a proportional-type sensor, an on/off type sensor nmay be used.

[ 00601 using therirm trigger A8 torotae CEA sben theandienss prgeidessfopgard Foive éorithn at e,

whi ch causes the planetary gear 72 to rotate, which causes, via the drive
shaft 7dnd effeetor I h@nd émrotdt® CCtWo whet ticenotdihed rota'tesgn goarse @& tmetheendsi t h t he

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

rot at i offdeior ID)E IRitiH: WAy A8 hset Sdpeilichoes Feddbakregandid lldéﬂmghaifc'& afd@ depMynidit causes
actuation of the cuttlng/stapllng operation of t effector 12. 100611

For var dyif V\i}éﬁd‘e‘?ﬁc&i mta?“ay%mfa ugé}asrgrilp?&l ﬂh@ﬁhH ﬂlgcg@yﬁ@sTMewhamle uggar 220 to

rotate, causes, of the rest of The gears of the gear box

assenbl pétrgcfz?ghregg%gyb%g%% Eggﬁé ?Eeg%os\gm &ge&et L8k ?em'@g Iéleﬁé& to%@roaa %&ceengages

t he gear por Iri causi ng
firing trigger,20.to rotate tor OV|g§ forward ﬁrlve for
the endP 8‘?%58‘1 %’F the snd gffeFters lﬂmgl)@&kf nOPFW or Sf}rB]tgéflg%erlz reverse
to retract the end effector 12). In that way, the user ex erlenc s feedback
regar di Higr ﬂts;fartwg/swah%%ﬁﬁ%}lqa@mtw HES3R retym to Héoegeaa lgrosisiopge yser iy vvay of the
user's grip on the firing trigger 20. Thus, when the user retracts the
firing expengpee a L0V rothigo fraom thei firingdsigger 28 thoé isegenerally peopesionalitathed t o t he
| oad force experienced by the end effector 12. Simlarly, when the operator
r el easesvérkespeed dfithe oty @dr 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
portio anﬁg]G, Figogs 83-3p dtlustrate@actwpo-siieke Anoteriged Surgiqabedng andifesteNEg gear box
assenbly 200 to rotate, thereby causing the pinion gear 124 to rotate,

whi ch cimseseritH@ withi povar assest a¢rafdingi® mgthﬁmrahc@.imfruogbi: embedimggtoffagurehown in
Figures 25-31, the instrunment 10 may further include reverse notor and stop
mot or  SeM3elissimier tol €t bf Pigdrea B3¢ extdpethatinahsenbmlimentaf Figra@B2/31, the sensor s
may detect, respectively, the end of the cutting stroke (full depl oynent of

the kni fighsiridedId MENGes dTBWREHorSN ZMdtdﬂQJpﬁélgjoﬂioerO_f Boith portiopeT s, 23 (ful |
retraction of the knife/sled driving nmenber 2). Asimlar circuit to that

descri e BRRKR4 S 9&03@0@0%3%%5 fé?%t[})ifﬁ@?“ﬂhgt i bispiRed oAl ch BoriBRROGPIDAL €l y

power the notor res 32-36 11lustrate a two-stroke,
notoriz surgi cal ti an%f [ ' i 3gsi st
nccor di e bpRriPrnt Lins e flRe PhEN2IR sl keI prsd Bt A OB MBI RT T
to that of Fjaures 25-31 except that ip the embhodipgent Fi gures 32-36, the
(e ng. EnrEBlrtbo The i3 IanEepis Bt pes BATaRA G g AhHIPEr RS0
Both portions 228, 230 are connected to and pivot about a pivot pin 207
that i sisdtizgsedicigtaihinghek Vedieertionr Thewppepportiond30 myy alsp psdidesdpweiHmi3d
includes a gear portion 232 that engages the first gear 2 10 of the gear box
assenbl thapGitacHee uppen sugfa@2d the loswen pertived28 of theéiring préggepal suchrth23tes theh 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 and when

t he | owneentgssedhyghe ber pertign 228 efthetiaing sieger g6 r Whep actogted, % ST’Oé’tnéﬂt@% CcW

[ 0065] The illustrated enbodi nent al so includes the run notor sensor 110
t hat cosensen Eatsesdsa sigiabteastort the tdverspwatationsd thevaptor bh vari ous enbodi ment s,
may cause the notor 65 to rotate at a speed proportional to the force
appl i ed [0§66] hdn opettadm whah emoperhtonctracty tHeleboshiertti gger tl B8 iigyg elie [aCked Poeitisnsor
110 may be, for exanple, a rheostat or sone other variable resistance

Sensor, tRYirfgRtigded 00 idYaireted slightlgeidukR hechdh®snsi@bidTe He aH) intRidirigGhitede a
reverse notor sensor 130 that 1s tripped or swtched when contacted by a

front f ggl?es%%npé 97418 IUBREEdPRk ShQtdn2BPe0k atnBQJd(lﬂeH 'S[hgestl‘ﬁé 5,089 10 Je\ﬁg?"t o

activated, the réverse notor sensor 130 sends a signal he’ ot or
reversedire | r H@ sensor
142 that PYBEE, e édwﬁ%&ac ¥“Q§‘@8&\?ﬁ%j h%F@'gByc%e% r%é%l“ ﬁ“gﬁr%‘??@) i on 228
of the firin Wien gctivated, .the ens ends a
signal {15N8 frg‘3§ e ‘8\9‘8?35136 FUSting/stap|ingOPETRLiOn 38 %f ‘%Smi% O%’p tzil't“‘}%on
when an operator retracts the closure trlf 18 into the Iocked posi tion,
the firPpigt ap shpyerinFogure 33.dhe gaar pertien 23he tge ppRer gogien 780 RhHieSHnEIHEEMh i n t he
art, including United States Patent 6,978,921 to Frederick Shelton, IV et.
al and CRiroxes iBtosngageaNment &th ol ST7gean2 [egfithe gear Box Swembly 280. Wien 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 actqanies thsrasars2pp122@ in thy seardoygaseabby to raveeserdicqiignd Whisth-aapsss thsruppefe ot or
65 causes, as described above, the main drive shaft 48 to rotate, which
causes [oHnAI0fof tieXiring tripger@Ado rasite €3¥.orhiglpcausesihe theysr pgwign 228 ef the ieigen
traversing the channel 22). Rotation of the pinion gear 124, which is
connectteggdr Q0 thetat@CW ditilvtke Bt pordiBn 228uipe or adteatepahe sto@ hidt@d26nson 14he gear
box assenbly 200 to rotate. Since the first gear 210 is in engagenent with

the geakhenhd kii3fe 3232 iy rbifted) RARH A®et RS Db stdpe Th ithdt Raythé gger 20, the
upper portion 232 is caused to rotate COW which causes the | ower porti on

228 to d&h\%@et Qlfdldba @é@m{j&%@%kl W;‘)%Ht Jise éﬂa'effﬁct%?lz B wy BYthg%Qér%yﬁg)o&rrﬂ[ e A

the en e cutting st e front face he upper

trips t ISe P Sensq 130 ich notor 65 to
revgr sen? gf' “&ﬁ%r ]?’élé’tl ofa euSFﬁlreér\aﬁét Ehsefz ﬁggﬁa%g@go\?&g&h ?‘ assenbly to
reverse rotational dir tract ever se rotation of

t he mai FPEHGNGR? Wsistance e fﬂé?#o Qh%%lo fith ngé e&"éiéaé‘;d“ PrrtiEar &é‘i?F box

assenbly to reverse direction, mhlch causes t he up ortion_230 of the
firing lpadingjiorcezyperieneest by e &pife Wi lﬁn@élus\@l@entth%omeéwre peSithnfiDnm of t he
firing trigger 20 to rotate CWuntil the |lower portion 228 trips or

act uat ggggdr@0 sftortheroutting/steplégropergion whihat it ban tehirt & BRorigingl ppsition, ¢heruser ed,
whi ch causes the notor 65 to stop. In that way, the user experiences

f eedbackillrezpeariefiteg Cie pitatjomefbice difont the fieing tréfoee2 that ik Zeharallvapropdrtivht taither ' s

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

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

geared into (either directly or indirectly) the gear drive train between the motor 65 and the main
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the firing trigger 20. Thus, when the user retracts the firing trigger 20,
the operator will experience a resistance related to the depl oynent of the
end effector 12 and, in particular, to the 1oading force experienced by the
knife 32. Simlarly, when the operator releases the firing trigger 20 after
the cutting/stapling operation so that it can return to its original
position, the user w /|l experience a CNrotation force fromthe firing
trigger 20 that is generally proportional to the reverse speed of the notor
65. [0068] It should also be noted that in this enbodi nent the user can

appl y fdiveshgfef8.nlarothes embedimsnts ofithq presgatinyeriion: the ppgs ayrheeroyided Wi not or
65) to actuate the main drive shaft assenbly (and hence the ]

cut t i ngtastila fdeldbagk oggarding the positiphef tha dniéé 32 intthe eridgffactar o hvitheut hayingribe t he
firing trigger 20. That is, retracting the firing trigger 20 causes the gear
por t i onfid@trighertd0ezetipep érito e gendrinve3thin. oFignres 37-40 Qdfrateha métodzadssesgitdhe gear s
of the gear box assenbly 200 to rotate, thereby causing the pinion gear 124

t o r ot abiRingMHdGhstGiMERStrirént Wadhbuel 4 MetilpafitioR feeabdek ¥ystemr ot ate. [ 0069] The
above-descri bed enbodi nents enpl oyed power-assi st user feedback systens,

ith o gt i g | 27U : 142
W 000! hh, ﬁﬂagit.&rd/&nm%éra of Ffufks: 3749 g fﬁlmggggg%& 26 by hh30a mggd a2

outside o he cﬁose 0o0p system t he notor, drive“train,

ef f ect Or%ﬁi%cn? %g%n%%:u%%%rﬁ)ggﬁo&]%&)?gei%ﬁl%ptot%ﬁé ﬂist(f\l?rhent L ﬁslté(%v[fllgmtafﬂgléljef%ggl ng

i nst run® y e useriIn rac iring
trigger 0 Ee.adqgg to t fqrce applied by th or 65 by virtue of
the fi rPﬂ@(ettH?aéa QdimgnyplFigure 'é?gt&’“ieﬁ?fgﬁ’fé‘i’k’?{ é%“&ﬂ“ﬁé@?‘ﬁtoﬁs ‘6‘%‘?’?&%‘? F&Etly) the
gear drive train between the notor 65 and the main 31 drjve shaft 48. In
ot her epRiben Wahmatepith part pf g @aar drive &@in: dasteadnthe issumentinpldes oseredd wi t h
tactile feedback regarding the position of the knife 32 in the end effector,
but wi t moter 26awithg thraadedfrod 2ofythreadeftyberein0 Thethreaded rad266hreciproaatesir i ve trai n.
Figures 37-40 illustrate a notorized surgical cutting and fastening
i nst r uneAgituiinaily Suadd eut btkeich@oP26Si dsitlembtee2bokatssy dépending 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.

32



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

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

32- 36, however, the upper portion 230 does not have a gear portion that
mates with part of the gear drive train. Instead, the instrunent includes a
second notor 265 with a threaded rod 266 threaded therein. The threaded rod
266 reciprocates longitudinally in and out of the notor 265 as the notor
265 rotates, depending on the direction of rotatjon. The instrunent 10 al so
i ncl udel90% dneperation @ shayyy iniFigyre 3havhemike glosursisizees b is dpsloghediinie thergi n
drive shaft 48 for translating the increnmental angular notion of the main
drive sdafped4®sition, thofitieg triggapihretatedwayfeomrthierpigioli arip npestéands g9fjth¢ hanglea
correspondi ng series of digital signals, for exanple. In the illustrated
enbodi nesich thian ehefftomt fice §éA06f th2 dppen pbitiha 236 opthe firimgteggbr 20 és s ad tont¥0 t hat
connects to the encoder 268. [00711 The instrunment 10 al so includes a

cont r ol with the Prdxith e lend BOWE threaMel 664 76%Y WEen theBp& BB b ctd ShedWosre trigger 18

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

di gi tal ,5i1gn3 Iltgip ek p%@ﬁigg,qg? gﬁﬁ%%rggéreﬂ) Obhtdsif %l?tilygtBWaﬁisftﬁ@abstul?@ encoder

268, the contr circurt may c t he stage depl oynent of the knife

i h ff . That is, dhe . | €l it : if
he ki ¢Ee20 e FieoadfirsotBash fie pRE s BERROGS VL g RRec N

oye , Ofr rnterm ent

stage. Based on_.the c ulation of the stage of deploynent éf t he qf
of f act gRoskion. P GORGATS 442 Of s GRHEE PRRPH SEhHLeeithn B AL i Qb et or 265
to control its rotation to thereby control the reciprocating novenent of
the threddé® rod 266. 32 [0072] In operation, as shown in Figure 37, when
the closure trigger 18 is not |locked into the clanped position, the firing
tri gger[00TB]r cAsithe dseawep retrants thhdiripg trigger 20, iafienmorinitighrop@iopdl ampanh@rgdle 6
such that the front face 242 of the upper portion 230 of the firing trigger
20 i s ndégrdenofonitian) 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. When 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 may be activated such that, as expl ai ned
above, tpgieddbynisoopetdlr, bewelsraloss gptalirettly affest thoddve 66the madmdraee sheftt o rot at e
at a forward speed proportional to the anount of retraction force applied
by the epemdlyBecide titefiriig triggert20iigaarge2ad irfto theagear driteataimin thisfentbbdintent.or 65
causes the main drive shaft 48 to rotate via the gear drive train, which
causes tfigr4) Kpyierdlorandkink 8t iddehenthl RYAbn AW MM ERRARAGE asdemBRiS@Yer

tissue clanped”in the end effector 12. The control circuit receives the

out put %Lg,nﬁii naﬁ{]@@&ﬁkeen%%@g@gﬁgégog&@garc%mgnt: &1&@%{@%@&53@@%&11%8 of

the main drive s asse nds a signal to the second nbtor~ 265 to

caused the second.noto 65 to rotate. which causes the threaded rod 266 to
retract dFﬁf’%ed (f‘ﬁ'ef%teégené%gi A$ HIE PRt g\ﬁsco?tﬁ(gl CHB?)‘EP%S?‘H ao%grfgg) tg? m[ogoer firing
trigger 20 to rotate CCW which  allows the | r portjon, 228 of the firing
trigger 6040 EVEiSe Aechion teeanpe W‘Fa?tl'f’é’t(’f\ﬁl%f’yl,(m%é@aﬁﬁg r?‘%ége d:"é‘éti‘%’r‘lfé]é"t PRr ﬁ%verrent
of the threaded rod 266 is related to the rotations of the main drive shaft
assenbl yausehthe spfatien oftthemaintdsivieshafi agsembly torevesse diggction, Whish fselsqydetsstedn t he
firing trigger 20, experiences tactile feedback as to the position of the
end ef f éyttior ent@der The Beded antthorevérse oxati®8 datepted by tHeyentbder 3p&rtbe amtrohowever ,
does not directly affect the drive of the main drive shaft assenbly because
the firiciguit idnggﬁiﬁifﬁeﬂ to theRedong @RUt&RE5Nd Oadsh & t@ dversd Fotitdorial dirdttibm sudhithat

enbodi ment. [0074] By virtue of tracking the increnental rotations of the

mai N drigyehaiadd rod 286 SRt tovdxfendNéngitudinally 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 eadetrgien) insgameRts Fo5 exampls.tieoayld berpiana@itting sndoscopin ingtament. 321358, 2 Thi s
notion forces the upper portion 230 of the firing trigger 20 to rotate CW
whi ch csiapd@sa ¢lipeapiptions an pepess devicR2B8dmg/ genegtherapy @Nvetyrﬂetvam anjenergytdesicgper at or
may experience a CWforce fromthe firing trigger 20, which provides

f eedbaciksitgultriveunh®Fatasér, &8. 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 rebrACt £ehouph tHelPréseRCinéntion hBCbeen AsciibehdrEimiin cogcti@nditiedtagnal to
the notor 65 to stop rotation. [0075] According to other enbodi nents, rather

than hayidgel Qﬁxbg(ﬂfhteﬁfg,l m&ly AbdificHfhe wl Vé?iéﬁi&?s togl%E kinBBditfentshaytdi fe 32,

reverse notor and stop notor sensors may be used, as descri bed "above. I n
addi ti on, ,rather & han usin LODOr i 0 0 e
rotati oﬁdpé?m?nﬁee' rﬁ‘)’f 8’?3"@?’ ngrflé’j}el(g){rwgegp rf é‘g\n %‘teﬁ%gg;n%gipéégp ltcog%& bgefsé’g\g%fwl n such

an enbodi nent, the og(f%gt or .woul d not bﬁ‘f able.to contral hg rate of

rot at i oRatEals A disslos CeTER [YUPPONERts, I ANgiei{as way e‘ésear ajBF Yreiied rate.
[0076] The various enbodi nents of the present invention have been descri bed
above i descripsionand flowing daimstars ingpndodie couergillsash madificatianmang varigtiapgoul d be
not ed, however, that in other enbodinents, the inventive surgical

i nst r uni9A78]di Any pated, tvblicdtionneratherdisclosura matgrial, g whyseor 32 part; thit ¢sedaid to
instrunment. For exanple, it could be a non-cutting endoscopic instrunment, a
gr asperbe iacorpdratel &y refareatd leréipid inesrporated hee@senlylevthe extent thatule mesrpotatedr 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 isataimedhesr 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 heyein, Ataultgldé/nblﬁhngcs}mfﬂasteﬁlﬁg msﬁmnembﬁlbhﬁg definitions,
statenments, or other di sclosure materral set forth hereln wil | onIy be

i ncor por at ed é%etggc%g&ggrlﬁg@ FBQea‘%‘PenJultt'irgmﬁ dm%%@ between that incorporated

material and existin osure mat CLAIM5 What is clained
ef fect o iEL%'mC%' oD SRl BCR TGSl BRIRR TR B PR
andl e connct PEle rHE B BRINAEEH SERRNBIg CHRE SBHpr | oi ng:  a pi st o
grip portion; a pistol grip portion;
a closure trigger, wherein retraction of the closure trigger toward the pistol grip
portion causes the end effector to clamp an object positioned in the end effector;
a firing trigger, separate from the closure trigger, wherein retraction of the firing
trigger toward the pistol grip portion causes actuation of the main drive shaft assembly; and

a closure trigger locking assembly for locking the closure trigger to the pistol grip

portion when the closure trigger is retracted.

2. The surgical cutting and fastening instrument of claim |, wherein the closure
trigger locking assembly comprises a release button such that actuation of the release button

cause the closure trigger to be unlocked from the pistol grip portion.

3. The surgical cutting and fastening instrument of claim 2, wherein the pistol grip
portion includes a front side and a back side, wherein the front side is configured to engage the
closure trigger when retracted to lock the closure trigger, and wherein the release button is

positioned on the back side of the pistol grip portion.
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a closure trigger, wherein retraction of the closure trigger toward the
pistol grip portion causes the end effector to clanp an object positioned
in the end effector; a firing trigger, separate fromthe closure trigger
wherein retraction of the firing trigger toward the pistol grip portion
causes actuation of the main drive shaft assenbly; and a closure trigger

| ocki ng assenbly for |ocking the closure trigger to the pistol grip portion
when the closure trigger is retracted. 2. The surgical cutting and fastening
instrunment of claiml1l, wherein the closure trigger |ocking assenbly
conprises a release button such that actuation of the rel ease button cause
the closure trigger to be unlocked fromthe pistol grip portion. 3. The
surgi cal cut4 i ng Thadurirst entingandrfattenimginstrushent pA¢lainp2, wheseinithe releasepi st ol
grip portion includes a front side and a back side, wherein the front side
i s confiu@dh &bdsbiopttpagehe clBureatiggenr e tri gger when retracted to | ock the
closure trigger, and wherein the rel ease button is positioned on the back
side of the pistol grip portion. 36 4. The surgical cutting and fastening
instrunment of claim2, wherein the release button is positioned on the
closure trigger. e xjg?ca taﬁgéﬁld Iﬁﬁ%ﬁas@m of BBLISIH DOwhdREh by @Rurof cl ai m
1, wherein the closur tri assenbly conprises: a closure bar on
t he closureltr gger; q @rlng blased hook positioned on the pistol grip
por t i onTBEF 1pckiTE gﬁénb[?ﬂgomf’%eﬁre bar when the closure trigger is retracted
toward the p| toI Elghétlon . The surgical cutting and fastening

i nstrument ‘?,sluéﬁ lmrg RHLOWrrigee: Mbsure trigger |ocking assembly

conpri ses:

a spring biased hook positioned on the pistol grip portion for latching the closure bar

when the closure trigger is retracted toward the pistol grip portion.

6. The surgical cutting and fastening instrument of claim 3, wherein the closure
trigger locking assembly comprises:

a closure bar on the closure trigger; and

a spring biased hook extending from the front side of the pistol grip portion for latching

the closure bar when the closure trigger is retracted toward the pistol grip portion.

7. The surgical cutting and fastening instrument of claim 1, wherein the closure
trigger locking assembly comprises:

a sidewall in the pistol grip portion defining an opening; and

a flexible member extending from a back side of the closure trigger that extends into the

opening in the pistol grip portion and latches the sidewall when the closure trigger is retracted.
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a closure bar on the closure trigger; and a spring biased hook extending
fromthe front side of the pistol grip portion for latching the closure bar
when the closure trigger is retracted toward the pistol grip portion. 7. The
surgical cutting and fastening instrunment of claim1, wherein the closure
trigger |ocking assenbly conprises: a sidewall in the pistol grip portion
defining an opening; and a flexible nenber extending froma back side of the
closure trigger that extends into the opening in the pistol grip portion
and | atches the sidewall when the closure trigger is retracted.. 37 8. The
sur gi cal cut&ing'Bﬁd“ﬁ%%4@ﬁpﬁ@amh@ﬂ@UHéHF“WP“%F%FW?W7 RIEheTRIMRESINGA si ng a
rel ease button on a front side of the closure trigger which, when depressed,
caused telease hugiei loh @ fromesidef the clesuratraggef wahtw@mf?m@ﬁéﬂdt cauged thp dlexiblegi cal
cutting and fastening instrument of claim1, wherein the closure trigger

| ocki ngmambartduylatchfm hesidevalledge di sposed in an opening the pistol grip
portion; a flexible armextending at first end fromthe closure trigger; and
a pin extending froma second end of the flexible arm such that when the
closure trigger is retracted toward the pistol grip portion, the flexible
arm extends 4 nto [ fi the pin
is forced pagst t hplteﬂé\‘jsv}al ge Fl%?%é gm% %%ﬁlg ‘prg{srlintll&gr?? B‘eaﬁfl r%dw'? %%M\?\ge %lga&?to. The
surglca cqhtc &%%nqn&a%tenhgg instrunment of claim9, wherein the wedge and
pin are gﬁ? R PEERTTYA CQTPLNRN ¢t hat | mhen the pin is in the | ocked position
behi nd t he wed the closure trl i s retracted further, the pinis
forced out d?wgﬁﬁ ‘%@%@dnﬁBQP?V%%mBBW é”?ﬁ%‘oﬁedge such that the pin is

free to travel past the wedge out of the opening
a flexible arm extending at first end from the closure trlgger and

a pin extending from a second end of the flexible arm, such that when the closure trigger
is retracted toward the pistol grip portion, the flexible arm extends into the opening in the pistol

grip portion such that the pin is forced past the wedge into a locked position behind the wedge.

10.  The surgical cutting and fastening instrument of claim 9, wherein the wedge and
pin are further configured such that, when the pin is in the locked position behind the wedge and
the closure trigger is retracted further, the pin is forced out of the locked position behind the

wedge such that the pin is free to travel past the wedge out of the opening.

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

trigger locking assembly further comprises a flexible stop connected to the wedge.

12.  The surgical cutting and fastening instrument of claim 1, further comprising

means for articulating the end effector.
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11. The surgical cutting and fastening instrunment of claim 10, wherein the
closure trigger |ocking assenbly further conprises a flexible stop
connected to the wedge. 12. The surgical cutting and fastening instrunent of
claim1l, further conprising neans for articulating the end effector. 38 13.
The surgical cutting and fastening instrunent of claim1, further conprising
a notor in the handle for powering the main drive shaft assenbly when the
firing trigger is retracted. 14. The surgical cutting and fastening
instrument of claim13, further conprising a run notor sensor for sensing
retracting ofl3t he The sungisat eutigand fagtening instryonen of eleim &1 fughersPmpriging ar i ng
trigger is sensed by the run notor sensor, the notor is signaled to forward
rot at e tmotominske kantlte fogpowedrintgttbe mbjnalrive phnﬂ assonigdsgl when theeflimmgiriggérast or by t he
cutting instrunent. 15. The surgical cutting and fastening instrunent of

clai m 14etradf®k €i n 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. 16. A surgical cutting and fastening
instrument conprising: an end effector conprising a noveable cutting

i nstrunent; mai : ]g&ﬁ t runent
in the end eﬁ#ectgpg égmﬁﬂﬁ%gﬁﬁﬁZQg%k %gg ﬁgﬂﬁééﬁﬁ @#Eéh@ﬂ ng
assenbly and, conpr .a pj stol i ortion; closure tri erein
et act 18R Mg aRot st Py B of DR eth vulsfin i el B e diBEe e
end effector .to clanp an object p05|t|oned i.n the end effector; a firing
trigger, trlgg'eﬁ a5 sepge fl}ydhq URdNetPHSERs Y, Fp@é&grls signaled to forward rotate to cause cutting

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

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

16. A surgical cutting and fastening instrument comprising:
an end effector comprising a moveable cutting instrument;
a main drive shaft assembly for actuating the cutting instrument in the end effector; and
a handle connected to the main drive shaft assembly and comprising:
a pistol grip portion;
a closure trigger, wherein retraction of the closure trigger toward the pistol grip
portion causes the end effector to clamp an object positioned in the end effector;
a firing trigger, separate from the closure trigger;
a motor for powering the main drive shaft assembly when the firing trigger is

retracted; and

39



a notor for powering the main drive shaft assenbly when t he f|r|ng trigger
is retracted; and 39 a closure trigger |ocking assenbly for |ocking the

cl osure trigger to the pistol grip portion when the closure trigger is
retracted. 17. The surgical cutting and fastening instrunent of claim 16,
wherein the closure trigger |ocking assenbly conprises a rel ease button
such that actuation of the release button causes the closure trigger to be
unl ocked fromthe pistol grip portion. 18. The surgical cutting and
fastening instrunment of claim 17, wherein the pistol grip portion includes
a front side and axldsackiriggatdockivigease¢mbly e ldakang the cldeure ¢riggenfa the pisthl gop engage
the <closure trigger when retracted to lock the closure trigger, and wherein
the rel gatén Whidr e cloSure rigdet isaaattedn t he back side of the pistol grip
portion. 19. The surgical cutting and fastening instrunent of claim 17,
wherein the release button is positioned on the closure trigger. 20. A
surgical cutting and fastening instrument conprising: an end effector

et bating ﬂ’é‘fﬁ?‘?ﬁghgf%?%‘s%‘%tﬂ%‘“’"‘fagt‘*“ﬁ@"’“@“g‘?f 28@2‘*#“@ A tﬁ"*@ﬂ"”m v

connected t drive.shaft as r|5| grip
porti on lggerg?%(élfﬁaésﬁl?n?léégwprlﬁélfge%eigﬁbr}i%f (tglr}%srﬁg etbrul %er t owar d
t he plstol qup portion auses é&} effecIor to clanp an obj ect

posi t i offEersi l?F‘EP%“%‘i‘i’(gg%rftP EPBV’Ck r%{nf crRIStQ FIPRPEAN: separate from the

closure trigger, wherein retraction of the f|r|ng

18.  The surgical cutting and fastening instrument of claim 17, wherein the pistol grip
portion includes a front side and a back side, wherein the front side is configured to engage the
closure trigger when retracted to lock the closure trigger, and wherein the release button is

positioned on the back side of the pistol grip portion.

19.  The surgical cutting and fastening instrument of claim 17, wherein the release

button is positioned on the closure trigger.

20. A surgical cutting and fastening instrument comprising:
an end effector comprising a moveable cutting instrument;
a main drive shaft assembly for actuating the cutting instrument in the end effector; and
a handle connected to the main drive shaft assembly and comprising:
a pistol grip portion;
a closure trigger, wherein retraction of the closure trigger toward the pistol grip

portion causes the end effector to clamp an object positioned in the end effector;
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trigger toward the pistol grip portion causes actuation of the main drive
shaft assenbly; and closure trigger |ocking neans for |ocking the closure
trigger to the pistol grip portion when the closure trigger is retracted.
41

a firing trigger, separate from the closure trigger, wherein retraction of the firing
trigger toward the pistol grip portion causes actuation of the main drive shaft assembly; and
closure trigger locking means for locking the closure trigger to the pistol grip

portion when the closure trigger is retracted.
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