SURG CAL | NSTRUMENT HAVI NG A FEEDBACK SYSTEM 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 I 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. S W : | VEN SURG CAL
CUTTI NG AND FAST %?%%CH&S WH%%WEEBEXQ( | nvent or s:
Frederick E. Shelton, IV, John N. Quwerkerk, Jerome R Mdrgan, 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; I nventors: Frederick E
Shel ton, | \CROSAREFEREN(E K@ RELARED TS ARIONSr gan ( K&LNG

050513/ END5694USNP) ; (5) MOTOR- DRI VEN SURG CAL CUTTI NG AND FASTENI NG

| NSTRUVBOM W THMRaEptidadniBLrEl aEnDo BrAsliTeRg donvamndly filedFe¥igateok E.
Shelton, IV and Christoph L. G Ilum (K&NG 050692/ END5769USNP) ; 1 (6)

MOTOR- @Bli&ﬁf&n&ﬁ@ﬂ@é&b ihsoipoiked NNt Bptdtbtiee: | NSTRUVENT W TH MECHANI CAL
CLOSURE SYSTEM Inventors: Frederick E. Shelton, IV and Christoph L. G Ilum

(K&LNG 0506393/ ENoy{ORPMIVEN 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);

(4) 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/END5769USNP);



(7) SURG CAL CUTTI NG AND FASTENI NG | NSTRUVENT W TH CLOSURE TRI GGER LOCKI NG
MECHANI SM I nventors: Frederick E. Shelton, IV and Kevin R Doll (K&LNG
050694/ END5771USNP) ; (8) GEARI NG SELECTOR FOR A PONERED SURG CAL CUTTI NG AND
FASTENI NG STAPLI NG | NSTRUMENT; Inventors: Frederick E. Shelton, IV, Jeffrey
S. Swayze, Eugene L. Tinperman (K& NG 050697/ END5772USNP); (9) SURA CAL

| NSTRUVENT AV N OREQRRIR NG XCAPARRFICANL ESTTINGVANDOF ASTENEN G INSTREJMENdI t on,
IV, John N. Quwerkerk, and Eugene L. Tinperman (K& NG 05069 8/ END 5773

USNP) ; W) MBURGLGRLAL N@W@@WW@M&R&M@&&@@E&& Wyt or s:
Frederick E. Shelton IV, Kevin R , Jeffrey S. Swayze and Eugene L.
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SHAFT; Inventors: Frederick E. Shelton, IV, Jeffrey S. Swayze, Mark S
Otiz, TWEE@L@@KWGIMQCWWEMt@EOW@@@H@'ﬁh@USNFW an(dJI@)vm R. Doll
ELECT RO MECHANI CAL SURG CAL CUTTI NG AND FASTENI NG | NSTRUVENT HAVI NG A
ROT ARY(K8: BNIS® 5884/ ENDRREUSKPIEM W TH -2 PARALLEL CLOSURE AND ANVI L
ALI GNVENT COVPONENTS; I nventors: Frederick E. Shelton, IV, Stephen J. Bal ek
and Eugene {g) Ti GPARTRG SKBENEORSPIRA PHYWEREDWRGICAL 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) SURGICAL INSTRUMENT HAVING A REMOVABLE BATTERY; Inventors:
Frederick E. Shelton IV, Kevin R. Doll, Jeffrey S. Swayze and Eugene L. Timperman (K&LNG
050699/END5774USNP);
(11) ELECTRONIC LOCKOUTS AND SURGICAL INSTRUMENT INCLUDING
SAME,; Inventors: Jeffrey S. Swayze, Frederick E. Shelton, IV, Kevin R. Doll (K&LNG
050700/END5775USNP);
(12) 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);
(13) ELECTRO-MECHANICAL SURGICAL CUTTING AND FASTENING

INSTRUMENT HAVING A ROTARY FIRING AND CLOSURE SYSTEM WITH



and (14) DI SPOSABLE STAPLE CARTRI DGE HAVI NG AN ANVIL W TH Tl SSUE LOCATOR
FOR USE WTH A SURG CAL CUTTI NG AND FASTENI NG | NSTRUVENT AND MODULAR END
EFFECTOR SYSTEM THEREFOR; | nventors: Frederick E. Shelton, [V, Mchael S.
Cropper, Joshua M Broehl, Ryan S. Crisp, Jam son J. Float, Eugene L.

Ti nper man (K&LNG 050703/ END5778USNP) . BACKGROUND [ 0002] Thi s application
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tends to reduce the post-operative recovery tinme and conplications.
Conseqli‘é‘ﬁtly, significant devel opnent has gone into a range of endoscopic
surgical instrunments that are suitable for precise placenent of a distal end
ef fector at (d)dedISBOSARIIYSTAPLEI €ARTRIDUGHIAVBIGAIN ANY [Ia WITEL BISSUFhese
distal end effectors engage the tissue in a nunber of ways to achieve a
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staplers, clip applier, access device, drug/gene therapy delivery device,
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staplers i1 nclude an end effector t hat si mul t anecusly makes |"'ongi t udi nal
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the jaw nenbers receives a staple cartridge having at least two laterally
spaced rows of

BACKGROUND

[0002] This application discloses an invention that is related, generally and in various
embodiments, to visual and audible feedback systefns for motor-driven surgical instruments.
[0003) Endoscopic surgical instruments are often preferred over traditional open surgical
devices since a smaller incision tends to reduce the post-operative recovery time and
complications. Consequently, significant development has gone into a range of endoscopic
surgical instruments that are suitable for precise placement of a distal end effector at a desired
surgical site through a cannula of a trocar. These distal end effectors engage the tissue in a
number of ways to achieve a diagnostic or therapeutic effect (e.g., endocutter, grasper, cutter,
staplers, clip applier, access device, drug/gene therapy delivery device, and energy device using
ultrasound, RF, laser, etc.).

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

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



stapl es. The other jaw nenber defines an anvil having staple-form ng pockets
aligned with the rows of staples in the cartridge. The instrunent includes
a plurality of reciprocating wedges which, when driven distally, pass

t hrough openings in the staple cartridge and engage drivers supporting the
staples to effect the firing of the staples toward the anvil. [0005] An

exanpl enddscapis ot Bipadscaptiagipdicatsarist @b lcepdbby ofqradisg tipowghapgnnolatpassageway.
described in U'S. Patent No. 5, 465, 895, which discloses an endocutter wth
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may arise when perform ng such actions sequentially wth different surgical

t ool s tlagh, mdiepdeven disiallyrpags dsqugh apenigga pi e sfaplyos]trideeanhengags drivady ant age
of being able to close upon tissue before firing is that the <clinician is

abl e t cupmiriidgythe iseipkes teeffes cleplridgeft the Maplde siwaed tHeemaili on for the cut has
been achieved, including a sufficient anount of tissue has been captured
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toget her, especially pinching at their distal ends, and thus not
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extrene, ~“an excessi've ’anto i ssue may cause d an
i nconpl ete firing. [ 0007%. doscopi.c. stapl ers/cutters continue to .i.ncrease
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for this is the gqest for lower force-to-fire (FTF) to a level that all or
a gr eattissig oior to/igng. sQnereiba slivigianthas determiged thahhgnas meambeshare propsvler FTF it
use -4 CO2 or electrical motors. These devices have not faired nuch better
t han t reaigpinig@issile, thertinician 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



power ed devices, but for a different reason. Surgeons typically prefer to
experience proportionate force distribution to that being experienced by
the end-effector in the formng the staple to assure themthat the
cutting/stapling cycle is conplete, with the upper limt within the
capabilities of nobst surgeons (usually around 15-30 | bs). They al so
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wher e PropoRtiongtefgres disHibutignde thah beipg cxrerienead byt the epdrefiastar in the frayngthg
button. [00081 Wth current surgical instrunents, the status of the

i nst r useple to sssgeertheralthay theotutting/steplihectytle iacospletepivithilee sppeglival withisttheiment
during a procedure. For exanple, with current nechanical endocutters, the
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el apsed ‘si nce cl anpi ng, the magnitude of the firing force, etc. are
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respect, this application discloses a status nodule for use with a surgical
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enbodi ments, the status nodule conprises a housing, a plurality of
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structured and arranged to rel easably connect to the surgical instrunent.

Each - Bcthated by fiedly pRRSIASh bufiost ructured and arranged to be in electrical
conmmuni cation with a different

[0008] With current surgical instruments, the status of the instrument is generally not
provided to a user of the surgical instrument during a procedure. For example, with current
mechanical endocutters, the presence of the staple cartridge, the position of the knife, the time
elapsed since clamping, the magnitude of the firing force, etc. are generally not provided to the
user. Without visual and/or audible feedback, each user must rely on his or her own “feel” to

determine the status of the surgical instrument, thereby creating inefficiencies, inconsistencies,

and potential damage to the surgical instrument.

SUMMARY

[0009] In one general respect, this application discloses a status module for use with a
surgical instrument comprising a plurality of sensors. According to various embodiments, the
status module comprises a housing, a plurality of contacts, a circuit, and a plurality of indicators.

The housing is structured and arranged to releasably connect to the surgical instrument. Each



sensor when the housing is connected to the surgical instrunment. The circuit
isin electrical comrunication with at | east one of the contacts. At | east
one of the indicators is in electrical comunication with the circuit.
[ 00101 In anot her general respect, this application discloses a surgical
instrunment. According to various enbodi nents, the surgical instrunent
CoNmpr i A% ifudp L(;Jﬁtgét lid frfRfurS€ &?ang@&‘g) béfin é&ﬁb%l ERfuRichEbERRAR (Hffé‘r@ﬁ‘tnec'[ ed
to the surgical 1 nstrunent. estatus m)uecorrprlsesa plurality of
contacts, a (Ci reu and a I|t E cont act
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el ectrical communication with_ _at | east o e of to?ﬁn ont act s.. lIea t one of
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[ 00111 Various enbodi ments of the disclosed invention are described herein
by wayccmﬁmumxathﬂ‘élththecﬁm‘?}lmnctl on with the follow ng figures. 100121 Fi gures
1 and 2 are perspective views of a surgical cutting and fastening
i nst r uoend] accor H agthed guiddralauspeetytinsapptiohtion diQ0dsed alsupivad insument. € expl oded
views of an end effector and shaft of the instrunent according to various
embodi ReRlrding 10 Vddduskntidtinbhtd Sth@su'félgﬁ iNdrRithent cérﬁﬁm%gq phlrhe t?rtd?rse&%%%ﬂi ng to
various enbodi nents; 100151 |gure is an expl oded view of the handle of
the instyr rrent  di to _vario nts., res 8 and 9
are paftt ’fb"ed#lgep%@etaf%?@g %"“é\‘i(%te%# PR sutel gi“é Taeh dﬁhﬁg a?%s mé?“‘?)g prises a
enbodi nent s;

! plurality of contacts, a circuit, and a plurality of indicators. Each individual contact is in

electrical communication with a different sensor. The circuit is in electrical communication with
at least one of the contacts. At least one of the indicators is in electrical communication with the

circuit.

DRAWINGS

[0011] Various embodiments of the disclosed invention are described herein by way of
example in conjunction with the following figures.

[0012] Figures 1 and 2 are perspective views of a surgical cutting and fastening
instrument according to various embodiments;

[0013] Figures 3-5 are exploded views of an end effector and shaft of the instrument

according to various embodiments;

[0014) Figure 6 is a side view of the end effector according to various embodiments;
[0015] Figure 7 is an exploded view of the handle of the instrument according to various
embodiments;



[0017] Figure 10 is a side view of the handle according to various

enbodi nents; [0018] Figure 11 is a schematic diagramof a circuit used in
the instrunent according to various enbodi nents; [0019] Figures 12-13 are
side views of the handle according to various enbodi nents; [0020] Figures
14-22 illustrate different nechani sns for |ocking the closure trigger
accor djooge]t 0 varFigus 8miaddi arepartial pddpedfvervigus efth2 bandle staondiag tmivarenus al
joint ("u joint") that may be enployed at the articulation point of the

i nst r ugRkddiReser di ng to various enbodi nents; [0022] Figures 24A-B shows a
torsion cabl e that nmay be enpl oyed at the artlculatlon poi nt of the

| nstr u(ﬁ%?‘?] accorﬁl ?q]s\é%fdecvféw%m%qiafmgtaécor&lgg%@Larfdlﬂ‘éhﬁ)%dgéer@sl Illustrate

a surdgrca cutti n asteni ng I nstrunment ower assi st accordi ng to

vari ou odi ment [,0024 ur s 32 L r.at sur tting and
f ast enfoﬂggﬁbnst r H‘Ee ]vh‘tsﬁs 3(‘538?15}’??8 1Pghevlg§tpgﬂgﬁ ﬁ%oégllnﬁé%t s;
[0025] Figures 37-40 illustrate a surgl cal cutting and fastening instrunent
Wi t h tvasious embpdiawbtsck according to various embodi nents; [0026] Figures
41-42 illustrate various enbodi nents of a proportional sensor; [0027]

Fi gur e[0039] | | ust Figees 122l3i avel side vizwai afhret Isandle agcarding toakripusdmborements; 0028]
Figure 44 is a schematic diagram of the surgical instrunent of Figure 43;

and [[028] Fi 9urRared 3440 illlidikisd difefeny Aetitsn@OO iRt the Blos@e M@gder on of the
surgical 1nstrument of Figure 43. -7 DETAI LED DESCRI PTI ON

according to various embodiments;

[0021] Figures 23 A-B show a universal joint (“u-joint™) that may be employed at the

articulation point of the instrument according to various embodiments;

[0022] Figures 24 A-B shows a torsion cable that may be employed at the articulation
point of the instrument according to various embodiments;

[0023] Figures 25-31 illustrate a surgical cutting and fastening instrument with power
assist according to various embodiments;

[0024] Figures 32-36 illustrate a surgical cutting and fastening instrument with power
assist according to various embodiments;

[0025] Figures 37-40 illustrate a surgical cutting and fastening instrument with tactile

feedback according to various embodiments;

[0026] Figures 41-42 illustrate various embodiments of a proportional sensor;
[0027] Figure 43 illustrates various embodiments of a surgical instrument;

[0028] Figure 44 is a schematic diagram of the surgical instrument of Figure 43; and
[0029] Figures 45-47 illustrate various embodiments of a portion of the surgical

instrument of Figure 43.



100301 It is to be understood that at |east sone of the figures and
descriptions of the disclosed invention have been sinplified to illustrate
el enents that are relevant for a clear understanding of the disclosed
invention, while elimnating, for purposes of clarity, other elenents.
Those of ordinary skill in the art wll recognize, however, that these and
other elenents nmay be desirable. However, because such elenents are well
known in the art, and because they do not facilitate a better understanding

of the a discussion of such elenents is not provided
here|nD%hééggﬁﬁgﬁgﬁﬁﬁghgggnd 2 depict a surgical cutting and fastening
instrunent 10 according to various_ enbodi nents_of the present invention.

The i1 [0030) at ed Biviediernmndersiopdhateh lrasisepieof thenfiguremandtdeseriptions ofier al , t he
enbodi nents of the instrunent 10 described herein are endoscoplc surgi ca
cut t i ndiseloskdfiaedngioh hgve beenrsimplifiesd tolilusstamdlandrgs that &d relbvam ¥@ra cledrat
according to other enbodi nents of the present invention, the instrunment my

be a NegerRARPSELOMLE dRblosLCiabertitht Whle adinhAsd, ¥4 MEpIRS bf LIAERL othetiCh as a
| apar oscopi ¢ i nstrunment. 100321 The surgical instrunent 10 depicted in
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the illustrated enbodinent, the end effector 12 is configured to act as an
endocubecanserthey &0 otfaciljlatesebetiar ngdermanding pf the disclosedimventign, Belisghssiamofot her
enbodi ments, different types of end effectors may be used, such as end

ef f ect such elGIIMentIEibabt prypprled bekretur gi cal devi ces, such as graspers, cutters,
staplers, clip appliers, access devices, drug/gene therapy devices,
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instrunment 10 may include a closure trigger 18 and a firing
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.
[0032] 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
pivot 14. An articulation control 16 may be provided adjacent to the handle 6 to effect rotation
of the end effector 12 about the articulation pivot 14. In the illustrated embodiment, the end
effector 12 is configured to act as an endocutter for clamping, severing and stapling tissue,
although, in other embodiments, 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 laser devices, etc.
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trigger 20 for actuating the end effector 12. It mnll be appreci ated that
instrunments having end effectors directed to different surgical tasks may
have different nunbers or types of triggers or other suitable controls for
operating the end effector 12. The end effector 12 is shown separated from
the handle 6 by a preferably elongate shaft 8. In one enbodi nent, a
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End Effector,” X Ceoffr C. Hue et al whi ch is |ncorporated herei n by
refer eﬁ@@wridge‘ﬁf tPl*@fféWGt %‘Fglééltt&ksi@ay heye diffezent pumbess W LERRSI0E NSESERY ot her
things, a staple channel 22 and a pivotally transl atabl e cl anpi ng nenber,
such asthansuiablielcoiols Wi aplerating thea¢nd: eifentod 12t The espeffeater t2ashews sepamted
effective stapling and severing of tissue clanped in the end effector 12.

The hadfll the Rarddieb ug apréfefbbi clbngitd $hal®. tiawae dmbullintht,a din@sad e dpetggef 18
is pivotally drawn by the clinician to cause clanping or closing of the
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clanmp tlssue p05|t|o ed between the anvil 24 and channel firing

trigger fart rg.of th osur g ce t e closure
tr1 ggepripgalidh poil 56,4 depitef i gt 3%%}Lintrfe8ﬁm§s Pt rertE ot 85 berow:

t he f|r|n tri r 20 may rotate slightly toward the pistol grip 26 so that
1 cant HAT.68b fded puinia Do 301 e e PHEEI A Eramnt HAGRE ACABISBIRE Endnay
pivotally drawthe firing trigger 20 toward the pistol grip 26 to cause the
st apl i Bffectnd” by BeeffraydC.duatl empevthich ssimeorporatddeheesio bgfréfermoe. 12. | n ot her
enbodi ments, different types of clanping nenbers besides the anvil 24 coul d
be usefbosapch asThé ed Efetiat! 12, inelid&ARGsS B w,am&fgc‘other%ﬂagﬁ?a%iaﬂlé chahhdl be

appreciated that the ternms "proximal" and "distal" are used herein with
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
the pistol grip 26 so that it can be reached by the operator using one hand. Then the operator
may pivotally draw the firing trigger 20 toward the pistol grip 26 to cause the stapling and
severing of clamped tissue in the end effector 12. In other embodiments, different types of

clamping members besides the anvil 24 could be used, such as, for example, an opposing jaw,

etc.



reference to a clinician gripping the handle 6 of an instrunment 10. Thus,
the end effector 12 is distal with respect to the nore proxi mal handl e 6.
It will be further appreciated that, for convenience and clarity, spatial
terms such as "vertical"™ and "horizontal"” are used herein with respect to
the draw ngs. However, surgical instrunents are used in many orientations

and pﬁﬁégjlons ’ %{zﬂlltbla% reb B the fPhs i}@'ﬁ)gigxga?daﬁcp'dl?ﬁ%ll' ?f@ Uskd g&%ﬁpwlt

absol u 00361 e cI ure trigger actuate I rst.

clinician is sati fled w th 0osi t.i oni end effec 1 the
clini cfeg Fepg/© AR D RPIRE t@Fgg?fﬁ%g & Tgnttlf)dqe{lgus hgieps € tfo%gr ﬁZlSI ocked
position E)rom mate to the pistol gwﬁ 26 The firing tl’lt%? 20 may then be
act uat digtal Wi respectiig the mgrgeroximal %6 ftavillibe fuphst appeseiafedthats FBwn i n
Figures 1 and 2) when the clinician renoves pressure, as descrlbed nor e
fully baiveniende andl ey, dpatisloernistichoas {veetidalireside'hérizordal aternsedhhereawwitipl e, on
the pistol grip 26 of the handle 6, when depressed may rel ease the | ocked

cl osur gespéck eOME difvings) MoilevEt, StigecaBinstumbnte ¥R 6@ th maeyoeéntitimisend ef fector
12 according to various enbodi nents. As shown in the illustrated

embodi g@ﬁ/ st Af R ﬁ%}f&&ﬁ@ %éenﬁg&’to' Ql#ﬂgﬁah@abs«aﬂ%“ on to the

previ ous ment | one anne and ‘anv a cutting instrunent 32, a

o SuPeE 0B A LGB 4 R Bt BRI 4y B 22

exanple, a knife. The anvil 24 na pivotably opened and closed at a

pi vot Bsinesitioning o thecand etiestor A, tb? él)klﬂlﬁlﬁ{l @wénhawa%@e clesnredrigger 18tadsanyi |
24 may also include a tab 27 at its proxinate end that is inserted into a
conponéily adésed Heckudqtvaitioa proxiniaestutiee mytet gnp 26 dderfirbedriggert 20anapticol® t o
open and close the anvil 24. \Wen the closure trigger 18 is actuated, that
I's, dr aibatbd T fRing3AEg@20tB NSNS ithid SfRApodition (M waANHHigutds MRYd B Widn thabout

t he pivot point 25 into the clanped or closed position. |If clanping of the
end ef ERGLAR relfoves pre]sg)ure, 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.
[0037] 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
and closed at a pivot point 25 connected to the proximate end of the channel 22. The anvil 24
may also include a tab 27 at its proximate end that is inserted into a component of the mechanical
closure system (described further below) to open and close the anvil 24. When the closure

trigger 18 is actuated, that is, drawn in by a user of the instrument 10, the anvil 24 may pivot

about the pivot point 25 into the clamped or closed position. If clamping of the end effector 12 is
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satisfactory, the operator may actuate the firing trigger 20, which, as
explained in nore detail below, causes the knife 32 and sled 33 to travel

| ongi tudi nally along the channel 22, thereby cutting tissue clanped within
the end effector 12. The novenent of the sled 33 along the channel 22
causes the staples of the staple cartridge 34 to be driven through the

sever egiau%ggé%egs é}}@(ﬁfé{]ﬁ%a§ acttlét% tie ﬁ‘ﬁﬂ?%jt ﬂio %A],lchwas SAplhitEd hbR deta@p! €s to

fasten t ssue , 921, entitl ed "Sur gi cal

?%?2%( et Bl %%qﬁ”ﬁmty e @%‘%%%2% A‘&Sﬁ"?@@‘“&’%‘@ﬁ%@‘?&“%ﬁ* ’ u‘%’“ﬁ“’ﬁ o
A
¢ Lé"s?@%ﬁ%éh%ﬁe ped i BGeaF SPRTPT i Sttterﬁﬁit{rtéq?gaﬂwssﬁdr@u%ﬂt 0 when the

knife 32 retracts follow ng the cuttlng eration, the sled 33 does not
r et r acthanag@28auses thshwiaples ofithesinplg canrdzed4 tadwghiven sirengotie vevared ysue he

instrunment 10 described herein enploy an end effector 12 that staples the
sever eghd dagafisetheiclosed hevil Byiwddimenisshelsthples nfasten dehoveraeé sisfuor (. sRataitng or
sealing the severed tissue may be used. For exanple, end effectors that use

RF enefgys 918, 68 @& &H § ltass‘,tﬁﬂ nEhﬁstﬁﬁrY@lt aftojorstify ARE-Bés®FRmgused. U.S.
Pat ent” No.” 5, 810, 811, |t ed "El ectrosurgi cal Henpbstatic DeV| ce," which

s '“;gfeggf a%@d tvt(gﬁt Fis 5@& RERDC efi’ér%éeoﬁr‘é%yg% s fildhd aagu etbg,}ult HIgRHo! hat

uses sten severe | ssue i on No.

11/ 267,811, entitled "Sur |caI Sta i ng. | nstrunent truct ure liver
O NedhERle cABBed TaiRaing Sstrenei, Aspstingdo A e Sieled S oy’ oY

"Surgical Stapling Instrunents Structured For Punp- Assi sted Deli very O
Medi cahn ingrgmal partisdthe ettridge dh, sugh thaswben thedarlp éﬂa@té@t&t@nll@wmgat}ae cwitiagence,
di sclose cutting instrunents that use adhesives to fasten the severed

t i Ssueopetationy; thersfddy33 ddek houglratthe description herein refers to
cutting/stapling operations and the like below, it should be recognized

E hat t rU(}‘SSl s an RXREAN %Eho%@%'aﬁﬁ&ghatﬂgembédlﬂﬁhts'ﬁaﬁht in5PurRént!10Mebdrb@d Ot her

i ssue-fastening techniques may al so be used
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
Stapling Instruments Structured For Pump-Assisted Delivery Of Medical Agents,”both of which
are also incorporated herein by reference, disclose cutting instruments that use adhesives to
fasten the severed tissue. Accordingly, although the description herein refers to cutting/stapling

operations and the like below, it should be recognized that this is an exemplary embodiment and

is not meant to be limiting. Other tissue-fastening techniques may also be used.
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-11 [0039] Figures 4 and 5 are exploded views and Figure 6 is a side view of
the end effector 12 and shaft 8 according to various enbodi nents. As shown
in the illustrated enbodi nent, the shaft 8 nmay include a proximate cl osure
tube 40 and a distal closure tube 42 pivotably linked by a pivot |inks 44.
The distal closure tube 42 includes an opening 45 into which the tab 27 on

the apm’gbls 24 1 Sléiigglé:s 35359 g e Bk l8ded e ROSRY Iﬁgqrecd Q58&idd\GeR DY ille 2l efRStor

furthe escri be sposed 1nside t cl osure tubes 40, 42 may be a

pr oxi e i tube.46. Di.sposed j.nside,th [ OXJ i may be
a nai g?# ﬁiﬁaﬁﬁaﬁcc‘fr ?ngptlpc%?lnﬂﬁ% %5199#??1\%[ S ﬁﬁfsﬁo‘%él ﬁgﬁi thgsgr%lserrﬁ rﬁﬂgoa(t) }ehg&l\}\ﬁﬁﬁ a
secondary (or distal) drive shaft 50 via_. a peve ear assenbly. 52. The
second Y @Ci‘#ﬁ@tpr%mait%CIE%ﬁﬁ@g‘Fé apd aéi?%?li%g{fe‘élpe zﬁ p’c"l‘?&%%ﬁ@?&&’é’ a
proximate drive gear 56 of the helical screw shaft 36. Wien the main drive
shaft 4 givioslinksule dThedlistatcdossrdipbed? includss ambpertieg 43 imteyyhichi the tab 29000 the
explained in nore detail below), the bevel gear assenbly 52a-c causes the

secondgiwl i is igseREd I ord&Qotoper Blidi¢16se thB eVl 24) ab filirther destaibsé beibwt MHsposed
engagenent of the drive gears 54, 56, causes the helical screw shaft 36 to

rot at eingfﬁ@tl?e{k}}&%}r‘éﬁl%& he 4'2%53’32%& §H>xﬂﬁ£t¥ E][SIHe MRS Dlgpdsd ifsfiéahe proximate

| ongi t udi na ong the chann 2 to cut any tissue clanped wthin the end

effector. 1 e ertical vel. .gear .52 Y St ivot in_an gpeni ng 57
“n' ¢ nesting B S8 B A mER sp BB PRt Fe St AP BinobBpBERREE 8
may be used to enclose the secaondary drive shaft 50 and the drive ars 54,
56. mﬁqceadqrmrﬂ}st%lhér%awﬂoﬁq véa@ﬁ%ﬁltgearsa,ssqrwyéécghaawnéw\ﬂél@ﬁ%f? g%o, and
the articulation assenbly (e.g., the bevel gear assenbly 52a-c) are

sonet i iseennestastp edirive gaar 4 that eagagdser proximateddrivesgesh &b of the hehitdl gerew[shatol A
bearing 38 is threaded on the helical drive screw 36. The bearing 36 is also

connec&dwhen themkiaidrive 3Raft ¥¥ &rcatifed tb edtaedly adtuatién SLIHRrdfg tFiggav0dad ot at es,
the bearing 38 traverses the helical drive screw 36 distally, driving the

cut ti nge IR MTRYe d3tilHatbw), theltGelR¥eRCASEmbly 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
the articulation assembly (e.g., the bevel gear assembly 52a-¢) are sometimes referred to herein
as the "main drive shaft assembly."
[0040] A bearing 38 is threaded on the helical drive screw 36. The bearing 36 is also
connected to the knife 32. When the helical drive screw 36 forward rotates, the bearing 38
traverses the helical drive screw 36 distally, driving the cutting instrument 32 and, in the process,

the sled 33 to perform the cutting/stapling operation. The sled 33 may be made of, for example,
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the sled 33 to performthe cutting/stapling operation. The sled 33 nmay be
made of, for exanple, -12 plastic, and nay have a sl oped distal surface. As
the sled 33 traverses the channel 22, the sloped forward surface may push
up or drive the staples in the staple cartridge 34 through the clanped

ti ssue and against the anvil 24. The anvil 24 turns the staples, thereby

i 3 ' : h j j h ] 32
R S R AT i R G i S e gl
di st al d pf th h | 22..[0041] B t I f k
For 1 e RO T AAFE PR PTG R AN B S RE R Sl BfgbEFY 1buetife slefB¥ance

anong physicians of notor-driven surgical ins rumengs wher e t he )

cut t i npeapd pern ther Al ilheaayil At damphetiaptasytherea) slaplng ths peyesrd tissye-
contrast, enbodi ments of the present invention provide a notor-driven
endocutWlen thé kiifaddeis réteastiisla tie koifet3Beind sjsd Gy meap becomedisengaged/ dereppddavingn of
the cutting instrunment in the end effector. [0042] Figures 7-10 illustrate

an exemel stady3 enbiecdismnéndodf the clein@el-2d i ven endocutter, and in particular the
handl e 6 thereof, that provides user-feedback regardi ng the depl oynent and

| oadin dgme of BLASSE Ut Mkl JTEUEEINack for e it/ QESIRR! Beratlon, AERH it Lon,

t he enbo nt nay use power provided by the user inr acting the firing
trigger 20 .to.power the device, (a.so-called,."power. gssist” . 4As shown
i ¢ e erieraldtiR A caliGa rmihe Po SR TS her v R IR Amen R 5" e

pi eces 59, 60 and exterior upper side pieces 61, 62 that fit together to
form FylRs@PNg operaionds aepated by marely Pressiag @ bottom Bngangagt, embodiments§ a Lj
ion battery, may be provided in the pistol grip portion 26 of the handl e 6.
The bathegrgseudinpetimngravidea orot@sdrivespodeaitenwith usgydfeedback of the deploymkst, pi st ol
grip portion 26 of the handle 6. According to various enbodi nents, the notor

65 mayorb and/OEpdyitiahetthe citving ¢hstrahment nakd @l ffedwei num r ot ati on of ,
approxi mately, 5000 RPM The notor 65 may drive a 90 bevel gear assenbly 66

conpri §ygag) @ i rflgub&VRlo ARREraE8n3REmflary 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
grip portion 26 of the handle 6. The battery 64 powers a motor 65 disposed in an upper portion
of the pistol grip portion 26 of the handle 6. According to various embodiments, the motor 65
may be a DC brushed driving motor having a maximum rotation of, approximately, 5000 RPM.
The motor 65 may drive a 90° bevel gear assembly 66 comprising a first bevel gear 68 and a
second bevel gear 70. The bevel gear assembly 66'may drive a planetary gear assembly 72. The

planetary gear assembly 72 may include a pinion gear 74 connected to a drive shaft 76. The
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second bevel gear 70. The bevel gear assenbly 66 may drive a planetary gear
assenbly 72. The planetary gear assenbly 72 may include a pinion gear 74
connected to a drive shaft 76. The -13 pinion gear 74 may drive a mating
ring gear 78 that drives a helical gear drum80 via a drive shaft 82. A
ring 84 may be threaded on the helical gear drum 80. Thus, when the notor 65
r ot at epinidngear Thma§4lrive aceagdinggebr 28/ thiat driveng hichieal lgedr drain &fewn adiriven 80 by
means of the interposed bevel gear assenbly 66, planetary gear assenbly 72

and ri gehro@ara f3g shRAHe hhadbebghR H1ieR Bed! &omi J0C I THRS, Whdrife ARIGT 65Sensor
110 i n comuni cagl on Wwth the flrlng trigger 20 to detect when the firing

t Q gt

26 of (A AR sl o R alore SO FRIGHLAGH B BBy it B rPiePaid | T
t by th d _effect 12. Th 110 b t I

Qe or DEURL AR SSSeTY O, AAEY SeinaREaRS T A7 U FOIE: r osi sLor . vhen t he

firing trigger 20 is drawn in, the sensor 110 detects the novenent, and
sends wﬂ4é?ect r i $h¢ hanidhnmayriliiodaelndea pin mpier §RsIserabld insoneNmeation avifethe
supplied to the notor 65. When the sensor 110 is a variable resistor or the
| i ke, filagigt O ditect When nind firindtiggern 2 kasdeae damnyin jod dssed Oriawatdahe he
anmount of novenent of the firing trigger 20. That is, if the operator only

draws Blstdts LAP ggnmqsfdf&h@ﬁhﬁdw agﬁhe?disefa&brao ltnerréﬁyeacma&e the faaa{ngﬁs@épmg of the

not or latively low. When thefiring trigger IS drawn in (or

|nthefuII 0 ! its

maxi rruﬂ?ef”(yn tgé%g% §QC 0{ ln?n%] gx?ortlﬁg%{ija gmb&%o’% ?{’1 ?I Fl ng{rotrrl gger
20, the nore v e is lied tqQ the tor using greater t es of
rot at i GYAMPBEL io or waﬂ%ﬁgreéw%y hmtb%gﬂag Fﬁ%gar 20 rdrave Tyt & 8501 §dj acent

to the upper portion of the firing trigger 20. The handle 6 al so may

conpr i defeets Bieasowpranh gnd sendsanelestrend] senaldedicatiyoof theorpltape (aripgties th zbﬁdl e

pi ece 104 and the firing trigger 20. The bias spring 112 may bias the
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.

[0044] The handle 6 may include a middle handle piece 104 adjacent to the upper portion
of the firing trigger 20. The handle 6 also may comprise a bias spring 112 connected between
posts on the middle handle piece 104 and the firing trigger 20. The bias spring 112 may bias the
firing trigger 20 to its fully open position. In that way, when the operator releases the firing
trigger 20, the bias spring 112 will pull the firing trigger 20 to its open position, thereby

removing actuation of the sensor 110, thereby stopping rotation of the motor 65. Moreover, by
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firing trigger 20 to its fully open position. In that way, when the operator
rel eases the firing trigger 20, the bias spring 112 wll pull the firing
trigger 20 to its open position, thereby renoving actuation of the sensor
110, thereby stopping rotation of the notor 65. Moreover, by -14 virtue of
t he bi as spring 112, any tinme a user closes the firing trigger 20, the user

will e t t I oot r t he
br of Bt Mibiad B3hE1300RY nd et RSt Mic ORRE Hik @R 001 RELSMN I ABElnng |

] Eéi?ﬁ%é;tsi o PG gt C%%f%%ﬁét@%ﬁéﬁ%f&ﬁ%fl{ ?lo::?%er d‘%*fftﬁcr“ PRI A
ot ovi dFFHgoh EEh P UBHGH 6o Waher: HE OPRIBE FAHH FRRFEFeUGE Pars BREEAL he

operator. [00451 The distal end of the helical gear drum 80 includes a

di st al taithereby serag e forg framathe sgnsord §0dorthaigpsosien theanotonpd.chs sushethewseh a

pi ni on gear 124. The pinion gear 124 is connected to the nmain drive shaft
48 of tlwg stopithe deplogmahaf theaswesffebtor 12 rthérbby proaiding o trehsure obéoritiok ofbtor 65
causes the main drive shaft assenbly to rotate, which causes actuation of

the end, &k téﬁqgﬁ?méﬁ5ntgqﬁgﬁkg@g.above 100461 The ring 84 threaded on the
hel i cal ge may 1 nclude a post 86 that is di sposed within a sl ot

88 of tted I ﬁ g R site
end 94??(%3? r ece?\f}%dlsg‘ll Bon{t% ltl’.gag Byl s c% ec§t ecgp[ Be \/\‘feegshaﬁsu& gdl e
exteriaqr side piec 60, The pivot p|n 96 i.s al so disposed throygh an
openi n§UYEH FRE gqﬁ*é???-,rwhtgh matead@ﬁl DPINAECah 24 i RO @921 Foin onpegier o
handl e pi ece 104. [00471 In addition, the handle 6 may include a reverse
not or (hermaindrigé skaft dkef the mean ﬁrlvqsimﬂ@ﬁ@ndﬂgt bythatovay, rétetion of the motor 65
begi nni ng- of - stroke) sensor 142. In various enbodi nents, the reverse notor

sensor cdnls theyndde davd sHaft asserhBle o f@@ta,t\emclabadsbsaacdihasmlofettuderfatfeffeh@r he|dscal
gear drum 80 such

described above.

[0046] 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.

[0047] In addition, the handle 6 may include a reverse motor (or end-of-stroke sensor)
130 and a stop motor (or beginning-of-stroke) sensor 142. In various embodiments, the reverse
motor sensor 130 may be a limit switch located at the distal end of the helical gear drum 80 such
that the ring 84 threaded on the helical gear drum 80 contacts and trips the reverse motor sensor
130 when the ring 84 reaches the distal end of the helical gear drum 80. The reverse motor
sensor 130, when activated, sends a signal to the motor 65 to reverse its rotation direction,

thereby withdrawing the knife 32 of the end effector 12 following the cutting operation.
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that the ring 84 threaded on the helical gear drum 80 contacts and trips the
reverse notor sensor 130 when the ring 84 reaches the distal end of the

hel ical gear drum 80. The reverse notor sensor 130, when activated, sends a
signal to the notor 65 to reverse its rotation direction, thereby

w thdrawi ng the knife 32 of the end effector 12 follow ng the cutting

oper at ygpas] - 15 [PR4&bp MiforSeRddr MY HayIRNER exaiftple "BiorBRillylddse@ KiniTDdvitcha
nor mal ['y- cl osed Ilmt switch. In various enbodiments, it may be |ocated at

ts Cft (F:)Lﬁf_&agi% bee B?cﬁg{cen{shﬁ uga?aeqaé t]%éjﬁrlégirﬁege 884 oftn@'helg&?ﬁ W%Otsﬁ' ps the

reaches 't roxi mate end cal gear

drum 8 0049],.I.n operat.i when .an. r at t he. ins ulls
back. ¢ Hat PR RpeBe s izt 147 WBEE it ¥hides BiatofmeSind T Reeeal ' he
firing trigger 20 and sends a signal to the nmotor 65 to cause forward
rotatigeardfumB@ notor 65 at, for exanple, a rate proportional to how hard
the operator pulls back the firing trigger 20. The forward rotation of the
mot or fB4Ph t ur nircapesaont vhen an ogergtonof the imtrutiest ) sullsl back thediringhteigptéranet ar y
gear assenbly 72 to rotate, thereby causing the helical gear drum80 to

r ot at ep( GR&ISINSG ﬂlb%efdc&ghgéeﬁlbyrﬁad%mmﬁ rig@ér 02dndGeads £1§ipHal 89 tHeGndtbA Vel
distally along the helical gear drum 80. e rotation of the helical gear

drum 805 8l S8 Hfo-y&a rm%o?%? rﬂ&tbﬁgs ?tgﬁ%fxgrﬁﬁl%”%l@fe pglgeg) B%@@a?a;ﬁlat whi ch

in turn causes deplo is,

| oo gt T BRATHAr P@E%aﬁéek@o@r%&%@s%?ﬁ- s Brud ilen of B i ntdoarser e A so,

the stapling operation of the end effector 12 is caused to happen in
enbodi rispgearviiet thealistalagndiof the plpretassi geatassambly 72 $o raisfedthefebpsasimythe he ti ne
the cutting/stapling operation of the end effector 12 is conplete, the ring
84 on hélkahgdar dalm 8@ & rotitelrvaBiingtel ringeBActhreadah@dthie thelichl gead drammB0ab tiakel
hel i cal gear drum 80,

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.

[0050] By the time the cutting/stapling operation of the end effector 12 is complete, the

ring 84 on the helical gear drum 80 will have reached the distal end of the helical gear drum 80,

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

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

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

gear drum 80.
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t hereby causing the reverse notor sensor 130 to be tripped, which sends a
signal to the notor 65 to cause the notor 65 to reverse its rotation. This
in turn causes the knife 32 to retract, and also causes the ring 84 on the
helical gear drum 80 to nove back to the proxinmate end of the helical gear
drum 80. -16 [00511 The m ddl e handl e piece 104 includes a backsi de shoul der
106 th gages . . i [Re \P1s . The
fhost[,920°SThOfrjadik g{)ﬁsoggﬁém@fm@ﬁldpsgésa%g@%hap%% 946 Ho A it

m ddl e ndl e pi ece as a forwar on s t ha ngages the

firing trigger,20., The novenent of t ott rm90. is ntyoll ed S
excpl ) HEHEEHE A5 Shoh B 16t hedd: pe mdfoRihc pistS 1 of b4 fFoyerd
rotates CCWas the ring 84 travels framthe proximate end of the helical
gear dmeiirsetopd 0y maat gngagss therfying triggerH0q dibe mpeiisaieat of tee lotted atp PP ise free to
rotate CCW Thus, as the user draws in the firing trigger 20, the firing

t ri ggeco®liei)ds ezppagd abbree, by rotatich oftthe owtattdp Wbeh bk stdted mimd P0eotatend| e

pi ece 104, causing the mddle handle piece 104 to rotate CCW Due to the

backsi dewheHedtg 8416 e aaE ithOproRigndid eid eih@helcADgeal @y 80 to tHealisldale
handl e piece 104 will only be able to rotate CCWas far as the slotted arm

90 per gt i'ddierhahﬁ'lgg)ié@ﬁ 08 B\f'ibl\ﬁ_tb:aﬁre@$ gftatg%@\p % glhqsa,sag ‘ﬂﬁ]ﬁs‘g{' BlaWiGn tlfe%rir?go me

reason, the slotted arm stop rotating, an e user w | not” be abl e
to f h i, he firing tri 20 t i ddl e. I i
Loa wi ifeesnaC i e tikget o WD etdasd Ml fortasd FRioB i 7 4t Sid BeRd B gur e

41 and 42 illustrate two states of a variable sensor that may be used as the
run nopisee $&hsapsing e piddlediandle piscg 4P+ BLotalerb §dY nbive do Hie hagksidy shorlder

i nvention. The sensor 110 nay include a face portion 280, a first el ectrode
(A) 28206 engagingribe sibed arod20, hBWe284theamiddiz handlapiees 404 mall dinbyl teecdblé © mat eri al
286 (e.g., EAP) between the el ectrodes 282, 284. The sensor 110 may be

\%Z int | i Couwhistthrads thddoft@EAnP0 pdrtits 2 BOthaORhRGE the tiof 63 §H¥Ad $tbPBR4ting0
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.

[0052] 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
110 may be positioned such that the face portion 280 contacts the firing trigger 20 when
retracted. Accordingly, when the firing trigger 20 is retracted, the dielectric material 286 is
compressed, as shown in Figure 42, such that the electrodes 282, 284 are closer together. Since
the distance “b” between the electrodes 282, 284 is directly related to the impedance between the

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

less impedance. In that way, the amount that the dielectric material 286 is compressed due to
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retracted. Accordingly, when the firing trigger 20 is retracted, the
dielectric material 286 is conpressed, as shown in Figure 42, such that the
el ectrodes 282, 284 are closer together. Since the distance "b" between the
el ectrodes 282, 284 is directly related to the inpedance between the

el ectrodes 282, 284, the greater the distance the nore inpedance, and the

G 2?ZE{‘%tf}*?iﬁl.g?@?l?iﬁin%‘ég%éﬁgiﬁ%oﬁfﬁ%ﬁﬁﬁa??%* Rl ?%%‘??%‘?;“ﬁf‘”% ﬁ“fﬁ? i n
i gger_ 20 "Er Qg Fi 2) i A
| iodanmachs Baen B ol kb fsdi. S Wi n irhaid R SRR AN Hopht e

proportionally control the notor 65. 100531 Conponents of an exenpl ary
cIosur@“%?@@%n1for closing (or clanping) the anvil 24 of the end effector
12 by retracting the closure trigger 18 are also shown in Figures 7-10. In
the il l[eA3] at ed €Evbgoness df att erenyllary wlasursysystem fon clositlg $orclgroRiagP®e avvihnect ed
to the closure trigger 18 by a pin 251 that is inserted through aligned

openi nQa off thetiRffebror €2 B wittacting B@®loshit trighet 18hee WIRK ShadbRin Pighie¥ Jt10pilA 252,
about which the closure trigger 18 pivots, is inserted through another

openi nghdé iﬂ]{.l%}t%e& 5 éﬁg*t[ 1R sudBsy Wb Cicludestf Y0k 02 50T BRRNMAET B thdhQoRir® 251 i's

i nserte roug osure trigger 18. Thus, retraction of the closure

i .18 . . f ; I 1 .Whi h
yoke 5 ets TRBF 3 51 AP BlinAREh otuet 4iinfa Saritea i 9ihe sk dielhalor "t e
yoke 250 i s connected, via a pin 254, to a first closure bracket 256. The
first apfgegmoke BpGcRarvatgen dhsaeytavhich the slasuiedriges JGrmivess.ds Kisertedsigrough

Col l ectively, the closure brackets 256, 258 define an opening in which the
pr oxi mahethemupeoingtih éheprl osuiravtrigger] Swhich it offfiet #O0m( whare the gu261 49 inkatedeat ed and
hel d such that |ongitudinal novenent of the closure brackets 256, 258

causes thatgh the didiate tHREraR. Mhub etrivtioxiofMtictl SduRStip@ert LEUEE: thd Ofpdr Paitlodnent

10 al so includes a closure rod 260 di sposed inside the proxi nate cl osure

tube 4Q,. J&%r&ir&%ylr f8, 'ic?q,'hi?c@iochwgkei 759! i¥9@ached 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
a window 261 into which a post 263 on one of the handle exterior pieces, such as exterior lower
side piece 59 in the illustrated embodiment, is disposed to fixedly connect the closure rod 260 to
the handle 6. In that way, the proximate closure tube 40 is capable of moving longitudinally
relative to the closure rod 260. The closure rod 260 may also include a distal collar 267 that fits

into a cavity 269 in proximate spine tube 46 and is retained therein by a cap 271 (see Figure 4).
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a w ndow 261 into which a post 263 on one of the handle exterior pieces,
such as exterior lower side piece 59 in the illustrated enbodinent, is
di sposed to fixedly connect the closure rod 260 to the handle 6. In that
way, the proximte closure tube 40 is capable of noving |ongitudinally
relative to the closure rod 260. The closure rod 260 nmay al so include a

di st al ar 26y, §iedtionl When 3yQKE 25@HdthtYs dRAoirBr BN IoF B 1SRRI oRS, 46
and is[(}rbg%ﬂai ned tnheﬂrég?ihln by gncaBQ)Z?l (see SFi gu?er 2).1 -f8 [ 00541 Ilr;‘gtg

oper at |,Q

k ' fi
oper 2 o R IE KOs 30 B SERHSL EIFRAAREIAAIE ELORUEE

40 to nove distally (i.e., awa frqnt he handl e e of the jhstrunment 10),
whi ch E"QH%}?ghaPﬁg e&ﬁé’& the 18ptgupse 10} pehichpeauges ?/gls"agfg]@@%flelt‘;&fe %ﬁodﬂo‘@auses t he

anvil 24 to rotate about the pivot point 25 into the clanped or closed

posi t i distallyhehich kauses tewangil 24t rasate Boytshe piveicedet X5rista thhelampe et closed t i on,
the proximte closure tube 40 is caused to slide proximally, which causes

t he di posddior:| Wheth thetoldsaredZigber 18 is dalockedfrommahd Wekathpasitidny theiproximaaf t he tab
27 being inserted in the window 45 of the distal closure tube 42, causes

the anyjoburd fute@ons ¥alse@RPULdetJExiRIaN P wiieh BiuséPtht Mistal lcBuRNEBe 97 tdiideanped
position. In that way, by retracting and |ocking the closure trigger 18, an

oper at Qr _may, cl i he. anvid. y
el arfrop s SRR toyiRBSLBE R o R B i RISRLAII e dmt BROWERY g
the closure trigger 18 om.the | ocked, position, [0Q0551 Figure 11 is a
schenafy €4§i %?g?%%ﬁ%ﬁmah%ioemywﬁbawt ¢ PR/Gt P°18?25? B g'ﬁé’PF‘&lPr’éW%d?’mPe]aaccor di ng
to various enbodi ments of the present invention. \Wen an operator initially
pul | s pesitiethelnfthativay, by rejipetingandalocking Mwoitosuee triggerc] & snoperator gapyrclargp t he
sensor 110 is activated, allowing current to flow therethrough. If the

nor mal kiysue petween viey gwildtand chemted 22, sintl tingdy ubdfinipsthe piesue fol®ainigne t he end of
the end effector stroke has not been reached), current will flow to a single

pol e, @%Hb&aﬁﬂ@&ﬁe‘iﬁ{oﬁ%yl@ﬁockﬁg‘ﬁe cldiBretRYSI 98 R He 158RAPosBht ch 130 is

not cl osed; the Tol
[0055] 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.
The circuit also includes a cartridge lockout sensor switch 136. If the end effector 12 includes a
staple cartridge 34, the sensor switch 136 will be in the closed state, allowing current to flow.

Otherwise, if the end effector 12 does not include a staple cartridge 34, the sensor switch 136

will be open, thereby preventing the battery 64 from powering the motor 65.
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134 of the relay 132 wll not be energized, so the relay 132 will be inits
non-energi zed state. The circuit also includes a cartridge | ockout sensor
switch 136. If the end effector 12 includes a staple cartridge 34, the
sensor switch 136 will be in the closed state, allowng current to flow.

O herwise, if the end effector 12 does not include a staple cartridge 34,

the sepgse| sw tClWlik:%Ghe Yaple cheri is hgertbthe RERVENVIEID1 361 clued, avbictb4 from
poweri ng the notor -19 [005 When the staple cartridge 34 is present,

the Segﬁﬁglz%'\%%ﬁ V\%)%ﬁ: b gxdrela I3gh wehEhed 1398 RleR&lg eH%tﬁTen?ﬂ&gL e

throw re en t 138 is energlze current rough the

;ehiﬁbﬁggu%ﬂa,#%ﬂ%%«%ﬁé}b ¢ 'v%vé i sEEPER L. aswzse %Sm%tﬁr bsSiagabley ;" ®
allowing it to rotate in the forward dlrectlon %éﬁ \Wen t he end
ef f ect Bplesgoublebrnye relayel 40, theggby; posvesing dgemotor &5 pad allewinggt igrotatsyadhe 130

w Il be activated, thereby closing the switch 130 and energi zing the rel ay
132. Thirwachdisetont he r el ay 132 to assune its energized state (not shown in
Figure 11), which causes current to bypass the cartridge |ockout sensor

swi t ch[g36] and valeahheeddefetcr12kstheahd ehid of RASklRUGR Sevedsd MBIdE sdmBoif | OW t 0
both the normally-cl osed doubl e pole, double throw relay 140 and back to the

Mot or 686 wAikhe h&nf@teﬂ‘f’{l’ﬁf‘eg?rcl’dsﬁgttﬂ@ S\{vﬁ(':hay %@en&%‘% %ﬁx‘é%@l%%tlbﬁ. ThisQhufs to

reverse Its rotationa ectron 0058 Beca not or sensor
switch 142 132 to

ceep 1 edniay d32 Bt i€ eRe Bl ERlY GRbsnBivmnin e kX bbb lo Ty

retracted, the stop notor sensor  switch 142 is activated, causing the switch

142 to wéﬁthet%rléwoclﬁ%%%gS\ﬁmbelf%rqﬂérﬁaflﬁ‘éle FeASer 69, andypsispd £avises her

enbodi nents, rather than a proportional -type sensor 110, an on-off type
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.

[0058] 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.

[0059] 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
a constant rate. But the operator would still experience force feedback because the firing trigger
20 is geared into the gear drive train.

[0060] Figure 12 is a side-view of the handle 6 of a power-assist motorized endocutter

according to another embodiment. The embodiment of Figure 12 is similar to that of Figures 7-
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sensor could be used. In such enbodinents, the rate of rotation of the notor
65 woul d not be proportional to the force applied by the operator. Rather,
the notor 65 would generally rotate at a constant rate. But the operator
woul d still experience force feedback because the firing trigger 20 is
geared into the gear drive train. [0060] Figure 12 is a side-view of the

handl e§eafepfhROWRhe ERBbEMADS A iL%Ed 2 SMERGY RS STotte®HHP 00 LHithebRAaH Behip
enbodi nment. " The enbodi nent of Figure 12 is simlar to that of Figures 7- -20

10 exc t in the enmbodinen Fl gu t IS m 90
connec?ghu?%%éﬁgﬁyvﬁ%cgéfggﬂrea égfSﬁwgHéaﬁéﬁ?%&ﬂﬁégéﬁ%gﬁg%igﬁhéﬁﬂ%?&ad, in
t he enbodi nent of Figur , the ring 84. includes a_sensor rtion 114 that
moves Wictdes ﬁéerxs?wrgan ad i%ﬁEmPV%W‘énhth&d% s thoing ?iﬁ@vans wafgn

hel i cal %gar drum 80. The sensor portion 114 includes a notch 116. The

r ever sbackjron the hetinal@eandom@; Bhe sepsutpediont | 1dHnacludestanotem bl of Thetreverss ch 116
and the stop notor sensor 142 nmy be |located at the proximate end of the

not ch fibbor s&ssot NBO mian Ge Sskarad\ae shectivml dndeflted natel 116garlrthe stopinddior stnsbriddgk)
t he sensor portion 114 noves with it. Further, as shown in Figure 12, the

m ddl e i, 86 fochA A iVt el Nt fotki 6. XS IR Ghgl S2 RoldidonRt O hdidG1 [ 0061]
In operation, as an operator of the instrunent 10 retracts in the firing

trigger 2 t rdoth istaol arip 26, t r 0L 0L, sensar detects the
not i ong%%%r%gggga']gi '%"%%%@Pe %egsor%&rl\tgo ﬁﬁemgn%f (‘)#Hhégb% %}?eéhé}égﬁ‘géé&%eng’ot her
things, the helical gear, drum80 to rotate, As the el ical gear drum 80

r ot at ethe middlenigeg 194 may-hayaen 2gn 1ll§g1aﬁgy§tp@cj§| 1n@éé§ n%‘FErlnlﬁ-O advances (or

retracts, depending on the rotation). Al so, due to the pulling in of the
firingl@06ihger 2D openasionyrasiall epepitercef theinsiramentuidadtraass imotha fisingOigger 26 t he
firing trigger 20 due to the forward notion stop 107 that engages the
firingtdward grerpisél grip 36, HoMunalictor sensafl 10kletetisdil Mofbeand dds a3igaal tbhe arm

118 to rotate CCWwi th the sensor portion 114 of the ring 84 such that the

ar m 118ow&@HS 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
trip the stop motor sensor 142. Such actions may reverse and stop the motor 65, respectively, as
described above.

[0062] Figure 13 is a side-view of the handle 6 of a power-assist motorized endocutter

according to another embodiment. The embodiment of Figure 13 is similar to that of Figures 7-
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di sposed in the notch 116. Wen the ring 84 reaches the distal end of the
helical gear drum 80, the arm 118 will contact and thereby trip the reverse
notor sensor 130. Simlarly, when the ring 84 reaches the proximate end of
the helical gear drum 80, the arm 118 will contact and thereby trip the
stop notor sensor 142. Such actions may reverse and stop the nmotor 65,

respecy %g)?éfe}gt th&Cin tﬁ@éﬁﬁé&ﬁgnm rg 3@%%—1: iEhGWbBinkRe | 'aﬁxa 30 S flgsaM| tﬂ@’rﬂ% ghhe

handl e power - assi st m)tor cutter accor |ng to anot he

enbodi ] e 13 siml o] - -21
10 excg’g df’%g?ﬁ? ﬁ’n?ﬁ% gg%‘% W& gfé‘fieﬁla&’#lgalfbmqeﬁézrée f te%cc)l fOtgtHe e arm
90. Instead, the r eaded on the helical dru 80 i ncl udes a
vertic8f mshlaiﬁmposiéégthqﬁssc é}epsséf ingthg Ftﬁnnekﬂ?él dhhhe 1‘?%8?%&%&“‘& Ogg@fesq 28
that is disposed in the channel 126. As the helical gear drum 80 rotates,

t he ri thg rByg S4itheadeorothe thiakcah gbarchiim $dadvatrcas( B deteatisadepend{ngrortbe r act s,
depending on the rotation). The arm 90 rotates CCWas the ring 84 advances

due t ordiiifonpOThe drdBobeitags ATV as @ ring 84tddeasieadnelo the ostdS 3 Pepiprdisposdd igur e
13. [0063] As nentioned above, in using a two-stroke notorized instrunent,

t he OpﬁkQ%Q&uﬂiiéﬁ% @Hﬁéﬁgﬂg&%lgnd | ocks the closure trigger 18. Figures 14

and 15 show one € f a way to lock the closure trigger 18 to the

pi st ol porti,on 2 he handl e I he 1|1l ustrated nbodi nt t he
b1 stof (R Por t pSmeaBoRiadtified Mg alvonto %%5&0‘[0%26@- et Beondooay
about a pivot point 151 by a torsion spring 152. Al so, the closure trigger
18 | ncﬁE?éIB%HSab?’@E @adq, faskp the closyre trigger 1fa dg@ﬁ%ﬁ%?ﬂ%}%mw pang ¢rabedigeniaf a; i gger
18, the closure bar 154 engages a sloped portion 156 of the hook 150,

t her ebyay ot latk thy ddsardvigiger] BOtouhewvpisthl gop paionr26rif ghe kmdieds. 16i) the tusiratethe

cl osure bar 154 conpletely passes the sloped portion 156 into a recessed

not ch dmaBodieht) Ghehﬁﬂkl rippbrtivh D6 dhizk 8 hbble 150 datisdidsed G0Rtatd 8OW abbace. The

operator may release the closure trigger 18
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.
[0064] Figure 16 shows another closure trigger locking mechanism according to various
embodiments. In the embodiment of Figure 16, the closure trigger 18 includes a wedge 160
having an arrow-head portion 161. The arrow-head portion 161 is biased downward (or CW) by

aleaf spring 162. The wedge 160 and leaf spring 162 may be made from, for example, molded

plastic. When the closure trigger 18 is retracted, the arrow-head portion 161 is inserted through
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by pushing down on a slide button rel ease 160 on the back or opposite side
of the pistol grip portion 26. Pushing down the slide button rel ease 160
rotates the hook 150 CWsuch that the closure bar 154 is released fromthe
recessed notch 158. [00641 Figure 16 shows another closure trigger |ocking
mechani sm according to various enbodinents. In the enbodi nent of Figure 16,

the cl a5§peRire 16398 thelfistonghip fision 2604 aR hhlle N3y idieraRadfdresditre 1906f | on
161. The arrow head portion 161 is biased downward (or CW by a leaf spring

162. T [ f ol ded
ol ast | 0 HRRRR B 1 R S H P e A B TR o Lo R P o

161 is i t ed < i 164 i.n t ' I i 26 of
the hahtieosion 41 RdiaR . T REETy RO T e B SR BUEh AN B BRSH B, Lo
engages a |l ower sidewal | 168 of the opening 164, forcing the arrow head

por t i olpwessidewall 6% remoxing the G faree on the atgwdread parasy & sahsmgdhe gt ul | y

passes the |ower sidewall 168, renoving the CCWforce on the arrow head
por t i osidévdll 1&8atosiipdgntdb hdotkedeositisn deamdtch 168 betund themriow-bead poredetblposi ti on
in a notch 170 behind the arrow head portion 161. [0065] To unlock the

cl osur Footssj gger t8unRck HRY clPuLSEREeAMBVA U flefltd dWh 4 4 bflod ME2 owfROSi t e
side of the closure trigger 18, causing the arrow head portion 161 to rotate

CON andondihi QL BBHERFLRSAPAARI BRI BOar-HeBd PR 1810 Rliaik REWRRA! NG

164. 1 I gures w ure trigger i ng mechani sm accor di ng
to anot her. enbodi ment. As shown in this. enbodinent, the closure trigger 18
i ncl ud@Pveng ﬁ%ﬂrﬁ’lv%qﬁeqdcﬁ?&‘?’h Eé) h@ Shg? Fﬁ‘égiféﬁet ?I%Fplri%gq[‘ludes a lateral pin 178
ext endi n% therefrom The arm 176 and pin 178 may_ be nade from nol ded
pl ast i (0066br exalignees 1THe sowt otlogpre figsst locking mechanisacepiApgdo gnotheic| udes
an opening 180 with a laterally extendi ng wedge 182 di sposed therein. Wen
t he cembodiment: i Agshowhdnitlsis embodiadend thd desye righéB1&inghgles a flegibleedge 182, and
the pin 178 is forced

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 restin a

notch 186 behind the wedge 182, as shown in Figure 19, thereby locking the closure trigger 18.

The pin 178 is further held in place in the locked position by a flexible stop 188 extending from

the wedge 184.

[0067] To unlock the closure trigger 18, the operator may further squeeze the closure

trigger 18, causing the pin 178 to engage a sloped backwall 190 of the opening 180, forcing the

pin 178 upward past the flexible stop 188, as shown in Figures 20 and 21. The pin 178 is then
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downward (i.e., the arm176 is rotated CN by the |lower surface 184 of the
wedge 182, as shown in Figures 17 and 18. Wen the pin 178 fully passes the
| ower surface 184, the CWforce on the arm 176 is renoved, and the pin 178
is rotated CCWsuch that the pin 178 comes to rest in a notch 186 behind
the wedge 182, as shown in Figure 19, thereby |ocking the closure trigger

18.  Theep ' Befnbelod ii i il
1 exi bl St A By B B A BORS IR kR B o

closure tri [,.1 t.h rator f . ze the closure trigger
18, caﬁ%qgﬁbggﬁegtﬁﬁlﬂeaﬁ l?@ﬁgﬁ%gaeﬁ%sﬁh%%égﬁgg%’ﬁl 190 of the opening 180,
f [ t in_ 178 d t the flexihle st, 8 h [ [

20 and 88T The pFHRuISA S Bl & UHUET! Gt (UgriaL AN Obu M P BeCE el 102

in the opening 180 such that the closure trigger 18 is no |onger |ocked to
t he pi shear-jogmti |95 sotates dma herizantal phangnn whichi the fiest piece [ B9 dies FFpwre23 2 8ovB show
a universal joint ("u joint") 195. The second piece 195-2 of the u -joint
195 r ottt ejointri 98 il alinzar(l 80°) priametiomandFighretA38 shiows thepu-guint 19B%t1 | i es.

Figure 23A shows the u -joint 195 in a linear (180) orientation and Figure

23B s h%ﬂ%rokf‘ﬁ?atély al1809bridmid THAR M I%Hﬂy%e%sééﬁl(sférah %Fﬂﬁtﬂe%lﬁge-{{}?rzﬁ-c' j oi nt

195 may be used’ instead of the bevel gears ™52a-c see Figure

exanpl th rticul.ati int .14 of in.drive.shaft senbly to
vt buller il R bl R B M ndho SR NS B A BT B S0 1
may be used in lieu of both the vel gears 52a-c and the u -joint 195 to
real i z@rugplatethe 3{15 gHecder e ighgs é%&ﬁ@w 3 forsion gefdo 1 O Fihg ey b251-5%£m lieu
illustrate another enbodi ment of a notorized, two-stroke surgical cutting
and f aof bethrlge bavst gaanehda-q andsihe i-jpinnepS tosrshléze agdadatdiong thoerdheftdetar 12.
enbodi nent of the present invention. The enbodi nent of Figures 25-31 is
si m | afoge9] t hat TligurésPi-Bilkusttile ancBpt embddathentn$ barstonted, heo-Bedkecsaikgigaar

drum 80, the enbodi nent of Figures 25-31 includes an alternative
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
provide power to the system via the gear box assembly 200 to assist the deployment of the end
effector 12. In that sense, like the embodiments described above, the embodiment of Figures 25-

31 is another power assist, motorized instrument 10 that provides feedback to the user regarding

the loading force experienced by the cutting instrument 32.
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gear drive assenbly. The enbodi ment of Figures 25-31 includes a gear box
assenbly 200 including a nunber of gears disposed in a frane 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 bel ow,
t he gear box assenbly 200 provides feedback to the user via the firing

trigge [00%! regar gi {hg iflieratARMOARRENt HRE ﬁlna%@mg@r botisudk tivh piRBd aghdigct or

12. Al so he user may provide power to the systemvia the gear box
assenb at
cence, DLERE2ETRE sPAERLANTEY She bl (R poRiiniiother' s mie HESC o
I R R TR
instrument 32. -24 [00701 In the |IIustrated enbodlnent t he f|r|ng trigger

20 i ncFudeas mekg. gn theaBusteatedebodiment, s stiffering portign04 is adingeahiofhe gwint i on

204. The main body portion 202 nay be made of plastic, for exanple, and the
sti f f ebodygpaton 262 bR04cavedinp® otheteenthadimnénts thostdfeming prbrtinm 204 eduld bsuch as
metal. In the illustrated enbodinent, the stiffening portion 204 is adjacent

to the Bbded iRAEY/hE Hdih BHdyZHAtioR 202, a8 G pRO2070meY Be msetdrgitdsRAlopenih
sti ffenlrsgg portion 204 cou}zlg%be di spggwedlpl nsi deﬁ)% he main bo((;:l{% tggrt i %ﬁl 202.

A pivo L. r
N b e
rotate n additio 22 M s the fir Ii O torotate
5 OBt ASBRE T g Prangie B fraperal® iy e Cl SRR JEPRE o pi n
224 that is connected to the pieces 202, 204 of the firing tr| %g 20. The
pr oxi maZ2masidaws a distal sid ¢mgleszt2¢ thapingR4dbatneemadcted tothe pisces A2, REAaf the
exterior |ower side pieces 59, 60. [00711 In the illustrated enbodi nent,
bot h t fieingwiigpeb 00y The ptaximate @ad afithetspang 227 fnay bagonreotedito on® 6fithe hahdlele gear
portions 206, 208 (respectively) at their upper end portions. The gear

exterior lower side pieces 59, 60.

[0071] 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.

[0072] 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

smaller second gear 212 being coaxial with a large third gear 214. The third gear 214 engages a

smaller fourth gear 216, the smaller fourth gear 216 being coaxial with a fifth gear 218. The fifth

gear 218 is a 90° bevel gear that engages a mating 90° bevel gear 220 (best shown in Fig. 31)

that is connected to the pinion gear 124 that drives the main drive shaft 48.
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portions 206, 208 engage a gear in the gear box assenbly 200, as expl ai ned
below, to drive the main drive shaft assenbly and to provide feedback to
t he user regarding the deploynment of the end effector 12. [0072] The gear
box assenbly 200 may include as shown, in the illustrated enbodi nent, six
(6) gears. A first gear 210 of the gear box assenbly 200 engages the gear

porti o@73P6, 20f opetationewhér {heGisérre@aRs the Birinkrig€kdi20] #Fun b bérsét (ngear 210
engages a smal |l er second gear 212, the snaller second gear 212 being

coaxi a Ll er
fourthguwﬁ§ é%&bﬁ%ﬁgw%ggﬁﬁzgﬁfﬁg% %gagggﬂghEB%é?§g§%%ﬁé?a?ﬂﬁgﬁﬁp ????h gear
218. T e f ear. 90 bevel t en matin 0 bevel
goar 26 cpdsatr oG Hhichdnd g SEiigyirst n%g}?ﬁ@r&ge BB, T bt B 154
t hat drlves the main drive shaft 48. -25 [0073], In operatlon when the user
r et r acKOaAr98 9 Fotptagt 2 ppagg erormptions! fa the mgnelrirar thesengaiotl he SepsaRls o shown
activated, which may provide a signal to the notor 65 to rotate at a rate
propor fair dhria bmbodimteht bekit eould de similardo Wietriin whitertsensve 1dP deseribed aboveetlhact i ng
the firing trigger 20. This causes the notor 65 to rotate at a speed

pr opor sdnedtadouldtbe 16€ated et hhndens istich thetis B deprelisedSetimahe fisinp Gliggenodms f or
this enbodi nent, but it could be simlar to the run notor sensor 110

descri pedc égoﬁgn%ﬁgd? ?Hfgeﬁﬂiﬁbﬂt g éz&%ﬁf"‘taﬁ%nio'?f P sé}%%dhﬁ Bl that it

i s depresse trigg retra Instead of a

of "+ nolWBRE: o2 RaRERESF s Ot é%la%sytﬁ 3ve 4 PP B i e

pl anetary gear 72 to rotate, which causes, via the drive shaft 76, the ring
gear 1PRN¢IyYEsERT %0 TPHEE, whlﬁgcaglé% viptbe drivshhaftfio; hewing gsan| Hrtogetate. TEhe,

which is connected to the main drive shaft 48. Thus, rotation of the p|nion
gear 1fidg dedru@2 nmeskesrmaitinthetrpinien gevaf124 48hicls ainnectes esthe ataimdiivnshaft 48t he
cutting/stapling operation of the end effector 12.
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.
[0075] 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
retracts the firing trigger 20, the operator will experience a resistance related to the load force

experienced by the end effector 12. Similarly, when the operator releases the firing trigger 20

after the cutting/stapling operation so that it can return to its original position, the user will
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[0075] 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
t he gear portions 206, 208 of the firing trigger 20, thereby causing the
firing trigger 20 to rotate CCWwhen the notor 65 provides forward drive for

the eg%eﬁéﬁ&cat@w r%%’at{oﬂrigrctecﬁomﬁﬁtfﬁn@%%mo th{1§s pRePillyBRopHiBhAT0 tHR T ever se

to retract the end effector 12). Inthat way, the user ‘experiences feedback
regardin I%%%h@ ﬂ&ﬂﬁ&%r@?d depl oynment of the end effector 12 by way of the

user's"ﬁ P% e firing trigger 20. Thus, when the user retracts the

firing trigger 20, t perator. W Il experience resi stance related to the
| oad fHWc?Qq expeﬁisgﬁggégﬂi’etnﬁéedéﬁ% lﬁfl?l%g’f‘g?‘ﬁ‘ilfm %P HF%%F‘P?P&M%’ e?‘ﬂ Cbf¥fer at or
releases the firing trigger 20 after the cutting/stapling operation so that
it canliewoflorin additiows taothe donee fropothie mader, 6% heacivate %wmamdzweéh@éassembbf a CW

rotation force fromthe firing trigger 20 that is generally proportional to

the r gmdhsscespeeatting/stapngropedatidibtof théeéntdffector 4R pthircughl reradiimgrthd fring hat i n
this enbodi mrent the user can apply force (either in lieu of or in addition

to t hey{ Qe FTIRMN ReraiBhOtheGRing A gAG A0 aEsek MR g8l Podiohy 206 P8R ko AsisenDdl y
(and hence the cutting/stapling operation of the end effector 12) through

retracg I I ' ' ' [ gger 20
Causes CE W bk ebies BERHe 55 vl igrfty 208} il el e bERAPCT ¢
t he gear x assenbly 200 to rotate, therehy causing the pinion gear 124 to
r ot at e,ge%vﬁ?érvp rofaieahiclh eaysey the maiy r“é%%?ﬁ@éotr%taﬁeot ate. [0077] Al though not
shown in Figures 25-31, the instrument 10 may further include reverse notor
and st 97@bt or sAlbough nodsheies oy Figurss 3ba\ ethe titsérument t @ maprdumsher angdudst op not or

sensors may detect, respectively, the end of the cutting stroke (full
depl oy rewsitse afotéhidrdkstup BoB2sendol. $seldsa@hked abéve, the rendsoihoto@andistop @ivteper at i on

(full retraction of the knife 32). Acircuit simlar
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.
[0078] 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
assembly 200. The spring 222 is connected to the upper portion 230 such that the upper portion

is biased to rotate in the CW direction. The upper portion 230 may also include a lower arm 234

that contacts an upper surface of the lower portion 228 of the firing trigger 20 such that when the
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to that described above in connection with Figure 11 may be used to
appropriately power the notor 65. [0078] Figures 32-36 illustrate a

t wo-stroke, notorized surgical cutting and fastening instrument 10 with
power assi st according to anot her enbodi nent. The enbodi nent of Figures
32-36 is simlar to that of Figures 25-31 except that in the enbodi nent of

Fi gur egpped pdRion N8 is dduséd @ rbfatIOW thé Dower ol s2 R d1sy\itat®OC W, @Ad 3h8n &ed an
upper portl on 230. Both portions 228, 23 are connected to and pivot about

a pi yofov@ggofﬁgﬁ 2bR3btales C@WRH@G&I E&%ﬂ% A68 rbAHek 'c@w2§%fn_ng€tf the 1D UPPET

portion 2 i ncludes a gear por 232 t at engages th gear 210 of

t he ge 0 The ring 222 1s.con t he upper portion
230 SuBtripnaz8 PREKER ploiaionial roR 23 PLralPadeets § BRETARINT VT i i HPRER, Pon.
The upper portion 230 may al so i.nclude a | ower arm 234 hat contacts an
upper 5 fladhatayays woen prﬁromrrl%%&a Catlsefiﬁ%rqtata%wttht POTIRZ] t hat
when the -27 upper portion 230 is caused to rotate CWthe | ower portion 228
al so r alsatcate N W ridwien thhlpwer portion 238 trotetes £X8 theouppeeporGOWN28  elsapetetes
portion 230 also rotates CCW Simlarly, the lower portion 228 includes a
rotati gwal stop 238 that engages a | ower shoul der of the upper portion 230.
In that way, when the upper portion 230 is caused to rotate CCWthe | ower

porti ofu3p 2l Sgnd fikakisa GbainRg: 1G5l @skl@\eﬁt Rrlse b 22 1Pt at es CW t he

upper on 230 a SO rotates 0079 ustrated enbodi msnt al so
65 hatommig AT s oo s 3 ws{?fiﬁ%qtéﬁtvsu%s THRBHER. B sl G &7
speed prtotpor ti ogal (;[ othe fo ? apgl eg b¥ t her oprer at oretrv@[en r etlr acting the
firi ngrotate abgenced propprionakiodhe foreganphigd By the eperatoryhereretractingdBe figng or  sone
ot her variable resistance sensor, as explained herein. In addition, the
i nst r utregger 20 Theeysensm| 10 Genay beeﬁaresxempht arhessiakarsome 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.
[0080] 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
Incorporating A Firing Mechanism Having A Linked Rack Transmission,” both of which are

incorporated herein by reference) so that the user can grasp the firing trigger 20 to initiate the

cutting/stapling operation, as shown in Figures 32 and 33. At that point, as shown in Figure 33,
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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
not or sensor 130 sends a signal to the notor 65 to reverse direction. Also,
the instrunent 10 may include a stop notor sensor 142 that is tripped or
actuated when contacted by the |l ower portion 228 of the firing trigger 20.
Wien agld geat ?ﬂﬁoﬁ n$2 oBtHe le?’é}tpb'iﬁ&?Mf A& Brife AibeeA26 kg ad intPerifagnéite

o]

reverse rotation of the nbtor 65. [0080] In operation, when an operator

retrac t r i I I L i-ring

{ri gger i g GBS0 R UIRE: bbbl 0! SR Ine BRThbE Reck s A TY.
including US. Patent No. 6,978, 921 tLtled "Surgical Stapli | nst r unent
| ncor pdiker A SFOTEREsR AR FrRp AT b in iged) 2Fa sofetepmall wpB s
entitled "Surgical Stapling Instrunent Incorporating A Firing Mechanism
Havi ng suchdsdivedegeges P HPiRg ba ron Hetds sgisonhl Gias ghhavn lnrli:lé\df}?gﬁ“at ed herein
by reference) so that the user can grasp the firing trigger 20 to initiate
t he cuictivaripnsifald sengorold@rcatisesithe mstos 6w farwarld rgtatest ad@tegprop@Honaito theat
point, as shown in Figure 33, -28 the gear portion 232 of the upper portion

230 of rdthetibn fdr&Wapplic@ 8§ kheldhetNE STHeToAv 28 IRFRITESM the WMoty 45 @ubds! &¢ gear 210
of the gear box asSenbly 200. When the operator retracts the firing trigger

20, ac ﬁgr%:gihgc?aﬁogza,\éﬁé gﬁs)cﬁll? dﬁ@g{é@lﬁ%%tgfeh%hfchrcw&s tHd ﬁrgzrzlg 1HPend Q@i 2

smal | a Ive grees, before tripping or sensor

110, as.shown in Figure 34, Activyation t sensor . 110 .cause he .not or
65 1 o 1378t ten Gy B Beci rayasSipe Ycsana 2. oBRET S bE PAUST B3I 310 pp 1 e
by the operator. The forward rotation of the notor 65 causes, as descri bed
above, iz ¢vaneaipdhtodhe painsdrive shall 48ocausesdhe geaph?2 Eh22hinsthe geardoxriisseantdp 20Gitor he
end effector 12 to be deployed (i.e., begin traversing the channel 22).

Rot at i ostatef Sirve th filsogeay a0 islid4ngageneht with theogeae péreidn 2382 ofitherapper sbriisre shaf t
48, causes the gears 210-220 in the gear box assenbly 200 to rotate. Since
the finsg op@RMirmgdripSer20, BRIPP&PIMion2 30N LA EMotROTTWNWERR cliisel iR Upper

portion
lower portion 228 to also rotate CCW.

[0081] 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
65 to stop. In that way, the user experiences feedback regarding deployment of the end effector
12 by way of the user’s grip on the firing trigger 20. Thus, when the user retracts the firing

trigger 20, the operator will experience a resistance related to the deployment of the end effector
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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 [00811 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 1% hed, iRbaHichilhy o HeabddiRs kR petithced %X HeS@ifeotratdigmatly Avh&ché on to
retract theé knife 32. Reverse rotation of the main drive shaft assenbly

causes . . d . e r :

wni on ShBeBRRERARTTARD sifler 28 oBEAhe PRNREREBITN o EUShBG: ST BERAL
whi ch causes the. |l ower portion 228 of_ the firin rigger. .20 to r te. CW
int i1 fhgengkosieens aror aigciigsse A G fowtn Bt kpmile Gring idash 0 dief ise
stop notor sensor 142 when the knife 32 is fully retracted, which causes the
not or g&8rally prepgstional te thgtrevaase spepdollibe masxfr i ences f eedback regardi ng

depl oynent of the end effector 12 by way of the user's grip on the firing
tri ggefo082] ThusIt sibndd atsbdeunerd thattin dds smbbdinfehr tha gsertcah gpely f@@e (dither in
operator wll experience a resistance related to the deploynent of the end

ef f ect Q& o8 it 4ddifien td the FArck okl Mk mdtér 6980 haaslt Bk hANCRIveXREE hRBMBE by the
knife 32. Simlarly, when the operator releases the firing trigger 20 after

the cugti t i .at | i r i i gi:pal

osi 1 G R e syl RRBLAL bt IRt old ofr12) MiBudt el BHAE
trigger. 20 IS eneral ly proportignal to the rever speed of the notor
65. | OHHEEFT i@a'@hlﬂseﬁa Pt BE e THBHESH CRFAD SaHS<S Hncseoar BORIOHERE Of e WBRH can
apply force geither in lieu of or in addition to the force fromthe notor
65) t opertionaB@ ta tagaterkiGWV dwhigh cavrgs thegsarsibthe gepnbex assermblyt 308 to rotate,
cutting/stapling operation of the end effector 12) through retracting the

f i ri ngtheteby@gasingthe pitiai gea, 124 &b raste) wihich bausts the mgpih diigg shafPd3seanblsas t he

gear portion 232 of the upper portion 230 to rotate CCW which causes the
gears gjiatbhe gear box assenbly 200 to rotate,

[0083] 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 with
tactile feedback regarding the position of the knife 32 in the end effector 12, but without having
the firing trigger 20 geared into the gear drive train. Figures 37-40 illustrate a motorized surgical
cutting and fastening instrument 10 with such a tactile position feedback system.

[0084] In the illustrated embodiment of Figures 37-40, the firing trigger 20 may have a

lower portion 228 and an upper portion 230, similar to the instrument 10 shown in Figures 32-36.
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t hereby causing the pinion gear 124 to rotate, which causes the main drive
shaft assenbly to rotate. [0083] The above-descri bed enbodi nents enpl oyed
power - assi st user feedback systenms, 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

sur gi C@hhké?ﬂ% ehibed gt Bﬁlsffgﬁﬂ:' 32936, MW VT ie uppétdorticn 23(PddeR ndPRdve@thely t he
user in retracting the firing trlgger 20 may be added to the force applied

by 't he E)I? th ?E-la@é Vyl{llrn[S [1? %ﬁ { 1'VE 'trggl tI étgﬂe ﬁ}eggstﬁﬁ%&? 1091? g a sgéo%d

(elthe |rec ear rlve rai ween not or

The uoBPtigps Hets AW NN T Fodlb ez 0aigePh es%%as. 't.”Zﬁ”E'f o

the knife 32 in the end effector 12, but without having the firing trigger
20 gealoagitpdinallytinand et ofdhe motar28d @S the meire36 3tdes: depandingansthg direstioniofed
surgical cutting and fastening instrunent 10 with such a tactile position

f eedbanitations tTaminstdaR4t 10 alsé helidek as tnaded? 68nthatds nesponsive toitheirceatiodis ofithe t he
firing trigger 20 may have a |ower portion 228 and an upper portion 230,

si m | apafnQdrive@haff a8 'féirf?dﬁ%laﬂiﬁ% #Ranerementhl SRS mtiod ®f the BRindMviekRaft B® (or
enbodi nent of Figure 32-36 owever, the upper portion 230 does not have a

gear t f. de t he
instr ugr)rtegéé éo QBE%I otg gﬁe}sﬁgm\éﬁert‘%n ?eliﬁbl m{ole%g }g%n%dg[ % 1%%%§g1t£l$ %]g % fqﬁr eaded
therein. The eagded r 66. re chates | o gltumall of the
mot or SEEHRLE t“ﬁé ﬂgx[sg@teg 8‘?‘}% g‘!’ﬁ“ © RIBIBRERn L ‘dRCIPfES 2pTo H’L"i‘t?) g %% gi“‘&tot ation.
The instrument 10 al so includes an encoder 268 that is r esponsive to the
r ot at i ¥Hsthat conhects tpethe eagader26haft 48 for transl ating the increnental
angul ar notion of the main drive shaft 48 (or other conponent of the main
drive p#OSSNbly) The mstumertrl@gpandclndessecon@s] cifcuili (ot shiows),gmisikls mafy be
exanple. In the illustrated enbodi ment, the pinion gear 124 includes a
pr oxi MphRedEdt¥usiR@h nicrocontroller 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.
[0086] 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
handle 6 such that the front face 242 of the upper portion 230 of the firing trigger 20 is not in
contact with the proximate end of the threaded rod 266. When the operator retracts the closure

trigger 18 and locks it in the clamped position, the firing trigger 20 rotates slightly towards the

closure trigger 18 so that the operator can grasp the firing trigger 20, as shown in Figure 38. In
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270 that connects to the encoder 268. [00851 The instrunment 10 al so incl udes
a control circuit (not shown), which may be inplenented using a

m crocontroller 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 culate the stage of deployment of the knife

32 in HiepRARdnEhE FonPracd 242 dhire u';p§er poion W don@ctsGhé proxim&RRng 3F fiel ate i f

the knife 32 is fully deployed, fully retracted, or at an intermttent

st age. he cal cul ati on of the stage of depl oynent of the end
effect%@ﬁgggn#ﬂ%%éontrol circuit may send a signal to the second notor 265

to contr its rotgtion to there ontrol t reci procatin venent of
the tnileq £ ocoll SPobBaictant e Pk bkt ehbtn Pyt S RS an ¢ he
closure trigger 18 is not |ocked into the clanped position, the firjng

tri ggete-20° degress of refakign) thorpnimeonseases 11§amay begctivated sechothat, prexmhained e 6
such that the front face 242 of the upper portion 230 of the firing trigger
20 i s atwivejthe sansort bl senilt dsigha tp thexmotat 65 tnchusd it thmtathneafewardspe@bs. Wien
the operator retracts the closure trigger 18 and locks it in the clanped

posi t i pdporkidRalftd ieiindunt 8PR%radlior Pkt Hplied bpthelopefabiiab dse firies tr%b@ﬁ}ﬂ. e _
trigger I1)8 so that the operator can grasp the firing trigger 20, as shown in

Fi gur - i Lt NEaih K . . 40 on
230 coniterd Ryation br Ul RoRRS: el tintfaih a0k SRR et vis MR BPEPREL Toer
then refracts the firi tr] r, 20, after.an initjal rotational anopnt
(e. g. , Vhichégpes thedinitecpdnd sl Trie Trlel empube duandeh g sty t5avstlemied By such
t hat, as explained above, the sensor 110 sends a signal to the notor 65 to
cause the endetfenten 2. abhecongplirapitgpectyes thy pputisignals fram tharncade 268 of
retraction force applied by the operator to the firing trigger 20. Forward
r ot at i mgardingttheimpdnentd Fotiosses théimamadrivedhafy esssimbiyt antiksehds 4 sigadlao tiea t he
gear drive train,

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.

[0088] By virtue of tracking the incremental rotations of the main drive shaft assembly

via the output signals from the encoder 268, the control circuit can calculate when the knife 32 is

fully deployed (i.e., fully extended). At this point, the control circuit may send a signal to the

motor 65 to reverse direction to cause retraction of the knife 32. The reverse direction of the

motor 65 causes the rotation of the main drive shaft assembly to reverse direction, which is also
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whi ch causes the knife 32 and sled 33 to travel down the channel 22 and
sever tissue clanped in the end effector 12. The control circuit receives
the output signals fromthe encoder 268 regarding the increnmental rotations
of the main drive shaft assenbly and sends a signal to the second notor 265
to cause the second notor 265 to rotate, which causes the threaded rod 266
to rel¢tetéd bynthe ehbwmlerD68r B2%@d .onThe fevalst emstidnndetedigiety herechc@mier 268%) thf t he
firing trigger 20 to rotate CCW which allows the |ower portion 228 of the

firingednido@Bigduit @ndd $9ghAtGHR LEM thotol PEY to/@Vise it RERALRE rdtBforlaEirti@Gat | Ng
nmovenent of the threaded rod 266 is related to the rotations of the nmain

o) e AR R il Ol WO B Tl ™

grip on T ng EXper 1 efices

osition of the end effectar . The retractio orce applied by the
gper at Brces R RpST Pmaeaﬁﬁe? ﬂm]fﬁgtsttrlﬁg%{ﬁpée fotfi'ﬁ«??%ﬁ wﬁ)&%cfrae?%éhwﬂ I BETEOR

shaft assenbly because the firing trigger 20 is not geared into the gear
drive 22&forotate €W. sndhai tiynrthetoperal@oas) expyri¢ice afeWdbraerfauk ithegfin pgetrigger
increnental rotations of the main drive shaft assenbly via the out put
si gnal 30,fwiich proeides foedeack26 the dpeeatercatts die refraativntposidion ofitlelnifec 2vihee t he
knife 32 is fully deployed (i.e., fully extended). At this point, the

cont r obn Edffdettrtl 2 MaYe $6MEbI 21300 Ba ddi@nliRewhePIheknf® 30 §s fiflyaEe& 1.  &CGhison to
cause retraction of the knife 32. The reverse direction of the notor 65

causes_t.he rotation._of. the i.n.drjv { I .0 reverse direction,
whi ch P%mtg lgeocofal%ﬁlo%g?l gcn%@'as eﬁ@ ats}%laietr?g%%%%{ofggig%ggé%ta{éﬁn‘t he reverse rotation
detected by the encog,er 268, the _control ci rcg}iﬁt_ sends a f)i gnal to the

secondl48Pbr 265A¢epreiagde other egbedipiepiserathst tap daving dng eaniiobircwdt daferppng ¢ he
threaded rod 266 starts to extend longitudinally fromthe notor 265. This
not i onthefposities of the knfpér, 1ewers¢ motar30d sfopmhsor sensarg mayibggeed, 28 dessribed at e CW
whi ch causes the | ower portion 228 to rotate CW In that way, the operator
may exgieive e Neadditidi\tdtheraBar tisdng & pepbitionalsehsdrdgdeto caflrol W katiph @Y ilde s
feedback to the operator as to the retraction position of the knife 32 in
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.

[0090] Figure 43 illustrates various embodiments of a surgical instrument 300. The

surgical instrument 300 may be similar to the surgical instrument 10 described hereinabove, but

also includes a status module 302 releasably connected thereto. Although the status module 302

is shown in Figure 43 as being connected to the exterior lower side piece 60 of the handle 6, it is

understood that the status module 302 may be connected to the surgical instrument 300 at any

suitable location. According to various embodiments, the handle 6 of the surgical instrument 300

defines a recess structured and arranged to receive the status module 302.

[0091] The surgical instrument 300 comprises a plurality of sensors 304 (shown

schematically in Figure 44), wherein the plurality of sensors 304 includes, for example, an
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end effector 12. The control circuit can determ ne when the knife 32 is
fully retracted. At this point, the control circuit nay send a signal to
the notor 65 to stop rotation. [0089] According to other enbodi nents, rather
t han having the control circuit determne the position of the knife 32,
reverse notor and stop notor sensors may be used, as described above. In

addi ti gieyh@bglgld RABor!sh BeiPpRURRAhiR NAdar@RIBE %nsdd @ AQUROMLA schif, a

rotation of the notor 65, an on/off swtch or sensor can be used. In such
an enbod] t oper . t . f

7ot at 1 A B RireeSoiSoro P Al Yhack RlsOr. ks P bh SerbGr SI0UOR cddRidseiepr, o,
[0090] Figure 43 illustrates various enbodinents of a surgical i r uent
500, e A RaherHEk ARSI HRgBES Tl Hriitra oM PR ek & fReE hront
10 descri bed herei nabove, but also includes a status nodule 302 rel easably
connece¢adact 386 sshewn Arhameniighlly ineFignrgtdds pasidencd psopimatesthe guigrior of the gurgisau3 as
bei ng connected to the exterior |lower side piece 60 of the handle 6, it is

under sinstpramétad00t he st at us nodul e 302 may be connected to the surgical
instrunment 300 at any suitable location. According to various enbodi nents,

the hapygbg) 6 of Thesehddd30@mdyetentidand i8Ry s@bicBsnr IR e8smple! et ured and
arranged to receive the status nodul e 302. T10091] The surgical instrunent

a4) . “WRBPBAS: . 1ol iy B0 o RBRR B W R po BRI OB Mnbeief 01,2

44) , ern sensors fuges, -33
articul ation_.angle sensor, an anvil position sensor, a cartridge sensor, a
ol osur BOTiPh g Seiimlagion egnirel i e sigal S ndicdtes he selptbyc iRy o
kni fe position sensor, a |ockout condition sensor, or any conbination

t her eofngl€alcthe sadheldect@0lR. nhe dnwilipasitipe senspraby boambodied as. dor saamplea thi £ f er ent

contact 306 (shown schematically in Figure 44) positioned proxinmate the
ext er i avilaflodubesedbisrdi004d Idisclozed inusvmoBirrady-filed U.S. Patent Application entitled

“Surgical Instrument Having Recording Capabilities.” The cartridge sensor may be embodied
as, for example, the cartridge present sensor 2010 disclosed in concurrently-filed U.S. Patent
Application entitled “Surgical Instrument Having Recording Capabilities.” The closure trigger
sensor may be embodied as, for example, the closure trigger sensor 2002 disclosed in
concurrently-filed U.S. Patent Application entitled “Surgical Instrument Having Recording
Capabilities.” The closure force sensor may be embodied as, for example, the anvil closure load
sensor 2006 disclosed in concurrently-filed U.S. Patent Application entitled “Surgical Instrument
Having Recording Capabilities.” The firing force sensor may be embodied as, for example, the
firing trigger sensor 110 disclosed in concurrently-filed U.S. Patent Application entitled
“Surgical Instrument Having Recording Capabilities.” The knife position sensor may be
embodied as, for example, the knife position sensor 2008 disclosed in concurrently-filed U.S.
Patent Application entitled “Surgical Instrument Having Recording Capabilities.” The lockout

condition sensor may be embodied as, for example, the catridge lockout sensor 136 or the
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[ 0092] The sensors 304 may be enbodied in any suitable manner. For exanpl e,
the articulation angle sensor may be enbodi ed as, for exanple, a

potenti onmeter that conprises a portion of the articulation control 16 and

outputs a signal that indicates the relative articulation angle of the end
effector 12. The anvil position sensor may be enbodi ed as, for exanple, the

anvi | gdri2flge Présemsehso2 0010 disslobasiadohdurfeditgfilé CULS. Pafehi Agplu;aﬁon Bttt
Application entitl ed " Surgl cal Instrunent Having Recording Capabilities.

The car‘%lgggg@_n gbﬁec%ﬁhﬂ CQ b1 sfor exanple, the cartridge present

sensor ose I nconcurr ed U S. Patent Application

entitl urgic strument c d| n ties.. e closure
Cr1 ggel93Ens or “AssPrREd o ST Vbsoﬁﬁ?eﬁ e mORE Sopsofpisesd ByShE ancor
2002 disclosed in concurrenk@ -filed U S. Patent Application entitled

" Sur gi 88 strystired arearranged sahlyipongectdq thasurgiealdastrumend 309.oThe gatusy ce
sensor nmay be enbodi ed as, for exanpl e, the anvil closure | oad sensor 2006
di scl osedule308 onmprisaratplyraiity efcbontasts 3pat(shownshématitallyin Eigure 49dwhSeingi cal

I nstrunent Having Recording Capabilities.” The firing force sensor may be

enbodi esthasdividasl KPS B isishectufedand @riufided 36 be SeaSEficdl OnthnghitAidadviita
concurrently-filed U S. Patent Application entitled "Surgical |nstrunent

Havi ng gfgReal 9@3& ithe Lirb RSt instflifert 300 SRR R 503191 3308 9¢ cdHRKo(BE o DO ed
as, for exa e kn| e position sensor I sCl osed

concurrenil . Paten | i n d "Sur | nst rupent
Fevi ng ‘ﬁ%‘%‘r‘aftﬂb‘lﬁgg@' Foreragible. HHB (5 mSgh g 1%%9%8%%%? b thg il
enbodi ed as, for exanple, the catridge | ockout sensor 136 or the -34
cartri HgBUBeRAIA; cash sentact A Yof dhesyatys madpls 308 mayrheakigned with@despedivepat ent
Application entitled "Surgical Instrunent Having Recording Capabilities.”
[ 0093] corosspomdiimgcdantact 306 ofithe snipichl mstrumentt 308, thesby plavodach 0@ actGiprofses a
housi ng 308 structured and arranged to rel easably connect to the surgical

I nst r upRRtatdRodul® 803 InAdléErical communication with a different sensor 304.

[0094] The status module 302 further comprises a circuit 312 (shown schematically in
Figure 44) in communication with at least one of the contacts 310, and a plurality of indicators
314 (shown schematically in Figure 44). At least one of the indicators 314 is in electrical
communication with the circuit 312. The circuit 312 comprises a drive circuit, and is structured
and arranged to drive at least one of the indicators 314. According to various embodiments, the
circuit 312 may further comprise, as shown schematically in Figure 44, a switch 316, a counter
318, a transmitter 320, or any combination thereof.

[0095] The switch 316 is in electrical communication with at least one of the indicators
314, and may be utilized to disable the respective indicator 314 that is in electical
communication therewith. According to various embodiments, the switch 316 may comprise a

portion of the status module 302 other than the circuit 312, or a portion of the surgical instrument
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nodul e 308 conprises a plurality of contacts 310 (shown schematically in
Figure 44), wherein each individual contact 310 is structured and arranged
to be in electrical communication with a different sensor 304 of the
surgical instrument 300 when the housing 308 is connected to the surgical

i nstrunment 300. For exanple, when the status nodule 302 is connected to the

sur gi 8o othBsthin R atd08od 88802 CP& ek eRbOdiffentsNeShalcHS 18ReyIR 1802 may be
aligned with a respective corresponding contact 306 of the Surgical

instru .30 ' contact 310 of the status nodul e 302
in eIeg@@%ﬁ%fgggﬁgﬁﬁﬁgépﬁgﬁﬁaggﬂﬁg§g?fferent sensor 304. [0094] The status
nodul e furth conpriges a circuit 312 (sho schematically in _Figure
44y i o @3fkunt cad Pofouaes | Bndeitged i tetRng R aewe 81 InggntCRURbET al ity
of indicators 314 (shown schematically in Figure 44). At |east one of the
i ndi capbfigngramaiing thel post-elaeging wahime dat Aeeprdingfio vareousionmthedimais theThe
circuit 312 conprises a drive circuit, and is structured and arranged to
drive aduntead8 nuyecoafprishe portitinasfitley statdd hodAleGOL dittieg tham thacireuis3 @rbodi nent s,
the circuit 312 may further conprise, as shown schematically in Figure 44,

a sw t abcctdfig 18 ofRHEHBSdin3AR, the chbiRBSTI8 hey cotdfise@ podfidh 6OMBIsi@tdapn t her eof .
[ 0095] The switch 316 is in electrical conmunication with at | east one of

the indj 4 § 4 i [ i ndi cat or
314 1 et RLSHC 0t RN AR Edhlq 100 b S ARIEREAS, P AR S il
enbodi pentg, the switch 316 nmy, canprise a portion of the status nodul e 302
ot her ?1%‘3?%‘3 cPRpUnIcation with'the ﬁ%ﬁoﬁ of the surgical instrument -35 300
other than the status nodul e 302. For such enbodi nents, the switch 316 may
be in [W92Lt ri callheassmitteraiZOonaybe wtilized te wirgleissly srapsmit gdospatiphsenssdbyer 318
may be utilized to determ ne the nunber of firings, the nunber of firings
r emai nihegplurality qiesisors 3o Agviveleds rédeiner (vt ShovAT)eRsatiaigd vith\aanorites (not
enbodi nents, the

shown) that may be viewed by a user of the surgical instrument 300 while the user is performing

a procedure. The information may be wirelessly transmitted continuously or periodically. The

displayed information may include, for example, firing progress information, compression load

information, knife load information, number of firings, procedure time, compression wait time,

battery level, etc. According to other various embodiments, the transmitter 320 may comprise a

portion of the status module 302 other than the circuit 312, or a portion of the surgical instrument

300 other than the status module 302. For such embodiments, the transmitter 320 may be in

electrical communication with the circuit 312.

[0098] Figures 45-47 illustrate various embodiments of the status module 302. As

shown, the status module 302 may comprise different types of indicators 314. According to

various embodiments, the indicators 314 may comprise one or more visual indicators such as, for

example, a light emitting diode, a multi-color light emitting diode, a display, etc. or any

combination thereof. The display may comprise, for example, an alpha numeric display, a dot
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counter 318 may conprise a portion of the status nodule 302 other than the
circuit 312. According to other enbodi nents, the counter 318 nay conprise a
portion of the surgical instrunent 300 other than the status nodul e 302,

For such enbodi nents, the counter 318 may be in electrical conmmunication
with the circuit 312. [0097] The transmtter 320 may be utilized to

Wi r el emairik dispians ailiqul ddrogtatedispday, een satohling tohariplisiedbodivhetfs, sidemsoose F04 to a
wirel ess receiver (not shown) associated wwth a nonitor (not shown) that

may DeyhyiisheRoR % 1 8 nthS Ronfpisé B afdib iRt atbr bk um&t eé@r&lé"*&h'aﬁdkhﬁtﬁﬁ‘% i's

performng a procedure The |nfornat|on may be wirel éssly transnltted

cont | YK OUS| hﬁ gaug%[ &%CL’%C ma eoe e%bsome%%gdfor n)];a%lfl‘g, 4 d%élalge? rﬁg}%je n f or

exanpl e S pro RS 5 Nation, corrpr’essr on ion, knife
| oad i nformation, nunber, f firing procedure tine, I essi it tine,
bat t er §legtei¢al comapunicaiep i thgsws%%slréer FRrdB© wRuHPRERL igenisy, PR 1 of
320 may conprise a portion of the status nodule 302 other than the circuit
312, o3ldmppeernpuisect leabiconsivigiat lididates iand atdnast ogoaudibleandicdion t he st at us

nodul e 302. For such enbodi nments, the transmtter 320 may be in electrical

conmunjoga9) on wi Intopehgio) the ihdicaddd 314 09 Froil@uises aAladdibid feedatiatea wskE i ous
enbodi nents of the status nodule 302. As shown, the status nodule 302 nmay

conpri g 5&§e5ﬁﬂ§tr&rraﬁ%ogf FhAaAIQS sithth inASE0E dsNh ﬁfalcav&r:suwe
enbodi nents, "the 1 ndicators 314 nmay conpri se one or nore Vi sua |nd| cators

i ode. Tght iR ) oy Be Wilgha G %%%Q?rh%ﬁgfﬁs Bl hisednggh i K& pr i oe.
for exanple, an_al pha nurrerrézﬁdr S a dot -36 matrix dlspl aétpthgrnl iquid

cryst aposm@prvayth%% predoferpingd Restic rg ¥ak peripbBasRssh somptetqdy 2 of the
indicators 314 may conprise an audible indicator such as, for exanple, an
audi o saplpoartridge\sdde loadied et dPiffecent itdicatorsid 4 pay emjt Gfermbodpsdlight. fAx
exanpl e, a speaker, and may be in
used in Figures 45 and 46, different hatching indicates different colors. An indicator 314 (e.g., a
multi-color light emitting diode) may be utilized for multiple status indications of a particular
function of the surgical instrument 300. For example, to indicate the status of the staple cartridge
34, a mutli-color light emitting diode may emit green light if a loaded staple cartridge 34 is in the
channel 22, yellow light if a spent staple cartridge 34 is in the channel 22, or red light if a staple
cartridge 34 is not in the channel 22. Similarly, to indicate the status of a cutting force being
exerted by the surgical instrument 300, a mutli-color light emitting diode may emit green light if
the cutting force being exerted is in a normal range, yellow light if the cutting force being
exerted is in an elevated range, or red light if the cutting force being exerted is in a high load
range. It is understood that the indicators 314 may be utilized for multiple status indications of
other functions of the surgical instrument 300 such as, for example, battery level.

[0100] As shown in Figure 45, a line of indicators 314 (e.g., light emitting diodes) may

be utilized to indicate the progression of the knife 32, the percentage of the maximum closure
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el ectrical comunication with the swtch 316. According to various

enbodi nents, the indicators 314 may conprise at | east one visual indicator
and at | east one audible indicator. 100991 In operation, the indicators 314
may provide visual and audible feedback to a user of the surgical

i nstrunent 300. For exanple, as shown in Figure 45, an indicator 314 (e.g.,
a | i ghdrceclaitg exegted) thel pgrcamygdiel the imMakinaun fiving fickice dtiagwherttdie thet duerent osur e
trigger 18 is in the | ocked position, whether a predeterm ned post-clanping

wai t  pgic@idtibegnddke6mnnhe eAPbatas: 120aRt I%iEh hdicutiond Raf ?fdvrldedﬂ@se%fﬂe shgched,
etc. Different indicators 314 may emt different colors of light. As used

in Fi gp{gﬁﬁr&%i ?B%Iﬂpfee%afcf(%51?&%1?%‘1’&%&9% iMlv%ﬁﬁﬁgp%htﬁlﬁhg @Egg?c%l Hfst?u

i ndi ca mul ti-co emttin e utl |zed

for esatu5| di cati ons of articul function.of the surgical
ot r udthindiseioaet 3 ot Plose g siiicat B Db ds pastihne Rl iUt et £ dge
34, a m.lt|I-CO|OI’ Ilght emtting diode my emt een light if a | oaded

st apl ecapaeity. i Alseough onky one lineeof indisaions|3 122s shpain) le%lgurg K8, if fs wndsystaed thatapl e
cartridge 34 is in the channel 22, or red light if a staple cartridge 34 is
not i nthelatghaoddé 3@2maHicompesd any numbendf iadseoftifdicadadad. of a cutting force
being exerted by the surgical instrunent 300, a nutli-color light emtting

di ode RAWIEMt JASSKLWA gmgmfe 46, R stathd hbdlé QOEﬁla?%bﬂ@n@é(ﬁﬂi(ﬁﬂ)ré $14 .2

nor mal " range, yeIIowllght the cutting force being exerted is in an

el evat o] ?Qg: a high
| oad ﬁglﬁgegfﬂgﬁg d?JdeE nagT ?é(;odﬂv{oh{alt : ghl&#]t IIastt g(ré gs‘%ﬁ %’? llle} ?Qt%‘!é‘g for

mul ti pl e st i cat,i.on ot her functions. of the sur | c i nstrument
S0 sumedale 30 e&aygxewﬂée 0 B&Of’&l%/g PS{FSOnCYTESRR ORISR0 pugiss o
line of indicators 314 (e.g., EQﬁt em tting di odes) may be ut|I|zedto

i ndi cainstrumentH00 ghanstbe é‘frfltIKSme% shewsan Figwee far dtheughetworcirentar maxi mum

closure -37 force being exerted, the percentage of the maximumfiring force
bei ng axeigem@ntsboliindicatore afe shawhiin bligulré 46) ivis ghéerstbod ket eredstatid module 302, etc.
Such indications may provide a user of the surgical

may comprise any number of indicators 314 arranged in any number of orientations. For

example, the status module 302 may comprises indicators 314 arranged in a pyramid pattern.

[0102] As shown in Figure 47, the indicators 314 of the status module 302 may comprise

a line of light emitting diodes and at least one display (e.g., a liquid crystal display). For such

embodiments, the status module 302 may be capable of providing more concurrent information

to a user of the surgical instrument 300 than the status module 302 shown in Figure 45 or Figure

46. For example, the light emitting diodes may show reaction force at the anvil 24 and staple

cartridge 22, the battery level, the articulation angle, etc. in the form of a bar graph. The display

may show information concerning closure forces, firing forces, the number of firings remaining,

post-clamping wait time, stroke progression, articulation angle, etc. in the form of digits.

[0103] While several embodiments of the invention have been described, it should be

apparent, however, that various modifications, alterations and adaptations to those embodiments
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instrunent 300 with feedback concerning the forces involved in operating the
surgical instrunent 300 and feedback as to how cl ose the surgical

instrument 300 is operating to its maxi mum capacity. Although only one line
of indicators 314 is shown in Figure 45, it is understood that the status
nodul e 302 may conprise any nunber of lines of indicators 314. [0101] As
shown j1 BL a6 pdSonst AR SRR IR AATNERY oE QIR biSAl ML G@Aiapeddfthé e - -
| i ght emyttl ng 8| odnes arranged 1n two circular orientations. For such
enbodi nent.s.. the st atus | > bl. f._providi [

concur ?&ﬁ tgn, ng)rr %ﬁ?ﬁ%ﬁ’ %CS%%&tng%g% u%bés)dgrpériﬁg’% 411%1% § ?@B%errl’? m%g(? g??é%cefl he
status m)dﬂﬁ 302 shomalirff Fiﬂghjre 45, Althog)gh tlvvo i rcul ar arrangenents of
i ndi caPbrultiplecuppRisnisnatd yuitPlegpmponents may pereplacsy Ry iingls OWPIRAL Hodul e
302 may conprise any nunber of indicators 314 arranged in any nunber of

or i ent perfasmsa giFen fungtiempt ainctions. Jihis applieaitpnlistheodongdntendaditoiconer allmgrk at or s
314 arranged in a pyramd pattern. [0102] As shown in Figure 47, the

i ndi cainedificatichspiltdrittons aad udapiaibink evithOut depyrtidgfivn & scopd andespirit dfitight
emtting diodes and at |east one display (e.g., a liquid crystal display).

For Sueﬁclo%mﬁéén@%]ﬂfﬁdeﬁ&%t?;ltﬁéuﬁpéﬁB&’dJélﬁin%QZ may be capable of providing

nore concurrent information” to a user of the surgical instrunment 300 than

t he st nodul ¢ 3 Ny i gur.e_ 45 or. Figure, .4 For_ exa e,. the
ot B3, Moo s BaeR B Ricallon. ftiier dRpfbuE oSt i ebe 51 s 'S
cartrid 2,.the battery_level, the . articulation angle, etc. in the form of
a bar aﬁigﬁbe mwm%%ﬁfmeéﬁw 15&?%%6@%6@% tgfﬁ?ﬂtje&%mabthﬁorces,
firing forces, the nunber of firings remaining, post-clanping wait tinmne,

st r ok eingprpgraesEmatgrialadoecudtapnBict wriblesisting definionshatateorentsodr etheyi disclosii1 03]
Whi | e several enbodi nents of the invention have been described, it should be
appar efifateriabywe et th intthig idis¢ BysueU A ssndh,fand ab therstenahéceidaty, dRsdisclosurélapt at i ons

to those enbodi ments -38 may occur to persons skilled in the art with the
at t ai nEEJHcitRf seB R HekeiR bhpdedb AN ARLRAE Atat&al i¥Brporated 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.

CLAIMS

What is claimed is:
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i nvention. For exanple, according to various enbodi nents, a single conponent
may be replaced by multiple conponents, and nultiple conponents may be

repl aced by a single conponent, to performa given function or functions.
This application is therefore intended to cover all such nodifications,
alterations and adaptations w thout departing fromthe scope and spirit of

the discloged i Qugiid @Bdas fotaist ReGh d3ardiba iﬁd@@lﬂ&ﬂe@brﬁﬂ)@iﬁ?a plRAIfR¢bf Any
(6]

patent, publication, or other disclosure material, in whole or in part, that
is saj ' .eference herein is incorporated herein only
to theéegei‘i(ﬁrg’r@g?th{gg?rhg@[eatito%gg%nc% ated materials does not conflict with
existing defjnitions, statements, . or oth disclosure material set forth in
thi's di scl obheusmeatrictged e airanged iereleavibly conbeadd teporgifl Mpdmedbur e as
explicitly set forth herein supersedes any confljcting material incorporated
herei n by r&plfadityaf contgpls, wheeain gach individyak qogtact isstragifirediandariaggeddp hetipy be
i ncorporated by reference herein, but which conflicts with existing
def i ni ¢ledrisal comatumnativs withra diffesent stinsar wlsanrthe heiseng ialcosmdctefdap tthe duegiealn wi | |
only be incorporated to the extent that no conflict arises between that
i ncor ppk@imehtaterial and the existing disclosure material. CLAIMS Wat is
claimed is: -39 1. A status nodule for use with a surgical instrument .
conpr i Sing. Al fleldical coriEiRhon Lt atleal Uie BPHKIBnGATPEISSI nO: @ housing
structured and arranged to releasably connect to the surgical instrument; a
plurality of contacts,,.wherei.n each indivigdyal contact.is stryctured and
arr anged toaﬁgnﬁﬁyOtV@ﬁ?VFﬁgﬂwgﬂﬁﬁﬂﬁ?%QP?Bﬂ&ﬁﬂ?ﬁcﬁpﬁﬂ§?ﬁigﬁ?c ensor when the
housing is connected to the surgical instrunment;

communication with the circuit.

2. The status module of claim 1, wherein the circuit comprises a drive circuit.
3. The status module of claim 2, wherein the circuit further comprises a counter.
4. The status module of claim 1, wherein the plurality of indicators comprises a

visual indicator in electrical communication with the circuit.

5. The status module of claim 4, wherein the visual indicator comprises a light

emitting diode.
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acircuit in electrical communication with at |east one of the contacts; and
a plurality of indicators, wherein at | east one of the indicators is in

el ectrical conmunication with the circuit. 2. The status nodule of claim1,
wherein the circuit conprises a drive circuit. 3. The status nodule of claim
2, wherein the circuit further conprises a counter. 4. The status nodul e of
claiml, wherei nridgaih Hodlielof cRim!4) WheRhPIhE VRIPRhERGHr BomYHisidak |dastdneat or
in electrical conmunication wth the circuirt. 5. The status nodule of claim
4, \Aherfthnfglﬂ)eivi,sual i ndi cator conprises a light emtting diode. -40 6.
The st3t'08 MOJUI%E of claim4, wherein the visual indicator conprises at

| east one of the follow ng: an al pha nuneric display; a dot matrix

di spl ay; andh 2lBha RyyusrE @F@&ﬁl di splay. 7. The status nodul e of claim1,
wherein the plurality of indicators conprises: a visual indicator in

el ectrical adetrmaftisdisptay;adh the circuit; and an audible indicator in

el ectrical comunication with the circuit. 8. The status nodule of claim?7,
wher ei n t hea Hgld khstal didptagt or conpri ses an audio output device. 9. The
status nodule of claim?7, further conprising a switch in electrical

comuni cation with the audi ble indicator. 10. The status nodule of claiml,
further conprising a transmtter in electrical

7. The status module of claim 1, wherein the plurality of indicators comprises:
a visual indicator in electrical communication with the circuit; and

an audible indicator in electrical communication with the circuit.

8. The status module of claim 7, wherein the audible indicator comprises an audio

output device.

9. The status module of claim 7, further comprising a switch in electrical

communication with the audible indicator.

10.  The status module of claim 1, further comprising a transmitter in electrical

communication with the circuit.

11. A surgical instrument, comprising:
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communi cation with the circuit. 11. A surgical instrument, conprising: -41
a plurality of sensors; and a status nodul e rel easably connected to the
surgical instrument, wherein the status nodule conprises: a plurality of
contacts, wherein each individual contact is in electrical conmunication
wth a different sensor; a circuit in electrical communication with at | east
one of the £ P ¢ sfse@@@}samal urality of indicators, wherein at | east one of
the indicators is in electrical conmunication vvlth the circuit. 12. The

surgi cal i NSLEMIRAArofchibl) dhmellBE (PHE st Pty whbreRPMEQusCOMPY | ses

at least one o ow'ng: an artlcu tion ang e sensor; an anvil
positio en&%r Y cartridge sensor; a closure trigger sensor; a closure
force @8% % gefsl ring force sensor; a knife position sensor; and a

| ockout condition sensor,. 13. The surgi I strunent. of cl aj 11, wherein
the circuit conp? p]élggméloggq%t% {ﬁ?@ gac?la vfgiual contact 1s?n e ectr{cni'

communication with a different sensor;
a circuit in electrical communication with at least one of the contacts; and
a plurality of indicators, wherein at least one of the indicators is in electrical

communication with the circuit.

12. The surgical instrument of claim 11, wherein the plurality of sensors comprises at
least one of the following:

an articulation angle sensor;

an anvil position sensor;

a cartridge sensor;

a closure trigger sensor;

a closure force sensor;

a firing force sensor;

a knife position sensor; and

a lockout condition sensor.

13.  The surgical instrument of claim 11, wherein the circuit comprises a drive circuit.
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14. The surgical instrunent of claim1ll, wherein the plurality of indicators
conprises a visual indicator in electrical comunication with the circuit.
15. The surgical instrunment of claim 14, wherein the visual indicator
conprises a light emtting diode. 16. The surgical instrunment of claim 14,
wherein the visual indicator conprises one of the follow ng: an al pha

nuneri c di spf ay; Thésul@italMRéthurtent bB by 1 1,aAbreid thd plutaltityEbdintRhtosd G&Rhpses 17
The surgical instrunent of claim1l, wherein the plurality of indicators

Co”p”ﬁﬁféal 'I?di&ité ?'elécﬁ?&a?@é@@gh{&a&&ﬁfzﬁﬁitlfeaéircﬁﬁ.mm”i cation with the circuit;

and an” audi bl e i ndicator I n ctrical comrunication with the circuit. 18.
The surgical instrunment of claim 17, wherein the audible indicator is an
audi o output device. 19. The surgical instrunent of claim17, further
conprising a switch in electrical conmmunication with the audible indicator.
-43 20. Thelsur gllssurgisaltinsirnant of claiml #n vihereip gha visyal dndigatorsqompriges a
transmtter in electrical comunication with the circuit. -44

light emitting diode.

16.  The surgical instrument of claim 14, wherein the visual indicator comprises one
of the following:

an alpha numeric display;

a dot matrix display; and

a liquid crystal display.
17.  The surgical instrument of claim 11, wherein the plurality of indicators comprises:
a visual indicator in electrical communication with the circuit; and

an audible indicator in electrical communication with the circuit.

18.  The surgical instrument of claim 17, wherein the audible indicator is an audio

output device.

19.  The surgical instrument of claim 17, further comprising a switch in electrical

communication with the audible indicator.
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20.  The surgical instrument of claim 11, further comprising a transmitter in electrical

communication with the circuit.
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