SURG CAL | NSTRUMENT HAVI NG A REMOVABLE BATTERY CROSS- REFERENCE TO RELATED
APPLI CATI ONS [ 0001] This application is related to the foll ow ng
concurrently-filed U S. patent applications, which are incorporated herein
by reference: (1) MOTOR- DRI VEN SURA CAL CUTTI NG AND FASTENI NG | NSTRUMENT

W TH USER FEEDBACK SYSTEM | nventors: Frederick E. Shelton, 1V, John

Quwer kerk and Jerone R Mrgan (K&NG 050519/ END5687USNP); (2) MOTOR- DRI VEN
SURG CAL CUTTI NG AND FASTENI NG | NSTRUVENT W TH LOADI NG FORCE FEEDBACK;

I nventors: Frederick E. Shelton, IV, John N. Quwerkerk, Jerone R Morgan,
and Jeffrey S. Swayze (K& L.NG 050516/ END5692USNP); (3) MOTOR- DRI VEN SURG CAL
CUTTI NG AND FASTENI NG | NSTRUVENT W TH TACTI LE PCSI TI ON FEEDBACK; | nventors:
Frederi ck E. SheSURGICAV,INSORUMENT BlAEMNG AKRENKNOABLRBABIIRAY,, and Jeffrey
S. Swayze (K&LNG 050515/ END5693USNP); (4) MOTOR- DRI VEN SURG CAL CUTTI NG AND
FASTENI NG | NSTRUVENT W TH ADAPTI VE USER FEEDBACK; |nventors: Frederick E.
Shelton, 1V, John N. Quwerkerk, and Jeronme R Mrgan (K&LNG

050513/ ENRRAIMEENRENCES)O METAREPRAVENGURGNEL CUTTI NG AND FASTENI NG
| NSTRUVENT W TH ARTI CULATABLE END EFFECTOR, I nventors: Frederick E.

voror. DM SOl Rae PRI s s KR RN ¢ RPN 0 ol ang h

CLOSURE SYSTEM '\IBE.vgnt ars: Fre %ri ck E. .Shelton, IV and Christoph L. GIllum
(KE&LNG GBRIsaHonsnmaish eisdRgsrporptesl hersiYARITAGTTI NG AND FASTENI NG | NSTRUVENT

W TH CLOSURE
(1) MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT

WITH USER FEEDBACK SYSTEM; Inventors: Frederick E. Shelton, IV, John Ouwerkerk and
Jerome R. Morgan (K&LNG 050519/END5687USNP);

(2) 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 (K&LNG 050516/END5692USNP);

(3) MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT
WITH TACTILE POSITION FEEDBACK; Inventors: Frederick E. Shelton, IV, John N.
Ouwerkerk, Jerome R. Morgan, and Jeffrey S. Swayze (K&LNG 050515/END5693USNP);

(49) MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT
WITH ADAPTIVE USER FEEDBACK; Inventors: Frederick E. Shelton, IV, John N.
Ouwerkerk, and Jerome R. Morgan (K&LNG 050513/END5694USNP);

(5) MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT
WITH ARTICULATABLE END EFFECTOR; Inventors: Frederick E. Shelton, IV and

Christoph L. Gillum (K&LNG 050692/ENDS5769USNP);



TRI GGER LOCKI NG MECHANI SM | nventors: Frederick E. Shelton, 1V and Kevin R
Dol I  (K&LNG 050694/ END5771USNP) ; (8) GEARI NG SELECTOR FOR A POWERED

SURG CAL CUTTI NG AND FASTENI NG STAPLI NG | NSTRUMENT; Inventors: Frederick E.
Shelton, 1V, Jeffrey S. Swayze, Eugene L. Tinpernman (K&LNG

050697/ END5772USNP) ; (9) SURA CAL | NSTRUMENT HAVI NG RECORDI NG CAPABI LI Tl ES;

I nventors: Frederick E. Shelton, IV, John N Quwerkerk, and Eugene L.

Ti mper man ( K&LNG 050698/ END5773USNP) ; (10) ELECTRONI C LOCKOUTS AND SURG CAL
| NSTRUMENT | NCLUDI NG SAME; Inventors: Jeffrey S. Swayze, Frederick E.

Shel ton, 1V, (fevi MOROBORIVERRSNRGIOSD TOI ENOEARBUSAPTENN G )INSTROSECRNT C
SURG CAL | NSTRUMENT W TH A HANDLE THAT CAN ARTI CULATE W TH RESPECT TO THE

SHAFT;  WINEIVBICH A NICGde CLOSURE SYISTEE InveMors) Efdderiok E. SheBomy¥eandMVar k S.
Otiz, and Lesli e M Fugi kawa (K&LNG 050701/ END5776USNP); (12)

ELECTROGNE 5@ (SHETI/BGDANRIFASHEN NG | NSTRUVENT HAVI NG A
ROTARY FI RING AND CLOSURE SYSTEM W TH PARALLEL CLOSURE AND ANVI L ALI GNVENT

Eugene L. Tt Fer noaRCRERNG Gobo i FabERS TR TS TRUSPORT SRaLRE S Ut
%@F&Eﬁ@é@%@?@%ﬁ%ﬁ&w R REB AR Eh EEY GR & Py St Erer cr
| nventors: Frederi E. lton, |V, Mchael S. Cropper, Joshua M Broehl,

Ryan S. WW&%@&PWWSN&% Eugene L. Tinperman (K&LNG

050703/ END5778USNP) ; and
t)) GEARING SELECTOR FOR A POWERED SURGICAL CUTTING AND

FASTENING STAPLING INSTRUMENT; Inventors: Frederick E. Shelton, IV, Jeffrey S.
Swayze, Eugene L. Timperman (K&LNG 050697/END5772USNP);

(9) SURGICAL INSTRUMENT HAVING RECORDING CAPABILITIES;
Inventors: Frederick E. Shelton, IV, John N. Ouwerkerk, and Eugene L. Timperman (K&LNG
050698/END5773USNP);

(10) ELECTRONIC LOCKOUTS AND SURGICAL INSTRUMENT INCLUDING
SAME; Inventors: Jeffrey S. Swayze, Frederick E. Shelton, IV, Kevin R. Doll (K&LNG
050700/END5775USNP);

(11) 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 (K&LNG 050701/END5776USNP);

(12) ELECTRO-MECHANICAL SURGICAL CUTTING AND FASTENING
INSTRUMENT HAVING A ROTARY FIRING AND CLOSURE SYSTEM WITH
PARALLEL CLOSURE AND ANVIL ALIGNMENT COMPONENTS; Inventors: Frederick E.

Shelton, IV, Stephen J. Balek and Eugene L. Timperman (K&LNG 050702/END5777USNP);



(14) SURG CAL | NSTRUMENT HAVI NG A FEEDBACK SYSTEM Inventors: Frederick E.
Shelton, 1V, Jeronme R Mrgan, Kevin R Doll, Jeffrey S. Swayze and Eugene
L. Tinperman (K&NG 050705/ EDN5780USNP) . BACKGROUND [0002] This
application discloses an invention that is related, generally and in various
enbodi nents, to notor-driven surgical instruments having a renovabl e
battery. [0003] Endoscopic surgical instrunments are often preferred over
traditional open surgical devices since a smaller incision tends to reduce
the post-operative recovery tine and conplications. Consequently,

si gni fi cant déyel BFREMABIE SEARBEI GARTRIDGE A \INGEANANYBE gNITﬂ:T Se&i
instrunments that are suitable for precise placenent of a distal end effector
at a debDCATORGOR GSE VEITHRA tRRGIIA [aCUATINGAND FA STENING INSTEREMENST al end
effectors engage the tissue in a nunber of ways to achi eve a diagnostic or
t her ape ANEMODELAR(END EFFECIORIS V STEMITHEREFORC litvestors: Fredeqidkelf.Shelto, p
applier, access device, drug/gene therapy delivery device, and energy device

using W INRESIRICrdBper, Iashas M. Br6ehl, Ryl 80 sKnaios Wb £ ugehapl er s incl ude
an end effector that sinultaneously nakes a Iongltudlnai incision in tissue

and applﬂrg&r glggg&gﬁc}séﬁgb AN 799098PPdng! des of the incision. The end

ef fector 1'ncludes a pair of cooperating jaw nenbers that, if the instrunent
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the rows of staples in the cartridge. The instrunent includes a plurality
of reci PHeRSEMAR &%ﬁﬂﬁ£§07Qﬁﬁ¥NN5%wWé§NB¥iven distally, pass through openings

in the staple cartridge and engage drivers supporting the staples to effect
the firing of the staples toward the anvil.

BACKGROUND

[0002] This application discloses an invention that is related, generally and in various
embodiments, to motor-driven surgical instruments having a removable battery.

[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



[ 0005] An exanple of a surgical stapler suitable for endoscopic applications
is described in U S Patent No. 5,465,895, which discloses an endocutter
with distinct closing and firing actions. Aclinician using this device is
able to close the jaw nmenbers upon tissue to position the tissue prior to
firing. Once the clinician has determ ned that the jaw nenbers are properly
gripping tissue, the clinician can then fire the surgical stapler with
either single or multiple firing strokes, thereby severing and stapling the
ti ssue. The sinultaneous severing and stapling avoids conplications that
may ari Sedogpnpic damanespRig agrlicatienst #re sapablecpd @atsing thipugh g lsamiu4 passagewavir gi cal
tools that respectively only sever or staple. [0006] One specific advantage
of bei n§nabf thefjaw glembersugasives astple dodfidgechavingianlpastgwo Hateratlhepaced rawsaifan i s
able to verify via an endoscope that the desired | ocation for the cut has
been astapley €The dthee [javd megnbar deffries an anviil lawing BtapRffotmnig pe cketsal lp@ed with plieur ed
bet ween opposing jaws. O herw se, opposing jaws nay be drawn too cl ose

t oget hefowsestRBpiedlid the RhGdYeNThalinsttiflehit iHé18dela pl @S of 2¥5brbéHing MRlges
effectively formng closed staples in the severed fissue. At ?he ot her

extreme, C [ I@ﬁpﬁ [ I ndi d an
inconp|S?Sﬁ?W§§H§5%P§§ﬁ$§PE%§82%%%% stg%&éﬁi#@ﬂ??%Pgﬂ%§ﬁ??ﬂ%%k?gvgﬁcrease
in complexity and functi ith. e eneratio One, of the namin reasons
for ot aBree IR shBr i Frin i HERFY Blafoe L%, ‘Tever that all or
a great Lority of surgeops can handl e.. One. kno solution.to.lower FETF it
s o WIS, & b R ADT o Eratmibtks St io SR R AP G ioB SR 058t 1 e
than tradi tional hand- powered devices, but for a different reason. Surgeons
t ypi cal MyUSe Batept No SeA69 80P oleieh diselagss ab icedpstigerpgthcdistifics elopipg andfiring t hat
bei ng experienced by the end-effector in the formng the staple to assure
t hem t hattionheA clirtitiamggisg thid davicedy ahletad doseongjawtnegmipdrs bpanttéssugpiogositipnritte
within the capabilities of nbst surgeons (usually around 15-301bs). They
al so tygksuabtiyr toditing! Ond@thetclinitiandantétedmindd dlathojmngehbers steapbgerignd bei ng

able to stop at anytine if the forces felt in the handl e of
gripping tissue, the clinician can then fire the surgical stapler with either single or multiple firing
strokes, thereby 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 or 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 that all or a great majority of surgeons can handle. One known solution to lower FTF it use



the device feel too great or for sone other clinical reason. These

user -feedback effects are not suitably realizable in present notor-driven
endocutters. As a result, there is a general |ack of acceptance by
physi ci ans of notor-drive endocutters where the cutting/stapling operation
is actuated by nerely pressing a button. [0008] A grow ng nunber of

not or-driven surgical instrunments are powered by one or nore batteries

di sposed within the instrunment. In many jurisdictions, regulations require
t hat each batterY be sterilized before being disPosed within the instrunent
and/ or ©€% o dectrical gptary eThese devicasdiaye nat fajredeppchdetter thandedidonal Azng-
jurisdictions also require that each battery be disposed of in a manner

t hat i spavdréddeyives.tbufortatdefferamtreason h8ungeonsitymienllygirefehto experiangerent nay be

di sposed of. [0009] For a variety of reasons, a notor-driven surgical

I nst r unpidporiiviate freck distribatich tonkat beihg kRpetiendediblyshdeaid-effdcas i eiel fameidg thBur gi cal
i nstrunment manufacturers invest significant anmounts of capital to devel op

nor e adyae afhsBie elefn Gt AP L@iingEtapIRiy Sledé EthplaSithi RNpper 1BAS Qthat the east
in part on the nunber of instrunents the manufacturer projects will be sold

for a p@z[p%ﬁiﬁg%sagfmdgﬁgﬁgeogg ﬁmm}i;‘; %Bur?falst-ﬁ'@lbgfyﬂle am%@%pigagtwm%mw with

the partrcu nodel | era ctoredinto th urchase price of each
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the particular nodel. SUVMMARY 100101 This application discloses a surgica
i nst r unitiiebly sealizakle Hypreseny metassivernprslogitipERtAS 2 tepwlt, dhergiscaagenpisb tackipbnt
conprises a handle, a battery, a notor, and a | ockout system The handle
conpr i seseptanmeibymphysipians ¢fonotandrive epdpgutistsrwhennthe Thigingisiaplippoperaioniis

actuated by merely pressing a button.

[0008] A growing number of motor-driven surgical instruments are powered by one or

more batteries disposed within the instrument. In many jurisdictions, regulations require that

each battery be sterilized before being disposed within the instrument and/or before use of the

instrument in a medical procedure. Many jurisdictions also require that each battery be disposed

of in a manner that is different than the manner the remainder of the instrument may be disposed

of.

[0009] For a variety of reasons, a motor-driven surgical instrument may need to have one

or more of its batteries replaced. Surgical instrument manufacturers invest significant amounts

of capital to develop more advanced models of motor-driven surgical instruments. Based at least

in part on the number of instruments the manufacturer projects will be sold for a particular

model, a portion of the development cost associated with the particular model is generally

factored in to the purchase price of each instrument. Some of these motor-driven surgical

instruments are designed to only be used a limited number of times. Accordingly, if a number of



rel easably connected to the primary portion. The battery is within the grip
portion. The notor is 1in electrical communication wwth the battery. The

| ockout systemis within the handle, and is structured and arranged to

bl ock connection of the grip portion to the primary portion after the grip
portion is disconnected fromthe primary portion a predeterm ned nunber of
times. [00111 According to other enbodi nents, the surgical instrunent
conprises a handle, a battery, and a notor. The handl e conprises a prinary
portion and a grip portion. The grip portion is releasably connected to the
pri mar ythpénstru@ants aregised mere tines then Ge instrpments are desigaed 9atthe mgnufasidreamaxnged
to break off of the grip portion and remain in contact wwth the primary

por t i onfailwh&dlytrbeug thepdgyelopment dost adsecatatheith the phrtiondat wedelr i mary portion. The
battery is within the grip portion. The notor is in electrical

comuni cation with the battery. [00121 According to other enbodi nents, the
surgical instrunent conprises a handle, a battery, a notor, and a counter
The hangl;e\GQRRTi ses a primary portion and a grip portion. The grip portion
is releasably connected to the primary portion. The battery is within the
grip p pon.  Tha.: S 4 Leal: i I ] e battery.
The couﬂ@g$]is m??ﬂ?ﬁ&@%%kﬁﬁgﬁgﬁéfggﬁ E?émgggﬁg?J@gﬁhgﬂ%%g%€g%ged to open a

notor inter)ock. .6 DRAW N 0013] V ous, e i nts of th i scl osed
o vont | ShadiBes, ofe S NS umeR o Hpry A 4 A3 H BRETE S o land Hfoclb®C) P90
follow ng fi res. [0014]. Figures 1 and 2 are per.spective vi ews, of

Yem heFRigih Comtiaha gl

a

sur gi cafy CPILRLISES P pgmar RQTHOM AN 2 SR ATHPh o T ROBNRRITHRR Sebodi ment s:
[0015] Figures 3-5 are exploded views of an end effector and shaft of the
i nst r unisiesabliceanperiterhiotthe REAMAY POt AR batry is Within e gringpridors The raotef e vi ew
of the end effector according to various enbodi nents;

in electrical communication with the battery. The lockout system is within the handle, and is

structured and arranged to block connection of the grip portion to the primary portion after the

grip portion is disconnected from the primary portion a predetermined number of times.

[0011] According to other embodiments, the surgical instrument comprises a handle, a

battery, and a motor. The handle comprises a primary portion and a grip portion. The grip

portion is releasably connected to the primary portion. A portion of the grip portion is structured

and arranged to break off of the grip portion and remain in contact with the primary portion

when the grip portion is disconnected from the primary portion. The battery is within the grip

portion. The motor is in electrical communication with the battery.

[0012] According to other embodiments, the surgical instrument comprises a handle, a

battery, a motor, and a counter. The handle comprises a primary portion and a grip portion. The

grip portion is releasably connected to the primary portion. The battery is within the grip

portion. The motor is in electrical communication with the battery. The counter is within the

handle, and is structured and arranged to open a motor interlock.



[0017] Figure 7 is an exploded view of the handle of the instrunment
according to various enbodinents; [0018] Figures 8 and 9 are parti al
perspective views of the handl e according to various enbodinents; [0019]
Figure 10 is a side view of the handle according to various enbodi nents;
[0020] Figure 11 is a schematic diagramof a circuit used in the instrunent
according to various enbodi nents; [0021] Figures 12-13 are side views of

t he handl e according to various enbodi ments; [0022] Figures 14-22
illustrate different nmechani sns for |ocking the closure trigger according
to vari BRAVERKGYi nents; [0023] Figures 23A-B show a universal joint ("u
joint") that may be enployed at the articulation point of the instrunent
accor di fl@18p var i Yarsous embddimentsuf theddiAdsedFinyantam 24 desBribdtbheseia by svayiobn cabl e
that may be enployed at the articulation point of the instrunent according
to vari exsnpeadhjmeticn with {HA3RJwig Gigues. 25-31 illustrate a surgical cutting
and fastening instrunent with power assist according to various

enbodi nygfigj [ 0026hufeh 9UhES arpepSebiiveUsdwisaira strgtdHl Bhibing atdHabiefidgand
fasteni ng instrument with power “assist according to various en%odlnents;

[0027] ﬁ%?ﬁégﬁ€§5%§§%E4Lﬁﬁﬁggﬁﬁgﬁné“&giCa' cutting and fastening instrunent

wth tac accor to various enbodi nents; [0028] Figures

41-42 | t ar i nbodi t f ti .. 1 0029] Fi
13 1o alISECT o RS S E aror s S h B SRRk B Sba T FIES s accor di ng
to various enbodi nents; .

according to various embodiments;

[0016] Figure 6 is a side view of the end effector according to various embodiments;
[0017] Figure 7 is an exploded view of the handle of the instrument according to various
embodiments;

[0018] Figures 8 and 9 are partial perspective views of the handle according to various
embodiments;

[0019] Figure 10 is a side view of the handle according to various embodiments;

[0020] Figure 11 is a schematic diagram of a circuit used in the instrument according to

various embodiments;

[0021] Figures 12-13 are side views of the handle according to various embodiments;
[0022] Figures 14-22 illustrate different mechanisms for locking the closure trigger
according to various embodiments;

[0023] Figures 23A-B show a universal joint (“u-joint”) that may be employed at the
articulation point of the instrument according to various embodiments;

[0024] Figures 24A-B shows a torsion cable that may be employed at the articulation

point of the instrument according to various embodiments;



[0030] Figure 44 is a cross-sectional view of a portion of a surgical

i nstrunment according to various enbodinents; [0031] Figure 45 is a
cross-sectional view of a portion of a surgical instrunent according to
various enbodi ments; [0032] Figure 46 is a conposite view of portions of a
surgical instrunment according to various enbodinents; [0033] Figure 47 is a
cross-section view of the surgical instrunent of Figure 44 along 1|ine 5-5;
[0034] Figure 48 is a cross-section view of the surgical instrunment of
Figure 44 along |ine 6-6; LgOBS] Figure 49 is a cross-section view of the
sur gi cal002lst r undrigures 253 b il fustratg a gnigiegl cutiingeany. fasterfio@BEFuPEH OYdPaSI 55 ar e
schematics showi ng the operation of a portion of a surgical instrunent
accor di asgist cordinigda yarorsedibediments; 8 [ 0037] Figure 56 is a cross-sectional
view of a portion of a surgical instrunment according to various

enbodi noR6]; [ 003I8urks BR4B€ ilhustrats adugicabarthercdnddasatnivg metrarherst withrgowen of a
surgical instrument according to various embodiments; and [0039] Figure 58

IS a schgRBidcsrdiigadvaiidfenolinichtl;t used in the surgi cal instrument of
Fi gure 57 according to various enbodi ments. DETAI LED DESCRI PTI ON [0040] It

R L s S TR T T
are rel E—‘:\é&ack accord’71 ing éo Aious embodiments;

[0028] Figures 41-42 illustrate various embodiments of a proportional sensor;

[0029] Figure 43 is a cross-sectional view of a portion of a surgical instrument according

to various embodiments;

[0030] Figure 44 is a cross-sectional view of a portion of a surgical instrument according

to various embodiments;

[0031] Figure 45 is a cross-sectional view of a portion of a surgical instrument according

to various embodiments;

[0032] Figure 46 is a composite view of portions of a surgical instrument according to

various embodiments;

[0033] Figure 47 is a cross-section view of the surgical instrument of Figure 44 along
line 5-5;

[0034] Figure 48 is a cross-section view of the surgical instrument of Figure 44 along
line 6-6;

[0035] Figure 49 is a cross-section view of the surgical instrument of Figure 44 along
line 7-7;

[0036] Figures 50-55 are schematics showing the operation of a portion of a surgical

instrument according to various embodiemnts;



under st andi ng of the disclosed invention, while elimnating, for purposes of
clarity, other elenents. Those of ordinary skill in the art will recognize,
however, that these and other elenents may be desirable. However, because
such el enents are well known in the art, and because they do not facilitate
a better understanding of the disclosed invention, a discussion of such

el enments is not provided herein. [0041] Figures 1 and 2 depict a surgical
cutting and fastening instrument 10 according to various enbodi nents of the
present invention. The illustrated enbodi ment is an endoscopic instrunent
and, inl098%ker al , KimereShtnerieentestional view qf aportinpetita surgich dsiimert a5eqtding ar e
endoscopi ¢ surgical cutting and fastening instrunents. It should be noted,
however to taniaus emalaslimelitsig t o ot her enbodi ments of the present invention, the
i nstrunment may be a non- endoscopic surgical cutting and fastening

i nst r unpoeB8] such Rigura S7dpacosssrpticnal niv affmpottion] d¥@4Rtgiceh éssumgntaatording
instrunment 10 depicted in Figures 1 and 2 conprises a handle 6, a shaft 8,
and an g arioid @hbiemens aafif ector 12 pivotally connected to the shaft 8 at an
articulation 9 pivot 14. An articulation control 16 may be provided

adj acen t he : ,QF about
the art ioé)tj?‘at i onh%gl\gjljg'? 351}515 Qﬁhgkgﬁgaﬁa%@ﬁﬁﬂrag&g%@g%gggiﬂ%er}%{é,?éd;l ﬁghgﬁgﬂt?oeff fector
12 is canfi ed to act _as an.endocutter for clanping, severing and stapling
tissue, Elgé{fe?%qf&%,d“ﬁgﬁo SERQS CEbad: |err%§ht s, different types of end effectors
may be used, such as end effectors for other types of surgical devices,
such as graspers, cutters, staplers, clip appliers, access devices,

drug/ gene therapy devices, ultrasound, RF or |aser devices, etc. [0043] The
handl e PEJAILKR DESGRIBAEAN 10 nay include a closure trigger 18 and a firing
trigger 20 for actuating the end effector 12. It will be appreciated that

i nstrunfd8] havi nlgyisende uaddresoodihet atileastcion of thediguresrand tdesnniptjpesdf thasks may
have different nunbers or types of triggers or other suitable controls for
oper at i dgclbed inveatied haetbeen dithplifibetoct dsteatd ddahants that drs radévannfos epkanat ed

understanding of the disclosed invention, while eliminating, for purposes of clarity, other
elements. Those of ordinary skill in the art will recognize, however, that these and other
elements may be desirable. However, because such elements are well known in the art, and
because they do not facilitate a better understanding of the disclosed invention, a discussion of
such elements is not provided herein.

[0041] 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
endoscopic surgical cutting and fastening instruments. It should be noted, however, that
according to other embodiments of the present invention, the instrument may be a non-
endoscopic surgical cutting and fastening instrument, such as a laparoscopic instrument.
[0042] The surgical instrument 10 depicted in Figures 1 and 2 comprises a handle 6, a

shaft 8, and an articulating end effector 12 pivotally connected to the shaft 8 at an articulation



fromthe handle 6 by a preferably elongate shaft 8. In one enbodinent, a
clinician or operator of the instrunent 10 nmay articulate the end effector
12 relative to the shaft 8 by utilizing the articulation control 16, as
described in nore detail in pending U S. Patent Application No. 11/329, 020,
filed January 10, 2006, entitled "Surgical Instrunment Having An Articul ating
End Effector,” by CGeoffrey C. Hueil et al., which is incorporated herein by
reference. [0044] The end effector 12 includes in this exanple, anong other
t hings, a staple channel 22 and a pivotally translatable clanping nmenber,
such asPiwdt 14nin artieplatighicentrelrlé mayi betripYyidey adjacgnt tg ﬁ&chaﬁgletmteffagtggﬁa@@n
effective stapling and severing of tissue clanped in the end effector 12.
The hasfdheerd dffectoutiZ2abamt giestrtodulagion pivd6 14.olnetheldluptnitedembadimsuty thetend gger 18
is pivotally drawn by the clinician to cause clanping or closing of the
anvi | 24fecowa? ¢ dohfigetdp &t ah@ndabodr o clahpirg)eevesifi§ @ad sitiplibg tissuel her eby
clanp tissue positioned between the anvil 24 and channel 22. The firing

triggera@Qugdts ui‘&ﬁérmﬁ{boeuﬁé@@@a&fe@énttms 6f QFWrRctbfs ke UsBd, SBICSs dae cl osure

trigger 18 1S locked in the closuré position as further described bel ow,

the fi réfﬁ'—:gto} gggl‘ﬁEr %Q?I@Xu{gﬁéaﬁﬂal&ls'sggﬁ hy, rEl \é%rgl eilso straﬂghspbl% ﬁJghglrs' p 26 so

that it can reac e operator ohe and en t oper at or
may pivot al

r|n tr| I st grip 26 to cause

Tho ot ABrRgdra kB BBy it Bl el R e BB e St 6 220 i
ot her e %glnent a%Jere es of _clanpj nbers besides the anvil 24
cou d b0 o Paadi B h@xéﬁw@ BH LR Cloate thiegs |8 EBASTNEL wi ||
be appreciated that the terns " rOX|naI and "distal" are used herein with
r ef er enfeigger@0dorcaciuaiiag the egd ﬁffmtﬁ@?c HewHbbraperagsiassd thef ingigmantadiayingend Thus,
the end effector 12 is distal with respect to the nore proximl handle 6.
It willeffeetofsditeoted tapiffeemit suredalt theks maydiave diffiereeninemioees amntypes afitriggers @pat i al
terms such as "vertical" and "horizontal" are used herein with respect to
t he dr asthdi@aitabiostels, foSepegitinglthd ditlteffec@nl s Biecend€dction 1 riznfiowh sepatadd ons
and

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 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.

[0044) 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

handle 6 includes a pistol grip 26 towards which a closure trigger 18 is pivotally drawn by the

clinician to cause clamping or closing of the anvil 24 toward the staple channel 22 of the end

effector 12 to thereby clamp tissue positioned between the anvil 24 and channel 22. The firing

trigger 20 is farther outboard of the closure trigger 18. Once the closure trigger 18 is locked in

the closure position as further described below, the firing trigger 20 may rotate slightly toward
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positions, and these terns are not intended to be limting and absol ute.

[ 0046] The closure trigger 18 nay 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, |ocked 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 renoves pressure, as described nore
fully below. A release button 160 on the handle 6, and in this exanple, on
t he pi sthepistpl gpp 26 sothat ihcambaughehed by ditecapetiéqsusing @de hand. rBieadkeoneraton ocked
closure trigger 18. [0047] Figure 3 is an exploded view of the end effector
12 accomaly pigotably dmami thei§iring prigpdi D tovard ths pshodarip 26 te tause tHeussapliag et

enbodi ment, the end effector 12 may include, in addition to the

pr evi ougharinpaiTiclaaiped tissir i ele cdd effodoI NV iTh ofr erdbsdinbhSAiffaRht typ@Yf 32, a
sled 33, a staple cartridge 34 that is renovably seated in the channel 22,
and a b G ; [ '

excarpl & hPHE ety (SR P Sl TS0 UBPAS WIRRUmAR, ISEPS LAY o

pi vot gg'nt 25 connected to the proxi mate end of the channel 22. The anvil
24 may also include a tab 27 at its proximate end that is inserted into a
conpone f the ani cal . .closure, system.(dgscribed, further belo to
opon_ anoflose s OV HroBis il s sEah oo R BSRr e 1 herieth ' Cha
is, drawn in by a user of the instrunent 10, the anpyil 24 i vot., about
the pi visfergnse ki a dinician gripnieg @FQ%@W 8f aing&apent dQ; { }{Bﬁ‘n they @ggffaﬁﬁr hgiSof t he
end effector 12 is satisfactory, the operator may actuate the firing

t ri ggerdistal wightespect tpdhemereprasional handls @ Watlhbe further appreciatedstat, fote knife 32
and sled 33 to travel longitudinally along the channel 22, thereby cutting
ti ssue ahsemateand tiarityt spatieltdrmes suelc a0 tvettRal" Bhe "npizentelitarofset] heresl with 33 al ong
the channel 22 causes the staples of the staple cartridge 34 to be driven
t hr oughrebfeet (6 eNedradtingh J9difeveAROrgRARINGEEMENEars LISl ndy iokieddiionstingh turns the
staples to fasten the severed tissue. U S. Patent

positions, and these terms are not intended to be limiting and absolute.

[0046] 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 160 on the handle 6,
and in this example, on the pistol grip 26 of the handle 6, when depressed may release the locked
closure trigger 18.

[0047] Figure 3 is an exploded view of the end effector 12 according to various
embodiments. As shown in the illustrated embodiment, the end effector 12 may include, in
addition to the previously-mentioned channel 22 and anvil 24, a cutting instrument 32, a sled 33,
a staple cartridge 34 that is removably seated in the channel 22, and a helical screw shaft 36.

The cutting instrument 32 may be, for example, a knife. The anvil 24 may be pivotably opened
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No. 6,978,921, entitled "Surgical Stapling Instrunent Incorporating An
E-Beam Firing Mechanism" which is incorporated herein by reference,

provi des nore details about such two- stroke cutting and fastening
instrunments. According to various enbodi nents, the sled 33 may be an
integral part of the cartridge 34, such that when the knife 32 retracts
followng the cutting operation, the sled 33 does not retract. [00481 It
shoul d be noted that although the enbodi nents of the instrunment 10 descri bed
herein enploy an end effector 12 that staples the severed tissue, in other
enbodi memt dosdil fuf pigot pointeShonupses t6 the prasneteiend obtheshanriehd?.t Hee awil@ded

ti ssue may be used. For exanple, end effectors that use RF energy or

adhesi ve@ay hiRo irktiden thh27 sdugrexmhiesad chanyinsttedindea usponebt & theaieetninichb.
5,810,811, entitled "Electrosurgi cal Henostatic Device," which is

I ncor poggLRdsRBEIdRsdibed HRIRF BEIER) tolipeh hPESseah& bl 710 WREH thddRBbret hat uses
RF energy to Tasten the severed tissue. U S. Patent Application No.

11/ 267, §: i SYE g . i Lns: : Del i very
& o e Bt LRl B LR AR EATRB S 3 Mt g, 2

a9t o Beut e SHARBOATS IR TRRlpRq SE OSSRl PSSR SLES. Peldrigty O

Medi cal 0 incorpora rein erence,

di scl ose cutting instrunents tha se adhesjves.to fasten the severed

{1 Ssue, SHBEBID, Hi periarmad spieisyie HBGe HIeset o it e Put arein fiprs aeta
cutting/stapling operations and the |ike below, it should be recognized

t hat t hbelowscaysesdhedkfifead2yand sisd 3 e Haved inngitpdingl bt alopgathe channgle??, thefabyng. ot her
ti ssue-fastening techniques nay al so be used. [0049] Figures 4 and 5 are
expl odeduttingtisuacldmpedywithingh¢ endeeffctde 1%.i ‘Ebe mbvenment ehdhe sfel Sdtabing the and shaf t
8 according to various enbodi ments. As shown in the illustrated enbodi nent,

t he shalidghnd 2Xayuden tHelsthpled off (hvstaphd carteidgs 34 © Helddwer through the shvaiedltisaleosur e
tube 42 pivotably linked by a pivot |links 44. The distal closure tube 42

i ncl udegnPdpaBERE BBséPanivila, Whick furhd e k@Pledto Afted (HR se@d fissdd US. Paggrted in
order to open and close the anvil 24, as further described bel ow. Di sposed
No. 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. According to various embodiments, the sled 33 may be
an integral part of the cartridge 34, such that when the knife 32 retracts following the cutting
operation, the sled 33 does not retract.
[0048] It should be noted that although the embodiments of the instrument 10 described
herein employ an end effector 12 that staples the severed tissue, in other embodiments different
techniques for fastening or sealing the severed tissue may be used. For example, end effectors
that use RF energy or adhesives to fasten the severed tissue may also be used. U.S. Patent No.
5,810,811, entitled “Electrosurgical Hemostatic Device,” which is incorporated herein by
reference, discloses a cutting instrument that uses RF energy to fasten the severed tissue. U.S.

Patent Application No. 11/267,811, entitled “Surgical Stapling Instruments Structured For

Delivery Of Medical Agents” and U.S. Patent Application No. 11/267,383, entitled “Surgical
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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 36. Wen the main drive shaft 48 is caused to rotate by
actuation of the firing trigger 20 (as explained in nore detail below), the
bevel gear assenbly 52a-c causes the secondary drive shaft 50 to rotate,

whi ch i StaplingdpsthesatssBrusturedhBordvgpyassisted 1¢liveeOfMedisakybganss. Both gfavhighus es
the helical screw shaft 36 to rotate, which causes the knife/sled driving

menber @#Ralkseiricopoedted Heogig by vefereadd, diselosnguttinganghenmene th&ise edlesivestoy ti ssue
clanped within the end effector 12. The vertical bevel gear 52b may sit and

pi vot i fastafthe ReVEréisaue. | Acdoffingly Sdlthbugintle @éscfiﬁ%tﬂie@éﬁh REE to S@tingstaplhg 46. A
di stal spine tube 58 may be used to enclose the secondary drive shaft 50 and

the dri Fa@i%ﬁ‘{ shdfle 1iREbel &R it SfuldVSd técognibRd Bt ﬂusdlrs 'aH %xe’iﬂp’ﬁlty éhtbodidint agFondary

drive s t 50, and 13 the articul ati on assenb t he bevel gear

bl f . d haf t
assentl ¥ oAy ARRE: GRS JLkSpiG b BTRL By Wl 7. 7 Ve o
The b 36 I ted to.th
scr ew J0Mr uar o HorE bet ?%E%sﬁam‘iee»g§and€¥ws%gagV@ag%ﬂtﬁymﬁeﬁ%«s@'SX?eW
36 dlstally, driving the cutting instrunment 32 and, . in the progess, the

sl ed 3312 #idshalt &aﬁﬁorqheg &Y&W@F@b%@% Apahoyn igihe iyatratedembodiment, the made

of, for exanple, plastic, and may have a sl|oped distal surface. As the sled
33 t r avshaB&mayhisclodamproixinedgte clobure tbgd€dnd & distwd eldseratibecd? pregtatdy dinkeddyor

drive the staples in the staple cartridge 34 through the clanped tissue and
agai nsta pilvet lanke dlt. ZHe distabclasure tub242 indludes ahepenimgpiSaato winel dleytats2Aml thag t he
severed tissue. When the knife 32 is retracted, the knife 32 and sled 33
may becgi 2diisegradeal ordeP & speil ah@aldsatfle ahiE245 b firBdr ddscrihd tdiost abisperdd of t he

channel 22.
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
36. 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/sled driving member 32 to travel
longitudinally along the channel 22 to cut any tissue clamped within the end effector 12. The
vertical bevel gear 52b may sit and pivot in an opening 57 in the distal end of the proximate

spine tube 46. A distal spine tube 58 may be used to enclose the secondary drive shaft 50 and

the drive gears 54, 56. Collectively, the main drive shaft 48, the secondary drive shaft 50, and
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[ 0051] Because of the |ack of user feedback for the cutting/stapling
operation, there is a general |ack of acceptance anong physici ans of

not or-driven surgical instruments where the cutting/stapling operation is
actuated by nerely pressing a button. In contrast, enbodinents of the
present invention provide a notor-driven endocutter wth user-feedback of
the depl oynent, force, and/or position of the cutting instrunent in the end
effector. [0052] Figures 7-10 illustrate an exenplary enbodi nent of a

not or-driven endocutter, and _ in particular_the handle 6 thereof, that

provi dete artievlatireasseptly (R gatheibatel R agwpibhy fitne) asnepmetimesirelgrredioerdt t he
cutting instrunent in the end effector. In addition, the enbodi nent may use
power pasdhe ‘themin Hsive $heftassembin" retracting the firing trigger 20 to power the
device (a so-called "power assist” node). As shown in the illustrated
enbodi n@050] t he habehkiag88iisthidadaboretht delicat drivemssmw 36. dEhgqbeates 368, alw0 and
exterior upper side pieces 61, 62 that fit together to form in general,

the ext@nhh&ftedab thd1@ife@dIehdh théhdlRbE @TvE sbréw FUBRvAE rdtatel, thObeabiag B&ry, my be
provided in the pistol 14 grip portion 26 of the handle 6. The battery 64

power s v@ﬁ&%f: gélééll NS gew 86 @idtalP), Qﬁfvn&%é blﬁﬂn%rgnfstrﬁrﬁ&tl%b%h@' in e ocR:@{ tion

26 of t ing to various nts he not or may be a
DC brus ﬁ% in h VI X ot atd 5000
M1 S B P PR,
bevel 68 and a ond  beve a bevel 6 nay
dri ve SBNSRATY GeaR SHeELHBR s %%%ealeﬁﬁgtww@s&ﬁ? %&é?@??ref@pﬁ%y
i ncl ude a p|n|on gear 74 connected to a drive shaft 76. The ﬁinlon ear 74
may dr i fpevad serfaca ghayinvgh Bk drie thagepley invkestaplaeariridge 34 dhpugh hechm
drive shaft 82. Aring 84 may be threaded on the helical gear drum 80.
Thus, wisswe arldeagaipstdhe 85il 2ot Theasyil Rhturnd the stgples, sharehysstapling thersgverkd tissverg t he
hel i cal gear drum 80 by neans of the interposed bevel gear assenbly 66,
pl anet awhewthaknids 32 isrktractal, erecknifie 39 agdsled 3B mad G8&odde dibenghgaddthereby heayingl so
include a run notor sensor 110 in conmmuni cation with the

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

[0051] Because of the lack of user feedback for the cutting/stapling operation, there is a

general lack of acceptance among physicians of motor-driven surgical instruments where the

cutting/stapling operation is actuated by merely pressing a button. In contrast, embodiments of

the present invention provide a motor-driven endocutter with user-feedback of the deployment,

force, and/or position of the cutting instrument in the end effector.

[0052] Figures 7-10 illustrate an exemplary embodiment of a motor-driven endocutter,

and in particular the handle 6 thereof, that provides user-feedback regarding the deployment and

loading force of the cutting instrument in the end effector. In addition, the embodiment may use

power provided by the user in retracting the firing trigger 20 to power the device (a so-called

“power assist” mode). As shown in the illustrated embodiment, the handle 6 includes exterior

lower side pieces 59, 60 and exterior upper side pieces 61, 62 that fit together to form, in general,

the exterior of the handle 6. A battery 64, such as a Li ion battery, may be provided in the pistol
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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
rheostat or variable resistor. Wien the firing trigger 20 is drawn in, the
sensor 110 detects the novenent, and sends an el ectrical signal indicative
of the voltage (or power) to be supplied to the notor 65. Wien the sensor 1
10 is a variable resistor or_the like, the rotation of the notor 65 may be
gener al §rip ROFEIIGH afdhrahandis & nEhehaERYOATONTEVAREIRE SDAISPRREd AR a1 PRPSE PPTHGRr 20.
That is, if the operator only draws or closes the firing trigger 20 in a
littl e dfithe pisthkgriropaationo?6 of the handlgdt Aecopding & Yasions erbedimery, theweer e firing
trigger 20 is fully drawn in (or in the fully closed position), the

r ot at i anaybe 4 D€ bihed dH%ing sondr having mamdximom rotatiot 6 approxideitely, 560 BPNEr t he
user pulls on the firing trigger 20, the nore voltage is applied to the

ot or  6fhe HAYSEINBaPiBA £907 el EISzeaf assérblRob eompriding H@bst beveh gedi®B8dhéa6 nmay

i nclude a mddl e handl e piece 104 adjacent to the upper portion of the

firing &gargg?&gégarﬁ?efﬂé%%l et REDIFBY nf2Q WRVE 3 BlaRetdhAeaP RibBly Y22 The

S
connecte posts on the mddle handle piece 1 and the firing

trigger lg %taé%rggalrﬁgsféﬁlgf}pfm%@?y éajgl:ﬁxr(]ig? é{ﬁ%ﬁg ea} I?E canie{Etjeg'% é&l’l'ﬂegs%%ft%g t[ﬁei ts fully

open pd%l I rator releases t I'ring trigger

20, the .bj [ 12 will |1t irj tri 2Q to.it

posi ti gm‘,lllo{?%ﬁq%&rﬂ;}ga%'r%%\ﬂ%ﬂmﬁg?%ﬁﬁgﬁ th‘!lltrdt'ﬁ'gs %é%‘lggféefigmn?%%yls& O”E’? oppi ng
rotation of the notor 65. Moreover, by virtue of the bias spring 112, any
time a W8BBA2cAJIRS4mey bs thrgaded on thgbelicabgear duny 8@y Thigs, When thematorcey

resi stance to the closing operation, thereby providing the user with
f eedbacttates, the ring &4 émeausrd tofravel alangitmhadicalrgeardram 80y meangof 8B.inteposdder , t he
operator could stop retracting the firing trigger 20 to thereby renove
force fhevah geheassamidpi66flohetdrp gedrasemplysTDndiring geat 8. 65. As such, the user
may stop the deploynent of the end effector 12, thereby providing a neasure
of contpes3]of t herhe 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 rheostat or variable resistor. When the firing trigger 20 is drawn in, the sensor 110

detects the movement, and sends an electrical signal indicative of the voltage (or power) to be

supplied to the motor 65. When the sensor 110 is a variable resistor or the like, the rotation of

the motor 65 may be generally proportional to the amount of movement of the firing trigger 20.

That is, if the operator only draws or closes the firing trigger 20 in a little bit, the rotation of the

motor 65 is relatively low. When the firing trigger 20 is fully drawn in (or in the fully closed

position), the rotation of the motor 65 is at its maximum. In other words, the harder the user

pulls on the firing trigger 20, the more voltage is applied to the motor 65, causing greater rates of

rotation.
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cutting/fastening operation to the operator. 100551 The distal end of the
hel i cal gear drum 80 includes a distal drive shaft 120 that drives a ring
gear 122, which mates with a pinion gear 124. The pinion gear 124 is
connected to the main drive shaft 48 of the main drive shaft assenbly. In
that way, rotation of the notor 65 causes the main drive shaft assenbly to
rotate, which causes actuation of the end effector 12, as described above.
100561 The ring 84 threaded on the helical gear drum 80 may include a post
86 that is disposed within a slot 88 of a slotted arm90. The slotted arm
90 has W#54peni ngjr hghandlg 6dpayoselude a @Fﬂf’@@“ﬁ”ﬁd’c’eqeé%Pgt@ge”ét%'ihﬁtb‘?pﬁilpﬁ“@@ t hat
is connected between the handle exterior side pieces 59, 60. The pivot pin
96 i s abfithe fiiispoigger 200rhedhandin 6ajsemayronPois¢ & branspring i IRgonnecipddietv®nand an
opening 102 in the m ddl e handl e piece 104. 16 [0057] In addition, the

handl e fostiey theglididtkehadiepiedesi®4 mnd dre firing teggbr @0 - The biae s;zrérgsldr?.)ma}dhm thad a
stop notor (or beginning-of-stroke) sensor 142. |In various enbodi nents, the

revers eﬁru’i%%’r@@et%rﬁ &% fill oﬁﬁo@ Inithat tbwa§ Wvh&ihtht 6p &b reMaséde diisg al end of
the helic gear drum 8 suc that the ring 84 threaded on the helical gear

reachosERG Af R SPRSRHA PPy HIFRUIRKERR “%?9%%03“??%%5’@“ e tor
ot ati o B PEAE AR Wtﬁt ny Pt Read s tuletRs 285%0‘5?%2918%%”@# ?ic't Zf
For  oxaNpiBOr e s G IS BEUR? 455 SR n Tng FiEPRY S bUE (ORLL| FORTES| ¢ oy
be |l ocated at the prOX|nate end of the helical gear drum 80 so that the
ring 84resisiapes tpte covingeperaipnyiheisby preovidingthguser sdthfeedbagieasypdhs smeust ehd of
the helical gear drum 80. [0059] In operation, when an operator of the
i nst r umetdtioh @xgrteld| by thamktar (66. Fimthengthe ppeyater 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.

[0055] 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 main drive shaft assembly to rotate, which causes actuation of the end effector 12, as

described above.

[0056] The ring 84 threaded on the helical gear drum 80 may include a post 86 that is

disposed within a slot 88 of a slotted arm 90. The slotted arm 90 has an opening 92 its opposite

end 94 that receives a pivot pin 96 that is connected between the handle exterior side pieces 59,

60. The pivot pin 96 is also disposed through an opening 100 in the firing trigger 20 and an

opening 102 in the middle handle piece 104.
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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 78 at the distal end of the planetary gear assenbly 72 to rotate,
thereby causing the helical gear drum80 to rotate, causing the ring 84

t hreaded on the helical gear drum80 to travel distally along the helica
gear drum 80. The rotation of the helical gear drum 80 al so drives the min
drive sH867] asseniblagditien.dbehbandisetimap sghide gigverseimotoron erdrabasokgspnsePment of
the knife 32 in the end effector 12. That is, the knife 32 and sled 33 are
caused 130 dndavstapsraotiohéor blaginmiag-o2-atroke) serisorubdi2n dh varjousleerbetiments; themeyersessue
clanped in the end effector 12. Also, the stapling operation of the end

ef f ect Omoibe sénSoCEBOSRAY Beda hRARKMCh Dcaed acthergidta enthefithe kelRhbgdat dgni $(psucknd
effector is wused. 17 [0060] By the tine the cutting/stapling operation of

the endygfe th% R4 Hireddid DR IRiBal gedMirui80%ofictd And s AR ebite MBRE séhsstm 80
wi || have reached the distal end of the helical gear drum 80, thereby

causi ngl§d1@gé’net¥§ F1§§8Epeta es%ﬁen@gal %@Q)fttffé l{%ﬁcﬁlrgieﬂﬂ:ﬁgm 8‘0*.1 i’I‘le r&Ve %n(ﬁor.Si gnal to

t he not or use the no to reverse its rotation. This in turn
causes the 5»'fe 32 to retract, .an SO . C es the.ring. 84.0n.the helical
goar - dr 0 Dotttk seafaisitBh ot Beis” BRE B bt ifioB s drum go.
[0061] The m ddl e handl e piece_ 104 ingl ude backsi de shoul der 106 t hat
engages therdy withdaing the 5 ef %@g'ﬂd %fERS\%H laﬁ&ﬁ"ﬂﬂg the cgtting pperatiqhe i ddl e
handl e pi ece 104 also has a forward notion stop 107 that engages the firing
tri gger [0888] The nbhesstammotor sanser Ki2anayee, for gxgaple.r naswally-slosedilimdswitsdpl ai ned
above, by rotation of the notor 65. Wen the slotted arm90 rotates CCW as
t he ri nin Bdiots enkddiméntam magbglooatedratt the prodinadte érndeofhikd halmhl gpaadrudr 8(hso80 t o
the distal end, the mddle handle piece 104 will be free to rotate CCW
Thus, afhat e rilg 84 trilfsaMGswifcht 14Q whehitiOring 84 reaches the proximate end of the helical

gear drum 80.

[0059] 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

helical gear drum 80 to rotate, causing the ring 84 threaded on the helical gear drum 80 to travel

distally along the helical gear drum 80. The rotation of the helical gear drum 80 also drives the

main drive shaft assembly as described above, which in turn causes deployment of the knife 32

in the end effector 12. That is, the knife 32 and sled 33 are caused to traverse the channel 22

longitudinally, thereby cutting tissue clamped in the end effector 12. Also, the stapling operation

of the end effector 12 is caused to happen in embodiments where a stapling-type end effector is

used.
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trigger 20, the firing trigger 20 will engage the forward notion stop 107 of
the m ddl e handl e piece 104, causing the mddle handle piece 104 to rotate
CCW Due to the backside shoul der 106 engaging the slotted arm 90, however,
the m ddl e handl e piece 104 will only be able to rotate CCWas far as the
slotted arm90 permts. In that way, if the nmotor 65 should stop rotating
for sone reason, the slotted arm90 will stop rotating, and the user wll

not be able to further drawin the firing trigger 20 because the niddle
handl e piece 104 will not be free to rotate CCW due to the slotted arm 90.

[ 0062] [&’@ljre 41 Baribe dne thel qugingétaplingiepesatianeod thet engd offgetoah? & commpidde. thehat may
be used as the run notor sensor 110 according to various enbodi nents of the
pr esentringrddentthokelicdhgeasdmsnd0 willllveesachadchedistaberfdaafehglelichlogea®Om 80, f i r st

el ectrode (A) 282, a second electrode (B) 284, and a conpressible

di el ectthérebynausing tHe réidse(rRotdr senkkAB0 heby@pped, Which 2a8dy Dlgsal 28the nitekr.65The
sensor 18 110 may be positioned such that the face portion 280 contacts the

firing ¢ ehdleale mRoMbFR revedle iGbRHon. ALK iRt ises WhEknif B2 thiréttdRf ahd bigger 20
is retracted, the dielectric material 286 is conpressed, as shown in Figure

473 Sk % L R 5t DR U e

di st anc ween ectly related to the
irrpedancer etween the electrodes 282, 284, the greater the distance the
nore i BIEdANEE” and the closer the distance the |ess inpedance. In that

way, th nount that . cﬂe dielectrjc material 286 s conpressed due to
ret ractlﬁ‘gﬁ] of thdh¢ P‘r“is ﬁh?‘}di?"gﬂé?e fé)d lg%é‘?%élagac@éjefsh?‘bl "'r'r"rllg—)‘S that epgaghs ea2) s
proportional to the inpedance between the el ectrodes 282, 284, which can be
used t ¢lqsied pam PO anbast showarin Figurestfeand fo t The ngiddle haudie pice MfbHlambas ajdorvasd
exenpl ary closure systemfor closing (or clanping) the anvil 24 of the end
ef f ect onotibd stop 10@tthaengaggs thdirimg dsggee 20.r Thgwoveb&EnapEthalskotted AmwhO isn Fi gur es
7-10. In the illustrated enbodi ment, the closure systemincludes a yoke 250
connecteefltrélizd] Heexpla@fedabove, 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

for some reason, the slotted arm 90 will stop rotating, and the user will not be able to further

draw in the firing trigger 20 because the middle handle piece 104 will not be free to rotate CCW

due to the slotted arm 90.

[0062] Figure 41 and 42 illustrate two states of a variable sensor that may be used as the

run motor sensor 110 according to various embodiments of the present invention. The sensor

110 may include a face portion 280, a first electrode (A) 282, a second electrode (B) 284, and a

compressible dielectric material 286 (e.g., EAP) between the electrodes 282, 284. The sensor
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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 fromwhere 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 the yoke 250 is
connected, via a pin 254, to a first closure bracket 256. The first «closure
br acket | 195@aychsrpeeitioned yich thag the fereqogiqir 280spateia thefBme wiager OpThed v, t he

cl osure brackets 256, 258 define an opening in which the proximate end of
t he pr oxirantade Asicossiingly, twhse theOf i fimgteig 2% 29Us eetrayted, she digleetdicamaterfird 286 ssuch t hat

| ongi t udi nal novenment of the closure brackets 256, 258 causes | ongitudi nal
mot i on dayhpkdssedp ashiowatie Fidues4l, gudhuthst thdelectivdes 282 0 8draidtclober tapaheri ISidcades a
closure rod 260 di sposed inside the proximte closure tube 40. The closure

rod 26Gh&BitahfCibt $etweSn thed]steones2BD, 2819 d%ﬂt@hel@teﬁ@@fheZl@n%edHﬂc@B&w@én thee
handl e exterior pieces, such as exterior |ower side piece 59 in the

I 1 ust rél‘%] g‘f‘srﬁ%gdifﬁeme}%réa?er%é&%&% tBQmeéﬁﬁagL;d’e}nQQ’Lﬂﬁ?ﬁe% gJeQﬁéﬁn%e'E d 260

to the proxim osure i s capabl e of
nDV|ng | ongi t udi n Ative t The cl re rod 260
may o <53 et I e e c8PF‘8P“t3%§}Q‘?%‘?‘%‘e‘?‘”f ol 250 cdPres et

proxi mate spin retained t inb a cap 271 e Figure 4).
L0641 rreﬁac&aapgmegﬁmgmw B Fepitet 55 Bt 7 2t Eidien 42 o ?ﬁﬂae%l(t%ﬁ Sf the

cl osure trigger the cl osure brackets 256, 258 cause the proxinate

cl osur elnlpe@)eé\cmbetwseW%Ieﬂir@deélm% 28, which gapdke used tsnpraporHapailyecontiol the t he
instrument 10), which causes the distal closure tube 42 to nove distally,
whi ch oammeéithe anvil 24 to rotate about the pivot point 25 into the

cl anped or closed position. Wien the closure trigger 18 is unlocked from

t he | odResB]posi t iCampohérts pf anxéxenipkary cbasessteinifoe chlingSocdaapidg) the ahville
proxi mal Iy, which causes the distal closure tube 42 to slide proximally,

whi ch by ofithd & ePectoh €2 b ketrdétitieth®elobuts ideerl18 dte b8 sHbWE MVFidRre®-10he di st al

cl osure
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 the yoke 250 is connected, via a pin 254, to a first closure bracket 256. The first
closure bracket 256 connects to a second closure bracket 258. Collectively, the closure brackets
256, 258 define an opening in which the proximate end of the proximate closure tube 40 (see
Figure 4) is seated and held such that longitudinal movement of the closure brackets 256, 258
causes longitudinal motion by the proximate closure tube 40. The instrument 10 also includes a

closure rod 260 disposed inside the proximate closure tube 40. The closure rod 260 may include
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tube 42, causes the anvil 24 to pivot about the pivot point 25 into the open
or unclanped position. In that way, by retracting and | ocking the closure
trigger 18, an operator may clanp tissue between the anvil 24 and channel
22, and may unclanp the tissue following the cutting/stapling operation by
unl ocking the closure trigger 18 fromthe | ocked position. [00651 Figure 1
is a schematic diagram of an electrical circuit of the instrunent 10
according to various enbodi nents of the present invention. When an operator
initially pulls in the firing trigger 20 after |ocking the closure trigger
18, t heasamdowy 26ll1i0to whiglt 2 pos 263 on ah¢ ofthe handla extasior pieses bush asiestedohlowayh. | f
the normal | y-open reverse notor sensor switch 130 is open (neaning the end
of the eidepietd 8xinahe Hiustked frabodimenthbBelisppeedad fdydly conneetthe viokdre Fdd260tto a
single pole, double throwrelay 132. Since the reverse notor sensor swtch

130 is @RthaRlIe$E T tHahwaf @hd protidthtddloduietubet@ss chpablawbf howial Idgitediaslyi zed, so

the relay 132 will be in its non-energized state. 20 The circuit also
I ncl udeg,4iveqs fHel cﬂﬂﬁre Bg oMt Tl?@(ﬂéé?l'fe W66 had 30 ulldclucier'!?d1§’tlafjc(ﬂ’lfaif S&1 @t 13
i ncl udes a stap e cartridge 34, the sensor switch be in the cl osed

state, ?nto M f:aw Z%Brul; dﬁzﬂe %étgg\ﬁuﬁe % QI?J f’svlrétgme# Ihﬁ;englé}e anq %’; 1e(§ée°151é&1% 4?065 not

i nclude a’s e car e sensor her eby

e, o 8 TR A e ey OSSR 2

single pole, single throw relay 138. Wen the relay 138 is fner gi zed,
cur r ent theiciegyre bragksts g6 408 Claléf’reébe progimate,¢lgsip tubg 40 \t/%F‘iO&% figtaflx §i-ssta¥ays ens or
110, and to the notor 65 via a double pole, double throw relay 140, thereby
power i ndrotritiee hrandlerend 6f thadnstiumeni HY, which causest the distahclopire tibgrddde thode r ect i on.
[00671 When the end effector 12 reaches the end of its stroke, the reverse
not or sdizeatly, widh caustd thbanvit?4 wabtad abbirethepiyocpaisti 239G ntoltke slampediorlcddsednd
energi zing the relay 132. This causes the relay 132 to assune its energized
stat e ( pediti&OWRer fhe tlogureeridde} .| 8 Winldtk6@E6MINE IOCk&I Positidn, the proximate

closure tube 40 is caused to slide proximally, which causes the distal closure tube 42 to slide

proximally, 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 18 from the locked position.

[0065] Figure 11 is a schematic diagram of an electrical circuit of the instrument 10

according to various embodiments of the present invention. When an operator initially pulls in

the firing trigger 20 after locking the closure trigger 18, the sensor 110 is activated, allowing

current to flow therethrough. If the normally-open reverse motor sensor switch 130 is open

(meaning the end of the end effector stroke has not been reached), current will flow to a single

pole, double throw relay 132. Since the reverse motor sensor switch 130 is not closed, the coil

134 of the relay 132 will not be energized, so the relay 132 will be in its non-energized state.
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bypass the cartridge | ockout sensor switch 136 and variable resistor 110,
and instead causes current to flowto both the normally-closed doubl e pol e,
double throw relay 140 and back to the notor 65, but in a manner, via the
relay 140, that causes the notor 65 to reverse its rotational direction.

[ 00681 Because the stop notor sensor switch 142 is normally-closed, current
will flow back to the relay 132 to keep it energized until the switch 142
opens. Wien the knife 32 is fully retracted, the stop notor sensor swtch
142 is activated, causing the switch 142 to open thereqy renovi ng power

f r om t Heesewt algsincludeenaariridge faskeut spsepsvritcht 196, Iftheend effpetprd 2 includes a
proportional -type sensor 110, an on-off type sensor could be used. In such
enbodi rstaptescarttiige Fathe sefisor owiieh bi6 will terin thepleped sBtenalidvdng ourrdng to feeport i onal
to the force applied by the operator. Rather, the notor 65 would generally

r ot at e herwzsk, | thecondtedifiottor 82 doesBot intlhde apaplaicantridgeBddthstsehdor exioedy i36nce f or ce
f eedback because the firing trigger 20 is geared into the gear drive train.

[00701 Wil bsenl,aleira)yqarédeﬁlﬁng/ihewa@éry%hler_oha;sweeing t1f matoP@yer - assi st notori zed
endocutter according to another enbodi nent. The enbodi nent of Figure 12 is

simlar t hat i = : i -gpﬁgg' Fligure 12,
t here i[(s)(s(ﬁi sl ot '?\féhcfﬁzggér#’%@%e (z:%rg??%gt% ggﬁ@%se%gg{er%eﬁséﬁ Q‘gﬁ t reggg)gédd%fhﬁ(ﬁeghel i cal
ri i ncl udes

drum 80, 1. . .in the embodi Fi 12, th 8
" Censaroistart  oRE Paf vinde WGy GERR o PhelnenyBBAS b pse e, o townces

down (and back) on the heljcal .gear .drum 80. The sensor portion 1
i ncl ufjé ouglhibe ctlo, b H*Fﬂ‘ég?‘rtb%‘i‘réagﬁ” H BT SeBsaTd > g Heymesr ﬁg%&la@éa%éf‘ t he

di stal end of the notch 116 and the stop notor sensor 142 nmay be |ocated at
t he pr delerdewblehmvprelahktOntiersky peweringthe poteriGagnd alloyipgdt tagotatetinéhenel i cal
gear drum 80 (and back), the sensor portion 114 noves with it. Further, as
shown iforvardjdirestio®, the niddl e piece 104 may have an arm 118 that extends
into the notch 116.

[0067] 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 132. This causes

the relay 132 to assume its energized state (not shown in Figure 11), which causes current to

bypass the cartridge lockout sensor switch 136 and variable resistor 110, and instead causes

current to flow to both the normally-closed double pole, double throw relay 140 and back to the

motor 65, but in a manner, via the relay 140, that causes the motor 65 to reverse its rotational

direction.

[0068] Because the stop motor sensor switch 142 is normally-closed, current will flow

back to the relay 132 to keep it energized until the switch 142 opens. When the knife 32 is fully

retracted, the stop motor sensor switch 142 is activated, causing the switch 142 to open, thereby

removing power from the motor 65.

[0069] In other embodiments, rather than a proportional-type sensor 110, an on-off type

sensor could be used. In such embodiments, the rate of rotation of the motor 65 would not be

proportional to the force applied by the operator. Rather, the motor 65 would generally rotate at
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[00711 In operation, as an operator of the instrunent 10 retracts in the
firing trigger 20 toward the pistol grip 26, the run notor sensor 110
detects the notion and sends a signal to power the notor 65, which causes,
anmong other things, the helical gear drum80 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 mddle piece 104 is caused to rotate CCWw th
the firing trigger 20 due to the forward notion stop 107 that engages the
firing aqonyguratpoButthe opgretor worldssiH eyperiches ﬁ?f@cfﬁ%ibpﬂ@'ae@aq@zth%ﬁu%trtga@ arm
118 to rotate CCWw th the sensor portion 1 14 of the ring 84 such that the
arm 1180ss gaased idiogho ge drime trhie. not ch 116. When the ring 84 reaches the

di stal end of the helical gear drum 80, the arm 118 will contact and

t her eby{0070] p t he Figivel 3R arsideoview @fithethaddl® 6 0B powear-asyist mbwhizédhendotwgr 84
reaches the proximate end of the helical gear drum 80, the arm 118 w ||

cont actacadiing ReaRMer dhbbdinient. NEheSnftR MO BIgREA id fithilaStéCRatFIFi UG 7Ry
reverse and stop the notor 65, respectively, as described above. 100721

Figure %‘?bxbé?pt fhab i gﬁe ¥ﬁ1@8\5191fenttcﬂ? Qﬁ@ngé 3h<§e RfnoR I RRUEF r{g@@%bﬁec%ﬁ%@fﬂezrﬁ

endocutter according to anot I ment. The enbodi nment of Flgu e 13 is
simlar { 6 res tF t he od| gure 13,
there .8§“ it (P s, P R e 84, HEERE ﬁsmk?dnlme%w %ursq?‘he She Phe
hel i cal, drum 80 |n? ggls a vert ggnn I | nst ea g a,slot, the
arm  9GnFIHS adeRsorperHeR | Kotat mares witype BB% e 8 YARHIGE o8 GRS he
helical gear drum 80 rotates, the ring 84 threaded on the helical gear drum
80 advaeloon(the helisekgser drumdilh sFhisersopportine 1 14 wehidesompotchrh 6. akhe rogerseot at es
CCWas the ring 84 advances due to the post 128 being disposed in the
channelmdt@tsensts 130 0am biehodaieguat the Histal [e0d 3Bthe Agtchrg hé amchidbd swpawator sensandthg a
two-stroke notorized instrunment, the operator first pulls back and | ocks
t he cl asayr e Ibcatgioe thelfoximaglondof ik moch 115, A3ake Gme84eniooel duwvii thehelival

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 116.

[0071] 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 engages the firing trigger 20. The CCW rotation of the middle piece 104 cause the

arm 118 to rotate CCW with the sensor portion 114 of the ring 84 such that the arm 118 stays

disposed in the notch 116. When the ring 84 reaches the distal end of the helical gear drum 80,

the arm 118 will contact and thereby trip the reverse motor sensor 130. Similarly, when the ring

84 reaches the proximate end of the helical gear drum 80, the arm 118 will contact and thereby
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way to lock the closure trigger 18 to the pistol grip portion 26 of the
handle 6. In the illustrated enbodinent, the pistol grip portion 26

i ncl udes a hook 150 that is biased to rotate CCWabout 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 sl oped portion 156 of the hook 150, thereby rotating the hook 150
upward (or CWin Figures 14-15) until the closure bar 154 conpletely passes
the sloped portion 156 into a recessed notch 158 of the hook 150, which

| ocks ttHiithelsepunetor sengrjdd21 Sushnacsipagmay rNerse prd derihe mgior &3, &aspectively, a8l osur e
trigger 18 by pushing down on a slide button release 160 on the back or
opposi tdessibddalmivet he pi stol grip portion 26. Pushing down the slide button
rel ease 160 rotates the hook 150 CWsuch that the «closure bar 154 is

r el easq@of2iom t heiguec s adideotien ol thd.hazde p 007 pdwé-grisemdhrisédsrloantet her
closure trigger |ocking nmechanismaccording to various enbodinents. In the

enbodi negdrdink tardtied edBoditieft. CHREHMRAIndnB8EFigdi@ 1BNELiHARS toAnNRATRE&D- havi ng
an arrow head portion 161. The arrow head portlon 161 is biased downward (or

CW by maextegﬁtha lethgg.P ﬁmexﬁgﬁﬁg%&&e m@ C(ﬁ%i th3Rkh18. %@%eaaaaac hﬁg gRde

from for osure trigger

h h d 61 h 164
the i dbstoegRR PP RRERRR S REuiR 'eﬁlééf‘al%%%mé i %?*erg&biﬁﬁ“;% 166 of

the arr WF e d por 161 en es a lo |l .18 of th eni ng 164,
forcing t‘ﬁ‘g (%Sla t lﬁgé tdigho g?f’g‘féﬁe ghanp tlag'egé\é@/heﬁﬁagrgf‘ﬁfﬁrw?e&oﬁgta}e&wer
chanfered surface 166 fully passes the |ower sidewal| 168, renoving the CCW
force dhe tlmg‘bﬁhfﬁdﬁ%@h@e;bégftaﬁ gpar dgm 80 adianers (piistragisvalepensingeaithe 168 to slip
into a locked position in a notch 170 behind the arrow head portion 161.

[ 0075] rdtation)| dbk atnn0 cdtatsICEW as thgeing 88 adwnossatue o the post 1@8veingrlisposrdtinon 172
on the opposite side of the closure trigger 18, causing the arrow head

port i onrhéléhbnied 10O a8 5BV Eipgte 18] | ow ng t he arrow head portion 161 to slide

out of the opening 164.
[0073] 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 14-15) until the
closure bar 154 completely passes the sloped portion 156 into a recessed notch 158 of the hook
150, which locks the closure trigger 18 in place. The operator may release the closure trigger 18
by pushing down on a slide button release 160 on the back or opposite side of the pistol grip

portion 26. Pushing down the slide button release 160 rotates the hook 150 CW such that the

closure bar 154 is released from the recessed notch 158.
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[0076] Figures 17-22 show a closure trigger |ocking mechanismaccording to
anot her enbodi nent. As shown in this enbodi nent, 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 nmade from nol ded
plastic, for exanple. The pistol grip portion 26 of the handle 6 includes
an opening 180 with a laterally extendi ng wedge 182 di sposed therein. Wen
the closure trigger 18 is retracted, the pin 178 engages the wedge 182, and
the pin 178 is forced downward (i.e., the arm176 is rotated CW by the

| oner d0074hce 18Kigufe thshowsa@petharsdosursstriggeswpckingmethguismsaceqrdimgdo Y&iouphen t he
pin 178 fully passes the | ower surface 184, the CWforce on the arm 176 is
r enovedmbaditnentse Ipthe entddinsent of Bigert 16MhL slostretthigder fl Réngbudes A W@dgoh@s t o rest
in a notch 186 behind the wedge 182, as shown in Figure 19, thereby | ocking
the cl arving ah ﬁtr@@ﬂfead?@rﬁBﬁr 18heTh dirolBeddpoftivit I ris biaked downagd@riOWY the

| ocked position by a flexible stop 188 extending from the wedge 184. [0077]

To unl %Eafgpﬁngléasw& Wddg8960 aﬂfﬁeaftsﬁaﬁngn)@z AhPbe MYe fromt RRexaANESAGIdLOE
cl osure gger 18, cau5|ng the pin 1/8 to engage a sfoped backmal 190 of

the OPSAIS Wit o iEhA% DS o0l Rkl YRGS RER po 6 (A1SKIRLE P ORRES, 2

shown |gures ravel out “an upper

fBﬁ;Q?'anéié@hg 1 FBP ARl Eio ggrflsn 359% {?18&?“%@? 6 C'é §ﬁr€warﬁg%?auf 186 5% 0078

Flgures 23A-B_show a universal join (% The second pi ece 195-2
of  t heh¢aFey-headppetionytolicpgages aémmfrsa afﬁllalﬁs Bf raﬁ @p?lﬂnwh% goreing the 3rEqW-pj ece
195-1 lies. Figure 23A shows the u-joint 195 in a linear (180) orientation
and Fi deaépatsn $hbingotakeeCyUW. | lbientuaﬂpﬁleé@wqpbamﬁr%%uefaye 8661 By prssenthat i on.
The u -joint 195 may be used instead of the bevel gears 52a-c (see Figure
4, for lexamnidesalldt8 tramoringitlccuUC@W forcepmi the arteiv-héad goetioral 61, dausing thd bfister
assenbly to articulate the end effector 12. Figures 24A-B show a torsion
cabl e L@iewahats epdliplistolasieeked pobitiélin a notch 170 behind the arrow-head portion 161.

[0075] 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.

[0076] 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

downward (i.e., the arm 176 is rotated CW) by the lower surface 184 of the wedge 182, as shown

in Figures 17 and 18. When the pin 178 fully passes the lower surface 184, the CW force on the

arm 176 is removed, and the pin 178 is rotated CCW such that the pin 178 comes to rest in a

notch 186 behind the wedge 182, as shown in Figure 19, thereby locking the closure trigger 18.
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of both the bevel gears 52a-c and the u -joint 195 to realize articulation
of the end effector 12. [0079] Figures 25-31 illustrate another enbodi nent
of a notorized, two-stroke surgical cutting and fastening instrunent 10

wi th power assist according to another enbodi nent of the present invention.
The enbodi nent of Figures 25-31 is simlar to that of Figures 6-10 except
that instead of the helical gear drum 80, the enbodi nent of Figures 25-31

i ncludes an alternative gear drive assenbly. The enbodi nent of Figures
25-31 includes a gear box assenbly 200 including a nunber of gears disposed
in a friseimly8 is {idechad implagedn the lagked posiier bed flpeiblostap 1&8rﬁétq@8métomy gear
72 and the pinion gear 124 at the proximate end of the drive shaft 48. As
expl ai niedwédgetiRer bel ow, t he gear box assenbly 200 provi des feedback to the
user via the firing trigger 20 regardi ng the deploynent and | oading force
of the [@0Md] ef f ecTounIbZk thdlcssBuret thiggeat 98 theByerator papVirther ppeee thoclolge syst em
via the gear box assenbly 200 to assist the deploynent of the end effector

12. |ntﬁ%¥l%‘%ﬁ§s@ngt‘hﬁ?ﬁl imo%ﬁga%éiamwbmmn!1b@6f@bgpéﬁng ngy, esropdivnent  of

Fi gures 1 is another power assist, notorized instrunment 10 that

br ovi deg, f,e&eﬂm%%atﬁgﬁeq%@[e%%% g@f@éﬁ&% if PRul 338102 OTRE pEXARY ABF ed. bY

the cutting rnstr n the 1l[fustrated enbodl nent, firing

trigger. 20 jincludes two pieces;, a in _.bh rti 202 and a sgiffening
por £1 o8N R P BT Te3 8RS oibnindy B Bl s 0%y D0eRr 4 bsocanp e,
and the stiffening paortjon 204 be made out a nore rigid material,
such asonst @erdltﬂ%?%“?‘ gr%ﬁ%?'g%émd‘{nﬁﬁﬁfg,“r?ﬁi stiffening portion 204 is
adj acent to the main body portion 202, but.according to ot her enbodi nents,
the stilf478hi ng pbigures?3A0R skaywip gniyersalgpighoydeint hd el hehsecond riewwddy-20fr t i on
202. A pivot pin 207 may be inserted through openings in the firing trigger
pi eces tRORjoiR(45 astatesrbnya leizbhtal planain vebduthe fikst plece h@S-1 ilies. Nk gurei2ddeshoRd
rotates. In addition, a spring 222 may bias the firing trigger 20 to rotate
in a CoW wjoimadb dma liddue (580°) drienta?ida andighmea3Bashdivs ttad u-foivet 196anected to a pin

224 that is connected to the pieces 202, 204 of the
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.
[0079] 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 25-31 includes an alternative
gear drive assembly. The embodiment of Figures 25-31 includes a gear box assembly 200
including a number of gears disposed in a frame 201, wherein the gears are connected between
the planetary gear 72 and the pinion gear 124 at the proximate end of the drive shaft 48. As

explained further below, the gear box assembly 200 provides feedback to the user via the firing

trigger 20 regarding the deployment and loading force of the end effector 12. Also, the user may
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firing trigger 20. The proxinmate end of the spring 222 may be connected to
one of the handle exterior |ower side pieces 59, 60. [0081] In the
illustrated enbodi nent, both the nmain body portion 202 and the stiffening
portion 204 include gear portions 206, 208 (respectively) at their upper end
portions. The gear portions 206, 208 engage a gear in the gear box assenbly
200, as explained below, to drive the main drive shaft assenbly and to
provi de feedback to the user regarding the deploynent of the end effector
12. [0082] The gear box assenbly 200 may include as shown, in the

i |1 ust sevede ROVSHE the system yjathg ggar Q@aaeemhly@p 49 asgishihe deplopmentias theesmd bHox
assenbly 200 engages the gear portions 206, 208 of the firing trigger 20.

| n addieffector, 12. He tliat lsstse,gﬂartheaxﬁbceihgageéesaribﬂdedbbm, tieanodigedof Pigreshe 26
smal | er second gear 212 being coaxial with a large third gear 214. The third

gear 234 ien@agepower Sk metorizediinstiurgaar 0 2H#b provides seedbaokrio tlelustivegading 216
being coaxial wmth a fifth gear 218. The fifth gear 218 is a 90 bevel gear

t hat enmecﬁngfd?@éé@gn&ﬁe@syme&%%lmn{eheﬁ. shown in Fig. 31) that is

connected to the pinion gear 124 that drives the nain drive shaft 48. [00831

I'n Oper[?ﬁ Ofn shO\;%hE IﬂﬁlSH‘Et%& elBbd dﬂl%v\itﬁel}ﬁ tﬁ%éltg\% cﬁiQﬁ:E t»g(g’glle@eslf&' affPt or

sensor IS activate a si to the notor 65
to rot .a rtion e extent or f e with h the
oper at PSY orfigy ?(Z%?r}cﬁags?ﬁﬁegmigipro %hoél @ | gger” agpbody portia ?t?csienslayt B A ({Cf 65 to
rotate a speed E;gﬁg tional. to the &%% ahs n1th sensar., The,sensor is
not sh tlc’f B CXAP eiting peytion 20418y es‘i"’rﬁ0 amarg rigiddngteriplypt or
sensor 110 descri bed above The sensor could be | ocated in the handle 6
such t Isueh astmétal. depheddusigtedicabodiment.ithg stigfening pgaion294iisadjacent tadhemaing| so,
i nstead of a proportional -type sensor, an on/off type sensor may be used.
[ 00841 bedy portiom 262, buhascomiing to®her ambedimtshte, the steffengresspsti@62047@utdober ot at e,
whi ch causes the planetary gear 72 to rotate, which causes, via the drive
shaft disposddendiddie gt bodsdottionr 200 atAepivdipen 207 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.

[0081] In the illustrated embodiment, both the main body portion 202 and the stiffening

portion 204 include 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 shaft assembly and to provide feedback to the user regarding the deployment of the

end effector 12.

[0082] The gear box assembly 200 may include as shown, in the illustrated embodiment,

six (6) gears. A first gear 210 of the gear box assembly 200 engages the gear portions 206, 208

of the firing trigger 20. In addition, the first gear 210 engages a smaller second gear 212, the
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ring gear 122 nmeshes with the pinion gear 124, which is connected to the
mai n 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. 100851 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 assenbly 200, the first gear 210 to rotate. The
first gear 210 engages the gear portions 206, 208 of the firing trigger 20,
thereby causing the firing trigger 20 to rotate CCWwhen the notor 65

provi desmdllsr geeend gear ¢&2 being eerxial svith adprge thitsk gean?2 V4ankhettbird geas2é4 emagdien t he
notor 65 rotates in reverse to retract the end effector 12). In that way,

t he usesmallepénirthrpears? libethd lsmakerrfegdr giand 16 bang crgpxiabmith adifth ghap? By rihetfifttof t he
end effector 12 by way of the user's grip on the firing trigger 20. Thus,
when t hgead3 68 is3A 0P BéVehgéas tddendaiged @alinid YPakevel Geart 120 (BedeKIRIVAT inVHig 131)
experience a resistance related to the |load force experienced by the end

ef fect Oﬂlaéa%coéiee@eh%ihx iMbE et 194 BREAN O theRlif @RS sHalesgl i ring trigger 20
after the cuttlng/stapPlng operation so that it can return to its original

posi {1 Ofuga§e. Us S ofllion SRR I EEEcaCHe bl Akl 305 oRlI Mok N0

trigger ener d ropor h reverse e not or
65. [00@%&1 t sFouI . so be noted that in this ogj nt _the user can
appl v 1 S gl valed Wi mdCprarieE A sisaadi ok SRR Brcatpretiride! fo: or
65) to actuate the main drive shaft assenbl and .henc he
cut t i ngi§EaNt gorsp SrtacTeh ¢ opriatosinjeettiae ﬁv}rfgrm)mggﬁr gﬁhrsecev%?é theng the
firing trigger 20. That is, retracting the firing trigger 20 causes the
gear pomptapfs todate AoBspeed propertienal GO sighkldrore thesersor héhgyeaaser ipnotishewryear
box assenbly 200 to rotate, thereby causing the pinion gear 124 to rotate,
whi ch cforslés ehbalimentnbwdrii comldsteadimildi8o the mo hata.sehdd 8N deaktibmidphveictheshown i n
Figures 25-31, the instrument 10 nay further include reverse notor and stop
Mot or  SemsacouldAs 16R%erih Brchaalie\6euch that it BviRpresedBilRh tiddfirisd @igger0as

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

[0084] 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.

[0085] 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

rotate. The first gear 210 engages the gear portions 206, 208 of the firing trigger 20, thereby

causing the firing trigger 20 to rotate CCW when the motor 65 provides forward drive for the

end effector 12 (and to rotate CCW when the motor 65 rotates in reverse to retract the end

effector 12). In that way, the user experiences feedback regarding loading force and deployment

of the end effector 12 by way of the user’s grip on the firing trigger 20. Thus, when the user
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sensors may detect, respectively, the end of the cutting stroke (ful

depl oynent of the knife 32 and sled 33) and the end of retraction operation
(full retraction of the knife 32). Acircuit simlar to that described
above in connection with Figure 11 may be used to appropriately power the
notor 65. [0088] Figures 32-36 illustrate a two-stroke, notorized surgical
cutting and fastening instrunent 10 with power assist according to another
enbodi ment. The enbodi ment of Figures 32-36 is simlar to that of Figures
25-31 except that in the enbodi ment of Figures 32-36, the firing trigger 20
i ncl udesstracts tadiring driggeo R0,2gopanzionyil gxpeniense p resistanggielatghtathe inad iferpe 228,

230 are connected to and pivot about a pivot pin 207 that is disposed

t hr oughexpaiéncpdby theren@ 28ect@3(®. Sififlerlypylen theooperater relgases Hel firdedriagey@8r

portion 232 that engages the first gear 210 of the gear box 28 assenbly 200.
The sprifg tR2Atting/sepling 6pestidnosotthe itqapestuman tts origindlpsitivh, thaatertwilt upper
portion is biased to rotate in the CWdirection. The upper portion 230 may

al SO i ngl &R alCONGEtadb i TR Hrorh B firfRNEiBEdr 20 Mkt WORAEralY bicpeRionhl tolilee | ower
portion 528 ocf at he fiari ng trir%ger 50 sulg%trt hat when thgb (ﬁ’gper portion 230

IS caus | ower portion 228 also rotates CW and when the
| ower p%rg?r%g?ﬁegighfﬁggﬁéggmthe upper portion 230 al so rotates CCW

engagos Wfloner SraiseERSR R atiB i SR dne R4 fin RER U lEln ¢ ne

upper portion 230 .is caused to rqotate the | ower portio §28 SO
r ot at esliesfor inafdjitpao thefores feqm Bﬁﬁ??tﬁr@%%acﬁ%‘?ﬁh@é“ 'E‘YFesq\ﬂ ﬁéﬁe"’% tion 230
also rotates CW [0089] The illustrated enbodi nent al so i ncludes the run

not or seand bence tie quiting/standingwneratiereef the endgitector 42 theough regracymg thediringj
various enbodi ments, may cause the notor 65 to rotate at a speed

pr opor t irigged 20t d'hibhie, feractmgakppfiniegiriggert W0ecaoges thatgear pdreons 206y 208 tomgtatehe firi ng
trigger 20. The sensor 1 10 nay be, for exanple, a rheostat or sone other
var i abl ecwesiiiéhaduases 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.
[0087] 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 32
and sled 33) and the end of retraction operation (full retraction of the knife 32). A circuit similar
to that described above in connection with Figure 11 may be used to appropriately power the
motor 65.
[0088] Figures 32-36 illustrate a two-stroke, motorized surgical cutting and fastening
instrument 10 with power assist according to another embodiment. The embodiment of Figures
32-36 is similar to that of Figures 25-31 except that in the embodiment of Figures 32-36, the
firing trigger 20 includes a lower portion 228 and an upper portion 230. Both portions 228, 230

are connected to and pivot about a pivot pin 207 that is disposed through each portion 228, 230.

The upper portion 230 includes a gear portion 232 that engages the first gear 210 of the gear box
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sensor, as explained herein. In addition, the instrunent 10 may include a
reverse notor sensor 130 that is tripped or switched when contacted by a
front face 242 of the upper portion 230 of the firing trigger 20. \Wen
activated, the reverse notor sensor 130 sends a signal to the nmotor 65 to
reverse direction. Also, the instrument 10 may include a stop notor sensor
142 that is tripped or actuated when contacted by the |ower portion 228 of
the firing trigger 20. Wen activated, the stop notor sensor 142 sends a
signal to stop the reverse rotation of the notor 65. [0090] In operation,
when aresspdlui® Therspeieg 323 Keornested tetheuppyyortion J3qisuch that the 8RR POBieR; t i on,
the firing trigger 20 is retracted slightly (through nechani sns known in the
art, iinbiaseditogotise 81 the£t W irediinn. Ehe Bp@ Dorticar?3D maydisoSoelydealover amh 23y

I nstrunent | ncorporating An E- Beam Firing Mechanism and U. S Patent No.

6, 905, (bt cofthdts bl @fper Suitage 0fthe Fovagal portipnl 228 tof theefliing2Eigger QOrspel thhd wigenAhd=i i ng
Mechani sm Havi ng A Li nked Rack Transm ssion,"” both of which are

I ncor pQipRbEsrild BoNs BiliséLloTbRRCEW tﬁ_@l(M&@F)p&iBﬁ 208 810 FRMeSCHE And Med thel N
trigger 20 to initiate the «cuttingistapling operation, as shown in Figures

32 and |33 pd?hi(}nhfﬁtSig%{eg]bCW%eg %%érﬂoﬁmﬁlﬁo iites COR. S8R 1RO thd PR32 Of

t he upper rtion the fi trigger 20 noves into engagenent wth

he fi : . f th | _
e R R A BT Rap S AP TR0 1R BRSF Rt e

20 may rqotate a small anmount, such as five degre @gfore trippi,ng the run
ot or Séfls Bt thaiway. ey pﬁrmqﬁlm I8 gausc PR oW BE 19K PRI 110
causes the notor 65 to forward rotate at a rate Eroportional to the
r et r actalsorrotates &6 Mpand; veenishe lomer pereipa 28 rotaesC Wohouprer portiani28f alse retpfes not or
65 causes, as described above, the main drive shaft 48 to rotate, which
causes @We 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
connect[eoBY 0 t he Thriltusttated emBbdifnientdflso iacludeshd fud ngeer sensbtQ1@2HAti n t he gear
box assembly 200 to rotate. Since the first gear 210 is in engagement with
the gealbnPfinida®l adibhalb the RotéPBS thaB@h VArflis 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 contacted by the lower portion 228 of the firing trigger 20. When activated, the

stop motor sensor 142 sends a signal to stop the reverse rotation of the motor 65.

[0090] In operation, when an operator retracts the closure trigger 18 into the locked

position, the firing trigger 20 is retracted slightly (through mechanisms known in the art,

including U.S. Patent No. 6,978,921, entitled “Surgical Stapling Instrument Incorporating An E-

Beam Firing Mechanism” and U.S Patent No. 6,905,057, entitled “Surgical Stapling Instrument
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230 of the firing trigger 20, the upper portion 230 is caused to rotate CCW
whi ch causes the |ower portion 228 to also rotate CCW [00911 Wen 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 notor sensor 130,
whi ch sends a signal to the notor 65 to reverse rotational direction. This
causes the main drive shaft assenbly to reverse rotational direction to
retract the knife 32. Reverse rotation of the nmain drive shaft assenbly
causes the gears 210-220 in the gear box assenbly to reverse direction,

whi ch chwempsratingd HippgeMeplanisno Hagig Aokink¢dRdck TrampntissiapgebotRof whichateat e CW
whi ch causes the | ower portion 228 of the firing trigger 20 to rotate CW
until tineorhborated hemirebyPdZerarce) fethathe nsepodrt grasp tA86rihg irfgeen?0 tosinitiattths t he
stop notor sensor 142 when the knife 32 is fully retracted, which causes the
not or - 38R/ dtspl ik OPeratith, b SoviPiM Fiduies 325 38X PR i@ P6iAE af sirsaniakrisiegas.di ng
depl oynent of the end effector 12 by way of the user's grip on the firing
trigger : 3 Wb d I e

oper at otrhg%e?r}%)ﬁ(yg ez\rg? g’ﬁ (t:l{eehgp r ési é({fljr?(r:ogg?% %ljtﬁggd&lg %ér?% em%‘reeg ?‘gg rer%g’r)?% er(gl]%[ht he end
effector., 12 d, inaparticul oagli for i by the
knife 3 ?th élent?r %}z;%"::'f“yi,.i vaﬁ éé]e e}%%xo%sé%@g?oé'eﬁglgg g‘se oﬁﬁga‘?c%r?%t?a%é tF € :ﬁgg‘%r 20 after

the cuttjng/staplipng operation spo that it.can return to  its i gi nal

posi ¢ 1 ofiEBED Heard il P1VaH e BeTl. i A BT 20 SO T Lo g
trigger 20 that is enerally proportional to the reverse speed of the notor
65. [ 009zh as fivesdrgiges, befers thippinghithe qunt |ator pansemile, asrheown ehigutentd: user can
apply force (either in lieu of or in addition to the force fromthe notor
65) to Activatiteof the serapnl Iy dauses sheahoton 6% tonflotward ¢atatd aha ratepropertional to the
cutting/stapling operation of the end effector 12) through retracting the
firing retractpaeorce @pplieddly thsopetadr. althei foigvaiddtdtioniofi hetmotgges caalescadises t he
gear portion 232 of the upper portion 230 to rotate CCW which causes the

gears Ofiestied@Bave, BROmAR IAVOLHARAIC0 kMate OWRILE caustE RRiYe SRHShEBnd EFeecRirNi ON

gear 124 to rotate, which causes the main drive shaft assenbly to
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 230 is caused to rotate CCW, which causes the
lower portion 228 to also rotate CCW.
[0091] 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 direction. This causes the main drive shaft assembly to
reverse rotational direction to retract the knife 32. Reverse rotation of the main drive shaft
assembly causes the gears 210-220 in the gear box assembly to reverse direction, which causes
the upper portion 230 of the firing trigger 20 to rotate CW, which causes the lower portion 228

of the firing trigger 20 to rotate CW until the front face 242 of the upper portion 230 trips or

actuates the stop motor sensor 142 when the knife 32 is fully retracted, which causes the motor
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rotate. [0093] The above-descri bed enbodi nents enpl oyed power-assi st user

f eedback systens, wth or w thout adaptive control (e.g., using a sensor
110, 130, and 142 outside of the closed |oop systemof the notor, gear
drive train, and end effector) for a two-stroke, notorized surgical cutting
and fastening instrunment. That is, force applied by the user in retracting
the firing trigger 20 nay be added to the force applied by the notor 65 by
virtue of the firing trigger 20 being geared into (either directly or
indirectly) the gear drive train between the notor 65 and the main drive
shaft 4§ .to btap.oiritbat veayh tei useraxperidnceshigedbacisepgardingudgployment efithe enskaffentay be
provided with tactile feedback regarding the position of the knife 32 in

t he end2diyfvegtadthelder’ bytip on theditinghaygen§0.3Thahevhén thengertreirggethe Zidingear ed i nt o
the gear drive train. Figures 37-40 illustrate a notorized surgical cutting
and f as#igidk DG, theSperatERTll kdembrich asesistande telted loahd@epléymdht beadlead kffeyst em
[0094] In the illustrated enbodi nent of Figures 37-40, the firing trigger 20

may have 84, ih p¥¥&kulRR 4 iheMoadat R ei‘gerléﬁ&‘%lrbquﬁé ki 23 mimh i Wih the the
instrument 10 shown 'in Figures 32-36. Unli'ke the enbodi mrent of Figure

32- 36, W’B?%%\égé’rl%as%%qﬁ? ﬁéplﬂg ('Earé&% 5(5 Qf?er%lg‘eocugtﬂl st@f{ﬁég@ﬁé’r?%@ ?)ﬁtg}%trit Ba%rr[atiu ol hat

mat es drive train. n unent i ncl udes
a second .npt

r 265 with a.threaded r ﬂ,Z . t hr eaded t herein. Th hr.eaded

Fod 260 Baina B gyl GHrEnTSA F BRoBGireoToPHA RS IFaEsEILEa fe
notor 265 rotates, depending on the direction of rotation. The instrunent
10 al sc@engrellypreportipnal te Bgapvepssepeqdaf thesmetesdnsi ve to the rotations of the
main drive shaft 48 for translating the increnental angular notion of the
mai n driP88] shaf t [t480yldalso be meted tatpothisrembofliment theaiser aan iapely derse fdithgnini nt o a
correspondi ng series of digital signals, for exanple. In the illustrated
enbodi rtienbof ot ihadgikinn anthgdare frddh thermbtod 6S) ta aptueteitiateindirive shathaskeémi@y0 t hat
connects to the encoder 268. [0095] The instrunment 10 al so includes a
cont r ol(ard Heitkd the Cieihg/STAPNAY operdtios df ERYEnB@ffector 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.

[0093] 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

drive shaft 48. In other embodiments of the present invention, the user may be provided witﬁ

tactile feedback regarding the position of the knife 32 in the end effector 12, but without having
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i npl enented using a mcrocontroller or sonme other type of integrated
circuit, that receives the digital signals fromthe encoder 268. Based on
the signals fromthe encoder 268, the control «circuit may cal cul ate the
stage of deploynent 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 intermttent stage. Based on the cal culation of the
stage of deploynment of the end effector 12, the control «circuit my send a
signal to the second nmotor 265 to control its rotation to thereby control
the r dbd firingtaigeergOravorsduntd tisf geahdrivettramdiiguned 37-46 dllusfraGgenotprizasisaraical on, as
shown in Figure 37, when the closure trigger 18 is not |ocked into the

cl anpecupingiahd fmtentnfge'ns‘niurﬂengl(l with gach a2Qctilopasitich favdback sysrani.he pi stol grip
portion 26 of the 32 handle 6 such that the front face 242 of the upper

portionoéyd) of tieihbiiMishatel einBedimeatof Mguted 37-10, tROMiREHigpel 10 hiehdveaxi nat e
end of the threaded rod 266. Wen the operator retracts the closure trigger

18 and 15\99#3;% %122@ aBH%nﬁ% sﬁloﬂ%otguﬂnm tshfelﬁgtmn{aqtmmm%@ Jred BLES
slightly t t he sure trigger that the operator can grasp the

1,019 G hO98Ler Byt SEPU B B gg‘gvsvegﬁhe%& ko BB LAAGRy has debont face

242 of per por I'on 0 he mat e ffeaded rod

266. 100971 the user th retracts i trigge fter a

Tniti alPOFUs é@‘fstd‘??é?s bt Afe b GREE Gy lealt t”?wsﬁ%n)lotlﬂ%m?ﬂﬁﬁsmﬂnr
sensor 1 10 may be activated such that, as explained_ above, the sensor 110
sends dn@Pfgﬂ@IWlﬁba thieadagh sk 2668 hreaded shesein; Thqtbrep@ﬁda’pé 266 reginTesalRsr d speed

proportional to the amount of retraction force applied by the operator to
t he fi rlongitutdinalfigimrand®ut ofithe watat 265 asithe orotarf266 hetatestdspeBlingenuthe dire¢tionodi n
drive shaft 48 to rotate via the gear drive train, which causes the knife
32 and refatiéh. 3bhetiastiunaane |l 0 diewvincludes ahareoddr 282 tland resgpoasivé tosthel eotaticnspéthei n
the end effector 12. The control circuit receives the output signals from

t he enGRARbrivdshaft8dar WindBitihf thel iMGErRoMRANaALulbi0halidrPSfh®malnd@iveBhart 48 (ore shaft

assenbly and sends a signal to the
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.
[0095] 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.

[0096] In operation, as shown in Figure 37, when the closure trigger 18 is not locked into

the clamped position, the firing trigger 20 rotated away from the pistol grip portion 26 of the
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second nmotor 265 to cause the second notor 265 to rotate, which causes the
threaded rod 266 to retract into the notor 265. This allows the upper
portion 230 of the firing trigger 20 to rotate CCW which allows the | ower
portion 228 of the firing trigger to also rotate CCW In that way, because
t he reciprocating novenent of the threaded rod 266 is related to the
rotations of the nain drive shaft assenbly, the operator of the instrunent
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
app! i edhangdle theuch gt thedont frepdd2 pf thd verer portioni 236 of the fufnedrgeerRR ignatye of t he
mai n drive shaft assenbly because the firing trigger 20 is not geared into
t he geacomtact withtthesproxinrate drnidoférdtbrtiadeirod 268 OO 8e dpgratorretmasthe tloawki ng t he
increnental rotations of the main drive shaft assenbly via the out put

si gnal strfggem & 4nd 160k dd@the288mpdd®sition] the firing tripget 2 Caiatesadlightlptosvavdsahe t he
knife 32 is fully deployed (i.e., fully extended). At this point, the

cont r ol ¢lekuré Hidge MY scSfificth@osdratdAdant dash ke firi Bipg&D0t & SHOMANS Pigikd T ton to
cause retraction of the knife 32. e reverse direction of the notor 65

Causes {lﬁsgii)c{sﬁfoﬁt @ Froff %E%gu?ﬁ’gﬂe ﬁﬂcdg L ?1‘39@250 @Z—%{Ej@lhy plto ihRY BhP6rfL r ection,

which is so detecte e on the reverse rotation
det ecte Qé ég§%ﬁ$coder 268, the control circuit sends a signal to the
second TOF b cause it to reverse rotational direction such that the

t hreaded rod 266 starts to extend | itudinaglly fromthe nptor 265, This
moti on [4087kes t nds s asr thayreragis s e tigger é#ﬁﬁ@m Wftggéqtatwa(%nq%f ate CW
whi ch causes the lower portion 228 to rotate CW_ In that way, the operator
may expérg-chdegrees ofvateians theramimoks senser hif may bryectivated suchthathassxplpingds
feedback to the operator as to the retraction position of the knife 32 in

t he endbaykfthe samsorliA0 sEhds acwigrtal vl the moti6t tecavseldteratate et avoewardispeddni fe 32 i s
fully retracted. At this point, the control circuit may send a signal to

t he not propbitioh4l t6 tHeranicuhadf refactiod 8¢ apptied b thedbpeatdrith eie firidgatpgeen0s, rat her

t han having the control circuit determne the position of the knife 32,

rever serpRtaf roiifon of B MStbP6S SRSEINSmERYArRE shHTPAB t0d5taftoRs iRk 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 cause 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 applied by the operator, however, does not directly affect the drive of the main drive shaft

assembly because the firing trigger 20 is not geared into the gear drive train in this embodiment.
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above. In addition, rather than using a proportional sensor 110 to control
the rotation of the notor 65, an on/off switch or sensor can be used. In
such an enbodi nent, the operator would not be able to control the rate of
rotation of the notor 65. Rather, it would rotate at a preprogramred rate.
[0100] Figure 43 illustrates various enbodi ments of a surgical instrunent
300. The surgical instrunent 300 nay be simlar to the surgical instrunent
10 descri bed herei nabove. In these enbodi nents, the handle 6 conprises a
primary portion 302 and a grip portion 304 that | rel easably conpected to
the pril@8#8) port iBynvigepot t‘ﬁ’?lé‘"@rﬂi‘eplnﬁf@?‘ﬁpt&hro%'@“h%@ﬁ‘s‘f)@aéh NG aprRmble 34
primary portion 302 b ang sui tabl e arrangenment. For exanple, according to
var i ousvia Bisythuhsignals fremdheengades 268 the contiebcisquiteap salenlate vawn thoknifecd2gs i nary
portion 302 may be realized by a straight linear slide arrangenent as
shown, fubly deptayedi(es., fully Ekigudes).4Af thizspodunt, the contrpd oipaitit may sendrassignial ®she ot at i on
of the grip portion 304 and/or the primary portion 302 to finalize the
engagen@sior 68loGevelitldifeltidc ©Uatiengiricdion af ihekaife BDothaRESe diréigiog bf thepor ti on
304 may conprise the pistol grip 26, a portion of exterior side piece 59,

and a pRkfot B cRibesald RItAtRh otkitemBh AFiCe SRARIRSHIHIPRL VIS GFRABRUicHBaR6I Ng to
various enbodinents, the primary portion 302 may conprise the rest of the

handl e o%tecé% b nﬁé’\@hc]p{i%?,?gg % d%n ti\@reegrgéf'fo?aﬁioﬁgefé%d %g ’tléeg%%g% i2?8,99 tion 304

further ~conprises second upper s e rail Irst and
u

a1 e b APt oo P e ot adtier R ot ¥ iBBer "ol ae
N
portion 304, it is understood that according to other enbodi nents the
bat t er yfog4s thaypper partiai 230toh éhe fingrteigger 281te rasaie S0P, winele eaugesthe tavey apitions
enbodi ments, the grip portion 304 is structured and

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.

[0099] 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.

[0100] Figure 43 illustrates various embodiments of a surgical instrument 300. The

surgical instrument 300 may be similar to the surgical instrument 10 described hereinabove. In

these embodiments, the handle 6 comprises a primary portion 302 and a grip portion 304 that is

releasably connected to the primary portion 302. The grip portion 304 may be engaged with the
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arranged to allow the battery 64 to be renoved fromthe grip portion 304.
For exanple, the grip portion 304 may include a renpvabl e portion that
covers an opening sized to allow the battery 64 to be renoved fromthe grip
portion 304. Alternatively, the portion of the exterior side piece 59 nmay
be di sconnected fromthe portion of the exterior side piece portion 60 to
all ow easy access to the battery 64 for separate disposal. According to
various embodi ments, the battery 64 may be a rechargeable battery. [01031
Al t hough t he notor 65 is shown in Figure 43 as being within the primry
por t i onPrima@y portion;382 hy, awy &+igblg aﬂ%&%e“b?@&o]i?%eﬁ@“?% Bepdingdayad?tent s t he not or
65 may be within the grip 35 portion 304. The notor 65 is in electrical
conmuni @eliddimenty, the anigegement ef the grip pottion Sbditecthe pgmayipertioy 3Ronghbeskljzed
conductors 314 are shown in Figure 43, as will described in nore detail

her ei nbig) Dstraight neatlistide dreangérhat ae stivod, frierkamplehie Fédure 84, byadn atangammincat i on
path between the battery 64 and the notor 65 nmay al so include one or nore
ot or iﬂﬂﬁﬁéc{pﬁ&k}%taﬂ&ﬂ&‘iﬂe SrHb 9B CPdndi g She pHTRAYY E&Qﬁnrmy té BhdlPetheconpri se a
| ockout system 316 within the handl e 6. The | ockout system 316, shown in
greater r exanple, in Figures 44 and 47, is structured and
arrangeecfg %&hm eLcoconnectl on of the grip portion 304 to the primary portion

2 pr odlb i nea. R SRaidi ool AR DR B ol AN RLIIRIY BT Fe”
" 0Lkout B4 RPHITS hEYeHGE B 0 FIAPBEOT D1 [k BisEF BRASBHOtD (ihe

prlrrary portion 302 after the grip_portion 304 is discaonnected from the
pri mar yhesnatiosn Aecording ta varioys cnpedimigrfR thhRrimeIstionsifiRiesy epmprise theretin
predom nately wthin the primary portion 302, it is understood that

accor di ofgh¢ andterfe rAsshovai fas examplegn [Fegukesh and ﬂg,tthcrge'llﬁomri@y 3p¢ fsthetloni nat el y
within the grip portion 304. 101051 As shown in Figure 44, the | ockout

syst em &hiprisestimi mdsecondappératid8iadls 3861 andafirst and second lower slide rails 308. As

shown in Figure 44, the first upper slide rail 306 defines a ramp 310. The relationship between
the first upper slide rail 306 and the first lower slide rail 308 is shown in Figure 44.

[0102] Although the battery 64 is shown in Figure 43 as being within the grip portion
304, it is understood that according to other embodiments the battery 64 may be within the
primary portion 302. According to various embodiments, the grip portion 304 is structured and
arranged to allow the battery 64 to be removed from the grip portion 304. For example, the grip
portion 304 may include a removable portion that covers an opening sized to allow the battery 64
to be removed from the grip portion 304. Alternatively, the portion of the exterior side piece 59
may be disconnected from the portion of the exterior side piece portion 60 to allow easy access
to the battery 64 for separate disposal. According to various embodiments, the battery 64 may be
a rechargeable battery.

[0103] Although the motor 65 is shown in Figure 43 as being within the primary portion

302, it is understood that according to other embodiments the motor 65 may be within the grip
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bl ocki ng assenbly 320 coupled to the counter 318. The counter 318 is
structured and arranged to advance when the grip portion 304 is

di sconnected fromthe primary portion 302 of the handle 6. The counter 318
is connected to a shaft 322 (shown nore clearly in Figures 46 and 47) which
is supported by a boss 323 (shown in Figures 46 and 47) connected to the
primary portion 302. The counter 318 conprises an i ndex wheel 324 couped to
the shaft 322, and a biasing nmenber 326 coupled to the index wheel 324. The
bi asi ng menber 326 may be enbodi ed, for exanple, by a torsion spring

conf i gupertion 304 Bhe mefer 6 isaR clepiaisal comunynicaion with the kattseked Wa condue©rs on. 36
[0106] The i ndex wheel 324 defines protrusions 328 that cooperate with the
bl ocki ngl4. asltlendgh yni320nduetdrs 814 are kkovadindiigeeddasofilldeseribad exmotealetail324. One
of the protrusions 328 is structured and arranged to cooperate with the

bl ocki ngerdinBelow] stcodthgl 1o okHep eMbodimeas | the Ble@ficil Remn@ihidatipwpith barwder theo t he
primary portion 302 after the grip portion 304 is disconnected fromthe

pri mary p Rk b0shd3Ae mdtd? 68 Fedyed1dH inQIddOSHERR mdPé mlotdFeserld¥ikshough the i ndex
wheel 324 i's shown as defining protrusions 328, it is understood that

accordi oth e ne ' : | Ladent s t hat
cooperapgo&fth tﬁ@*ﬁﬁ@%ﬁ?ﬁgﬂgﬁggﬂﬂﬁ;h%@@é¥%%@?ﬁﬁ?§%ﬁg aégﬁﬁﬁgﬁgh?ﬂg% t he

i ndex eel 324, _an ne of t i hdent s operate with t.he blocking
wosendl Tesanle s aRSeRaE siuenPin BoRIEeSRY SREP Mty P PR B Filry
portion 302 after the ri rtion 304 i s di sconnec fromthe primary
porti on4éoastalcw@h@'tdearw3%§°ﬁfﬁ%épmaﬂcm fiite grip PGP 5%@ b gy
structured and arranged to permt the index wheel 324 to be reset to a
previ oud0hafter theagnip mostione3Qdnp Hisconnketed framtthevprymaraortions3 Renaedeteamingdaped
openi ng 330, and a hexagonal shaped tool may be inserted through an opening
331 def humbkerlpftimes Phd pradgternondd rmumbeBOoXireshoaynbe anyFiugmbeeofitithesartari nt o t he
hexagonal shaped opening 330, then rotated in clockwi se direction to reset
t he i ndexamh€atcoddiftg tovarions evbedimefoghé i0okout kéh8 B 1d hay bloek komngcassenbl y 320

is structured and arranged to bl ock connection of the
the grip portion 304 to the primary portion 302 after the grip portion 304 is disconnected from
the primary portion 302 two times. Although the lockout system 316 is shown predominately
within the primary portion 302, it is understood that according to other embodiments the lockout
system 316 may be predominately within the grip portion 304.
[0105] As shown in Figure 44, the lockout system 316 comprises a counter 318, and a
blocking assembly 320 coupled to the counter 318. The counter 318 is structured and arranged
to advance when the grip portion 304 is disconnected from the primary portion 302 of the handle
6. The counter 318 is connected to a shaft 322 (shown more clearly in Figures 46 and 47) which
is supported by a boss 323 (shown in Figures 46 and 47) connected to the primary portion 302.
The counter 318 comprises an index wheel 324 couped to the shaft 322, and a biasing member

326 coupled to the index wheel 324. The biasing member 326 may be embodied, for example,

by a torsion spring configured to bias the index wheel 324 in a counterclockwise direction.
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grip portion 304 to the primary portion 302 after the grip portion 304 is

di sconnected fromthe primary portion 302 a predeterm ned nunber of tines.
As shown in Figure 44, the blocking assenbly 320 conprises a bl ocking
menber 332, a bl ocking nenber guide 334, a gate nenber 336, and a biasing
menber 338. The bl ocki ng nmenber 332 is structured and arranged to bl ock
connection of the grip portion 304 to the primary portion 302 after the grip
portion 304 is disconnected fromthe primary portion 302 a predeterm ned
nunber of times. The bl ockin menber guide 334 is connected to the primary
porti od0H®? (sholhe indee W@p@a’rgﬂ ylefines projinsions A28 that eoegerate)with theblpckipgt act wit h
t he bl ocki ng nmenber 332, and serves to gui de novenent of the bl ocking
menber a3@mblyrd tgdinet the atheanc@8ént o thenndsarwheek 324i tOnetaf ¢heproteidiony 328 nber 332,
is pivotably connected to the bl ocking nenber guide 334, and cooperates

Wi t h t hauguet and ieaged BBcooperatel wiith tht bibcRitlg assemibisni20ah bldek comekeriombftht 324,
The bi asing nmenber 338 is coupled to the gate nenber 336. The bi asing
nenber g33GofRy 308 t@fﬂé?ﬂiﬂﬁh{i‘y pbréibn SHRAMRIr€he g1p porii® S0408 dfsBbrreBted §OR{ thgured to
bias the gate nenber 336 in a clockw se direction. The operation of the

| ockout,.. | : j i id; i |
reapocPTEHEPEIDEIR fhicte i ERAIHRR T felMdigh He pdal FhaBsAOE Ao

and 47, the .handle .6 fyyther c ri a relea system 340,st.ruct ured and
o angds Panifa Pigrigns; 8 L wERER{o 136 afbordBe BB AR RIS or s vy
portion 30 The | ease system 340 is, within. the pri ortion 302 and
conpri S¥¥° %’@P%Ya‘i"gmﬁmqeliﬁ that soopgrate yith \glie ?ﬁ!f‘%%ﬁ%&blgg%ﬁlémmg s 344
connected to or integral with the rel ease button 342. The first and second
r el eas adr@epaerd ofthe lefgﬁewm% 336 apd onefdbasindenisipag aepperpiewith theddeckingst em 340

further conprises first and second release pins 348 in contact with the
r espectasseebiyeetoblackeprnegtion of the gtip pertion 804 tecthe puknaryppdrtiers3@5dter thecont act
with the first and second rel ease pins 348, and first and second ejection
Spri nggripport(cnlBoMrs disconnectédfomythé prirrarg pogiod 3)2 b prejetekditied wuinbert dfeiniesy st and
second | ower slide rails 308.

[0107] The shaft 322 is structured and arranged to permit the index wheel 324 to be reset

to a previous position. For example, the shaft may define a hexagonal shaped opening 330, and a

hexagonal shaped tool may be inserted through an opening 331 defined by the primary portion

302 (shown in Figure 47) and into the hexagonal shaped opening 330, then rotated in clockwise

direction to reset the index wheel 324 to a previous position.

[0108] The blocking assembly 320 is structured and arranged to block connection of the

grip portion 304 to the primary portion 302 after the grip portion 304 is disconnected from the

primary portion 302 a predetermined number of times. As shown in Figure 44, the blocking

assembly 320 comprises a blocking member 332, a blocking member guide 334, a gate member

336, and a biasing member 338. The blocking member 332 is structured and arranged to block

connection of the grip portion 304 to the primary portion 302 after the grip portion 304 is

disconnected from the primary portion 302 a predetermined number of times. The blocking

member guide 334 is connected to the primary portion 302 (shown more clearly in Figures 46
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[01101 To initiate the disengagenent of the grip portion 304 fromthe
primary portion 302, the release button 342 is advanced, causing the first
and second rel ease nenbers 344 and the respective release ranps 346 to al so
advance. As the rel ease ranps 346 advance, the release ranps 346 cause the
first and second rel ease pins 348 to change position. The change of the
respective positions of the first and second rel ease pins 348 causes the
first and second | ock springs 350 to change position. Once the first and
second | ock springs 350 change their respective positions enough to allow
t he firand 4hds seestagt wphdhe tWogkirg member 338 candsepyasty guder mpyemedgoethen of the
first and second ejection springs 352 rel ease stored energy, thereby

r espect bhekiyg mempar 332nJhe ghtermenlsy 3B 6 tin eanthct ofitht the blokking inrestbeadid, second

| ower slide rails 308. The inparted force assists the di sengagenent of the
gri p popivbablyZdfndctedd tHeeblgukinny¥mbeguiders33Qd cbbperates Wit eeirom@iehidni 308
according to other enbodi nents, the rel ease system 340 may conpri se ot her

conponegy smi i A0 arkeREAHHIRL ihQESwRAs @?@!ﬂlefﬂ?z{siﬂgﬂ%éﬂlﬁériﬁg_isi &&pfe@lt@%%a@f t he

grip portion 304 from the primary portion 302.” [01111 Figures 50-5
illust E Lo f . t
|11 ustr gl ke %@tbﬁaéﬁlg{?ﬁegﬁtgeh@ﬁ@m% g%@ﬁb&@g&?&e&tﬁlg& b)% Q%&Bﬁ%@lﬂ{&ursys em

316 at various ftines e att nment/ di'sconne pr ocess. e 50
illustrat t%a relatiyve positions prior. t tge first full ment of
the gri PoBBPIARaRo b st mEMB ARy 2 v Erish Sreston. HgonsadlonSRBAPESE" &'
contact with_one of the protrusions 328, thereby preventing the index wheel
324 fr oRystEAVAHoVipe deseribed “Agloferfget%‘l hegginbglop wataderpectip &18UESi®e > ai | s 306
advance, the ranp 310 defined by the first upper slide rail 306 causes the
bl ocki n{iPlRBhber 389shownathrgnenepleondiighrestd, #h Tathediandiy Bfurther comeripgs@cki ng
menber 332 advances toward the index wheel 324, the bl ocking nenber 332
causes tdieasgsisenmBtstnuc®abl dand aadvgedae imtiay difsergagdrhent ofithe)griplpeetionR®B4. As t he
first upper slide rail 306 and the ranp 310 continue to advance, the
bl ocki ngoABA®FIim&F Dot J02U dhe kélease system 340 is within the primary portion 302 and

comprises a release button 342, and first and second release members 344 connected to or

integral with the release button 342. The first and second release members 344 each define a

release ramp 346. The release system 340 further comprises first and second release pins 348 in

contact with the respective release ramps 346, first and second lock springs 350 in contact with

the first and second release pins 348, and first and second ejection springs 352 (shown more

clearly in Figure 49) in contact with the first and second lower slide rails 308.

[0110] To initiate the disengagement of the grip portion 304 from the primary portion

302, the release button 342 is advanced, causing the first and second release members 344 and

the respective release ramps 346 to also advance. As the release ramps 346 advance, the release

ramps 346 cause the first and second release pins 348 to change position. The change of the

respective positions of the first and second release pins 348 causes the first and second lock

springs 350 to change position. Once the first and second lock springs 350 change their

respective positions enough to allow the first and second upper slide rails 306 to pass thereby,
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advance toward the index wheel 324. \Wen the grip portion 304 is fully
engaged with the primary portion 302, the bl ocking nenber 332 is in contact
with the protrusion 328 that was initially in contact with the gate nenber
336, thereby preventing the index wheel 324 from advancing as shown in
Figure 51. 101131 After the di sengagenent of the grip portion 304 fromthe
primary portion 302 is initiated, the first and second upper slide rails
306 advance in the opposite direction, the ranp 310 defined by the first
upper slide rail 306 allows the blocking nenber 332 to advance away 39 from
t he i nesh ofitbefirsgand sepend qjection spikigs g ¢ stgdl eaeRginibersbuigspectivelh t he i ndex
wheel 324, the bl ocking nenber 332 allows the gate nenber 336 to advance

t owar d imparting d dorcevagainst e8hof dhrecthe fist andeecprddbwearsslida rdBSB0&s Tohawmparted Fi gur e
52. As the grip portion 304 is disconnected fromthe primary portion 302,

t he bl dbkk ag:isiedb aiserideraeht df GRS ripgorttdh(0g roavehy priney phition BoZiek issheel 324
to lose contact wwth the protrusion 328 and all ow i ndex wheel 324 to rotate

until 4880 thal 284dr#iak ANotRéSndARReritd) iR r@l@Eﬁe%ﬁ&tthﬁb ndy&oltptiSe SReber 336
as shown in Figure 53. "[0114] At this point, the counter 318 has advanced

. . Lo . . . n
o p par PSR Moniu TR sRBble B it 2 ALE ok ARGk 0 1 he
attachnent ./ di sconn %% cycle may be repeated. When the grip portion 304 is
fully %&aaaypﬁﬂFw%% e primary portion 302, the blocking member 332 is in

contact with the protrusion 328 that . was previously in contact th the
gate mdRbl) 336, Flaversoy ik R FRHE POSTEIERS HBeFompsierts Sbhederatc ng as
shown in Fi%ure 54. At the end of the second cycle, when the grip portion
304 i s sftemaihecvasipus times dyinghe agachmerl/disconnegbproceshe FigareeShiliiieates3Bs is in
contact with a third protrusion 328 as shown in Figure 55. The third
pr ot r ustlatived@Bitioas ptionto ther fadt fal dngageaegtad theogripppartien3 04 to¢hgptireanypotien 336
from bei ng advanced away fromthe i ndex wheel 324 by the bl ocking nenber
332, tisenehye pitevrpibenssd R3én poritathinyth@aE bf B8 prfdisioh© B2 ) theiébyeatehfiedthd to t he

index wheel 324 from advancing.

[0112] As the first and second upper slide rails 306 advance, the ramp 310 defined by the

first upper slide rail 306 causes the blocking member 332 to advance toward the index wheel

324. As the blocking member 332 advances toward the index wheel 324, the blocking member

332 causes the gate member 336 to advance away from the index wheel 324. As the first upper

slide rail 306 and the ramp 310 continue to advance, the blocking member 332 continues to

advance toward the index wheel 324. When the grip portion 304 is fully engaged with the

primary portion 302, the blocking member 332 is in contact with the protrusion 328 that was

initially in contact with the gate member 336, thereby preventing the index wheel 324 from

advancing as shown in Figure 51.

[0113] After the disengagement of the grip portion 304 from the primary portion 302 is

initiated, the first and second upper slide rails 306 advance in the opposite direction, the ramp

310 defined by the first upper slide rail 306 allows the blocking member 332 to advance away
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grip portion 304 (or attached to a replacenent grip section). Therefore,
according to these enbodinents, the surgical instrunment 10 is effectively a

t wo-use instrunment. However, one skilled in the art will appreciate that
t he nunber of uses can be increased if the index wheel 324 defines
addi tional protrusions 328 or indents. [0115] Figure 56 illustrates various

enbodi nents of a surgical instrunent 400. The surgical instrunent 400 may
be simlar to surgical instrunent 300, but does not include the | ockout
system 316. Surgical instrunent 400 is also different in that a portjion 402
of the fipinghe indexpwhedl 324.304 thedlegkinganembeay 335 advapeesayay from thedadexgtheelf t he
grip portion 304 and remain in contact wth the primary portion 302 when
the gri p24thethilankir@Odembser 332 ebomethe gdtefmanrher B35 (wradwamog tpwardithmind@Owheehf t er
separation fromthe grip portion 304, the breakoff portion 402 remains in
cont act 334 4rfd patthike priotraEioly 3p®is shown 3DPigarecs20 parthe gdp portiph B4 sadiscpniserdk
reattachnment of the grip portion 304 (or attachnent of a replacenent grip

por ti ONjrofQhd HEm A% ipSRIoH 300! thi: BRAZ mehiMRE 805 anded PareHb&l ay frons tHeunent 400
is effectively a Single-use instrunent. Although the breakoff portion 402 is

shown i i i . t I . | 4 ] 6,
accordi{r;]llgg g“%%ﬁg$u9§ﬂ%§%?%%ﬁggaﬁﬂggﬁw%é&%??ng%p€%gﬁggggw§%¥gggh§ﬁ%ug@ktion
of the gri ortian 4. [0116] Fiqure 57 illustra vari ous,enbodi ment s of
sur g caf siehud piahufn 3gcomealoobaiiih Re shi kEIHeR s5Bos BOMELT ERIRSE "To
surgical _instrunment 300, but does _n i ncl ude the .| ocko system 316.

Rat her TG cal ABTSRGHRLRe SO ANp PR AtanEed g1 bei oSN dnE R MeDhSTHaIhd! o

6, wherein the counter 502 is structured and arranged to open a notor

i nt er | 08®2 isEhle ke eatgghed intheiggp partng 304 (s atteghed t9 mfeplacemrntzwip segfion) t he

el ectrical comunication path between the battery 64 and the notor 65. The
ci r cui t ThhattachmentFdigeoneed 8yéle mmy ik Irepeated  When diergripi rorgdmodid is ful 5i apgaged11,

but includes the notor interlock 504 connected in series with the cartridge
| ockout wth feqirinda?d portibh 80Z the Blockihg hetber 3B2tioIn dontaet Witk khe3fétriision IR8tthet open

position, the relay 138 is placed into a
was previously in contact with the gate member 336, thereby preventing the index wheel 324
from advancing as shown in Figure 54. At the end of the second cycle, when the grip portion
304 is disconnected from the primary portion 302, the gate member 336 is in contact with a third
protrusion 328 as shown in Figure 55. The third protrusion 328 is structured and arranged to
prevent the gate member 336 from being advanced away from the index wheel 324 by the
blocking member 332, thereby preventing the primary portion 302 from being reattached to the
grip portion 304 (or attached to a replacement grip section). Therefore, according to these
embodiments, the surgical instrument 10 is effectively a two-use instrument. However, one
skilled in the art will appreciate that the number of uses can be increased if the index wheel 324
defines additional protrusions 328 or indents.
[0115] Figure 56 illustrates various embodiments of a surgical instrument 400. The

surgical instrument 400 may be similar to surgical instrument 300, but does not include the

lockout system 316. Surgical instrument 400 is also different in that a portion 402 of the grip
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non- energi zed state, thereby preventing the battery 64 from powering the

not or 65. [0117] According to various enbodi nents, the notor interlock 504
conprises a portion of the counter 502. The counter 502 rmay be enbodi ed as
a mechani cal counter, an el ectro- nechanical counter, or an electrical
counter structured and arranged to open the notor interlock 504 after the
counter 502 reaches a predeterm ned count. According to various enbodi nents,
the input to the counter 502 may be a non-electrical input. According to

ot her enbodi ments, the counter 502 may conprise an integrated circuit chip
t hat i pertignd84 érrrugiuradoand arrengnd tp hreak PHOL ﬁlezgrlpamt.low%ﬂyggﬁn@nwcwt not or
interlock 504 is shown in Figure 58, it is understood that there mnmay be any
nunber vath thopimanyrpoetidnciiRsvied4he grit pratien @4 is disadnnecednfoimctht pumapapditidret ween
the battery 64 and the notor 65. [0118] According to various enbodi nents,

t he cowdnleAfieOsdparatici frommitthi grib portlom B4 gadedkoff popion 402ecmmin®in ¢ontaet Wakk 504
after the battery 64 is renoved fromthe surgical instrunent 500 a

pr edet eidpiRgy BuRidR 3 02hnd bpRates thiphy LN M Sk TeatRehmEHTdE theQiript forfRsh J0BYobE any
nunber of tines. For exanple, according to various enbodi nents, the counter

502 may ORGRE %O%BIE&%men:t g{;g bb%ﬁ)@?ﬁe@%& _pBHEm%Q.t ?Bé(reg)ﬁ%itﬁe Legeyed from

t he i nstrunent t cording to other odi nents, the
counter. 502 is, st.ructured and,arranged t en, t.h t i_nt erl,ack 504
oFtor CombegentiRat HbHN S PG Ea0HeE o PRGR M IR MR 302 &
predet ef m ned nunher of tines, The predeterm ne nber of tinmes may be any
humber Shen Fﬁ&@%ﬁ@% 8@9&@9@,@@2 ﬁwrfﬁﬁtﬁ@p?ro*%%lfal  WEBERHONE { he count er

502 may open the nmptor interlock 504 after the grip portion 304 is
di sconrsabpdignentsdhg brigekobt parien4Q@omey bhamyaprianrfithegrdp portion 304 According to
other enbodiments, the counter 502 is structured and arranged to open the
mot or i[OtI6} | ock B@ureai? idpsttates vatiowanebadimepgeo! sugzicah disonmented00i Theg tri gger
20 is actuated a predeterm ned nunber of tines. The predeterm ned nunber of
times RBigidabinsthymdnt 0@ magie similar to surgical instrument 300, but does not include the

lockout system 316. Rather, surgical instrument 500 comprises a counter 502 within the handle

6, wherein the counter 502 is structured and arranged to open a motor interlock 504. As shown

in Figure 58, the motor interlock 504 is in the electrical communication path between the battery

64 and the motor 65. The circuit shown in Figure 58 is similar to the circuit shown in Figure 11,

but includes the motor interlock 504 connected in series with the cartridge lockout sensor 136.

Therefore, when the motor interlock 504 is in the open position, the relay 138 is placed into a

non-energized state, thereby preventing the battery 64 from powering the motor 65.

[0117] According to various embodiments, the motor interlock 504 comprises a portion

of the counter 502. The counter 502 may be embodied as a mechanical counter, an electro-

mechanical counter, or an electrical counter structured and arranged to open the motor interlock

504 after the counter 502 reaches a predetermined count. According to various embodiments,

the input to the counter 502 may be a non-electrical input. According to other embodiments, the

counter 502 may comprise an integrated circuit chip that includes one or more motor interlocks
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times. For exanple, according to various enbodi ments, the counter 502 may
open the notor interlock 504 after the firing trigger 20 is actuated twel ve
times. [0121] According to other enbodi nents, the counter 502 is structured
and arranged to open the notor interlock 504 a predeterm ned anount of tine
after a first use of the surgical instrunent 500. For such enbodi nents, the
counter 502 may be enbodied as a tiner. The first use nmay be defined in any
manner corresponding to the use of the surgical instrument 500. For

exanple, the first use nmay correspond to attachnent of the grip portion 304
to the §Mi mdthpugiPopdponé mot@dmerlenkts04ts showofin Figareci% s snderst atjthere
actuation of the firing trigger 20, etc. The predeterm ned anount of tine
may be mBybaaBuiiimbef of int®r iftélceRd 5Whinltke dexdeah coramboidatiepath bétweérethe nvent i on
have been described, it should be apparent, however, that various

nodi fi CaftleRNey andlthEmaior @9s and adaptations to those enbodi ments may occur
to persons skilled in the art with the attai nnent of sonme or all of the

advant a@qfd()f t hey ccbRif '\BﬂousF QhbdAGHRY, @ne c%ﬁﬁt@f SONG strlctiiRl laRY BrrAELOE MENt S,

a singl nmponent nay be replaced by nultiple corrponents and multiple
conponent s be. L& I i

functi O?PeB}hef'ﬁﬂmf %Cﬁ$ﬁ?gg‘)’a{r (i ?%{él'w §4nﬁ?s g?{a o{rhg SF%? %gﬁ@%ﬂggggr al |
such m)dlfl cations, eratl apnd ada tat W|thout depart fromthe
scope aPf§ deteymingd ‘B‘F“t}eﬁ t“B?Ssc éﬁﬁfeﬁ'@&‘iﬁ a‘gquﬁéaé bsyAny gu hﬁ%’gnded
clainms. [01231 Any patent, publication, or ot her di sclosure material, in

whol e ofimgsy Fp)&ﬁ{(élm}tlﬁ,aacctvrémgg&ivaf iqus epbodimentspe SPWHCTN) 2 RAYEAPER he PRI n i s
incorporated herein only to the extent that the incorporated materials does
not coninkdriock G4 ftee tiestaktony Gas ramavied from the astrmpentS00wo inteer  di scl osure
material set forth in this disclosure. As such, and to the extent necessary,
t he di spllegjur e asAcoerdimg widther embbdimhtshthbeswiter 590 pestardrsd anmyarmapgdd toct | ng
material incorporated herein by reference. Any nmaterial, or portion
t her eof gpehRd mbr FRértbck S0P BfeMBOEMOpEHiBH 30 is IRLERRORE AT B Primfary podioeh

302 a predetermined number of times. The predetermined number of times may be any number

of times. For example, according to various embodiments, the counter 502 may open the motor

interlock 504 after the grip portion 304 is disconnected from the primary portion 302 two times.

[0120] According to other embodiments, the counter 502 is structured and arranged to

open the motor interlock 504 after the closure trigger 18 and/or the firing trigger 20 is actuated a

predetermined number of times. The predetermined number of times may be any number of

times. For example, according to various embodiments, the counter 502 may open the motor

interlock 504 after the firing trigger 20 is actuated twelve times.

[0121] According to other embodiments, the counter 502 is structured and arranged to

open the motor interlock 504 a predetermined amount of time after a first use of the surgical

instrument 500. For such embodiments, the counter 502 may be embodied as a timer. The first

use may be defined in any manner corresponding to the use of the surgical instrument 500. For

example, the first use may correspond to attachment of the grip portion 304 to the primary
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conflicts with existing definitions, statenments, or other disclosure
material set forth herein wll only be incorporated to the extent that no
conflict arises between that incorporated material and the existing

di scl osure material. 43 CLAIMS What is clainmed is: 1. A surgical

i nstrument, conprising: a handle conprising: a primary portion; and a grip
portion rel easably connected to the primary portion; a battery within the
grip portion; a notor in electrical conmunication with the battery; and a

| ockout systemwi thin the handle, wherein the | ockout systemis structured
and ar r aergfenl 302, actyptimkofdbnelesure treger 18, retuggianef thy finingririgeer Wectsr Thewry porti on
after the grip portion is disconnected fromthe primary portion a

pr edet epredeteshinethdreouno bf timpewy b2 anhmosto§tiowl i nstrunment of claim 1
wherein the battery is renovable fromthe grip portion. 3. The surgica

i nst runpoI2pf cl awmild sevetut emboditieatsdtHedfivention Ravetbebindgeibdd ithdileby. 4.
The surgical instrunment of claim1, wherein the | ockout system conprises a

count er §labdh€ thaveferaihgk rioBdedificatid VARERoNOAI ddBSatiérsRo BR)sé biBodiments
di sconnected fromthe prinmary portion. 44 5. The surgical instrunent of

claim 4ma%§<§u‘? itcppérg'o%s SRHBE G thE QARIHNSHS attaiffed: BESMIEH! of tﬁ@&hvantages of the

invention. For example, according to various embodiments, a single component may be replaced
by multiple components, and multiple components may be replaced by a single component, to
perform a given function or functions. This application is therefore intended to cover all such
modifications, alterations and adaptations without departing from the scope and spirit of the
disclosed invention as defined by the appended claims.

[0123] Any patent, publication, or other disclosure material, in whole or in part, that is
said to be incorporated by reference herein is incorporated herein only to the extent that the
incorporated materials does not conflict with existing definitions, statements, or other disclosure
material set forth in this disclosure. As such, and to the extent necessary, the disclosure as
explicitly set forth herein supersedes any conflicting material incorporated herein by reference.
Any material, or portion thereof, that is said to be incorporated by reference herein, but which
conflicts with existing definitions, statements, or other disclosure material set forth herein will
only be incorporated to the extent that no conflict arises between that incorporated material and

the existing disclosure material.
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a biasing nmenber coupled to the index wheel. 6. The surgical instrunment of
claim4, wherein the |ockout system further conprises a blocking assenbly
coupled to the counter, wherein the blocking assenbly is structured and
arranged to bl ock connection of the grip portion to the primary portion
after the grip portion is disconnected fromthe primary portion the
predeterm ned nunber of tinmes. 7. The surgical instrunment of claim®6,
wherein the bl ocking assenbly conprises a bl ocking nenber structured and
arranged to bl ock connection of the grip portion to the primary portion
after tGeABMPp portion is disconnected fromthe primry portion the
predeterm ned nunber of times. 8. The surgical instrunment of claim?7,
wher ei nWhhtas blaoadd isng assenbly further conprises a gate nenber in contact
with the bl ocking nmenmber. 9. The surgical instrument of claim@8, wherein the
bl ocki ng assenbly further conprises a biasing nenber coupled to the gate
menber. 10. The surgical instrunment of claim4, wherein the counter is a
resettabl e cunt e surgi®hl iddtrunfens wothipfisihgi nstrument, conprising: a handle
conprising: a primary portion; and a grip portion releasably connected to

t he prinaryzgg&gkqenlwgggein a portion of the grip portion is structured
and arranged to breaf off of the grip portion and remain in contact wth

the primry portig hﬂﬂﬁ?oﬁﬁ .SH4 p portion is disconnected fromthe prinary
portion; a batteraﬂmnt nthe grip portion; and a notor in electrical
comruni cation with the batterv.,,12. The, s ical instrument of claim 11,
wherein the batt ear%f 1P RO e@géb&y ?OrHS%Q?%té’ %egprlmary P 01%10“’

a battery within the grip portion;

a motor in electrical communication with the battery; and

a lockout system within the handle, wherein the lockout system is structured and arranged

to block connection of the grip portion to the primary portion after the grip portion is

disconnected from the primary portion a predetermined number of times.

2. The surgical instrument of claim 1, wherein the battery is removable from the grip
portion.

3. The surgical instrument of claim 1, wherein the battery is a rechargeable battery.

4. The surgical instrument of claim 1, wherein the lockout system comprises a

counter structured and arranged to advance when the grip portion is disconnected from the

primary portion.
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grip portion. 13. The surgical instrument of claim 11, wherein the battery
is a rechargeable battery. 14. A surgical instrunent, conprising: a handle
conprising: a primary portion; and a grip portion rel easably connected to
the primary portion; a battery within the grip portion; a notor in

el ectrical communication with the battery; and a counter within the handl e,
wherein the counter is structured and arranged to open a notor interl ock.
46 15. The surgical instrunent of claim 14, wherein the battery is renovabl e
fromthe grip portion. 16. The surgical instrunment of claim 14, wherein the
battery is aSrechBiregasgita instrumeniof claim 4, whereinthg ceutericagprisasent of cl ai m 14,
wherein the counter is structured and arranged to open the notor interlock
after the baarimdyx whealemdved fromthe instrunment a predeterm ned nunber of
times. 18. The surgical instrument of claim 14, wherein the counter is
structured apdiasiaghkfdREcduplednethetingexwilicer. i nterl ock after the grip portion
is disconnected fromthe primary portion a predeterm ned nunber of tines.
19. The surgical instrunment of claim 14, wherein the counter is structured
and arranged to open the notor interlock after a trigger of the surgical

i nstrunent | § act Jl"l?‘eI %ggl&m&ﬁ%hﬁiﬁM?&% Wﬁg;%ﬁlrthg iocﬁ(i)lﬂ%?stgrag%ﬁl:\@? %or'ﬁﬂlri&is cal

i nstrunment of claim erein the counter Is structure

a blocking assembly coupled to the counter, wherein the blocking assembly is structured and
arranged to block connection of the grip portion to the primary portion after the grip portion is

disconnected from the primary portion the predetermined number of times.

7. The surgical instrument of claim 6, wherein the blocking assembly comprises a
blocking member structured and arranged to block connection of the grip portion to the primary
portion after the grip portion is disconnected from the primary portion the predetermined number

of times.

8. The surgical instrument of claim 7, wherein the blocking assembly further

comprises a gate member in contact with the blocking member.

9. The surgical instrument of claim 8, wherein the blocking assembly further

comprises a biasing member coupled to the gate member.

10. The surgical instrument of claim 4, wherein the counter is a resettable counter.
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arranged to open the notor interlock a predeterm ned anount of tine after a
first use of the surgical instrunent. 47

11. A surgical instrument, comprising:
a handle comprising:
a primary portion; and
a grip portion releasably connected to the primary portion, wherein a portion of
the grip portion is structured and arranged to break off of the grip portion and remain in contact
with the primary portion when the grip portion is disconnected from the primary portion;
a battery within the grip portion; and

a motor in electrical communication with the battery.

12.  The surgical instrument of claim 11, wherein the battery is removable from the

grip portion.

13.  The surgical instrument of claim 11, wherein the battery is a rechargeable battery.

14. A surgical instrument, comprising:
a handle comprising:
a primary portion; and
a grip portion releasably connected to the primary portion;
a battery within the grip portion;
a motor in electrical communication with the battery; and

a counter within the handle, wherein the counter is structured and arranged to open a

motor interlock.
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15. The surgical instrument of claim 14, wherein the battery is removable from the

grip portion.

16.  The surgical instrument of claim 14, wherein the battery is a rechargeable battery.

17.  The surgical instrument of claim 14, wherein the counter is structured and
arranged to open the motor interlock after the battery is removed from the instrument a

predetermined number of times.

18.  The surgical instrument of claim 14, wherein the counter is structured and
arranged to open the motor interlock after the grip portion is disconnected from the primary

portion a predetermined number of times.

19.  The surgical instrument of claim 14, wherein the counter is structured and
arranged to open the motor interlock after a trigger of the surgical instrument is actuated a

predetermined number of times.

20. The surgical instrument of claim 14, wherein the counter is structured and

arranged to open the motor interlock a predetermined amount of time after a first use of the

surgical instrument.
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