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[0001] The present application is related to the following concurrently-filed U.S. patent
applications, which are incorporated herein by reference:

-- MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT
WITH USER FEEDBACK SYSTEM; Inventors: Frederick E. Shelton, IV, John Ouwerkerk and
Jerome R. Morgan (Atty. Docket No. 050519/END5687USNP)

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

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

-- MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT
WITH ARTICULATABLE END EFFECTOR; Inventors: Frederick E. Shelton, IV and
Christoph L. Gillum (Atty. Docket No. 050692/END5769USNP)

-- MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT
WITH MECHANICAL CLOSURE SYSTEM,; Inventors: Frederick E. Shelton, IV and

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



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

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

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

Ti mperman (Atty. Docket No. 050698/ END5773USNP) -- SURG CAL | NSTRUMENT

HAVI NG A REMABGIE BACTAERYNG ANBTASEENING BISTROKHENT $1eH ONOSURE Kevin R
Doll, Jeffrey S. Swayze and Eugene Ti nperman (Atty. Docket No.

050699 HRNBBERAMSNRING -MECHANEOM; nvleflotOled e AIDE ARfeb A dnbildwidMENToll NCLUDI NG
SAME; Inventors: Jeffrey S. Swayze, Frederick E. Shelton, IV, Kevin R Doll
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-- SURGICAL INSTRUMENT HAVING RECORDING CAPABILITIES; Inventors:
Frederick E. Shelton, IV, John N. Ouwerkerk, and Eugene L. Timperman (Atty. Docket No.
050698/END5773USNP)
-- SURGICAL INSTRUMENT HAVING A REMOVABLE BATTERY; Inventors:
Frederick E. Shelton, IV, Kevin R. Doll, Jeffrey S. Swayze and Eugene Timperman (Atty.
Docket No. 050699/ENDS5774USNP)
-- ELECTRONIC LOCKOUTS AND SURGICAL INSTRUMENT INCLUDING
SAME; Inventors: Jeffrey S. Swayze, Frederick E. Shelton, IV, Kevin R. Doll (Atty. Docket No.
050700/ENDS5775USNP)
-- 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, [V, Stephen J. Balek and Eugene L. Timperman (Atty. Docket No.

050702/END5777TUSNP)



050702/ END5777USNP) 2 -- DI SPOSABLE STAPLE CARTRI DGE HAVI NG AN ANVIL W TH
TI SSUE LOCATOR FOR USE WTH A SURG CAL CUTTI NG AND FASTENI NG | NSTRUVENT
AND MODULAR END EFFECTOR SYSTEM THEREFOR; | nventors: Frederick E. Shelton
IV, Mchael S. Cropper, Joshua M Broehl, Ryan S. Crisp, Jam son J. Float,
Eugene L. Tinperman (Atty. Docket No. 050703/ END5778USNP) -- SURG CAL

| NSTRUVENT HAVI NG A FEEDBACK SYSTEM Inventors: Frederick E. Shelton, 1V,
Jerone R Morgan, Kevin R Doll, Jeffrey S. Swayze and Eugene Ti npernman
(Atty. Docket No. 050705/ END5780USNP) BACKGROUND [0002] The present

i nvention geleISPIOSABICNSEAREE QARITREIGE HAIVING ANJANSL SWITRDTISSSI ument s
and, nore particularly, notor-driven surgical cutting and fastening

i nst r ungRt ATORGAIBUSENWPHE APS GRS A1 CUTTINGE ANDEFK STRNAN@ TS TR ONVERNeT r ed over
traditional open surgical devices since a smaller incision tends to reduce

t he DO%NQW@EU@A‘?{ EﬁEOE’WE)CIE(bI@%Y%'TﬁM PARREFOR. | g%ﬁt rEPRSRALER! $hkdton,

signi ficant devel opnent has gone into a range 0 oscop| c surgical

| nSLT UTRLBh A8 YobRANG S8l PRSS] S RhARBIRAY, Phalplbgial end ef fector

at a desired Csiur ‘hrough cannu a‘tro ese distal end

ef fect en u ways to achi eve a diagnostic or
therapgﬁ ?“%P2§H¥qﬁ%kaﬁﬁo3%8@%ﬂ?¥@$9ﬂgﬁ8§%e cutter, staplers, clip
applier, access device, drug4 ene therapy delivery devi ce, and energy device
using ul t r asYUREICAR INSTREMENT HAVINGATHEDBA WK Ss‘(ﬁTgErMain"élitaﬁﬁl ers include

an end effector that sinultaneously nakes a |ongitudinal incision in tissue
and appir¢desick EnShelton, 184 dgspms Ro Masgane Kevig Rs iRpdls Jedfrex ieSwayee endRugenhe

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



end effector includes a pair of cooperating jaw nenbers that, if the
instrunment is intended for 3 endoscopic or | aparoscopic applications, are
capabl e of passing through a cannul a passageway. One of the jaw nenbers
receives a staple cartridge having at |least two laterally spaced rows of
stapl es. The other jaw nenber defines an anvil having staple-form ng pockets
aligned with the rows of staples in the cartridge. The instrunent includes
a plurality of reciprocating wedges which, when driven distally, pass

t hrough openings in the staple cartridge and engage drivers supporting the
st apl esndascafi¢ exclhpdrbseopic mppiicatdnst lre capabid efpatsivgathcbuigha camila pasg@@ay. An
exanpl e of a surgical stapler suitable for endoscopic applications is
descri [a@ off the jAtlv menfBats redives D, stple: BBBdgeivity Ailgast t0sdscally Spated wwsdf Wit h
distinct closing and firing actions. A «clinician using t%is device is able

to ol 03fplelericdiheRRADREAbUARint &5440i1 haviRe Shblb MrrkiRE pbiRaLSendl b to

firing. ce the clinician has determ ned that the Jaw nenbers are properly

gri ppi i ;i G & ] ' ' éy . with a
singIeQ .%%%%ﬁﬁﬁﬁ%ﬁgsmﬁﬁaﬁa?b?g?gﬁ?Pﬁpﬁg“kg??3&%@?355%1ﬁ fﬂgé§§h§%e devi ce.
Firing the surgical stapler causes severin ngd st 4§§1 the ti.ssue. The
o1 il ¢ 20 SR B R Bl SRR R0 RN e S0 St SR ks Y s wihen
per form ng sucR actions seque t,ialét with different surgical tools that
respecFWﬁ@FV¥H¢??W@EVQFﬂﬁﬂﬁgegﬁé%P %eF@B@%P“@HEmgﬁBEific advant age of being
able to close upon tissue before firing is that the clinician is able to
veri fy [0008] adneramplesa sigigal stapleiaépble foriepdescorip apriications ig described ineen
achieved, including a sufficient anount of tissue has been captured between
opposi /S jRansNo. S@AEhEPH whech dipg ossks iy endoaatteranithbdistichiinsing andfidsgadtioge thher |
especially pinching at their distal ends, and thus not effectively formng
cl osed cHhigjah @sing thi$ devicedy eble b ¢loshejawherhbers opdictissextorppBition tidtissuecessi ve
anount of clanped tissue nay cause binding and an inconplete firing.

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



[ 0007] Endoscopic staplers/cutters continue to increase in conplexity and
function with each generation. One of the main reasons for this is the
quest for lower force-to-fire (FTF) to a level 4 that all or a great
majority of surgeons can handle. One known solution to |ower FTF it use CO2
or electrical nmotors. These devices have not faired nuch better than

tradi tional hand-powered devices, but for a different reason. Surgeons
typically prefer to experience proportionate force distribution to that
bei ng experienced by the end-effector in the formng the staple to assure
them tiahll bhg gfedt hhjBASIfabidebits @Y GhRilé. SORORIIVEL Blutithtd 1dWe FIPRese |00y t
within the capabilities of nost surgeons (usually around 15-30 | bs). They

al so t ypifeakityl b, rRedtRicPicad hve ABE fakbd AliciiBePMiah GradiidRalHaadbswared bei ng
able to stop at anytine if the forces felt in the handle of the device feel

too  9reateOhudl a i ! ?g{)e{g&{n @ui%ioﬁﬂgﬁ{cgﬁﬁrgfer ﬁ]i@)@gﬂé%%&% Jﬁ)@t@&ﬁ&kfo%fgf :Ct S

are not suifa Iy rea eln res r- tters.

result,.there is_ a general .|l ack, of acce nc.e hysi ci an of notor-drive
endocutiengigng 1 FECERervE R pY e R B EPEE B oPRRGE 87s DhseiHE VB,
pressing a button. SUMVARY 100081 |n one general aspect, .the present

i nvent it%ﬁ thescuamg@ap@ag fxflﬁlswm@%tez Sathdhe wpneh|imit, yyithin the capabilftics 0 pioplg
instrunment that provides feedback to the user regarding the position, force
and) or sutteptsdystialy atstind h-38 eb) K hescalor typivlly Wars €9 mesain comiro) af fenleying

enbodi nents, also allows the operator to control the end effector,

i ncl uditheystapdé argl ke geabl otosstapat deysinvay et forces &t inldwi haedle of bhe devivs ffeclitbont  nay
include two triggers in its handle -- a closure trigger and a firing trigger
- - W t lgreas epiar 8drie athédinicahreasuni dihsse vdbeRRedback pfécas e nof suithelyireizabletnt
retracts the closure trigger, tissue positioned in the end effector may be

cl anpegri¥nttriGoisy chfch@sdutitrs. ARQNResu@bretiNe geRPANAKQT aE&E)faﬂ_é‘él&y H8icfank i Ng
trigger, a nmotor may power, via a gear drive train, a rotational main
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.



drive shaft assenbly, which causes a cutting instrument in the end effector
to severe the clanped tissue. 5 [0009] In various enbodi nents, the

i nstrunment nmay conprise a power assist systemw th |oading force feedback
and control to reduce the firing force required to be exerted by the
operator in order to conplete the cutting operation. In such enbodi nents,
the firing trigger may be geared into the gear drive train of the main
drive shaft assenbly. In that way, the operator nay experience feedback
regarding the force being applied to the cutting instrunment. That is, the
| oadi ng0G08T c é&n waricuk embodimegts the ggenmemymdyecongiriat @ gotver dshkist dystaoh witch f or ce
experienced by the cutting instrument. Also in such embodi ments, because
the finédaehgtfoice G@dbick MERbAELIItHFAud e BEAL feHed NQuirdd 18ib8 exé@ddas thppl | ed by
the operator may be added to the force applied to the notor. [00101

Accor digBgtafo mV@l'HérQH %oﬁﬁﬁ%h@?ﬁﬁlﬁg oﬂf@?ﬁﬂ)nt e sichlehib@dinfdnBd e ﬂrﬁlgrtﬂ gegtagd an
appropriate anount .g., five degrees), an on/off switch e acfuated,

whi ch %@%Qﬁe@{nﬁi &ngart ive AGin R malh%{nt_w&l?atﬂea ngﬁﬁntﬁésgﬁﬁhtf»bﬁgﬁ ac%y@rat&rhus

comencl Ag actuat the drive s asse end tor
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proportional to where the cutting instrunent is in the end effector ( . 9.,
ful |y despuegeld Adgo mypuplyembedimgeis.cigyausethetfifing trigges isogsaredtiote thoggagdayop
retracting the firing trigger at sone point in the stroke to stop the

mot or , t@ing faréeappbipd by the ophm@tor mayibegddesk to dire. forae applikid: to olre ms@nsor s may be used
to detect the beginning of the stroke of the end effector (e.g., fully

r et r actje@Opogictordimg tanaridusendodinthts) When it fieikg tr{gedis, retrattddyancepptopyied
position), respectively. Consequently, the sensors nay provide an adaptive

cont r OlamdM&(E1), 196 d6QBds),Qnlodnndrf SMEthehdyaset Rfuatd@PvRXABEHds hRainal B tRihsiode Of

t he cl osed Ioop
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



system of the notor, gear drive train, and end effector. 10011] In other
enbodi nents, the firing trigger may not be directly geared into the gear
drive train used to actuate the end effector. In such enbodi ments, a second
notor may be used to 6 apply forces to the firing trigger to sinulate the
depl oynent of the cutting instrunent in the end effector. The second notor
may be controll ed based on increnental rotations of the main drive shaft
assenbly, which nmay be neasured by a rotary encoder. In such enbodi nent, the
position of the rotational position of the firing trigger may be related to
t he poapply Gsrc&fto theefirtng thilge to biRildtelthe deploymeme f ehectueidedaitaimenficthé ehal |y,
an on/off switch or a proportional switch may be used to control the nmain
ot or  Effe®on. THeGedBAH HotdiBdy ROVRISI1Ed WasEPéMindlehéRtal Fddtiohs of B hedlin drvevar i ous

i npl ementations, the end effector may use a helical drive screw in the base

of the end, &dHRg Lolich ﬁaggkmat‘gﬁ @u{é girt{}gie'aﬁw Yeds ¢ &imefﬁ,ghé gasmoﬁ\J | so. the

end ef fector may inc as ge for stapling t severe
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sealin&f he“seve I SSue udin ener gy ang adhesi ves.
[0013] .Al so, t.he instrunment i ncl ude nmechani cal cl.osure. system The
mechani SEPMERE dieend £E0tam A ol B LalT SY EhgH e eRPETTEY WIS Y B cl anpi ng
menber, such as an anvil, pivotably connected to the channel to clanp
ti ssue YpSP coriFRl the maip moter{§e ethe dpdtenthat pewersdhe mamdriyeshaft e the cl anpi ng
action of the end effector by retracting the closer trigger, which, through
a mechd®1@hl Icvaspus enplyweriationsathe end effretas inzaypise g heldaal drivepfcrevnin thebasef f ect or .
Once the clanping nenber is |ocked in place, the operator may activate the
cut t i ngf teendtifanodiy drie¢ thechiting insremestgpar, &knde) iAlso)aghd endgdfector ays nay cause
the cutting instrument to travel longitudinally along the channel in order
to cut ifdieuatpladipedgdior stapligtle eéviefaltRBEue. According to other embodiments, other

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

adhesives.

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

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

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

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

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

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

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

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

[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



[0014] In various inplenentations, the instrunent may include a rotational
mai n drive shaft assenbly for actuating the end effector. Further, the main
drive shaft nmay conprise an articulating joint such that the end effector
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. 100151 O her aspects of
the present invention are directed to various nmechani sns for |ocking the
closure trigger to a lower, pistol-grip portion of the handle. Such

enbodi wempssef for examplepameel gear dshambigdirevalsal gdnt] yr afdaxikle sovdiobedblad t he
triggers for other conponents of the instrunment, including conponents of

t he geaspablel of€rahdndittihgab@ionercoesthaRhd effectdrosur e system DRAWNGS 100161
Various enbodi nents of the present invention are described herein by way of

exanpl ¢oo1sp O diiekls O thM présehtiRvdn@ibh @M di@ctbd BV HRus WREEAisthsHboMERRg 1 and 2
are perspective views of a surgical cutting and fastening instrunen

ot od B AER T R LNB0T, Sorit B FAGV. K ERbb I M Py ¢

expl oded views e instrunment ac ing to

vari ous odinents _of the present i.nventiop: Figure 6 i.5 a side view of the
end of TLEERUTRCTy Rbo X<y e B BeatiBial hos fer Eoroidnt of Belnhfipkine i on:
Figure.7 is an expl oded view of the handle of the instrunent according to
var i oudicMSREAmMASREILS B thF GEATSFIYE BRI a0l D Bs BRI CHERTIESYE End © are partial
perspective views of the handl e according to various enbodinents of the
present invention;

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

Figures | 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;



Figure 10 is a side view of the handle according to various enbodi nents of
the present invention; 8 Figure Il is a schematic diagramof a circuit used
in the instrument according to various enbodiments of the present

i nvention; Figures 12-13 are side views of the handl e according to other
enbodi nents of the present invention; Figures 14-22 illustrate different
mechani snms for | ocking the closure trigger according to various enbodi nents
of the present invention; Figures 23A-B show a universal joint ("u joint")
that may be enployed at the articulation point of the instrunent according

to various piEhRdIINERkshenfatit ARZRAINESRNEirdul ViSEH ih @R inbthihkdre ScobfdinBtosVaeivts a
torsion cable that may be enployed at the articulation point of the

instr ugﬁg&diﬁﬁﬁt@%g{h@%résgnt\ﬁﬁ‘&én95§' enbodi ments of the present invention;
Figures 25-31 illustrate a surgical cutting and fastening instrument wth
power assi st 1di. 00§ O : =Y f ienventi.an;

i gar co. 32. Bt 1200 AFlEvERPLIGE naORERANe (oleb ErBLASRRL o BETREEA | 1
power assist according to yet another enbodi ment of the present invention;

Fi gur e™V8"MYY |l ustrate a surgical cutting and fastening instrument with
tactile feedback to enbodipgnts of the present invention;, and Figures 41-42
illustrate Blgawaaéﬂ?ilﬁ%ate et m?faﬁnlﬁtayft%ioqug@dﬁ%l&‘ewafrfﬁgef 3rcgudinedas

enbodi ments of the present invention. DETAI LED DESCRI PTI ON 100171 Figures |
and 2 oeagnusemiodigegis©dthedquesentigventi@ns ast eni ng i nstrunent 10 according to

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



vari ous enbodi ments of the present invention. The illustrated enbodi nent is
an endoscopic instrunent and, in general, the enbodi nents of the instrunent
10 described herein are 9 endoscopic surgical cutting and fastening
instrunments. It should be noted, however, that according to other

enbodi nents of the present invention, the instrunent may be a non-
endoscopi ¢ surgical cutting and fastening instrunent, such as a | aparoscopic
instrument. [0018] The surgical instrunent 10 depicted in Figures 1 and 2
conprises a handle 6, a shaft 8, and an articulating end effector 12

pi vot akhdoscspingegiedl cuminglaad shehing8nsatuneatsaiitshowild &t inoted phosdver hat  An
articulation control 16 may be provided adjacent to the handle 6 to effect

rotati geoffing REIRAEmbBAIMRGEVT tHelpraRatinvédiRnaht insthMbhtQRaybevOhonl4. I n the
illustrated enmbodinent, the end effector 12 is configured to act as an

endocu%ﬁﬁsc&p@%?u?#lmhﬂﬁ an& Yds g?lﬂlgn@ﬁ% heRidhng allh Edé@cl)f)slg d‘kﬂﬁhﬁgﬂ i n other

enbodi nent' s erent ypes ectors ma such as end

eff ect S(SO%SI:F::th %qullrcaltlxgrunéen%) L Flguei\‘\és:, Egr}d’ 2¢O &'ﬁ%g ggr?d?lg & rass‘hafl\f lét ters,

st apl er's p ers eV|ces ene era

ul trasou er dev S, 9 ndl e 6 f the i nstrumnment
10"y At i1 Sing S GFctEr %@é?taﬁécm%cts HtPF E\&f{? ggarticuliion givo a@ uat i ng
the end effector 12. It will be appreciated that instrunments having end

ef f ect dwaartighlation carfral d 6 Aayrbernsayid cgrf|to thediandlg@yio gEGe retationelehe idlinber s
or types of triggers or other suitable controls for operating the end

ef f ect effedor. 12Tabeutghel articflatoropival 4. dn thealinstsited @mbodinent,dhe endreftetand2 & 6 by a
preferably el ongate shaft 8. In one enbodinent, a clinician or operator of
the i oeifigupeitd adtGis A ¥nducuiterubatlemping, s@ﬂdir@%éetapringlﬂssnala;hhbu@, inothdre shaft
8 by utilizing the articulation control 16, as described in nore detail in

pendi ngmUocﬁmeﬁt@t(ﬂﬁEreﬂﬂp{oésQﬂTeh@ Bff&®6rs nl¥9 be udel, 328,20 2R efffédrdrel folverEpped O,
2006, entitled "Surgical Instrunment Having An Articulating End Effector,

by Geotyf 5if¥icstdetided, Sudhlas Brasperdttiufibrs] Rapld?s UiPpietd aBRELANIRY, drfd/B&RNCe.
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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[0020] The end effector 12 includes in this exanple, anong other things, a
staple channel 22 and a pivotally transl atabl e clanpi ng nenber, such as an
anvil 24, which are maintained at a spacing that assures effective stapling
and severing of tissue clanped in the end effector 12. The 10 handle 6
includes a pistol grip 26 towards which a closure trigger 18 is pivotally
drawn by the clinician to cause clanping or closing of the anvil 24 toward
the staple channel 22 of the end effector 12 to thereby clanp tissue
posi ti oned between the anvil 24 and channel 22. The firing trigger 20 is

f ar t herhaadit l6daclcdest pided geip@Suowards whiphra cl@ure@riggertl8ds pivotily drawn tlggee 18 i s

| ocked in the closure position as further described below, the firing

tri ggerclidRidiay ci@t alatpild @eldsihgtod iy dhvil LD owpdrd t stapld ¢hadRelDQ of Bdtentit can be
reached by the operator using one hand. Then the operator nay pivotally

draw t Ngfetiof 1 thEﬂeEﬂ@l‘émBle§&%§1QOﬁélpoeN&BQllle Mv'il@ﬂa%d%ﬁarﬁ@% ”F}Qﬁirﬁigap' ing

and severing of clanped tissue in the end effector I n ot her
ggbgg'egﬁgée% QR% fahﬁ§ edﬁ?bota}’docﬁ%hé)&osu% ﬁ%gleﬂ"ﬂz. f&%’%%écl{?&% ?@g?tl{kef?&l& 1n24 coul d

appr eci d that .t he terns sta are ysed.

o er erfBBCIP YIS PEI 41HHG PF%&gﬁ%mﬁ‘é tﬁ%ﬂﬂ{l% (o8t 20 ReY LR Sl et s
the end effector 12 is distal with respect to the pore proxi nmal handl e 6.
It willt wsnongtlm%@ SOatbﬁtﬂéeanalteéaaqhﬁ%by the&perat%ﬁ%ape%@da ep therqpesptorspat i al
terms such as "vertical” and "horizontal” are used herein with respect to
t he dr awdypjsotaloduewdhe fisng trigsat 20 weerdihepisto! arip 12 seehupeithagtapling 4ndnt at i ons
and positions, and these terns are not intended to be limting and

absol utsever[n@@? 2lamphé tisdue sruthe ehd effeptor 128 ImathebambrelimertsdifféretitypeSofe t he
clinician is satisfied with the positioning of the end effector 12, the

cl i ni ciddinpiay mdmdersbasidesttheardlilosiugoald bel \@ed lsuchBas) forekginple] dn}bpp@én@@ﬁdf | ocked

position proximate to the pistol grip 26. The firing trigger 20 nay then be
etc.
[0021] It will be appreciated that the terms "proximal" and "distal" are used herein with
reference to a clinician gripping the handle 6 of an instrument 10. Thus, the end effector 12 is
distal with respect to the more proximal handle 6. It will be further appreciated that, for
convenience and clarity, spatial terms such as "vertical" and "horizontal" are used herein with
respect to the drawings. However, surgical instruments are used in many orientations and
positions, and these terms are not intended to be limiting and absolute.
[0022] The closure trigger 18 may be actuated first. Once the clinician is satisfied with the
positioning of the end effector 12, the clinician may draw back the closure trigger 18 to its fully
closed, locked position proximate to the pistol grip 26. The firing trigger 20 may then be
actuated. The firing trigger 20 returns to the open position (shown in Figures 1 and 2) when the

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

when depressed may release the locked closure trigger 18. The release button may be
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actuated. The firing trigger 20 returns to the open position (shown in
Figures 1 and 2) when the clinician renpbves pressure, as described nore
fully below. A release button on the handle 6 , when depressed may rel ease
the | ocked closure trigger 18. The rel ease button may be 11 inplenmented in
various forms such as, for exanple, as a slide release button 160 shown in
Figure 14, and/or button 172 shown in Figure 16. [00231 Figure 3 is an

expl oded view of the end effector 12 according to various enbodi nents. As
shown in the illustrated enbodi nent, the end effector 12 may include, in
addi t i omplemented in yariows farsis pucheast foo apainpdéan aelid22leaswbutonill60 Bdgwraindigure ng
instrunment 32, a sled 33, a staple <cartridge 34 that is renovably seated in
t he chaansid/adutten 7 Bshibehiis Blguscréew shaft 36. The cutting instrunent 32 nay
be, for exanple, a knife. The anvil 24 may be pivotably opened and cl osed at

a pi votjo@) Ntrigre 9%%{?%&‘1 QiU tIRY éndieffRéBr ENsLcBididd¥® vahauy ¥hbodénentdle anvi l

24 may also include a tab 27 at its proximate end that is inserted into a

open’ Ay suBtyni e TREHSU €RbobRAL I end AR IARIEIINGE, UBLNSH RELOD, 10
is, drawn.in

b . user, of the inst. nt .10,. the anyjl i,vot about
the pi Prvio B ales ek el ARpL el g o psl T 8sRd X B g ot he
end effector 12 is satisfactory, .the o at qr actuate the firin
tri ggercastidgeitha is '&?%ﬁ?)‘lyé?%%ﬁmiﬂi‘ls ﬂepe)e‘?ﬁémat%@%wewa%g%éé- Ff\%ﬂi&‘ﬁ?& e 32
and sled 33 to travel longitudinally along the channel 22, thereby cutting
ti ssue inguEeped? Max be, forgramplega M@&E@ranxg 24 may bgpinotabhy opsmed ped epsed ag3
al ong the channel 22 causes the staples of the staple cartridge 34 to be
dri ven atfivasipgint 2heormested totht prsimatamu efghé clsmnn¢lR8. Thk esati2may hls@4, whi ch
turns the staples to fasten the severed tissue. In various enbodi nents, the
sl ed 33ndhade dxab AN ai its peoXidlateCand Pl ¢ihsedfed e a camponelgef tBé mekhanicaPébsure

6,978,921, entitled "Surgical stapling instrunment incorporating an E-beam

firing sgRehMseBed et Belot) tIEEinRAA @loS&HthB @h@I 24, OWhen the closure trigger 18 is
actuated, that is, drawn in by a user of the instrument 10, the anvil 24 may pivot about the pivot
point 25 into the clamped or closed position. If clamping of the end effector 12 is satisfactory,
the operator may actuate the firing trigger 20, which, as explained in more detail below, causes
the knife 32 and sled 33 to travel longitudinally along the channel 22, thereby cutting tissue
clamped within the end effector 12. The movement of the sled 33 along the channel 22 causes
the staples of the staple cartridge 34 to be driven through the severed tissue and against the
closed anvil 24, which turns the staples to fasten the severed tissue. In various embodiments, the
sled 33 may be an integral component of the cartridge 34. U.S. Pat. 6,978,921, entitled “Surgical
stapling instrument incorporating an E-beam firing mechanism,” which is incorporated herein by
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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reference, provides nore details about such two-stroke cutting and fastening
instrunments. The sled 33 may be part of the cartridge 34, such that when
the knife 32 retracts following the cutting operation, the sled 33 does not
retract. 12 [0024] It should be noted that although the enbodi nents of the
instrunent 10 described herein enploy an end effector 12 that staples the
severed tissue, in other enbodinents different techniques for fastening or
sealing the severed tissue nmay be used. For exanple, end effectors that use
RF energy or adhesives to fasten the severed tissue may al so be used. U S
Pat . N@0024p, 1GRoE8 B¢ aoted tHae althokE i (AERGHBIORG cOALo fidiMDSTUNTdnE 1 DidvdcGbd heapeivat es et
al., and U S. Pat. No. 5,688,270 entitled "ELECTROSURG CAL HEMOSTATI C

DEVI CEeMpibiyl an RECESSIH? 1ANBAt GRS sty drkEGsREDESthet emd@timentetiffdrent Whi ch are
i ncorporated herein by reference, disclose an endoscopic cutting instrunent

t hat U%e%ﬁmﬁ?uces%leﬂ’a%mhg op&aling e s%\‘&f t?sgue ﬁlh}$§éjﬁsed UF&- exP ﬁfpféq’éncfﬁpéc't&ét on
Seri al 11/ 267,811 to Jerone R Morgan, et. al .S, Patent

Aol i i Rﬁsegaegéy mgh%sgeg?%fagéﬁtﬁe%e@rsaig;sh%agﬁistﬁ'@sLgecan,U (pogo, 2, whi ch

are al S6 TIncor reference, distlose an endoscoplc cuttlng

a1t hour AR gféﬁ%ﬁﬁﬁﬁ@é@fwé@ %{?E*@%fﬁﬁmﬁﬁﬁél‘? PREL KN
ebodi Kook 4R Pk G ROSCROTE %&H&I@ﬁé\?ﬁi@?éﬁf hg

technliggs may al so be used. 0025 gures 4 and 5 are expl oded views and
Fi gur e REGESSEDANP/QR &FFSETH HEEHRO E Iﬁ\ﬁ?teslfz al. awhiich peefinc@pereted hereing t o
various emnbodi nents. As shown in the illustrated enbodi nent, the shaft 8

may i nby uefereacepdisclbseaneendbmepic euttinp énsttOmamtdha udéssREaénemg)oE)wleel thaifpaerd@
pivotably linked by a pivot links 44. The distal closure tube 42 includes
an operikdug. 5. Pateat ApplicatidmSeriatNo2¥1/267,8 Nao JaromelR. Morgsn, ensahéd.$.n order to

open and close the anvil 24, as further described bel ow. D sposed
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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inside the closure tubes 40, 42 may be a proxi mate spine tube 46. D sposed
inside the proximate spine tube 46 may be a nmain rotational (or proxinate)
drive shaft 48 that communicates with a secondary (or distal) drive shaft
50 via a bevel gear assenbly 52. The secondary drive shaft 50 1is connected
to a drive gear 54 that engages a proximte drive gear 56 of the helica
screw shaft 13 36. The vertical bevel gear 52b may sit and pivot in an
opening 57 in the distal end of the proximte spine tube 46. A distal spine
tube 58 nmay be used to enclose the secondary drive shaft 50 and the drive

gears 5%, 13R-vefiRhl et geat 32b hiresin@idrpiettiinen sleafng Han thhBstslegandaly drive
shaft 50, and the articulation assenbly (e.g., the bevel gear assenbly

52a-C) AbSmaBideThR 465T£ Uk shife tBE5S Ay BS ulddGo chBbE tHE btEn R itivehag mo!l v.
[ 0026] ‘A bearing 38, positioned at a dlsgal end of the staple cthannel 22,

recei vesg, %ﬂg(%heh(%‘jecﬁ%%rgggg%(i{e?(g%%ﬁ%glg%e T%L":"'%ngghaspﬂ‘g F}\? Jeltldalll dritG Sﬁ‘ﬁ%fqv 36 to

freely Totate wt hanne I'I'ca Crew s 36

interface .a thread i t sh the knife 32 t hat
ot at | iR e s B o8 ph ke PRSRB et el wifoor

proxi mat el y dependj ng on the direction of the rotation) through the staple

channel hepein aghe omaingdivg shafhassemblie ain drive shaft 48 is caused to rotate
by actuation of the firing trigger 20 (as explained in nore detail below),
t he bevi@D2@jeah beasingf) posBmmed atcadistalendiod theesstapirorhagnel 2R iecaivrsftke Biicalo rot at e,
which in turn, because of the engagenent of the drive gears 54, 56, causes
t he hel droalscreeri®nalidvahg thedglicad drive sirew 34 fréelye auate svithhvesplectit éhecbhantiehg menber
32 to travel longitudinally along the channel 22 to cut any tissue cl anped

wi t hi n 1hertemdlil kaew Shaft IhMag i€t fazs aliir¥aded op&rify @ot sHown) @X eiekinife 32 pl ast i c,
and may have a sloped distal surface. As the sled 33 traverse the channel

22, thegygh MREMHatioR OMHeAhSB6 BaRed MY kRIASID WRraAlaf didAly BprSlimRle8S 1N the
staple cartridge through the clanped tissue and against the anvil 24. The

anvi | z(ﬂeﬁeﬂﬁﬁﬁ oh 'ﬁ?e &%&8&@ Sf tht Hﬁﬁtﬁ@] th%\?gﬂl th@&aﬁl@ Ehatni¥i®2% qAJcbﬁﬁr’fﬁy, when

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

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

where the cutting/stapling operation is actuated by merely pressing a button. In contrast,
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When the knife 32 is retracted, the knife 32 and sled 33 may becone

di sengaged, thereby leaving the sled 33 at the distal end of the channel

22. 100271 As described above, because of the | ack of user feedback for the
cutting/stapling operation, there is a general |ack of acceptance anong
physi ci ans of notor-driven endocutters where the cutting/stapling operation
is actuated by nerely pressing a button. In contrast, 14 enbodi nents of the
present invention provide a notor-driven endocutter w th user-feedback of

t he depl oynent, force, and/or position of the cutting instrument in the end
ef f ect embodlROR8 df the greses invehfion prlouiit hatw@oradrivex enghdcattyr it oty -fieedbaciifof a

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

provi dgg duﬁleyméﬁe@mcmﬂ&g@@i@bﬁ@fthhezu@agIlmmaeﬁt iafk dndadienigr. force of the
cutting instrunent in the end effector. In addition, the enbodi nent may use

pover qepgyi ﬁggrew fohBudSE anl e gfafya&ﬁBJ&nEﬂl%fBHdt&gdrwehgﬂ&fcu‘ag Liprjpover  the

deV|ce (a ‘so- power assi shown in the illustrated
enbodi e and
exter | ﬁfrﬂ%%%retﬁee%%@%"th?rs@féé EW@% FkL PPl rRn g W hop B Pond Tondil 3
exteriqr he handl| e as.a Li ion batter be

ot ovi ages 1 g iisaorgine B8 shf e bictos 1SRN HE rbatEPent ey BT pel 64
powers a npotor 65 disposed in an, upper Eortlon of the pistal grip portion
26 of PIexided Rythe user lﬂéet&can&@etfksmgém?a 0 topaover thsrfteyice (hgo-ealledr P& may be a
DC brushed driving notor having a maxi mumrotation of, approximtely, 5000
RPM  Thistireds). 84 shawn iarthe dluatragbemboditeniathe hapdiebrinicludesexseninriowsensilea f i r st
bevel gear 68 and a second bevel gear 70. The bevel gear assenbly 66 may
drive piepdseiebrand qxeaior appseRidk pieces 6 TH2 thaplfiatogtthento daar, imgaemdblthe 72 may
include a pinion gear 74 connected to a drive shaft 76. The pinion gear 74

may dr kmericy oTeHe HafldIe iGN\ BRfEy 68 shdreds adlilivEBatRry) &laly &alpr&ieddd ifl thepisiol ¢tipa a
drive shaft 82. Aring 84 nmay be threaded on the helical gear drum 80.

Thus, WEEBn bO6F MRHhAKAIES. The battery 64 powers a motor 65 disposed in an upper portion of the

he

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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rotates, the ring 84 is caused to travel along the helical gear drum 80 by
nmeans of the interposed bevel gear assenbly 66, planetary gear assenbly 72
and ring gear 78. [00291 The handle 6 nay al so include a run notor 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 exanple, a 15 rheostat or variable resistor. \Wen the
firi ngriebstarae va2dblé RsidtoaWWhen thet firingeipso 0 I @rade tig clicssehbe 110deteceite, and
sends an electrical signal indicative of the voltage (or power) to be

suppl i gRvéfent!dng sBiRis@h efRtrici@ghal IdicagNSeTthelMdltalss (G poveh)abbe sipphib®ior or the
like, the rotation of the notor 65 may be generally proportional to the

anmount tlfafmcff&vﬁmﬁerptile §880f 1101199 vhridbio@5isiPor thE fike, it rotdtioh 3 thePRGEAGOT only
o) 20 [1ttle bi th

draws or closes the tiring trigger In a t, e rotation of the
' . tivel - oo . 0 i o f .
Tor AR BoE VA R 08 e el s AT |0

maxi mum I n other words, the_harder the user lls on the firing . .trigger

0. ¢ nesrPeo et FoseyBr PR FirberAl ingfhe Bk hSoflionst deabaBfbs it o or
rotation. [0030] The handle 6 may .include a niddle handl e piece 104 adjacent
to therdasiyely Iowr Whea the ﬁrll@mlggﬁrri?loﬂg filky; dsapen im(or imthe fillyrdosed gosdtian. thay
conprise a bias spring 112 connected between posts on the mddl e handle

pi ece 1®atioared thermotbr 63 isgt tts mgyierun20ln otties werdss the patdeythe 1sermanls b the firlag firi ng
trigger 20 to its fully open position. In that way, when the operator

r el easeiggbn®), thermorg vbltaggdeapptied to thh endborasS, eqnsing grehfie? rated of rptatibn.t he firi ng
trigger 20 to its open position, thereby renoving actuation of the sensor

110, t [oB3ePYTh BRI WmaPingtidea niitldie Aendi®piete ikt adMee@Qy &, uppyr portidrisf of t he
bias spring 112, any time a user closes the firing trigger 20, the user

Wil eRaingiGEack 261 ShaRaRId QaltdRay CbASRA BRYHARS P cIHRBEEPYREQVpHisNY t he

user wth feedback as to the anDun¥ of rotation exerted
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

16



by the notor 65. Further, the operator could stop retracting the firing
trigger 20 to thereby renove force fromthe sensor 100, to thereby stop the
notor 65. As such, the user may stop the deploynent of the end effector 12,
t hereby providing a neasure of control of the cutting/fastening operation
to the operator. 100311 The distal end of the helical gear drum 80 i ncl udes
a distal drive shaft 120 that drives a ring gear 122, which mates with a

pi ni on 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 nahedrivkGhafaagserdblye rathtaf whials senéd actitadon of the end effficctdr 1Qaassdescribet uat i on
of the end effector 12, as described above. 100321 The ring 84 threaded on
t he hehpsal gear drum 80 may include a post 86 that is disposed wthin a
slot 88 of a slotted arm 90. The slotted arm 90 has an opening 92 its

opposi msgpdTﬁélrmé @@{hréaﬁe@ by g% lf%h@dl ¥k dRtirf? 88 $haly hﬁéludesa &QFS‘@&%@Q dhgbyaen the

handl e "exteri or de pieces 59, he pivot pin I's al so di sposed

t hr ougy; @, Os‘?&rﬁsrlﬁajsfl’gtﬁh Qix%gg;[h{ élE‘@e rin 3 %Has grgeﬁe&kgﬁgs?&eﬁsgﬁﬂr@aﬁ% ch%q 1N the

m ddl e han I ece |t|on I ncl'ude a
not ar (or end roke se

revers or 0 aﬂg a stop notor é
begi niTHLRETYa kST Sh G fa'z"e%eﬁsb < e BRI SR FEN B¢ TGS PR ot or
sensor 130 may be a limt switch |located at the distal_end of the helical
gear dPUYR! &0 9§eﬁ:stq ‘#famosed theoushrag opening F Uhindbe bring tigesreld andian gpering!! ¥m 80
contacts and trips the reverse notor sensor 130 when the ring 84 reaches
t he di #tthe middle bandidpiedeel®Mcal gear drum 80. The reverse notor sensor 130,
when activated, sends a signal to the notor 65 to reverse its rotation
di r ect [@033] t headdizion, thie thanktladinmay ibdleddaniel @sSDowof (drivad-@ifidireid season) 13D2nd
followi ng the cutting operation. [00341 The stop notor sensor 142 may be,
for exarPbenotér (BObdpiiyg-61-afke) densortl 43 Wit vahioud émbodiments, 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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various enbodi ments, 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. 100351 In operation,
when an operator of the instrunment 10 pulls back the firing trigger 20, the
sensor 110 detects the deploynment of the firing trigger 20 and sends a
signal to the notor 65 to cause forward rotation of the notor 65 at, for
exanple, a rate proportional to how hard the operator pulls back the firing
trigger 20. The forward rotation of the notor 65 in turn causes the ring
gear 7Belihl gehedrdins8latb retard, edusing eheirgy 84t threddgioar thahsléabgaar dilini 80 todttatle,
thereby causing the 17 helical gear drum80 to rotate, causing the ring 84

t hr eadggdtaftyp abh%_tﬂéﬁeii&ﬁ'gg:ﬁ@l@ﬁm@ou Mhétitdntot@eHelicaligshrdrhin 88l aMadirivBethbel i cal
gear drum 80. The rotation of the helical gear drum 80 also drives the main

dri i y _gear f
(Ve SRS GiAsRRTRIMA (I8SEHhREboIb M WAhEaldls lfiBuRaHSEhedapt gyment o

t he kn In the e ector 1 at 1s, the e 32 and sled 33 are

caused, e LEURLAE 15" ANE0RGLA20 8D o WISKER BHELND, L1 Ssue

clanpealln e end effector operati o e end
effector 12.is caused ta happen in embodi S re.a stapli.ng-type end
of f oct Grefiainglycecpysubne BHRE flamped i PhEnCa eIt s i Mg uolias aesrBionor « ne
end effector 12 is conplete, the ring 84 on the helical gear drum 80 will
have rebbpee ¢ffrstanildisasaugsddo baprepdn pabodimpents ahered sitnling-tyRerid effgctotigusi ng
the reverse notor sensor 130 to be tripped, which sends a signal to the
notor 68dto cause the notor 65 to reverse its rotation. This in turn causes
the knife 32 to retract, and al so causes the ring 84 on the helical gear
drum 8(086] nBy eheliamktht autting/spapling spetatioanfthefend bffedied 12ciakcogplrte, tha ring880.
[0037] The m ddl e handl e piece 104 includes a backsi de shoul der 106 t hat
engagegn te@ehdadgéLdrum 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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arm 90 as best shown in Figures 8 and 9. The m ddl e handl e piece 104 al so
has a forward notion stop 107 that engages the firing trigger 20. The
novenent of the slotted arm90 is controlled, as expl ai ned above, by
rotation of the notor 65. Wien the slotted arm 90 rotates CCWas the ring
84 travels fromthe proximate end of the helical gear drum80 to the distal
end, the mddle handle piece 104 will be free to rotate CCW Thus, as the
user draws in the firing trigger 20, the firing trigger 20 will engage the
forward notion stop 107 of the m ddle handle piece 104, causing the mddle
handl e fgiseme rébSen, tle sla@tedtaem QQWill Swp rotating) endthe lusérdallsioot atde to fuiBerengagi ng
the slotted arm 90, however, the mddle handle piece 104 will only be able
to rodakiein @My trigberd® Hebuss tetrhiddledandl Picpe LM WHl ndt be ffileato tte CCIW t he

not or 65 should stop rotating 18 for some reason, the slotted arm 90 will
stop r ghéfol thslo@ddhrin® user will not be able to further drawin the firing

trigger 20 because the m ddl e handl e piece 104 will not be free to rotate
o) I t Wo
stat es Pt EREEAER Boafinol i HE s Vel Se%%rq‘“‘ﬂ iy e BRI Rt 1) 1

accordln to VaLLOUS 5{ |nents ?; Ihet I sent venR:onThThe seﬂﬁor 110
may i n8}° e?e%f'O'f ke V%%?}‘S e&‘ flimgitsg etFFSS&B, TR"282," "8 &0

el ectrode (B), 284, and a ible dielectric materi 6 (e.g., EAP)
bet viee My eTiegcpbegion g, a %Jeéég%lf a seaqpdFigpirgde &95%%? Wed such t hat
the face portion 280 contacts the firing trigger 20 when retracted.

Accor dicergprgssitipdiglectiis matenial g86 (4. ggEAP)zbr:twgenrtgq elaetrasgs 28 @84 Ehegenparc

material 286 is conpressed, as shown in Figure 42, such that the el ectrodes
282, 2840 mag be postémet ogeht thatrthe Bcapation A0 dinstctrtbefitibg triggen®ewh¢rhe el ect r odes
282, 284 is directly related to the i npedance between the el ectrodes 282,
284, t haragteé@anetordinglydivaémne €irinp erigper 20 isipedadcthe devdéttdid@aetialsyss is he

di stance the |ess Inpedance. In that way, the anount that the dielectric

286 i s c&ApRELESRInEMEin Bglirenakich Hat the electrodes 282, 284 are closer together. Since
the distance “b” between the electrodes 282, 284 is directly related to the impedance between the
electrodes 282, 284, the greater the distance the more impedance, and the closer the distance the
less impedance. In that way, the amount that the dielectric 286 is compressed due to retraction
of the firing trigger 20 (denoted as force “F” in Figure 42) is proportional to the impedance
between the electrodes 282, 284, which can be used to proportionally control the motor 65.
[0039] Components of an exemplary closure system for closing (or clamping) the anvil 24 of
the end effector 12 by retracting the closure trigger 18 are also shown in Figures 7-10. In the
illustrated embodiment, the closure system includes a yoke 250 connected to the closure trigger
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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of the firing trigger 20 (denoted as force "F' in Figure 42) is proportional
to the i npedance between the el ectrodes 282, 284, which can be used to
proportionally control the notor 65. [00391 Conponents of an exenplary

cl osure 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
al i gned openings in both the closure trigger 18 and the yoke 250. A pivot
pi N 252the gblad50vbcaineitbd vid ©pinr254 1 o iagasrcldkBrephiracies 560 SThierfzarcloaddretbnackeg h
another opening in the closure trigger 18 which is offset fromwhere the

pi N 251296cohmse th @deddht QUBHrettifketC158S WoBledtivieBY e clddure Brhtkets286) B58tdetifie Of t he
closure trigger 18 causes the upper part of the closure trlgger 18, to

whi ch the,xale nzaﬁlch%h@ﬁrhﬁm%ﬂenw@tﬁéﬁoﬂhﬂtﬁ&mé@w 24 ALEFEW 4) [h&afllist al

end of 19°the yoke I'S connect ed, V|a a p|n 4, to a first ‘closure

br acket sure

br acket r%lﬁfgld %ohll? tl Ogémfdl&qﬁ%eg @(S%)EI%EG Prack bcré)&@%?é% %8&3&? ﬁj[u‘glhéﬂopem ng
in which the oxinate e OX|nate closur.e t gure 4)

i s seat@gtony E’HBTO&"E?}E ﬁﬂ)ﬁlﬁgﬁuher}@@ II’EH?SHHV‘GWDI\%‘ES@HPC]B St OSélfeofga |28b bracket s
256, 258 causes Iongltudlnal notio the proximate cl osure tuybe 40. The

i nst r un@prosadingide ghepreimgrslosuey taw(b f{ 1026(5’ rod 260, g dnglyglei aguindons 2p} oxi nat e
closure tube 40. The closure rod 260 nay include a window 261 into which a
post 26®tawhiche post 26hen hanell the bandis ¢xseriapipicsess suchas kxigorletver side pieestdt insi de
piece 59 in the illustrated enbodinment, is disposed to fixedly connect the
cl osur ethe dths246d embadimemaisdligposed tb fixedlj abnnmmyche tlosurp rak Goetb ¢hechandlerée Ihube 40
is capable of noving longitudinally relative to the closure rod 260. The

cl osur ethaoklay? 2 preimaleScPosufttibele0 B calpableadf nedi dgalbn@ﬁl?hdamgtrelﬁﬂi&estoitm 0 a cavity

269 in proximte spine tube 46 and is retained therein by a cap 271 (see

Fi gure é‘f)sure[ R448). rhe 9195&@?6(92’60 MhYedlsd REluYOK 8isBPCIP L& it #dSnth @ chily action

of the closure trigger 18, th
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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cl osure brackets 256, 258 cause the proxi mte closure tube 40 to nove
distally (i.e., away from the handle end of the instrunment 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.
When the closure trigger 18 is unlocked fromthe | ocked position, the
proxi mate 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 wi ndow 45 of the distal closure tube 42, causes the
anvi| @o41]0 Pigwetl 1abasdheinatc Piagiain ¢fanrlecRizal difcit o thedtunent LMadcardigd
position. In that way, by retracting and | ocking the closure trigger 18, an
oper at lvaf{Bys &hARNHtSStRe PREGME RIVehtA. VR dn oératdtdniGBYpEls iR the AHE MY
unclanp the tissue follow ng the cutting/stapling operation by unlocking
t he cl ) : : k I 19 0 -0 F lis a
Q&g&‘é’zio arfﬂeBQ)%Pg g}]ef cggglt% tﬁ%%ér%, e saRst 11039 ﬁctmtefd angblﬂi'l';rn?tol

schenmat | agram o al circurt of the instrunent 10 according

Lo Var RO SIRRSIGTS Y e RS SRUERSBbe NGO AP0 0o AT R pe i 1 201

pulls 1'h I T1°Ng I'gger arter in Cl osur I gger t he
sensor 110 is activated, allowing current to flaw there through. .If the

mor o Pl gaserieplst @6 e s Glinat feaedlt huriens witl REjseh & chelaiotts Sl ' end of
the end effector stroke has not been reached), current will flow to a single

pol e, Weamreday B33y Sice dherpvearspmotgr penson ptch d @ it phesesk thedpdustordif pEWE 130 i's
not closed, the inductor 134 of the relay 132 will not be energized, so the
rel ay By M2Millipet berenetgizedoso-therealayi Pdvilltbgtivits Tdreensirgizesd state albocirauil udes a
cartridge | ockout sensor 136. If the end effector 12 includes a staple

cart ri slgeindiides 4 duetridgeiRokouil 3énsar 136. Hethiernd bffeatdroddcisdaatacstaphd dapddpg34ur r ent
to flow OQherwise, if the end effector 12 does not include a staple

cartri gg8endds 136hRiIIHRNA eHe clored Walel alRRviRPaitrent REARRYOMeBVISA T the ehdeffeckst t ery
64 from powering the notor 65. 100421 Wen the staple cartridge 34 is

presenis 4RGoSHERAL a 43fle arufd 258 0ihe WHs6 RNGHTIHeZpen, dhereby preventing the

battery 64 from powering the motor 65.

[0042] When the staple cartridge 34 is present, the sensor 136 is closed, which energizes a
single pole, single throw relay 138. When the relay 138 is energized, current flows through the
relay 136, through the variable resistor sensor 110, and to the motor 65 via a double pole, double
throw relay 140, thereby powering the motor 65 and allowing it to rotate in the forward direction.
[0043] When the end effector 12 reaches the end of its stroke, the reverse motor sensor 130
will be activated, thereby closing the switch 130 and energizing the relay 134. This causes the
relay 134 to assume its energized state (not shown in Figure 13), which causes current to bypass
the cartridge lockout sensor 136 and variable resistor 110, and instead causes current to flow to
both the normally-closed double pole, double throw relay 142 and back to the motor 65, but in a
manner, via the relay 140, that causes the motor 65 to reverse its rotational direction.

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

the relay 134 to keep it closed until the switch 142 opens. When the knife 32 is fully retracted,
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single pole, single throw relay 138. Wen the relay 138 is energized,

current flows through the relay 136, through the variable resistor sensor
110, and to the notor 65 via a double pole, double throw relay 140, thereby
powering the nmotor 65 and allowing it to rotate in the forward direction.

[ 00431 When the end effector 12 reaches the end of its stroke, the reverse
not or sensor 130 w il be activated, thereby closing the switch 130 and
energizing the relay 134. This causes the relay 134 to assune its energized
state (not shown in Figure 13), which causes current to bypass the

cartri dgestapBRieutens@ sEEch 145isagtvaled pausing thesyitghdd2 1qepenaﬂqubﬁ§?re@dn& auses
current to flowto both the normally-closed double pole, double throw relay
142 angowerdkon thetrhgon®i.or 65, but in a nmanner, via the relay 140, that
causes the notor 65 to reverse its rotational direction. 100441 Because the
st op mpeoAs] sancther emvtiod itients} 2athes thmrapbporticrlabsyed sersor t B0)tan whiolff typesenback t o
the relay 134 to keep it closed until the swtch 142 opens. \Wen the knife

32 i's ol Be RUr 36 5RH embBdinidn®s, Ble@ite GPFRAORVIHRIMEWDE §FRoddot Be act i vat ed,
causing the switch 142 to open, thereby renmoving power fromthe notor 65.

[ 0045] pl‘ oftfol & to BIEIBAE @l‘i%i ' by" tfid ratBh%tlﬂerpt %H@E&r'@%u‘l& dHferatl rl‘étgff'e at10, an

on- of f pe sensor cou e use I'n suc i ments era rotation

of t hearcrzgrtls%é}t a?e @tﬁje %{a&gr \ggﬂﬁ 9191? ﬂeplgr%le f{)r%e E‘JegPeIc rb%g WP Blelﬁgn bﬁ){ etl)e

oper at or r genera a cons rate.
But th? 0 rator £€U|d %% .experience force f eedback because the flrlng
trigger?! aF@Iﬂg Seef Y?Q%% gear drive train. [0046] Figure 12 is a
side-view of the handle 6 of a power-assist notorized endocutter according

to anol®Mbl ekigyen lri?elmamdweevéﬁ%@e.hM% 6 of a ppweIrassistameterizgdgndgeutiep t hat of

Figures 7- 10 except that in the enbodinent of Figure 12, there is not

sl ot t edccarding wranetheeembalimpm. Tha gmbddimehtr afdidigue o ist sirgilarab ithwa bf Gigares @r um 80.

Instead, in the enbodi nent of Figure 12, the ring 84
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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i ncludes a sensor portion 114 that noves 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 notor sensor 130 may be | ocated at
the distal end of the notch 116 and the stop notor sensor 142 nay be
| ocated at the proxinmate end of the notch 116. As the ring 84 noves down the
helical gear drum 80 (and back), the sensor portion 114 noves with it.
Further, as shown in Figure 12, the mddle piece 104 may have an arm 118
that extends into the notch 12. [0047] In operation, as an operator of the

i nst r uRBgHgesBe fighp dtdger 2O TheCEW totgdiohof g@eriddie pieawa0d cadsb ehepirdt1aB t@ri p 26,
the run notor sensor 110 detects the notion and sends a signal to power the

NDt OF  Gtate WG RyiflAHS Sshso¥BRMich Pldhsthd i @bsuch hﬁtbﬁla}@ahsgﬁ?g didpdsBa B0 to
rotate. As the helical dear drum 80 rotates, the ring 84 threaded on the

hel i Ca&e&%@éh iU 'Wlﬁﬁql tﬁ‘gﬁﬁ?g?gefaéﬁgs theSdidtAiGnd ’ofthg%ﬁ&g i(%?‘gt‘ﬁ@“ %B?gﬁ Qi | 1N) -

Al so, e to the p I ng the firing trigger e piece 104

is caused tqQ rotate ‘w,th the firing tnLgoger . due to t.he.forward notion
top 1091 enec IErER Rt el mary Sl Sty A Besife B 8t BB, e

m ddl e pi ece 104 cause .the arm 118 to rotate CCWw t he sensor portion
114 of HHREOFMLS eé‘g oﬁﬁwﬁwnmitgear ma#‘ha @3gngwg§gon6ch5%£tgarepﬁtrlq ESWBt ch 116.
When the ring 84 reaches the distal end of the helical gear drum 80, the arm
118  wimqtorsgnion &42. a¥Hehapiaqnsimay revessa and srapbe Betonsd gespseiiesdy. as describpdyi | ar |y,
when the ring 84 reaches the proximate end of the helical gear drum 80, the
arm wi laboxeont act and thereby trip the stop notor sensor 142. Such actions
may reverse and stop the notor 65, respectively, as described above. [00481

Fi gur e [0(348] s Figusd Dieis\aisedy-viéw bhthehandlé 6 06a pbwer-g3sismnetasisédéndoaiter i zed
endocutter according to another enbodi nent. The enbodi nent of Figure 13 is

si M | afedopdih @S andfheFbdbsdimert; The efw6@RTent SfHigird 18 Resipmiodithe of Felirek7gur e 13,

there is no slot in the arm90. Instead, the ring 84
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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t hreaded 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 CCWas the ring 84 advances due to the post 128 being

di sposed in the channel 126, as shown in Figure 13. [00491 As nenti oned
above, in using a two-stroke notorized instrunent, the operator first pulls
back and | ocks the closure trigger 18. Figures 14 and 15 show one enbodi nent
of a weiichdodkedie cldshee teiggeruBen praceg gEre dp8ratay mdyarelehstthe clgsurp trigget 1®by 26 of
the handle 6. In the illustrated enbodi nent, the pistol grip portion 26

i ncl udggshingtidla oh%0s1idb Blittdrbre Ragesksd oﬁlahémcabeoﬁg&wabwbmepichmgn @bftion 151 by
a torsion spring 152. Also, the closure trigger 18 includes a closure bar

154. Ase ! PhingRBWALRY sIfde B0l &1&5@1@' @ﬁws%etﬂdoggso ChB sudBatGhOsiBéfe BT 154
engages a sl oped portion 156 of the hook 150, thereby rotating the hook 150

Upmafdlgﬁér&%ﬁ&?ﬂ&hqg%ﬁﬁa%&i$§a1Hﬂi'l the closure bar 154 conpletely passes

t he sl ope ortion 1 asses Into a recessed notch 158 of the hook 150, 23

g‘ﬂbgﬂr i gE‘&Prec’éo%g{VgP‘EP&&‘%%E’S%&{\%%P"a? BB gt %ﬁc%‘rf@pﬁga%arfgﬁ%eﬁﬁ:t LQle d
P
Dt t onCPBRUREHS1lsghe B ANUEETHY iR %sﬁep@«‘v?@%é%{s%“s‘% inlhes G dobar | 154 15

rel eased fromthe recessed notch 158. [0050] FIPUF@ 16 shows anot her closure
t ri ggehaviega aiepwrbeadertsm kd e dihdiarigwihsad portion 461 isibinsed deswnsard (or GWe by

enbodi ment of Figure 16, the closure trigger 18 includes a wedge 160 having
an ar r eveahspohgd 62t ifbﬂw%gle. 160had daaf spwinge®@ mpyrteinpadde G, ifer dxiampted mdtdedwar d ( or
CW by a leaf spring 162. The wedge 160 and | eaf spring 162 nmay be nade
from pasticeXshg the cloblre @tbgep | Bitreteactedhithe airb®-Hehd portien 161 goaserttd tHrough

retracted, the arrow head portion 161 is inserted through
an opening 164 in the pistol grip portion 26 of the handle 6. A lower chamfered surface 166 of
the arrow-head portion 161 engages a lower sidewall 168 of the opening 164, forcing the arrow-
head portion 161 to rotate CCW. Eventually the lower chamfered surface 166 fully passes the
lower sidewall 168, removing the CCW force on the arrow-head portion 161, causing the lower
sidewall 168 to slip into a locked position in a notch 170 behind the arrow-head portion 161.
[0051] To unlock the closure trigger 18, a user presses down on a button 172 on the opposite
side of the closure trigger 18, causing the arrow-head portion 161 to rotate CCW and allowing
the arrow-head portion 161 to slide out of the opening 164.
[0052] Figures 17-22 show a closure trigger locking mechanism according to another
embodiment. As shown in this embodiment, the closure trigger 18 includes a flexible
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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an opening 164 in the pistol grip portion 26 of the handle 6. A | ower
chanfered surface 166 of the arrow head portion 161 engages a | ower

sidewal | 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, renmoving the CCWforce on the arrow head portion 161,
causing the lower sidewall 168 to slip into a |ocked position in a notch
170 behind the arrow head portion 161. [0051] To unlock the closure trigger
18, a user presses down on a button 172 on the opposite side of the closure
t ri ggerdod@wacigus. thg atrhé 7@isrrotastddda) pytheilowerk6ifadeol 84atf alteow€dge/18Rcsahdvawi ng
the arrow head portion 161 to slide out of the opening 164. [0052] Figures

17-22 sheiuesGasdil® Whe@@ripih OTKfully pagediddilGier3cadauedisngtht C Vafgted the
enbodi nent. As shown in this enbodi ment, the closure trigger 18 includes a

f1 exi blygn 1h@RAehBtdNRhd RE FinliA ik Fb't‘éted oehwdes u@at LR fh 2F8 BdrReskd Sestiff £ndi Ng

therefrom The arm 176 and pin may be made fron1n0|ded pl astic, for
exanpl ning | SO
wtn o PshdReBt @ﬂ&éth%ngﬁ‘a5’%%%@5‘%%@2%2@*%9@%% R

< ?E?J@é%hﬁééﬁh&ﬁ@%ﬁ?? et PEOTE pip Sekaip B TRBIBErT st f ace

184 of the medge 182, as shown in Figures 17 and 18. Wen the pin 178 fully
passes thgwedes it surf ace 184, the CWforce on the arm 176 is renoved, and
the pin 178 is rotated CCWsuch that the pin 178 cones to rest in a notch
186 beH00fF] t Ao unbaslehedosuresisiggerohinthe petiatpn may forther peueets the sloruragrigase cl osure
trigger 18. The pin 178 is further held in place in the | ocked position by
a fl exill eusing thelB8 1 B toeengdagep fopsrhbatkveal OO @ thepenih@ 08B ]fortmaithe piok 78 he
closure trigger 18, the operator may further squeeze the closure trigger
18, caupivag gaeheilexibié8tdpol 38ngaewn isFigpes 20 ankil Thelf) 108 istthen fageani ng 180,
forcing the pin 178

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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upward past the flexible stop 188, as shown in Figures 20 and 21. The pin
178 is then free to travel out an upper channel 192 in the opening 180 such
that the closure trigger 18 is no longer |locked to the pistol grip portion
26, as shown in Figure 22. [0054] Figures 23A-B show a universal joint ("u
joint") 195. The second piece 195-2 of the u- joint 195 rotates in a

hori zontal 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

i nst eachuatbet dfgebm\dédpospddn 8 flake-20 1 whareiRitlgpugearsdre cdnnected betpke) thaplanbtery
articulation point 14 of the main drive shaft assenbly to articulate the end
ef f ect Qlearl2 anditigipigion 244 B4sb the prodimaicad oL tbldeivd Shaft 43atA sy ldredfagiteri n | i eu
of both the bevel gears 52a-c and the u -joint 195 to realize articul ation

of the Rpfl, i Rat Bx abdemtl P0G prokiddyife@8badR 103the ubdr W thatiging Apdeepo embodi nent

of a notorized, two-stroke surgical cutting and fastening instrunment 10

W th pqg@l;(#gg@ieg@gep@g%gﬁ%gag@@ﬁgg Rethe QR RFEIRND. oﬁtlfe,é,gﬁeg @sreﬁﬁﬁg},rlodidavent i on.

The enb simlar to that o ures except

that instead of the helical gear dr t he odi men Fi gus.es 23-28
ol uddevEhiosfc sisti 11g s B GEATRRInssg S SRS able o o
25-31 includes a gear box assenbly 200 including a. . 25 nunber o ears

di spose'd- ihthat ?@%@ﬁgm,emmév@nﬁ %%glbgé abavesihs cbAdiatnbel Fdé?%%#? Fe
planetary gear 72 and the pinion gear 124 at the proximate end of the drive
shaft 4@othaspasespssisharotprizadrestrunsal Yhthat previgessieedhosk tsthe pis yegantingihevi des
feedback to the user via the firing trigger 20 regarding the depl oynent and
| oadi ndoddimgferafexpéreenesibbyetht euttiog ink@umgdtso, t he user may provi de power to
the systemvia the gear box assenbly 200 to assist the depl oynent of the end
ef f ect q0056}2.1n the ifliaiatedant@dinhdnk @hd fifin tiig@et 20En¢18ded @& 6 pidaedd aaliy Bodyt he

enbodi ment of Figures 23-32 is another power assist, notorized instrunent

10 t hatyopigaviodend he8EaARKpdrhoh D&, UBRIm4iR 98dyhdrHon P 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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| oadi ng force experienced by the cutting instrunment. [0056] In the
illustrated enbodinment, the firing trigger 20 includes two pieces: a nmain
body portion 202 and a stiffening portion 204. The main body portion 202
may be nmade of plastic, for exanple, and the stiffening portion 204 may be
made out of a nore rigid material, such as nmetal. |In the illustrated

enbodi nent, the stiffening portion 204 is adjacent to the main body portion
202, but according to other enbodinments, the stiffening portion 204 coul d be
di sposed inside the main body portion 202. A pivot pin 209 nay be inserted
t hr ougishafpassembly and ta previde fé¢edbackrto dgerser ipgasding tikgieployoneeidherend dtectone poi nt
about which the firing trigger 20 rotates. In addition, a spring 222 may
bias thH@.firing trigger 20 to rotate in a CCWdirection. The spring 222 may
have a distal end connected to a pin 224 that is connected to the pieces

202, 2(dos%] tihe gbr'HoR AsdehbBPEI0 mAPinclliBE aPshewnMitRe Bistréd éisodsment\gx 222
maybe connected to one of the handl e exterior |lower side pieces 59, 60.

[ 0057] (lsﬁgefa&.epihllsygéawi@efﬁggegibmgsemh j@)_Otehga%%H% gxg;yorﬁa{stjo@nz_o%%% and the

stiffeni'ng portion~ 204 i1ncludes gear portions (respectively) at
their . en% ti " ' % 5% gmﬁ%g ar in the
gear bggggé%@ gé;r Odﬁ) ggdsltlgg gﬁleg?lﬁ{e%eg gﬁe\tdo%ég%eg% ?{a\l}éo ke I ﬁz ?r’ ?\\% e 26 shaft
assenbl nd to prov'% feedbacg to the user r rdjing.the ﬁg»lo ment of the
end of e etopg TRt nareageLy e e ey o Thefi el SE®Raun. | n
the illustrated enbodi nent, six 6) gears. A first %gar 210 of the gear box
assenblsaierfouriy gepe 2 16.1ke saaller iggpfoesgaroaxiglowih a fifth gean 218, dhe fiftyger 20.
In addition,.the(;irst gear 210 engages a smaller second gear 212, the
snal | ergessti@risla §&heveligzabibatrapgegsa vinaatingiop hbeyel geay22G (vestshgwmin Big31) Thas t hi rd
gear 214 engages a snaller fourth gear 216, the smaller fourth gear being
coaxi alis vérinbicted foithd pinipaagea? 2. thathleives the main drive shaft 48.

[0059] In operation, when the user retracts the firing trigger 20, a run motor sensor (not shown)

is activated, which may provide a signal to the motor 65 to rotate at a rate proportional to the

extent or force with which the operator is retracting the firing trigger 20. This causes the motor

65 to rotate at a speed proportional to the signal from the sensor. The sensor is not shown for

this embodiment, but it could be similar to the run motor sensor 110 described above. The

sensor could be located in the handle 6 such that it is depressed when the firing trigger 20 is

retracted. Also, instead of a proportional-type sensor, an on/off type sensor may be used.

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

planetary gear 72 to rotate, which causes, via the drive shaft 76, the ring gear 122 to rotate. The

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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gear 218 is a 90 bevel gear that engages a mating 90 bevel gear 220 (best
shown in Fig. 31) that is connected to the pinion gear 124 that drives the
mai n drive shaft 48. [0059] In operation, when the user retracts the firing
trigger 20, a run notor sensor (not shown) is activated, which may 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 from
t he sensor. The sensor is not shown for this enbodinent, but it could be
si m | arotite Thefirstigeandt ®engagessbe geht Pordiesc2(6h 208 offtbw &iring higges2M slorebyoul d be

| ocated in the handle 6 such that it is depressed when the firing trigger 20
i's retalmielh fiSwiggerPoite astatefCCEWRVHRAGd hmeabS pioRRies &sisard, drie forthef f type
sensor may be used. [0060] Rotation of the notor 65 causes the bevel gears

66, 70ehPeffRldrl & (antittb fdtate TUSE SwHeAGhe BbRNES AtdteLiRFEVerL th Petfaet Ak @nd Whi Ch
causes, via the drive shaft 76, the ring gear 122 to rotate. The ring gear

122 e g@éoﬂm%z NinteR Wi {h%%s%%heri@ées. ek ﬂeieirg%ﬁggafd&/@gfo}cﬁ atnﬁ%le rﬁ!“ ve

shaft rota ion e pirnion gear e rral |ve shaft

48, whi S, a atlon t he cutt operation.of the end

ef f ect 8fthfi§n ftgﬁ%of]%lé é?l? OrEL T 8P 2 {}ltequlnﬁ?lﬁ$%ﬁgo ?Euslﬁvjfenﬁl ““3¥n causes

t he bevel tgear 220 to r % whi cr cayses, by way éhe r st of the gears
of t herg@sls thsdiingdsiges ). heaperpine Wil sxpergicg 2 resgaics relat? Fothsfoad fqre £ r st
gear 210 engages t he gear portions 206, 208 of the firing trigger 20,

t her ebgxpecisngs iy therpadfefferta 12.r Sigylerly 2uhenghe epezater refoavantiafiningrigeerdd 65

provi des forward drive for the end effector 12 (and to rotate CCWwhen the
not or 6ferrth @uttig/stapling weersort  thattit cantretuhetoatsaprigahl pesitom, th2userlwillt hat way,

t he user experiences feedback regarding | oading force and depl oynent of the
end ef tgwtiofice kA Wrotasiyn €drcd fremulsefiritg @ighdr 20nhdt hegdnerallp@réportfgar to2ke  Thus,

when the user retracts the firing trigger 20, the operator w |l experience
a resi sdveRe Spe8btrBndiér dne | oad force
[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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experienced by the end effector 12. Simlarly, when the operator rel eases
the firing trigger 20 after the cutting/stapling operation so that it can
return to its original position, the user will experience a CWrotation
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 nent the user can apply force (either in lieu of or in addition to
the force fromthe notor 65) to actuate the main drive shaft assenbly (and
hence the cutting/stapling operation of the end effector 12) through

r et r act j0064]t Hegires 32386 illusggen tRO-strdleamotdized atrgiaaltduntingtand fisteningy tri gger 20
causes the gear portions 206, 208 to rotate CCW which causes the gears of

t he geaihstRoxend $G @R IpywebisisOact diigao ahdiRéreBibodimint. TDhd difbdalimémdf BRafes 124 t 0
rotate, which causes the main drive shaft 48 to rotate. [0063] Although not

shown i td QUliSitar 2Pthadof Hififed 758 [ LURPH thdiGn MR Yenbebinek of Pighidderngv@ESe  not or
and stop notor sensors. AS described above, the reverse notor and stop notor

Sensor Sg . - i , t1 : fyah|

dopt oyriiPHeEF 2B ShohndAREL Rtk 228 4o Gt pblaBn b, A EGKSE 0. o
operation (full retractio f the knj Led drivin er .3 imlar
oPFcui 1o enfspe frcir A 8P P RIS i kel et heritiy e Gsed o
appropriately power_the tor 65. 28 [0064] Figures 32-36_jillustrate a

t wo- st r DEPPROBHILZY @ﬂrqgﬁscaaaeabmm%%ﬂéha engages Hedyst geast 1nfdhs 2ePHb% t h
power assist according to another enbodi ment. The enbodi ment of Figures

32- 36 iassembly P@G- The spring 282 ismognacted to theampenporiinn 33such that the uppdspartioent  of
Figures 32-36, the firing trigger 20 includes a |lower portion 228 and an
upper pisblas@ito288te iBdterC Walitectoors TH281pp@F0rtican 23 0cwayredsat inclutioa fovekr pinvd34 about
a pivot pin 207 that is disposed through each portion 228, 230. The upper
porti ontha3Bniatxs bl dpyser urgRalof frerlbwerporitch 228 tiefragasighdre0fsucisthagwiren tRd 0 of

t he gear box
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
CWw.
[0065] The illustrated embodiment also includes the run motor sensor 110 that communicates a
signal to the motor 65 that, in various embodiments, may cause the motor 65 to rotate at a speed
proportional to the force applied by the operator when retracting the firing trigger 20. The sensor
110 may be, for example, a rheostat or some other variable resistance sensor, as explained
herein. In addition, the instrument 10 may include a reverse motor sensor 130 that is tripped or
switched when contacted by a front face 242 of the upper portion 230 of the firing trigger 20.

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

Also, the instrument 10 may include a stop motor sensor 142 that is tripped or actuated when
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assenbly 200. The spring 222 is connected to the upper portion 230 such that
the upper portion is biased to rotate in the CWdirection. The upper
portion 230 may also include a | ower arm 234 that contacts an upper surface
of the lower portion 228 of the firing trigger 20 such that when the wupper
portion 230 is caused to rotate CWthe | ower portion 228 al so rotates CW
and when the |ower portion 228 rotates CCWthe upper portion 230 al so
rotates CCW Simlarly, the |ower portion 228 includes a rotational stop
238 that engages a | ower shoul der of the upper portion 230. In that way,
when t bentagpqaidyy the tawen poi2is 228 of thu Sieinlg triggen2 @it WheiCuvtiviaeed| testopmantorn on 228

al so rotates CCW and when the | ower portion 228 rotates CWthe upper

por t i oBendsiOl 42ls8sTaigHab® stdpihe [VORBotdtitd dfiteusdtonbRd embodi ment al so
i ncludes the run notor sensor 110 that comunicates a signal to the notor

65 thatjgode] MARbHGHFor WRCH LB Stor FRYCctS Bl SR shriagrifRE I8 irfS teQollRb bS], @ speed
proportional to the force applied by the operatof when retracting the firing

tri . . . h
B Ay L L

10 may . nclude r.s t.or S 130, t N [ Rpe [ i ed when
cont ac E&esd’ﬁgat 6?%@%( tgiéé@ﬂgk §$§{E’Hgfvuffp‘élrang§ff’ftf‘iﬁ%a‘%g%og&;aﬁé)sﬂ&ieﬁtgrytri gger
20. Wen activated 3>§1he reverse rpétor sert]sor 130 seﬂds a signal ;to the

ot or  §55V&YZF & & s ¥highagnpergorates heppin byeetarence) sonibakthe Bserggn gAM tidle a stop
motor sensor 142 that is tripped or actuated when 29 contacted by the |ower
por t i ofirip@Bigger e initiptertbe euttingiuapling opeaniden, g shoyar indfiguresed2sandP3nditdrat sensor
142 sends a signal to stop the reverse rotation of the notor 65. [0066] In
oper at paint, aswlewnan Figuee 33,olie geat partivs 23hef the opper portion §ge of thé firingeriggee | ocked
position, the firing trigger 20 is retracted slightly (through nmechani sns
known pOndolés iafotengagtedenelivit thdfirbegar D0adfelse ddat oM aster1§ 2081 When kieeder i ck
Shelton, IV et. al and United States No. 6,905,057 to Jeffery

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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S. Swayze et. al, , which are incorporated herein by reference) so that the
user can grasp the firing trigger 20 to initiate the cutting/stapling
operation, as shown in Figures 32 and 33. At that point, as shown in Figure
33, the gear portion 232 of the upper portion 230 of the firing trigger 20
noves into engagenent with the first gear 210 of the gear box assenbly 200.
When the operator retracts the firing trigger 20, according to various
enbodi ments, the firing trigger 20 nay rotate a small anount, such as five
degrees, before tripping the run notor sensor 110, as shown in Figure 34.
Act i vatawes thé gedre2 BeP3bin thd geac hors asserhbly tomvenrse Bedtionf whish cabseothauppeat a rate
proportional to the retraction force applied by the operator. The forward

r ot at i @ortioh 28hef M figihg Gdgget 20 arDtateS WY &vhichi daesds eduwer pditom2i8ofdhé fiings haf t

48 to rotate, which causes the knife 32 in the end effector 12 to be

depl oy i‘%@f 2Ft0 roRRAT W ditiRURIEWE D oktidh LIBAAPEIr adilihtes ﬁ@ts@éfs@@topgenk&emm ni on

gear which is connected to the main drive shaft causes the gears

210- Zzgvhleﬁ'thte%ifg?%ﬁst @g% 66&%%[%8,%&% %ﬁg%stztﬁe @%E(ﬁtgg 't(l)J gg@?ﬁl tth[eW; ., tlysgear 210 i's

i n engagenent w ear portio 0 portion 230 of the

firing_trigger .2 he upper, portion.232 i s..cau tor te . whi ch
causes cuire s SRk FestEBE Beye EBr (eieny SMERRS Ryt SR ol RETR AN 0 22 1 5
fully deployed (i.e., at the end of the cutting stroke), the front face 242
of thethfptlﬁé}g tﬁ&%@#@ﬂb%%@?ﬂ?%ﬁé@?%ﬁhg rif {1t &P 4 ODEROT Wil ch sends a
signal to the motor 65 to reverse rotational directional. This causes the
mai N dekresieBtef resistangsrrplatediie theglgploymentiad therand gHfectar Feand, srpartdculast todke t he
knife 32. Reverse rotation of the main drive shaft assenbly 30 causes the
gear s 2X&0in2Xorce nxpehiengpddry thoknifs¥e rluinijaryy whew grespeditoreeleasentheviliingh causes

t he upper portion 230 of the firing trigger 20 to rotate CW which causes

t he | owidgep20 ifted theZ2@ingfstdphiag bperhtigh sotthatdggen rélrrtto its otiginal §aAition] the ukdre | ower
portion 228 trips or actuates the stop notor sensor 142 when the knife 32

i's ful kyi egferigrdeddc Wota6ibn GBS BSmitheEfifid @igg&D0ttRatS$ Sdherally prépditiomalso thdie user
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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experiences feedback regardi ng deploynent of the end effector 12 by way of
the user's grip on the firing trigger 20. Thus, when the user retracts the
firing trigger 20, the operator will experience a resistance related to the
depl oynment of the end effector 12 and, in particular, to the |oading force
experienced by the knife 32. Simlarly, when the operator rel eases the
firing trigger 20 after the cutting/stapling operation so that it can
return to its original position, the user wll experience a CWrotation
force fromthe firing trigger 20 that is generally proportional to the

r ever sdrispshaé 48f In bérenmhlbaditGents pOBE Biesént irslentidm thel user thay bopredidethaithi n t hi s
enbodi nent the user can apply force (either in lieu of or in addition to

t he f orssilef fecibatki@gardingthésgsition cichelaiife 32 e therha effedtore behaithouaksamdhy (and
hence the cutting/stapling operation of the end effector 12) through
retractirng tridp@r 20 fdaRd ihid (96 8éar Ablve ML Fighresr3gi40aAkdiRAe: 4 ABtokizEd flgikdll gger 20
causes the gear portion 232 of the upper portion 230 to rotate whi ch

causes | e 4Rak SR iEuARA W APNASSRER dosRRA KALLA GLem ther eby causing the

pi ni on gea otate, which causes e main drive shaft assenbly to
rotate. 6‘_LT. bo e@ge cri .enbo?;_ t s. enpl.oyed power - assi st user
feed baé?ﬁ@ﬁs? WS fﬁ?%%flﬁg © O%H}eﬂg%t l%ucfgsp i {ﬂ/@?%eo%r n:%tflg %&8 My %Vgﬁ ﬁ%w‘gsrensor
110, 130,. a 142 out si de of e. cl osed | oo syst em of the r, gear
drive PPHIA ggﬁﬁﬁ‘?%‘h‘&péf P%T:‘P%é&%?‘kaé“t J’?EFBB‘E@YI%%PHP i l&“&eﬁnsz%éal cutting
and fastening instrument. That is, force applied by the user in retracting
the fi rinhie theieqpedimenohkiguns 8236 bewvevst, thraipper Rastiorh 3] dags Bot hae aggaror 65 by
virtue of the firing trigger 20 being geared into (either directly or
i ndi r epbitiph thatenatps avithdrartved the geiandiveet tware ninstead, thet iostriéiena imgludaea seond 31 dri ve
shaft 48. In other enbodi nents of the present invention, the user may be
provi debtovi268 withacthidaded r0d @b6 credded areebim T ht higreptedirdbd 266 @tiptdvatekni fe 32 in
the end effector, but without having the firing trigger 20 geared into the
gear dnénsfudih@iyin ahll BU FIhSrhothP 264 hdihié Mt 285 PRAES, ldeRMdiig i tRédirection of

rotation. The instrument 10 also includes an encoder 268 that is responsive to the rotations of the

main drive shaft 48 for translating the incremental angular motion of the main drive shaft 48 (or

other component of the main drive assembly) into a corresponding series of digital signals, for

example. In the illustrated embodiment, the pinion gear 124 includes a proximate drive shaft

270 that connects to the encoder 268.

[0071] The instrument 10 also includes a control circuit (not shown), which may be

implemented using a microcontroller or some other type of integrated circuit, that receives the

digital signals from the encoder 268. Based on the signals from the encoder 268, the control

circuit may calculate the stage of deployment of the knife 32 in the end effector 12. That is, the

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

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

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

reciprocating movement of the threaded rod 266.
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cutting and fastening instrument with such a tactile position feedback
system [0070] In the illustrated enbodi nent of Figures 37-40, the firing
trigger 20 may have a lower portion 228 and an upper portion 230, simlar
to the instrument 10 shown in Figures 32-36. Unlike the enbodi nent of

Fi gure 32-36, however, the upper portion 230 does not have a gear portion
that nmates with part of the gear drive train. Instead, the instrunent
includes a second nmotor 265 with a threaded rod 266 threaded therein. The
t hreaded rod 266 reciprocates longitudinally in and out of the notor 265 as
t he not{e072P6n omraiionsas dhepemFiggreol?, vhen theclstiesnggel 18 ionatioakad inThthe
instrunment 10 al so includes an encoder 268 that is responsive to the

rot at i @tamped pbditon, i firirgy thig ger 20abtated whyp froinrthe isal grig potien 26 of dizthandie

angul ar notion of the main drive shaft 48 (or other conponent of the main

drive gsseibhdthe frohiOfade 20 SRRl PsiiseD ISt RS fidh@irigdbr 20 WN8 iv.coht@ét
exanple. In the illustrated enbodiment, the pinion gear 124 includes a

pr oxi Metg, (L Br\san%;@@é&d cf&g . Rk ERANBE! SHd tﬁJtﬁ‘pfﬁa@&q dct &%&gﬁkig@

i nstrunent SO I nc a control circuit not shown
i npl enen in m cr ocontr | | . SO her tegrat ed
ci T out o st T e oSy RESR, B1e HinalighRRE hsh T Endhat P SR8 Eased on
the signals (ﬁromtrfge encoder 268, e contrgq) circuit ma | cul ate the
stage OF8&ED © BPCrRAECARIFY t@‘QPT“hg triggereifasihoRtip ‘gi‘é" f@ At L‘F s, the
control circuit can calculate if the knife 32 is fully dep loé[e fuII
r et r actpagition thesfrong face 202 phiheruppgr pogtiongs ce%fé@aﬂ?@mr@wa@aqné @f theithrsadsd t he
stage of deploynent of the end effector 12, the control ~circuit my send a
si gnal red2Gthe second notor 265 to control its rotation to ther eby control
the reciprocating novenent of the threaded rod 266. 32 [0072] |In operation,
as shoyo7h RAisghy eesihen vduantstthefithgsigge 201 afggen iriGalirstatiodal hmokede.gnfo t he
cl anped position, the firing trigger 20 rotated away fromthe pistol grip
por t i oRleg@Besf rétAGor) MHuA 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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6 such that the front face 242 of the upper portion 230 of the firing
trigger 20 is not in contact wth the proxinmate end of the threaded rod
266. \When the operator retracts the closure trigger 18 and locks it in the
cl anped 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 amount (e.g., 5
degr eespmied by tlet aperafort heweven doext ot dgentlyaiffedtlibe dmye dfehaohimdxtvedhaftich t hat, as
expl ai ned above, the sensor 110 sends a signal to the notor 65 to cause it
t 0 r ot aisembly becdusé writingpaggtr R0 ¢t igbarediintd the gdrelrizandiit in@liis embodimenton f orce
applied by the operator to the firing trigger 20. Forward rotation of the
not or  pR74pUBSVirkR&f %blﬂn%ﬂie\{@cr&hé}ft&l rdBtiér Jf Aeith&in \dride SIME BEMbIPKiaMRe t Al N,
whi ch causes the knife and sled 33 to travel down the channel 22 and

sever E)%lﬁﬁ%élngf&?ﬁ 'eﬂc&ﬁ?2@§'({lhee€0fnﬁglttgfcult tan %FT 1€ WRES e Kaifk 84 %fuh?ce' ves

the ou om t he ericoder regar di ng the i ncr enent rotations
of the grlv f 1 S E@J d sen S si.gnal t he tor 265
to caug?ép 0 eﬁi % ‘%e%f % %/po“g rO\Alﬁm gm S gaSFFé‘af rea@g{épr od 266
to retr into the mot or  265. Thl | &E r. porti 230 of_the
171 ngs 1 THre Sitpciign Fedies e oesfp %ﬁm 8451l feeférp L T
firing trig ger to also rotate CCW In that way, because the reciprocating
o e e AUSes the Fsatianraf shtemain g ve siefi assaehin tasgverss difrstipwvhielblsglsoideterted mai n
drive shaft assenbly, the operator of the instrunment 10, by way of his/her
gri p ohy theenfaoder 2GB. tBasgdien theOeversxptatipe defested bycthi ercdder2fifatic castrelo t he
position of the end effector 12. The retraction force 33 applied by the
oper at oircuitends\vadignati eethe sondlimoet by tadaduecit td deeersk tovaiondl difeetisrpsuoh diat ve
shaft assenbly because the firing trigger 20 is not geared into the gear
drive tHedhfRadedd rbdD66 iHROQIeRBAY longitudinally from the motor 265. This motion forces the

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

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

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

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

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

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

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

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

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

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

[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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[0074] By virtue of tracking the increnental rotations of the main drive
shaft assenbly via the output signals fromthe encoder 268, the control
circuit can calculate when the knife 32 is fully deployed (i.e., fully
extended). At this point, the control circuit may send a signal to the notor
65 to reverse direction to cause retraction of the 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

ci r cui tsusgicadl isaumergn&br ¢xantphe itveskdid amphanttihgendecopio Sestrumentpa gewpar se
rotational direction such that the threaded rod 266 starts to extend

| ongi t ugipha) d dlipfapphier HiLadtedsAevid® ™ drigpénetdrapnddivegaievicBean enpipgidepioé t i on 230
of the firing trigger 20 to rotate CW which causes the | ower portion 228 to
rotate (il ultPashiiRf RPaMsert &€ Operator may experience a CWforce fromthe
firing trigger 20, which provides feedback to the operator as to the
retracty poSit.l f knj f. i . 12 nt r ol

Ci oot 1108 Sl ordsDft i i Sey iNGrigREherih WPE Lk vl R OO
the control circuj.t y _send signal to .the or 65 tp stop rotation.
Loo7s] etsrdrnEttae TS dhedataBhwd Pupile T hdhe rbefRiR Bt e r o
circuit, determ ne the osition of the knjfe 32, reverse notor and stop

mot or  SBWREGIAteHnfOBEkAY, itleschoer PE@&' 0t T B SrpRlPYacorh 5% 28 ¢ han
using a proportional sensor 110 to control the rotation of the notor 65, an
on/ of f maipriathare disslopesbior eqstpimeompoagnts,|athes inakerials reasblsisagnThe foregobiger at or
woul d not be able to control the rate of rotation of the notor 65. Rather,
it woulddseriptiab endafollawprgeybaimg menineddedab eover [al) 0F@] mddifcatamiand yamativosli ment s of
the present invention have been descri bed above in connection with

cut ti ngoo38)e iy @ikeddlpubhicition e ptier distloshetattriak imeheld or hopety eat istshidtto | N

ot her enbodi nents, the inventive surgical instrunent disclosed herein need

not be R ifddrpdrited by Rerdficeiérdh Bahcdrpurhted ABBEn-onfiPlo tRX S¥BNt Bhat itHe iR&pstaee @
non-cutting endoscopic instrument, a grasper, a

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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stapler, a clip applier, an access device, a drug/gene therapy delivery

devi ce, an energy device wusing ultrasound, RF, laser, etc. [0077] Although
the present invention has been described herein in connection with certain
di scl osed enbodi nents, nmany nodifications and variations to those

enbodi mrents may be inplenented. For exanple, different types of end
effectors nmay be enployed. Also, where materials are disclosed for certain
conponents, other materials may be used. The foregoing description and
following clains are intended to cover all such nodification and vari ati ons.
[ 0078] CAMMSat ent, publication, or other disclosure material, in whole or in
part, that is said to be incorporated by reference herein is incorporated
her ei nWwhak 15 ddimedB: extent that the incorporated materials does not conflict
with existing definitions, statenments, or other disclosure material set
forth in this disclosure. As such, and to the extent necessary, the

di sclosure as explicitly set forth herein supersedes any conflicting

material ingor _p0}&%[egﬁ;atp@Itﬁﬁgaﬁyfagtgﬁigg@ggﬁgelﬁ%?lgﬁgeiﬁ ial, or portion

thereof, that is sai € 1 ncor por y re e herein, but which

conflicts with isting definition t at.epents, .or_ ot her disclosure
rarer al *sef TShTIeeREr R £ mokfa) e ot EERcPL (20 P A eBlsBRRTORFLy o
conflic¢t arises between that incorporated material and the existing
di scl odLhE SRbSRCIO - 35 CLAIMS Vhat is clained is: 1. A surgical cutting
and fastening instrunment conprising: an end effector conprising a noveable
cutting ins@rr@rmdﬂvefsbaftewmg@goawc&ﬁéjt@&te apdffestotaied in the end effector; a
mai n drive shaft assenbly connected to the end effector;

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

a main motor for actuating the gear drive train;
a firing trigger for actuating the main motor; and
a tactile position feedback system for applying force to the firing trigger such that the

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

2. The surgical cutting and fastening instrument of claim 1, wherein the tactile
position feedback system includes:

an encoder for sensing rotation of the main drive shaft assembly;

a second motor whose rotations are controlled based on the rotations main drive shaft
assembly sensed by the encoder; and

an actuating member connected to the second motor, wherein the actuating member is for
applying the force to the firing trigger such that position of the firing trigger is related to the

position of the cutting instrument in the end effector.
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a gear drive train connected to the main drive shaft assenbly; a main notor
for actuating the gear drive train; a firing trigger for actuating the main
notor; and a tactile position feedback system for applying force to the
firing trigger such that the position of the firing trigger is related to
the position of the cutting instrument in the end effector. 2. The surgical
cutting and fastening instrunment of claim1, wherein the tactile position

f eedback system i ncludes: an encoder for sensing rotation of the nmain drive
shaft assenbly; a second notor whose rotations are controlled based on the
rotations ndi n dfliesergtetutting sskfabteying éngeneftyofichiém @nwbereim thaactuaimgact uat i ng
menber connected to the second notor, wherein the actuating nenber is for

appl yi agmbbenflodsee thealddderofli ri ng trigger such that position of the firing
trigger is related to the position of the cutting instrunment in the end

effector. 36 3. The surgical cutting and fastening instrunment of claim 2,
wherein the actuating nenber includes a threaded rod. 4. The surgi cal

cutting andyfastgp ﬂggtiéél‘%@tliiir{]g‘iﬁ fa niﬁ% Hsument dtcli" { éo%ﬁﬂ?\%%@nar A motor

;
sensor for sensing retrac the Firing trigger, wherein,

retraction of the firin i [ .S sensed. by.the ru tor.sensor, the
i - OBy stsoLioF selna "herctif (BTG e BERE Sndtein el R 65 E RER L oot
positioned in the end effector by the cutting .instyunent. 5. The surgical
cut t i nHEERS LSRN 1 rYMBPIY SE150". dhe TRHAMASE 1 SRRHIe 1 IPFEATS THARR B sensor
conprises a gfopqrtional swtch such that the rate of rotation of the nmain
not or Futingeidhe phicd masitipred in she endesfectpoby the ceteing ppstrp@gnt o the firing
trigger.

5. The surgical cutting and fastening instrument of claim 4, wherein the run motor
sensor comprises a proportional switch such that the rate of rotation of the main motor is

proportional to the retraction force applied to the firing trigger.

6. The surgical cutting and fastening instrument of claim 4, wherein the run motor

sensor comprises an on/off switch

7. The surgical cutting and fastening instrument of claim 4, further comprising a
control circuit for receiving signals from the encoder related to rotation of the main drive shaft
assembly and for sending control signals to the second motor based on the signals received from

the encoder.

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

circuit is further for;
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6. The surgical cutting and fastening instrunent of claim4, wherein the run
not or sensor conprises an on/off switch 7. The surgical cutting and
fastening instrument of claim4, further conprising a control circuit for
receiving signals fromthe encoder related to rotation of the main drive
shaft assenbly and for sending control signals to the second notor based on
the signals received from the encoder. 8. The surgical cutting and
fastening instrument of claim7, wherein the control «circuit is further
for: 37 determ ning, based on the signals received fromthe encoder, when

t he cut ti ngddteratimingeased dnathe signgd$ sfceidedifromtthe engoddry when thanoktidg instrnmentng,
based on the signals received fromthe encoder, when the cutting instrunent
has conrp @hpletédd sudgid ArdkeSandThe surgical cutting and fastening instrument
of claim1, wherein the end effector includes a staple cartridge. 10. The
surgi cal cudiffniagdbatasdané gﬂl@?&éﬁ@@ﬂém(ﬂfw &lcBddn @hed"dﬂ@'&@t‘tlﬂ iRGuaBs
effector includes a helical drive screw, such that forward rotatlon of the
hel i Cahasdcrohm\b?eteﬁﬁe&%tﬁﬂuses the cutting instrunent to undertake the cutting
stroke everse rotation of the helical drive screw causes the cutting
instrunment to retract. 11. The surgical cutting and fastening instrunment of
claim1, wherein the main drive shaft assenbly includes articul ation neans
for artlculatln t he end effector. 12. The sur%lcal cutting and, f astening
instrument &f cl erﬁuiglcq Ghiting and Bsisning insument gt slaimd , whersiethe enheffestas f rom

the firing trig wherein retraction of the closure trigger causes
includes a stap e cartrldge

10.  The surgical cutting and fastening instrument of claim 1, wherein the end effector
includes a helical drive screw, such that forward rotation of the helical drive screw causes the
cutting instrument to undertake the cutting stroke, and reverse rotation of the helical drive screw

causes the cutting instrument to retract.

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

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

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

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

locking mechanism for locking the closure trigger to the handle.
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the end effector to clanp the object positioned in the end effector. 13. The
surgical cutting and fastening instrunment of claim 12, further conprising a
| ocki ng mechani smfor |ocking the closure trigger to the handle. 38 14. The
surgical cutting and fastening instrunent of claim 12, further conprising a
mechani cal closure systemfor closing the end effector when the closure
trigger is retracted. 15. The surgical cutting and fastening instrunment of
claim 14, wherein the end effector conprises: an el ongate channel for
carrying the cutting instrunment; and a cl anpi ng nmenber pivotably connected
to the el ontiat e Thieasungital clifing ahe fastenpigdastrusen t afiepimn@, fretheecinmyisingst r unent

of claim15, wherein the nechanical closure systemincludes: a yoke

connechRohdnicat £18sue¢ Sstenedr clogidghbe end etleodtiwRerthaclosiire ¢oOgRe ¢ redladial. t he yoke;
a closure tube disposed in the closure bracket and connected to the cl anping

menber, wherein retraction of the closure trigger causes the closure tube
to nove Iongitudinally such that the clanping nenber pivots to a cl anped

posi tion. A P il oGt RO Rk AN B S UTBALRARPEAP | 0" an end

ef fector conpr|S|ng a  noveabFPe cutting 1 nstrunent for cutting an object
p05|t|oHe(§rc lq% end effector; a main drive shaft assenbly connected to
the en§ &Y eCMB*and a handl e connected to the main drive shaft assenbly,

wherein the handl e conprises: , a gear drive train connected to the main
drive shaft@ g annel for carrying the cutting instrument; an

a clamping member pivotably connected to the elongate channel.

16.  The surgical cutting and fastening instrument of claim 15, wherein the mechanical
closure system includes:

a yoke connected to the closure trigger;

a closure bracket connected to the yoke;

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

the clamping member pivots to a clamped position.

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

a main motor for actuating the gear drive train;
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a main notor for actuating the gear drive train; 39 a firing trigger for
actuating the main notor; and a tactile position feedback system for
applying force to the firing trigger such that position of the firing
trigger is related to the position of the cutting instrunent in the end
effector; and a run notor sensor for sensing retracting of the firing
trigger, wherein, when retraction of the firing trigger is sensed by the
run notor sensor, the nmain notor is signaled to forward rotate to cause
cutting of the object positioned in the end effector by the cutting

i nstrunment. 18. afienguiggerciat actudting iy rasid mMicdet @ni ng i nstrunment of claim 17,
wherein the run notor sensor conprises a proportional swtch such that the
rate of rotation @ttiltpesitien feedi¥cRBysten fa@apPlginiforeako the firing trigded awhithel f orce
applied to the firing trigger. 19. The surgical cutting and fastening

instru Pmsoanf thd ik t;h%%erw@ flIfbdtolthep&itthn ity 1ﬁﬁfﬂ?ﬁén§ fiSthe 8Ad &fQAgAt €
channel for carrying the cutting instrunent; and a cl anpi ng menmber pi vot ably

connected to the el ongate channel . 20. A surglcal cutting and fastening

i nstrunment conprising: an end effector conprising a noveabl e cutting

i nstrunent for cutthg an Ob] 05|E ned end eLfecto X in
ad

i v et oes b et R G e RO R e T ERS, RhERRhén o To T o

to the main drjve shaft assenbhy, erein the haqple conpri.ses: . 40
retraction of the firing trigger is sensed by the run motor sensor, the main motor is signaled to

forward rotate to cause cutting of the object positioned in the end effector by the cutting

instrument.

18.  The surgical cutting and fastening instrument of claim 17, wherein the run motor
sensor comprises a proportional switch such that the rate of rotation of the main motor is

proportional to the retraction force applied to the firing trigger.

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

a clamping member pivotably connected to the elongate channel.

20. A surgical cutting and fastening instrument comprising:

an end effector comprising a moveable cutting instrument for cutting an object positioned
in the end effector;

a main drive shaft assembly connected to the end effector; and

a handle connected to the main drive shaft assembly, wherein the handle comprises:
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a gear drive train connected to the main drive shaft assenbly; a main notor
for actuating the gear drive train; a firing trigger for actuating the main

notor; and neans for applying force to the firing trigger such that position
of the firing trigger is related to the position of the cutting instrunent

in the end effector. 41

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

a main motor for actuating the gear drive train;

a firing trigger for actuating the main motor; and

means for applying force to the firing trigger such that position of the firing

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