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BACKGROUND

[0002] The present invention relates in general to surgical instruments, and more
particularly to minimally invasive surgical instruments capable of recording various
conditions of the instrument.

[0003] Endoscopic surgical instruments are often preferred over traditional open
surgical devices because 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,



FOR USE WTH A SURGA CAL CUTTI NG AND FASTENI NG | NSTRUVENT AND MODULAR END
EFFECTOR SYSTEM THEREFOR | nventors: Frederick E. Shelton, 1V, Mchael S
Cropper, Joshua M Broehl, Ryan S. Crisp, Jamson J. Float, Eugene L.

Ti mper man ( K&LNG 050703/ END5778USNP) SURA CAL | NSTRUVENT HAVI NG A FEEDBACK
SYSTEM I nventors: Frederick E. Shelton, 1V, Jerone R Mrgan, Kevin R Doll,
Jef frey opasp@aittes st?ﬂ&s,@lﬁﬁb@li@ﬂ, ARRENBeVideK &y @e A hepdpy NS 7§ degNP) and

BACK D fOOOZ] he present invention relates in general to surgical

instr urr%%rgy d@{;‘igglﬂgﬁg%llt%lﬁﬂ(ﬁ%?fals%, t@)m ni mal 'y invasive surgical
e

i nstrunment S” capa recording various conditions of the instrument.
[ 0003] Endoscppi rgical i : r e MeEvihads b onal
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post - operative recovery time .and conplications. Consequent | significant
devel opriangitudinal Bsiston iRtigsug al“&r?QBh‘?:?fl%éﬁ 8%@8%?%0%551%& esiorﬁﬁerlﬁﬁ’glr?fls t hat
are suitable for precise placenent of a distal end effector at a desired
sur gi cal Theiend efflactoniiieludes a pain b casfperating dava mempiesdhatgifdheinsEwgerttis ect or s
engage the tissue in a nunber of ways to achieve a diagnostic or

t her apeuhiead&f foeeiiddseordc or Rpstosispiceapplieionsaspeapableuiftpassingthapighras, clip
applier, access device, drug/gene therapy delivery device, and energy

devi ce UshRga Hﬁes? A NBne BF the! j&% Shem Bk SrebeiveLPR4p1e KRNI eHivECalleast @R er s

i ncl ude an en or that Sinultaneously nakes a |ongitudinal incision
in tissue and applies |;j fst apl i [ . LNci sion.
The. end BEFEeBR O AEN AL AaReh e R B B pr ATig R hAERng NEple" T, <, 12
instrunment js intended fqr endoscopic or, | aparoscop,c .applications, are
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receives a staple cartridge having at least two laterally spaced rows of
st apl es.plmabtyoafivesipjogatingewedges avbichy aden drivendistaly\pasgythseughl apenings in the

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

[0005] An example of a surgical stapler suitable for endoscopic applications is
described in U.S. Pat. No. 5,465,895, entitled “SURGICAL STAPLER INSTRUMENT” to
Knodel et al., which discloses an endocutter with distinct closing and firing actions. A
clinician using this device is able to close the jaw members upon tissue to position the tissue
prior to firing. Once the clinician has determined that the jaw members are properly gripping
tissue, the clinician can then fire the surgical stapler with a single firing stroke, or multiple
firing strokes, depending on the device. Firing the surgical stapler causes severing and
stapling of the tissue. The simultaneous severing and stapling avoids complications that may
arise when performing such actions sequentially with different surgical tools that respectively
only sever and staple.

[0006] One specific advantage of being able to close upon tissue before firing is that
the clinician is able to verify via an endoscope that the desired location for the cut has been

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



form ng pockets aligned with the rows of staples in the cartridge. The
instrunment includes a plurality of reciprocating wedges whi ch, when driven
distally, pass through openings in the staple cartridge and engage drivers
supporting the staples to effect the firing of the staples toward the

anvil. [0005] An exanple of a surgical stapler suitable for endoscopic
appl i cat@@psyise ﬂf-‘gr jalve GhdyrbeldrSan Rat clogsaogdihet6&sp8&5lly pinthing atthtBIARGICAL
STAPLER INSTRU " Knodel et al., which discloses an endocutter with
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to close the |aw nenbers upon tissue to p05|t|on the tissue prior to
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respectively only sever and staple. [0006] One specific advantage of being
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verify via an endoscope that the desired |ocation for the cut has been
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manuf acturer, or other entity, for analysis of the failure. |If the failure
r esul t edintruraenty fttdan 2k expenaive anf verabellenging te@nplyze ingtrament failutes imbisessar y
for the manufacturer to determ ne the cause of the failure and determ ne

whet her wayleaslsg mamasitibedeanaBges simgly donclubathac the dailirb evasdoe tamipropsr usay
spend many hundreds of man-hours analyzing a failed instrunent and

of the instrument.

SUMMARY

[0008] In one general aspect, the present invention is directed to a surgical
instrument. The surgical instrument has an end effector and a trigger in communication with
the end effector. The surgical instrument also has a first sensor and an externally accessible
memory device in communication with the first sensor. The first sensor has an output that
represents a first condition of either the trigger or the end effector. The memory device is
configured to record the output of the first sensor. In various embodiments, memory device
may include an output port and/or a removable storage medium.

[0009] Also, in various embodiments, the output of the first sensor represents a
condition of the end effector and the instrument further comprises a second sensor with an
output representing a condition of the trigger. The memory device is configured to record the

output of the first sensor and the second sensor.



attenpting to reconstruct the conditions under which it failed based only on
the damage to the instrunment, It can be expensive and very challenging to
anal yze instrunent failures in this way. Al so, many of these anal yses
sinply conclude that the failure was due to i nproper use of the instrunent.
SUMMARY [0008] In one general aspect, the present invention is directed to
a surgical  j0030F UBatiotheF enaalrgpea) the pesent eentiomis directeddo aifatkadnt and a
trigger in communication with the end effector. The surgical instrunent

al so haﬁ*c?ﬁdféﬂr%r‘vﬁm& sPE! ers]cu?élgal@ﬁktﬁlﬁ{e%f.”ﬂllé Mie68 8SMpRLe the®BP b maaitorie i n

conmmuni ca st sensor. The first sensor has an output that

:Tgﬁ;ff, eg{é@]@ 9 %%f&r%lﬁﬁf%?ia%r{rsgg. ‘ﬁ*he%hgdg‘r?sfdreﬁﬁger& ChHRSnsf thdGursrdl lthahdmer . The

tore e output of the frrst sensor. In

vari ous_enbodi nents, nmenory device ,ncl ude an out put rt or a

r enpov abiTBe BeHI0d SO ROFIPEITES %‘BGWQ]O%NCQ@XEF h‘e\?étlfqug%t? aerﬂﬁlggfyn%e%?cs? At rﬁga/t out put of
the first sensor represents a condition of the end effector and thlgen

i nst r umeast dngrof Herconditions ebthe surgicabingtramprtehangesh Impariisepbodiesitedtnt i ng a
condition of the trigger. The nmenory device is configured to record the

out put efetiiddandy 4186 capprierthastdp bhprosilimnitic serosded. outphty 0the pluralityét her
general aspect, the present invention is directed to a nmethod of recording

the stag,0f t8asBididedevicest runent. The nmethod conprises the step of
nonitoring outputs of a plurality of sensors. The outputs represent

conditions of the surgical instrument. The nmethod al so conprises the step
of recording the outputs to a nenory device when at |east one of the
conditiaons Qf the surgical instrument changes. In various enbodi nents, the
met hod P@A‘éﬂw%orrpri se the step of providing the recorded outputs of the
plurality of sensors to an outside device. DRAWNGS [0011] Various
enbodi ment s $#A01dhe Varieve ambodimentsi of theapreseabisw entinachry dessrihedovgip by way

of example in conjunction with the following figures, wherein

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

[0013] Figures 3-5 are exploded views of an end effector and shaft of the instrument
according to various embodiments of the present invention;

[0014] Figure 6 is a side view of the end effector according to various embodiments
of the present invention;

[0015] Figure 7 is an exploded view of the handle of the instrument according to
various embodiments of the present invention;

[0016] Figures 8 and 9 are partial perspective views of the handle according to
various embodiments of the present invention;

[0017] Figure 10 is a side view of the handle according to various embodiments of
the present invention;

[0018] Figures 10A and 10B illustrate a proportional sensor that may be used

according to various embodiments of the present invention;



of exanple in conjunction with the following figures, wherein [0012] Figures
1 and 2 are perspective views of a surgical cutting and fastening

i nstrunment according to various enbodi nents of the present invention; [0013]
Figures 3-5 are exploded views of an end effector and shaft of the

i nstrunent according to various enbodi nents of the present invention;

[0014] Fi gur @od9] s Fapusé Ubisvd Rhembtid diegramcofef dieoitasedindbe distryment var i ous
enbodi ments of the present invention; [0015] Figure 7 is an expl oded view

of the banflife ffv FlsE&%B&i&ﬁ%&tofaﬁ&ﬂ@wnmmvb@tion;ari ous enbodi ments of the
present 1nvention; [0016] Figures 8 and 9 are partial perspective views of

t he handl [ t ' ' : ' [Selak
10017 Fi qur BT, Ehy 1LY RuPRELTRRhingld SRR B R e

enbodi nents of the present invention; [0018] Figures | OA and 10B

i || ust r & BePreseddBYENtGRal sensor that may be used according to various
enbodi ments of the present invention;, -5 [0019] Figure 11 is a schematic

di agram of a [@21¢ uiFigureseti-2illusaate dafforentanechanisms foF lagking the Alosyrrsirigger

enbodi ments of the present invention; [0020] Figures 12-13 are side views of
t he handterdiagor diritgs embotinemtseofithe preserit snveofiori;he present invention; [0021]
Figures 14-22 illustrate different nmechanisns for |ocking the closure

trigger accsEhizPg Figur¥esi ABSsHWOLhivEsAISoiaf (“uljsinPT)esa May Be@mlopsd at[ 0022]
Fi gures 23A—g®sh2w éagniversa? j oi nt ("uﬁjoi%tg) tRat nagjbéﬁgiployed at

the articul ati;on It I nstr i I di ments of
the pr eg}geﬁ?rﬁ&:ﬂ%\l/oerﬁé)(il@tno; {W)B%g‘]ﬂn i gaﬁgéggfﬁ%iﬁ-gé%ﬁg\%g Otgﬂ?%rﬁgs?gﬁégg e !that may
e el oreidt the

[0023] Figures 24A-B shows a torsion cable that may be employed at the
articulation point of the instrument according to various embodiments of the present
invention;

[0024] Figures 25-31 illustrate a surgical cutting and fastening instrument with
power assist according to another embodiment of the present invention;

[0025] Figures 32-36 illustrate a surgical cutting and fastening instrument with
power assist according to yet another embodiment of the present invention;

[0026] Figures 37-40 illustrate a surgical cutting and fastening instrument with
tactile feedback to embodiments of the present invention;

[0027] Figure 41 illustrates an exploded view of an end effector and shaft of the
instrument according to various embodiments of the present invention;

[0028] Figure 42 illustrates a side view of the handle of a mechanically instrument
according to various embodiments of the present invention;

[0029] Figure 43 illustrates an exploded view of the handle of the mechanically

actuated instrument of Figure 42;



articulation point of the instrunent according to various enbodi nents of the
present invention; [0024] Figures 25-31 illustrate a surgical cutting and
fastening instrument with power assist according to another enbodi nent of
the present invention; [0025] Figures 32-36 illustrate a surgical cutting
and fastening instrunent with power assist according to yet another

enbodi ment ofjpd3g Mi@EERY illurvars adiock[diéh ofa genveding SysAdn ifod eserdinge a
surgical cutting and fastening instrument with tactile feedback to

enbodi i&soéongﬂi%npf) & MstiuhetnhdcBRing ROAfibudébéEndtsiof ihespre@ines an
expl oded view of an end effector and shaft of the instrunment according to

various .enbodi ments of the present invention; [0028] Figure 42 illustrates a
si de vi éWGH®he handl e of a mechanically instrunment according to various
enbodi ments of the present .inyention; [0029] Figure.43.ill.yst.rates an

oxpl oded vi edBA Hbkwan dt-d6ahehls SHhenanrEyS SLa itk st NP o
Figure 42; -6 [0030] Figure 44 illustrates a bl ock diagram of a recording
syst em fshowingoeridisnsgnsars acesuding emariqus gmbediments qfiBe Pkt invgaHdi ng to

vari ous enbodi ments of the present invention; [0031] Figures 45-46

il lustrate cyoozpayFigirde7illesmtesithaertdseffbctr of thehinstiumsint siewming vatiowsi ng
various sensors according to various enbodi nents of the present invention;

[0032] KieQutreactbrdidd WSlakidhesmbiEnRAd o iteqéRht @edtitm; | nstrument show ng

vari ous sensors according to various enbodi nents of the present invention;

[ 0033] Fi gur i 14.ust rat. ird reof . ' | ding a
sensor acc oﬁgé%d t%g@rae r4i%01g§5t€a}%s § c111|j r%%n‘?‘lg Ogﬁletlﬁ%ﬁlﬁ#églz E‘L“W I%ae %éhﬁéﬁ ; [ 0034]
Figure 49 il|ustrates a side vi e¥v of the handle, end effector, and firing
bar of ACAIAngde varieksenthadiineRys gf the RLSFNHRESAMNG to vari ous enbodi ments of

the present invention; . o .
[0034] Figure 49 illustrates a side view of the handle, end effector, and firing bar of

the instrument showing a sensor according to various embodiments of the present invention;

[0035] Figure 50 illustrates an exploded view of the staple channel and portions of a
staple cartridge of the instrument showing various sensors according to various embodiments
of the present invention;

[0036] Figure 51 illustrates a top down view of the staple channel of the instrument
showing various sensors according to various embodiments of the present invention;

[0037] Figures 52A and 52B illustrate a flow chart showing a method for operating
the instrument according to various embodiments; and

[0038] Figure 53 illustrates a memory chart showing exemplary recorded conditions

of the instrument according to various embodiments of the present invention.

DETAILED DESCRIPTION
[0039] Figures 1 and 2 depict a surgical cutting and fastening instrument 10
according to various embodiments of the present invention. The illustrated embodiment is an

endoscopic surgical instrument 10 and in general, the embodiments of the instrument 10



[ 0035] Figure 50 illustrates an expl oded view of the staple channel and
portions of a staple cartridge of the instrument show ng vari ous sensors
according to various enbodinents of the present invention; [0036] Figure 51
illustrates a top down view of the staple channel of the instrunment show ng
vari ous sensors according to various enbodi nents of the present invention;

[0037] BbQHb&Ph&aN adnehdodbpid surgichlatueing dnddustating insstimentsg lteshmetdived f or
operating the instrunent according to various enbodi nents; and [ 0038]

Figure ﬁgte?,l HolEARR a@cg%ﬁgfia'otﬁ@%ﬁb&dﬁa%t%f B PRCAT vErRioa! e dnstitdint | ons

of the instrunment "according to various enbodi nents of the present invention.

DETAI LED DESCRI PTI ON .[ 0039] _ Fi.qures. 1 . ' ' iing and
Fast eni 10 AL AMRER et bh s ihsgg rnE SEUE FlapthEbifinsfhkhcd B
invention. The illustrated enbodinment.is ndoscopi ¢ surgical, i nstrunment
10 and in gef¥M8]  Thgsugzbisiumert dePF?é‘%}H t‘glﬂﬁ%ﬁf‘&!tg °9‘?Pﬁ§%9@rff38§% %er ein
are endoscopi c surgi cal puttin% and fastening instrunents. It should be

not ed, lhohel8andtanarticdaingdindgifeetoni hpivotatiy sanpastaddo she thalt §3tagent
invention, the instrument 10 may be a non-endoscopi c surgical cutting

i nst r umMaficulatids pivas 18 Maprvadaiincontst rameybe pfodddadjthentso thyi leatllei st r ument
10 depicted in Figures 1 and 2 conprises a handle 6, a shaft 8, and an

arti cul af8906A6n tsf ﬂ;{lg%hg\ bffdoP] ¥ Mk thé FRAMNERNGAVI A4t MewRed dppRecitedn

articulation pivo . An articulation control 16 may be provi ded adj acent
ar i cul AR g Bbofn i gl e ek NRERR ek AR AGeRR I ¢ e
a1 cul POV BRGURIRDSP G o wOPARIOH BRL Hol A1, ARCHUSFHed FBUHGEE  ar oo
enbodi ment, the end effector 12 is configured to act as an endocutter for
cl anpi nghe enshefiectog 12 ndcanfigpredrig acttdsesgadocattehion glamping, sevesingant s@phest s,
different types of end effectors may be used, such as end effectors for
ot her t yasg, sithongh,dh otler dmbbdinsentss ditfferas typeaspendsffectdrs atay besised)lse¢tsas cl i p

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.

[0041] The handle 6 of the instrument 10 may include a closure trigger 18 and a

firing trigger 20 for actuating the end effector 12. It will be appreciated that instruments

having end effectors directed to different surgical tasks may have different numbers or types

of triggers or other suitable controls for operating the end effector 12. The end effector 12 is

shown separated from the handle 6 by a preferably elongate shaft 8. In one embodiment, a

clinician or operator of the instrument 10 may articulate the end effector 12 relative to the

shaft 8 by utilizing the articulation control 16, as described in more detail in pending United

States Patent Application Serial No. 11/329,020, filed January 10, 2006, entitled “Surgical

Instrument Having An Articulating End Effector,” by Geoffrey C. Hueil et al., which is

incorporated herein by reference.

[0042] The end effector 12 includes in this example, among other things, a staple

channel 22 and a pivotally translatable clamping member, such as an anvil 24, which are



appliers, access devices, drug/gene therapy devices, ultrasound, RF or |aser
devi ces, etc. [0041] The handle 6 of the instrunent 10 nmay include a closure
trigger 18 and a firing trigger 20 for actuating the end effector 12. It

wi |l be appreciated that instruments having end effectors directed to

di fferent surgical tasks may have different nunbers or types of triggers or

ot her suidialingd 6OMNPa6Ing thasp@r clfectige Sthsingrad séfeeinpaf tidQue clampesid thef f ect or
12 is shown separated fromthe handle 6 by a preferably el ongate shaft 8.

I'n one ] Wi &4 R 2P 16 WwarBSvHic4 Elo8®8 tridder MBYs
articul %H@gﬁggﬂ;#d —g}ef}gg%i%lrﬂfgﬁfig %?liﬁvegtlg theW rshaflt 8 by uti %%zi ng the
articul ati control .16..as _descri I r t gl 1 s i i ted
States PAYGHD SEB Pe s Ui el ook Barbhelt b Firpe iR PERNENINE R 2006,
entitled "Surgical I nstrunment ing Al ticulating.End Effector,” .by
Geof f r eytaple qhaapql 2d0f the e,nd\%%éeﬁ?tﬁz to &‘ﬁ@g?/gfff% ‘éﬁ“‘ﬁB?sgﬁ‘?m“ "F‘@‘?e&‘g‘?w%‘év.‘f)[ 0042]
The end effector 12 includes in this exanple, anong other things, a staple
channel 222ndrbarmep?oTlx fixing trigget 20 shwhes joxthepidgpf, pure drigger 48 SRcanvi |
24, which are -8 maintained at a spacing that assures effective stapling

and sevehé £lgsié trigees U8 isdbelcadds thecloduee pesitibredsiferthardedibedtbelova risk &rifg
includes a pistol grip 26 toward which a closure trigger 18 is pivotally

drawn by, LhdY StADs MG SR EdThAPRINGrip D6 §b Bt NEaRbe tdaBh@NMy the24 t owar ds
t he stﬁ%%%&gﬁgﬁﬂje@aggﬂo ttcyhe end e?{fmgc %}? 12 to thgr eeby cl arrgytiessue

positioned between the anyi | 4 an nel Ll b Ois
farther Gt Odéltsﬂlgoqnethﬁ%&cr%esnutp éOP %ngaégﬁrw%g\?macﬁéga&{l ﬁ%hgﬁg%g;ef ? ??Oé}éaég 18 is
| ocked ip the cl.osure position_as fyrther described below the firi

trigger tgﬁpmgﬁbggtt‘éc%}ﬁ? %tvlwg@aaae%eﬁegﬁ QPQPC‘SPFSHC%%&“BW&{“W lil%an be
reached by the operator using one hand. Then the operator may pivotally

dr aw t hdnfother agbodimggts; diffprensienes of ¢lamppiggnemnbegs besides thoamalidbcahdbst apl i ng

and severing of clanped tissue in the end effector 12. In other
enbodi markd,such i< GreRhmplepes oppositlggaw] ¢e1g menbers besi des the anvil 24 coul d

be wused, such as, for exanple, an opposing jaw, etc. [0043] It wll be

appreci at ed t{@§a)t Ne wiBbEBppreEiaih MRl thedBfins Protiphi" 1S dNERYaBREE Rerein
with reference to a clinician gripping the handle 6 of an instrument 10. Thus, the end effector
12 is distal with respect to the more proximal handle 6. It will be further appreciated that, for
convenience and clarity, spatial terms such as "vertical" and "horizontal" are used herein with
respect to the drawings. However, surgical instruments are used in many orientations and
positions, and these terms are not intended to be limiting and absolute.

[0044] The closure trigger 18 may be actuated first. Once the clinician is satisfied

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

handle 6, when depressed may release the locked closure trigger 18. The release button may

be implemented in various forms such as, for example, release button 30 shown in



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

or i ent afj QRS B0b, sRESleldafTButtcaNG0tshess id Bigife i, endlot butttnetidetiowo ibe | ni ting
and absol-ute. [0044] The closure trigger 18 may be actuated first, Once the
clinici ?%u@esléati sfied with the positioning of the end effector 12, the
cliniciarr may draw back the closure trigger 18 to its fully closed, |ocked

iti i to t | st ol I G I 11 i h b
Bet uat od. " TR Eigless GoBPYBmpRlas s Do HELAPLoRREE 1PdpRlan B0 D€

Figures 1 and 2) when the clinigian_renove ressur as .descri bed nore
fully beteordingta erions empadimsatsy 1gWe 3 ihah e O‘g:,d %‘@H?H‘éﬁééfgiﬂmﬁg rel ease
the | ocked closure trigger 18. The release button may be inplenmented in
vari ous abarding sucdrioms embodimsntsphseshopmal ieﬁmllbﬂthméD@mm therendgfieetgtr es
42- 43, slide release button 160 shown in Figure 14, and/or button 172 shown

in  Fi gupenal@nclh@)4drddriiGuitoethe previciibvwnentiodd okains] 2if aml amvilad4y aduitmgn end
effector 12 and shaft 8 according to various enbodi nents. Figure 3 is an

expl Ode%s\(ﬂuﬁl\@nﬁltafﬁfedeﬁga%%%%ét%a?ﬁc&ﬁ%@% BRERTEh BN Psdhtdd iAYEe GERRLIITRRIG . AS

shown in the i1llustrated e the end effector 12 may include, in

addition,t he previqushky-nmentioned ¢ I L hng
instr uné‘rk’teﬁfé ser R’ss?%%%g?ﬁ%gc tttltélgﬁ%sq?rgénrep f%‘éé‘y §§ t?ﬂ%fa%?p\s{é’raelang@agﬁh)%%slg%t ed in
t he channel 22, and a heljcal screw shaft 36. The cutting instru ?t 32 may
be, for 2warheiveialyiopgnedmng cised pt pizal %3/2%@%13%1? ioihg PEEmal FA@Icl osed
at pivot pins 25 connected to the proximte end of the channel 22. The

anvi | 24hencbanad] 23. iThe hodié 24 maylals7ineludd a bR ek itrptaximatg entl shat isinsertedr t ed
into a conponent of the mechanical closure system (described further bel ow)

to openi@bd cofilpoficht b theanddhanidl cld¥ueNsyistetn @esgibee fiirtlieg Belowd 8o bperpariduat ed,
that is, drawn in by a user of the instrunent 10, the anvil 24 may pivot

about t REPINEOVIIPAS Wiker HE Cl06TR tEERTRE S RhtufdP 98 is, drawn in by a user of the
instrument 10, the anvil 24 may pivot about the pivot pins 25 into the clamped or closed
position. If clamping of the end effector 12 is satisfactory, the operator may actuate the firing
trigger 20, which, as explained in more detail below, causes the knife 32 and sled 33 to travel
longitudinally along the channel 22, thereby cutting tissue clamped within the end effector
12. The movement of the sled 33 along the channel 22 causes the staples (not shown) of the
staple cartridge 34 to be driven through the severed tissue and against the closed anvil 24,
which turns the staples to fasten the severed tissue. In various embodiments, the sled 33 may
be an integral component of the cartridge 34. United States Pat. No. 6,978,921, entitled
“SURGICAL STAPLING INSTRUMENT INCORPORATING AN E-BEAM FIRING
MECHANISM” to Shelton, IV et al.,, which is incorporated herein by reference, provides
more details about such two-stroke cutting and fastening instruments. The sled 33 may be
part of the cartridge 34, such that when the knife 32 retracts following the cutting operation,

the sled 33 does not retract.
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position. If clanping of the end effector 12 is satisfactory, the operator

may actuate the firing trigger 20, which, as explained in nore detail

bel ow, causes the knife 32 and sled 33 to travel longitudinally 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 (not shown)

of the stapjm46pr 1¢'shd6IRd ook thst Aihbigitht Rbuditdnieofahy asedmehtsiue and
agai nst the closed anvil 24, which turns the staples to fasten the severed

tissue. A Aard QQEQ; RN conmponent of
t he car fl %%aﬂégdf?ﬁ%ﬁﬁ@ d tatifgecLA;? 2 %ﬂ%%taé%?%e?’sg%ﬁ%d?ﬁﬁef Ihf;%haj" SURG CAL
STAPLI NG | NSTRUVENL | ORATI.NG AN .E- BEAM.F| Rl NI SM'y. t hel t on,
|V et aFm,t’?ngﬁP 1jiereq q%f"b%‘feétf%rgaﬁg?lgg s ggg‘r’ﬁ:rgiﬁ gfEkr%gw S l%ﬁcgr e
details _about such two-stroke cutting and fasteni instruments. The sled 33
may be Fpegxample,end ctiagtorsithrjasgRE cagray of gdhesiyige i Eagtgnﬁ %@e@g UL} s
followng the cutting operation, the sled 33 does not retract. -10 100461
|t shouhkBolbe usat dd St Bait Nal §,A02G80 ¢entiled FEBECTRASIRGIC AR HEMOSIEHE 10

descri bed herein enploy an end effector 12 that staples the severed tissue,

i n ot hepEaEiErds Yo%t 8l fahanes! Pdt eIy, 688557 0fatitlE@SEERCTOSURGKEAL ng t he
severed tissue may be used. For exanple, end effectors that use RF energy

dhesj i > . No.
2 oo HpOSTATIE HIANICH Y ARVRRCASSED AN OFTISES, BERCIRODES B0 ViRl N0
US Pat, No,.5, 688,270 itl. " ECTOSU CAL EMOSTATI.C |CE WTH
RECE St ANDPiER 2ol iy T g Aine osg A sndoshome RUtie TRNMEIRL at ed

herein by reference, disclose an endoscopic cutting instrument that uses RF
energy thet geesIRE energyetpesealdhe pavstrd tisspes U SaPetpnt Application el Sl il 26K§11

11/ 267,811 to Jerome R Mirgan, et. al, and U S. Patent Application Serial
No. 11/ 26¥er888 Rt Mdfgan et iad land EI.S SPetérit dypplitationieriabNp. WH2E&h383 © Fxbdamick

i ncorporated herein by reference, disclose cutting instrunents that uses
adhesi v@s Shaltdnd bV & dINehizBeS Ab inkspuratedieesin By Reledencé | didtpiig Rufting
description herein refers to cutting/stapling operations and the |ike bel ow,

It shouligli & ents that uses adhesives to fasten the severed tissue. Accordingly, although the

description herein refers to cutting/stapling operations and the like below, it should be
recognized that this is an exemplary embodiment and is not meant to be limiting. Other
tissue fastening techniques may also be used.

[0047] Figures 4 and 5 are exploded views and Figure 6 is a side view of the end
effector 12 and shaft 8 according to various embodiments. As shown in the illustrated
embodiment, the shaft 8 may include a proximate closure tube 40 and a distal closure tube 42
pivotably linked by a pivot link 44. The distal closure tube 42 includes an opening 45 into
which the tab 27 on the anvil 24 is inserted in order to open and close the anvil 24, as further
described below. Disposed inside the closure tubes 40, 42 may be a proximate spine tube 46.
Disposed inside the proximate spine tube 46 may be a main rotational (or proximate) drive
shaft 48 that communicates with a secondary (or distal) drive shaft 50 via a bevel gear
assembly 52. The secondary drive shaft 50 is connected to a drive gear 54 that engages a

proximate drive gear 56 of the helical screw shaft 36. The vertical bevel gear 52b may sit
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recogni zed that this is an exenplary enbodi nent and is not nmeant to be
limting. Other tissue fastening techniques nay al so be used. 100471
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 ments. As shown in the
illustrated enbodinent, the shaft 8 may include a proxi mte closure tube 40

and a dipgd plvofinomWpRning!3a ift the dibtdbéndlifythd prokieshidypine ibedb. |A diktaligpineThe
di stal closure tubé 42 includes an opening 45 into which the tab 27 on the

gg\s“clr i gilgje?)Sg: Iﬁ%%%&éédit@ elgélgs%rthé SecBR& Y ande SHAPS ddaanamié gdts saS6f urt her

sposed 1 nside the tlosure tubes 40, 42 may be a proxi mate

spine t 46. i sposed. I nsi t.he proxi . '|ﬁr5q) {ABYidpe a main
rot ati o#&ﬁeftbvre%wﬁ@t(gl)ve&ﬁ?eg& dsq?"l%ﬁ%f’ gwﬁg? %omﬂ%#%g}egdgt ‘WTh a secondary
(or distal) drive shaft 50 via beyel gear assenmhly 52. The secqndary
drive stsfembbo(es, hehaed ged ﬁsﬁf’“i’lﬂg?%'é) ﬁ@é?m?)t&m?%é?eréﬁ‘dﬁ(}f@%“%as %F oXtat e
drive gear 56 of the helical screw shaft 36. The vertical bevel gear 52b may
sit - 11 daive sirfvassemblydn opening 57 in the distal end of the proxi mate spine
tube 46. A distal spine tube 58 may be used to enclose the secondary drive

shaft 50 and [o¢uB] drA ¥earedBs pbdtiord.at a Aixtd] ead bi b ¥tapleshaniidl 22(recsieessthaf t 48,
the secondary drive shaft 50, and the articulation assenbly (e.g., the

bevel 9%@p@gggg%@éﬁ@%@g%étgegieaﬂdm% s&%tvefértﬁ‘frefeﬁfe%?a&@W?th%sﬂe@leh'iﬁ@ii n

drive sha A bearing 38, positio at a distal end of

h i hel i.cal [ 6 || ow h
hel 1 oal “rPULILcr e isel S5 HER 3¢ Bru oo Prad@ aRpRl Gl Bt 5 e
helical screw shaft 36 may interface a threaded opening (not_ shown) of the
kni f e 3Xngaédh suehuthatrstation o thrshall g6 causes thedknals 32de tiapdatg distlyser t o transl ate

distally or proximtely (depending on the direction of the rotation) through
t he st apireximhthn@lep@ling ¢ therdiientidnyof thdetatidm thremgh the istaplesthafnel 28. i s caused
to rotate by actuation of the firing trigger 20 (as explained in nore
det ai | bﬁ&!c@w)ingly,h%@etu@hlaqe@zﬁveaﬁﬁﬁmaliycdi@edtbIﬁﬁt@sﬁa&ﬁ@ion&ﬁ“&wﬂﬂﬁ% drive

e

shaft 50 to rotate, which in turn, because of the engagenent of t drive
trigger 20 (as explained in more detail below), the bevel gear assembly 52a-c causes the
secondary drive shaft 50 to rotate, which in turn, because of the engagement of the drive
gears 54, 56, causes the helical screw shaft 36 to rotate, which causes the knife driving
member 32 to travel longitudinally along the channel 22 to cut any tissue clamped within the
end effector 12. The sled 33 may be made of, for example, plastic, and may have a sloped
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 through the clamped tissue and against the anvil
24. The anvil 24 turns the staples, thereby stapling the severed tissue. When the knife 32 is
retracted, the knife 32 and sled 33 may become disengaged, thereby leaving the sled 33 at the
distal end of the channel 22.

[0049] As described above, because of the lack of user feedback for the

cutting/stapling operation, there is a general lack of acceptance among physicians of motor-

driven endocutters where the cutting/stapling operation is actuated by merely pressing a

button. In contrast, embodiments of the present invention provide a motor-driven endocutter
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gears 54, 56, causes the helical screw shaft 36 to rotate, which causes the
knife driving nenber 32 to travel longitudinally along the channel 22 to
cut any tissue clanped within the end effector 12. The sled 33 may be nade
of, for exanple, plastic, and may have a sloped distal surface. As the sled
33 traverses the channel 22, the sloped forward surface nmay push up or

drive t hgthslsePle8dback of iR cﬁzbﬁ:@hf%nt; dtrce batyer pditmglf thdenttih@inserdments¥ie and
agai nst the anvil 24. The anvil 24 turns the staples, thereby stapling the

severedeﬁdég &or When the knife 32 is retracted, the knlfe 32 and sled 33
may becomne |sengaged thereby leaving the sled 33 at the distal end of the

Channel cu ‘ @)%é?lﬁﬁr?sﬁ? (fg 1Pu%ﬂ?%%%§gxﬁgﬁgﬁéiﬁ§o£&eﬁm lrﬂﬁ%r Qfiviser feedback

for the peration I's a general [ack of acceptance

anong physici ans of notor ndogutters ere tting/stapling
oper at i 6Adqcyiters aRthingRprtisyl ?Hé]g"e“ d&‘i‘g?P ShaéPmd S oser- ﬁeﬁgl@ﬁﬁtr?géé odi nent s
of the present invention provide a notor-driven endocutter -12 vm

user - f edeplaykentfand headireglonsendithe cutting insuwmew32go dhe ¢ngreffectara. duy @@CPWQP
instrument 32 in end effector 12. [0050] Figures 7-10 illustrate an

exenpl akke @Rbuthemhayoisedomet provilted\bynhe ased iicietrheting thadiring tydgger 20wd ar t he
handl e thereof, that provides user-feedback regarding the deploynent and

| oadi ng HB%P eqtmwgd §buéatl]e89 bRt HMoRT THe érﬁ@ocﬁﬁ@nﬂ%ﬁﬁﬁé Q$edWith 1hB

additio e enbodi nent na use pomer provi ded by he user in retracting

mode) | FEEDE eﬂgﬁ&eﬁw%ﬁ@sﬁ i FoRparatf AR Bl o 12

and shaft 8 enbodi nents de ove. Asshovvnlnthe illustrated
ermbodi mélstrated smbaignent eﬂ?f\ cﬁfaésnc &FXtgHOT lgier side piecqs X% 60 289 exi§tonngd
exterior upper side pieces 61, 62 that fit together to form in general,

t he ext epparsidsfpitdes 6hatiithet i togethdrdo fermy ilGgenesalcthe axterior of the hatle bedy, may
be provided in the pistol grip portion 26 of the handle 6. The battery 64

powers dafl@y @4, ffohdi 809 $sobdtieryd MmaytReerowaéd inQhe pistol BEip PoRionl 260sfitke porti on
26 of the handle 6. According to various enbodi nents, the notor 65 may be a

bC 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
pinion gear 74 may drive a mating ring gear 78 that drives a helical gear drum 80 via a drive
shaft 82. A ring 84 may be threaded on the helical gear drum 80. Thus, when the motor 65
rotates, the ring 84 is caused to travel along the helical gear drum 80 by means of the
interposed bevel gear assembly 66, planetary gear assembly 72 and ring gear 78.

[0051] The handle 6 may also include a run motor sensor 110 (see Figure 10) in
communication with the firing trigger 20 to detect when the firing trigger 20 has been drawn
in (or “closed”) toward the pistol grip portion 26 of the handle 6 by the operator to thereby

actuate the cutting/stapling operation by the end effector 12. The sensor 110 may be a
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brushed driving notor having a maxi numrotation of, approximtely, 5000 RPM
The notor 65 nmay drive a 90 bevel gear assenbly 66 conprising a first bevel
gear 68 and a second bevel gear 70. The bevel gear assenbly 66 nmay drive a
pl anetary gear assenbly 72. The planetary gear assenbly 72 may include a

pi ni on gear 74 connected to a drive shaft 76. The pinion gear 74 may drive

a mat i NgrobbM@nleekisof Sudhdl fodlekafiplepa HRbitardr vasable desistoB Whemthe faimgve shaft
82. Aring 84 nmay be threaded on the helical gear drum 80. Thus, when the
notor 6

| e ' gasibekigaal gear
drum 8 Oéﬁg&of@its ?ﬁav?zrﬁ {hﬁ g{e' s34 10 YeCAY IMInb ek drR VR sehditt diberiti igaall 9

means o I nt erposed bevel gear assenbly 66, planetary gear

assenbly 72 .and.rin ear 78. i run

not or sé’rqécﬂlvel‘i%&f g g]é%f?(@ﬁp%wi%?oo?elngup g%ﬁ?%éﬁ%ﬁm&ﬁ&?ﬁg S?‘fslro?ﬁg) i?)rai gger
20 to detect when the firing trigger. 20 has been drawn . in (or. "¢l osed")

t owar d Vééabjs repistor @Fﬁ’ﬁl%r@‘%ﬁa@@ %f;th? MOt H3dneY e gineraly pdﬁéqrﬁ%aﬁ 8% her eby
actuate the cutting/stapling operation by the end effector 12. The sensor
110 mayaineurt of ivemepoefithe fiting Hrigesn?0.s Thkdt indf the operatoaplyedrays phelesasde or

vari able resistor. Wen the firing trigger 20 is drawn in, the sensor 110

det ect sfitiig trigp¢eDB i a liAkMbis Grdstation ef tetnidtonds Birglatvely lovdi Bétenvie Hfing he
vol tage (or power) to be supplied to the notor 65. Wen the sensor 110 is a

vari abl ﬁg{%gf'tg gsq?ﬂg bravi?in (b#fﬁ%thé Ry @8l 'gf@ﬂ%iﬁﬁg, %H@Ef_oﬁﬁgn@ bf B2 MY &sisgeneral |y

proporti anmount of novénent iring trigger 20. That is,

if the gperator only,draws, o | ose he LI L1 gger [ ittle bit,
t he rot étgf’@ﬁl%"fmt Erégtﬁﬁrt ‘gprdé’sﬁlle gla‘r?jgf tz':ii]teitu\sleerlpf/l]hf 81\}v.t er Wgelfz?or’ itﬁegﬁo{eri gger 20
is fully drawn in, éor inthe fully closed position), the rotation of the

mot or  6BoHageds applied toHhei MOIRT 63-Faptingerenisr Hées of ktalie-der the user pull's on
the firing trigger 20, the nore voltage is applied to the nmotor 65, causing
greater ratef0032] r dhahande 6[ndgysptlude e nhddid handie pigge 1 Ot hdjaeenstonthgdabperhandl e
pi ece 104 adjacent to the upper portion of the firing trigger 20. The

handl e Eoﬁiomfn&yﬁmcgrmirg'gaez(n Thedtinglero 4% thiy conpriecd §ds sgriigaeropastal on t he
m ddl e handl e piece 104 and the firing trigger 20. The bias spring 112 may

bi a5t Ngeficbh Boktd b B3R Haldlelpheck 0k Yn@ORTrAREbAD0. ' Thel A spifg 1 19hen the

opera
may bias the firing trigger 20 to its fully open position. In that way, when the operator

releases the firing trigger 20, the bias spring 112 will pull the firing trigger 20 to its open
position, thereby removing actuation of the sensor 110, thereby stopping rotation of the motor
65. Moreover, by virtue of the bias spring 112, any time a user closes the firing trigger 20,
the user will experience resistance to the closing operation, thereby providing the user with
feedback as to the amount of rotation exerted by the motor 65. Further, the operator could
stop retracting the firing trigger 20 to thereby remove force from the sensor 100, to thereby
stop the motor 65. As such, the user may stop the deployment of the end effector 12, thereby
providing a measure of control of the cutting/fastening operation to the operator.

[0053] The distal end of the helical gear drum 80 includes a distal drive shaft 120
that drives a ring gear 122, which mates with a pinion gear 124. The pinion gear 124 is

connected to the main drive shaft 48 of the main drive shaft assembly. In that way, rotation
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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. Mreover, by virtue of the
bias spring 112, any tinme a user closes the firing trigger 20, the user

wi || experience resistance to the closing operation, thereby providing the

user Wi hhine hRRGECUSS the nlahedravehat: asfenibl Ritbal:, evhitl eisdyactiadonof the 65.
Further, the operator could stop retracting the firing trigger 20 to

t hereby r ve fagrce t ensor 100, to thereby stop the notor 65. As
such, tﬁ%ffrﬁ%or&gygss?%%%eﬂ)?g%l oynent of the end effector 12, thereby

providing a re.of. control .of the cutting/fasteni i t.n .t he
oper at or . [Oﬁ%?rTﬁ.é‘eH‘ingggltﬁ%ﬁ%edo(fn tpﬂgglﬁc P Idnbnelgﬁ mdir}lg}%a@gé ?h@%{;{; etfs?ata
distal drive shaft 120 that drives a ring gear 122 which mateg with a

pi ni on dredisposediwittrine ot 8o aydettedpm 905 Thesktied aem “0das AR ORERE df IYe shaft
48 of the main drive shaft assenbly. In that way, rotation -14 of the notor
65 causeppdsite endD theit receivehapivoapimetfithst is cormetiad detweeh dhe handleeextertar silei on of
the end effector 12, as described above. [0054] The ring 84 threaded on the

hel i cal paeay SHIKHMTRE pitRY pin' i dBoalifpesdd tBfouphah opéringli 6Pisthd fitinghfiggea sl ot
88 of a slotted armgo. he slotted arm 90 has an opening 92 its opposite

end 94 ba%%éggg‘%n\géé@%ﬁit}{g&i@a}ﬁhgﬁﬂé gt[gge {G4.connect ed between the handl e

exterior si e plrv pin 96 is al so disposed through an

openi ng 100 i e firi. trigger .20 an n opening,102 in, the mddle
handl e pi ecel ?T f’@)ﬁg@ﬁg’i‘ﬁflﬁg&dtl‘? %H’,ayt"f‘ucgu%aanrﬁl grs%n%écg/r SER (e Yoy er se
not or sensor (or end-of- stroke sensor) 130 and a stop notor (or

begi nni KOkt seBsarh k0 angemngiop mpigr. (of PF&?IH?W%G}CSSW&%%S%‘%{%,Int"ﬁgoﬁlsever se notor
sensor 130 may be a limt switch |located at the distal end of the helical
gear dr emb88insmesy thelraverscumotor sepsér 1 3thmentied liont swicchHetdtedat the distadl enchof30
contacts and trips the reverse notor sensor 130 when the ring 84 reaches

the di stipd hediasl br dfieh S®hichahat tﬂ@ﬁﬁ%& thiea30d orl e Hetiv &l gear MOS0 s&isy 130,
when activated, sends a signal to the notor 65 to reverse its rotation

directigpgq trﬁﬂg%@@('ef% 6L OE 18D SHER itﬁeerir?g284)1fea£ﬁ%§ R @s@l LRESQhe Bdlical

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.

[0056] The stop motor sensor 142 may be, for example, a normally-closed limit
switch. In various embodiments, it may be located at the proximate end of the helical gear
drum 80 so that the ring 84 trips the switch 142 when the ring 84 reaches the proximate end
of the helical gear drum 80.

[0057] In operation, when an operator of the instrument 10 pulls back the firing
trigger 20, the sensor 110 detects the deployment of the firing trigger 20 and sends a signal to
the motor 65 to cause forward rotation of the motor 65, for example, at a rate proportional to
how hard the operator pulls back the firing trigger 20. The forward rotation of the motor 65
in turn causes the ring gear 78 at the distal end of the planetary gear assembly 72 to rotate,

thereby causing the helical gear drum 80 to rotate, causing the ring 84 threaded on the helical
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followi ng the cutting operation. 100561 The stop notor sensor 142 may be,
for exanple, a normally-closed Iimt switch. In various enbodi nents, it may
be | ocated at the proxi mte end of the helical gear drum 80 so that the
ring 84 trips the switch 142 when the ring 84 reaches the proximte end of
the helical gear drum 80. [00571 In operation, when an operator of the

i nst rungit deith S0Hd taviepaiktalih Qldnigrthdelichl je@péfun280. Therosaivaaf thelkeldet ect s the
depl oynent of the firing trigger 20 and sends a signal to the notor 65 to

cause L\é)e}%lg@élq} %6) RS BHO?SQBe %’F’f d egsghﬁﬁtaﬁseﬁli?ﬂy EXATPlied Move WRERiPfuaPor ti onal

to ho e operator e fiting trigger 20. The forward

rotation of the notor. 65 i.n,turn causes t rNg. gear t I | end
of the ?ﬂuaq%é’fﬂa&vmﬁah?fﬁ%k%%?éﬂ ﬁg‘etegéj?%?cé?@?' ]thﬁlg}séﬁlf kélgf%s?’?naahp ﬁ’éi%ﬁz#‘?cm
gear drum 80 to rotate, causing the ring 84 threaded on the helical - 15
gear er@UOtt@Vﬁﬁséﬂ@IChéﬂ%qlﬁ?ll‘gﬂga‘luélr’i‘@”lagherﬁ@f swng Bisye climpedantherid ot ati on
of the helical gear drum 80 also drives the main drive shaft assenbly as
descr i beffecadrd2e Alsdyitlehstaplingoparationof the edd pffestoeh? isshuseddo hapes i82 in t he end
effector 12. That is, the knife 32 and sled 33 are caused to traverse the

channel erBodiRBaks whdid@dthplingt typé ey effectdri12ds tisedsue cl anped in the end
effector 12. Al so, the stapling operation of the end effector 12 is caused

to happen in ol : . [RaTaFR ¢ 1.2 o\ ed.
[0053] By 1 nSOFToBY T MRXURIf Sidie fealibh 61 00 CpE IESEA2 BRAIBIUES, 1§

conpletg, .t ri 4 on the helic ear .dr.um 80 wi | ve reached the

G obar Bhaingmdnaghelicabfes 35m Sh il st Rhsti o Sl bnd o BB ETERE S 1ot o
sensor 130 to be tripped, which sends a sighal to the notor 65 to cause the
"ot or . 6&US, SheasbseatISg tha By STsHMORESesR | {iorbecHiResh whieh sends & sigpala
retract, and al so causes the ring 84 on the helical gear drum 80 to nove
back t otht meotor Gixtorratse the nobt@f6 5t thaeveedei itsabtagemr Thiis umti80 cafs8d Belknitk82ro dd| e
handl e pi ece 104 includes a backsi de shoul der 106 that engages the slotted
arm 90 agraliesid AfONMuséIthEridd 188 nGhdhdlicll gehherum 80ltembanBAck tBitlRCsrotdhtal so

has a

end of the helical gear drum 80.

[0059] The middle handle piece 104 includes a backside shoulder 106 that engages
the slotted arm 90 as best shown in Figures 8 and 9. The middle handle piece 104 also has a
forward motion stop 107 that engages the firing trigger 20. The movement of the slotted arm
90 is controlled, as explained above, by rotation of the motor 65. When the slotted arm 90
rotates counter clockwise as the ring 84 travels from the proximate end of the helical gear
drum 80 to the distal end, the middle handle piece 104 will be free to rotate counter
clockwise. Thus, as the user draws in the firing trigger 20, the firing trigger 20 will engage
the forward motion stop 107 of the middle handle piece 104, causing the middle handle piece
104 to rotate counter clockwise. Due to the backside shoulder 106 engaging the slotted arm
90, however, the middle handle piece 104 will only be able to rotate counter clockwise as far

as the slotted arm 90 permits. In that way, if the motor 65 should stop rotating for some

reason, the slotted arm 90 will stop rotating, and the user will not be able to further draw in
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forward notion stop 107 that engages the firing trigger 20. The novenent of
the slotted arm 90 is controlled, as expl ained above, by rotation of the
notor 65. When the slotted arm 90 rotates counter clockwi se as the ring 84
travels fromthe proxi mte end of the helical gear drum 80 to the distal
end, the mddle handle piece 104 wll be free to rotate counter clockw se.

Thus, a?lgc{]ﬁﬁ?é;ﬁ%gexgi%ahﬁ th@ﬁmtdlé h&}%lé {)l'e%ﬁm Vil ndt b8 fhdefth Retatelcommer 20 wil |

engage not 1 on stop 10 he m ddl e handl e pi ece 104, causing
t he nidd e han% uggéc() é 8 rotate counter clockw se. Due to the
backsidé‘?hoﬁﬁ af 544 g the slotted arm 90, however, the middle

hand| P ikl only, to rotat ter. cl ockwi
he slottd 0080 et 1 QA anhT0 sty TP omrebIsCRb IFbRgY b

rotating for some reason, the slotted arm90 will stop rotating, and the
user wi lusechaxtthbainabier senspul Hhancordingoivariousembrdiments 9§ thernreggat Inyentise aus e
the m ddl e handl e piece 104 wll not be free to rotate counter cl ockw se

due to the sehsot | EGImay imdtde 4 A0S PIrtibh 980 esfidst éDicteudd (ADB82,|d wesdndadlecttode st at es
of a variable sensor that may be wused as the run notor sensor 110 according

to variqg zwaﬁttg%&?&sgﬁolédtaeahemnﬂ mettwa@n the BN tHRESTN?2, 284 sUBYad, ncl ude

a face portidn 2 first electrode (A a second el ecfrode (B) 284,

and a c ress bIe | ectri t n.the AN ATe) 284
tch” as R PEREIS s s ol S BLEA %fen?ré § V) B nBI3UE i,
p05|t|oned such that t he ce portign 280 cont cts the firi (el

when r etiResdtosdon 20-eonga ﬁsgthe?r\nﬁé%g&eﬁg m%tepﬁﬂr%t Prdzféglyswﬁ“éttﬁi @f‘g the
dielectric material 286 is conpressed, as shown in Fl ure 10B, such t hat

t he el edtiggai@d iv8nacte@4hedislasirosmatetialghbhecomSicssed, asisbodndn Hrgee 108, bet ween
the electrodes 282, 284 is directly related to the inpedance between the

el ect r odach 22the 2B4trodds28202 &bire cldsritogéthdradietthedisnnee ometwessahe and t he
cl oser the distance the |less inpedance. In that way, the anmount that the

diel ectr l&t,g§ 189, erd‘ﬁ%éﬁf}dre%i@d {oothé %%@%Bée%bt@ée tlﬂg efeicﬁb(‘i@ 285 dﬁﬂﬁﬁ{e 20

(denote orce "F' in Figure 4 roportional to the inpedanée between
';nt;;a or el e%artg q fié dlst8an¢e %gé}nor\é\/ﬁ]ﬁmggdaﬁgen agg the c?ose} PeRis? %rettlileolrégsl iln}/peﬁgrpcte.r ?n the
that way, the amount that the dielectric 286 is compressed due to retraction of the firing

trigger 20 (denoted as force “F” in Figure 42) is proportional to the impedance between the
electrodes 282, 284, which can be used to proportionally control the motor 65.

[0061] Components of an exemplary closure system for closing (or clamping) the
anvil 24 of the end effector 12 by retracting the closure trigger 18 are also shown in Figures
7-10. In the illustrated embodiment, the closure system includes a yoke 250 connected to the
closure trigger 18 by a pivot pin 251 inserted through aligned openings in both the closure
trigger 18 and the yoke 250. A pivot pin 252, about which the closure trigger 18 pivots, is
inserted through another opening in the closure trigger 18 which is offset from where the pin
251 is inserted through the closure trigger 18. Thus, retraction of the closure trigger 18
causes the upper part of the closure trigger 18, to which the yoke 250 is attached via the pin

251, to rotate counterclockwise. 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
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[ 0061] Conponents of an exenplary closure systemfor closing (or clanping)
the anvil 24 of the end effector 12 by retracting the closure trigger 18
are also shown in Figures 7-10. In the illustrated enbodi nent, the closure
system i ncludes a yoke 250 connected to the closure trigger 18 by a pivot
pin 251 inserted through aligned openings in both the closure trigger 18

and t heppQdee2 20 0ColfcRVM9] thpicTbsd Drackbr S 6)isudefinban opasing én whichgls 18
pivots, is inserted through another opening in the closure trigger 18 which

S OF T SSbxlf QUG e bIBRIRAD ofoRe thie 40RE! Fidlre 4)iOUHd 4R Hel PSiehehdt | gger

18. Th etraction closure trigger 1 causes the upper part of the

closure trigger 18, to [ch the,vo J j i 251, to
rotate E’B&‘H&g‘?ﬂ Y ﬁ%egte(\?mlﬁ gloéﬁrg P quEegtrslg §§fjst§ ﬁgﬁ{?g@e}%gggfn?lsﬁigg%lﬁggpg d, via a
pin 254, to a first closure bracket 256.. The first closure bracket .256
connect Broxignae elesun el 49s (he instramgng 1§ also %g'!de@@ CIOSEEE] r9§ :%98 dfspase I‘B%‘%“r e
brackets 256, 258 define an opening in which the proxinmte end of the

pr oxi nathe pedximateeldsuteetut®4Q.sEhe elogure cod360 may imghudd aariadens| 261 sufevhieta

| ongi t udi nal novenment of the closure brackets 256, 258 causes | ongitudinal

not i on Bost DEEon PHOK thahendlt esufier piedes, shbh adbaeriordowersidd it 50 sathe ncl udes a
cl osure rod 260 di sposed inside the proximate closure tube 40. The cl osure

rod 260ilﬁ§t¥at£&‘&hy&tﬁgﬁnfgiﬂg%&sg@tjo ﬁ,fm/ WRhEQ tRe c1BSE rAPH(OB tROBarflle 6. handl e

exterior pieces, su erior l[over side piece 59 in the illustrated

nbodi .1 g di d fixed]y. t. th d to..t he handl
6 in RGN PERE slofirae I SR o LBt B s W e " ©
longitudinally relative to the closure rod 260. The cl osure rod 260 may

al so i nelpsirerad #10stHe desuraod 269 mayalsq inglade adistal collan46¢/thatdis %o Ay oxi nat e

spine tube 46 and is retained therein by a cap 271 (see Figure 4). [00621 In
oper at i cavityWe8mn proaingatk epinb ubedtbtaand ds titeingdathereinyca cap2 Bf (sedhEigotesbur e
trigger 18, the closure brackets 256, 258 cause the proxi mte cl osure tube

40 to nmove dj0862] | }h offeratibn, wie@yhefyoRED5H eotitandihiectogedacdibniofi¢he disdurainent 10) ,
whi ch causes the distal closure tube 42 to nove distally, which causes the

ST S o k2P 1 BRI SRS R,
the (i.e., away from the handle end of the instrument 10), which causes the distal closure tube 42
to move distally, which causes the anvil 24 to rotate about the pivot pins 25 into the clamped
or closed position. When the closure trigger 18 is unlocked from the locked position, the
proximate closure tube 40 is caused to slide proximately, which causes the distal closure tube
42 to slide proximately, which, by virtue of the tab 27 being inserted in the window 45 of the
distal closure tube 42, causes the anvil 24 to pivot about the pivot pins 25 into the open or
unclamped position. In that way, by retracting and locking the closure trigger 18, an operator
may clamp tissue between the anvil 24 and channel 22, and may unclamp the tissue following
the cutting/stapling operation by unlocking the closure trigger 20 from the locked position.
[0063] 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 there through. If the normally-open reverse motor sensor switch 130
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proxi mate cl osure tube 40 is caused to slide proximtely, which causes the
distal closure tube 42 to slide proximately, which, by virtue of the tab 27
being inserted in the window 45 of the distal closure tube 42, causes the
anvil 24 to pivot about the pivot pins 25 into the open or uncl anped
position. In that way, by retracting and |ocking the closure trigger 18, an
oper at ofs opeRYmEdnafdtht iesd Y€ theehde foctbhsirake has n@beam ceachad)nairredwilhfidwriay

uncl anp the tissue following the cutting/stapling operation by unl ocking

the cl ogupeet oilé?ggﬁl%lg%rgﬁvlqma?hgzl Qh1ce thetevdrid ABtor kORGBIwit I Ris hdt i s a

schematic diagramof an electrical circuit of the instrument 10 according

(02T S LIRSHARY' B e 2500 e \DED AR it 21T

pul | s ng trigger ter € closure trigger 18,

sensor 110 is activated, . allowing,current.to flowthere r h. ,If the
nor mal | JORspREiSZes, Hpige FHP“‘%%IH%H%I‘&AS ?Sﬁmié% logkouf §er188re#égr'}gﬁ%ieﬁa the end
of the end effector stroke has not been reachedﬁ current will flowto a
singl e pBeaor Qonbludes hstanle cantrigee1id thesiensos 186 will be &t the clased ptatsellQ¥ing i t ch
130 is not closed, the inductor 134 of the relay 132 will not be energized,

so t he eehai tdBawwiOtherbésel if the end ¢ffertoeidgesed isdladeca stdile caitridge 34, dleso
i ncludes a cartridge | ockout sensor 136. If the end effector 12 includes a

stapl e cgfsbf 1%%\/@1% oﬁeﬂﬁhﬁﬁB??Eev@ﬁ@ng’@hl‘: lbathGy 68 e pSWaROhE ngdter 631 | owi ng

current to f O herw se, the end effector 12 does not include a staple

cartridge 34 nsor 1 L) t her ent | battery
64 from powemoﬁ?gft r@ﬁe%ﬁgﬁtaé%@.c%bg%eg% @\%gér%e?thgl%ssﬁ %@é{@%‘i&r{iéé‘egg\ghgﬁ IS
present, the sensor 136 js c|osed iC energi.zes, a. single pole, single

t hr ow r ENAGIZESBSINGR PRLe pieled rféaé’mﬂ§ BW%?H?“Z g"c]?y i%!f Pe"ﬁ?‘ggl?ego?lbgreflﬁr ough the
relay 136, through the variable resistor sensor 110, and to the nmotor 65 via
a doubl dopsithrougloihbirday h3@thioggathevagable mesisserysepsondd 0 randtth shenpptor 68 ¥iaand
allowing it to rotate in the forward direction. [0065] Wen the end

ef f ect oa dbdable pakhésutldithrendelaf 140,shetbyoiaveringehd moerr$S anmdtatiowirpeinsor 130
will be activated, thereby closing the switch 130 and energi zing the rel ay

134.  Thitste GRURES A€ dirBltfyh. 134 to assune its energized state (not shown in
Figure 13), which

[0065] When the end effector 12 reaches the end of its stroke, the reverse motor
sensor 130 will be activated, thereby closing the switch 130 and energizing the relay 134.
This causes the relay 134 to assume its energized state (not shown in Figure 13), which
causes current to bypass the cartridge lockout sensor 136 and variable resistor 110, and
instead causes current to flow to both the normally-closed double pole, double throw relay
142 and back to the motor 65, but in a manner, via the relay 140, that causes the motor 65 to
reverse its rotational direction.

[0066] Because the stop motor sensor switch 142 is normally-closed, current will
flow back to the relay 134 to keep it closed until the switch 142 opens. When the knife 32 is
fully retracted, the stop motor sensor switch 142 is activated, causing the switch 142 to open,
thereby removing power from the motor 65.

[0067] 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
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causes current to bypass the cartridge | ockout sensor 136 and vari abl e
resistor 110, and instead causes current to flow to both the

normal | y- cl osed doubl e pol e, double throwrelay 142 and back to the notor
65, but in a manner, via the relay 140, that causes the notor 65 to reverse
its rotational direction. [0066] Because the stop notor sensor switch 142 is

nor mal | ¥ SSbrtiGrAl §EME f¥fck hppliddQy thakerhr t REhEES HRY R4 65 woikEp it cl osed
until t (godseﬁtchllﬂ opens.C V@lpen 'EBrl%le knilfﬁ‘e 32 is fully retracted, the stop

mot or sensor, switch 142 i ti ' : ' 4 foOIHAREN,

t hﬂ] ebygineeﬁ%l\yir\é\%&ep%\ﬁfc?)%?tfl %trﬁg%hgﬁ?%lﬁgorp eg@lioi %%%P?Fﬁ:@é%e&fe% 130errbod(l1 ment s, 4 b
rat her an a_ pr.oportiongl- e sensor ..an _on-o ype sensor cou e
used. Ihe%ﬁﬁﬂ?h%ﬁﬂgﬂf‘rh%%‘?fgb 15(%%“?‘@?@”3? GBAFATf the motor 65 would - 19
not be pr opo%iﬁglnaly_to iﬁp.e fQéce. aprfgflﬂia;g q%ilqéhfe oper at o,rng{r,heé, t he notor
65 woul d ge | Y1gusr &t B 219G VIV tliahha Ol BPRWEIMASSISHBPEIEFY woul d still
experience force feedback because the firing trigger 20 is geared into the

gear dr enddctittaiaocorfiingG8 hndthepangbatiZmerst. ghe iechbodinent of Fighre Handinils tofhah
power - assi st notorized endocutter according to another enbodi nent. The

enbodi Mgpkigffes Fl @HxRepidhatSn M ErhBdithéntlof Egur©12, th@¥ ieso oddll axcenhedtbdt in
t he enbodi rment of Figure 12, there is no slotted armconnected to the ring

Fi qure. Ron ith g chfed iPhe RERlaL St B a0 DRIARCm GOGHBRAFRRONITERE 12 1o

Fi gure I nc S¥a sensor portion at noves w t
ring 84 as.the ring 84 advances . do and hack) on the hel.ic ear drum
80. Theﬂéeeﬂ@g{?4 inelngeshsengor BRI hkkkthat Iﬁ%‘feé ﬁ”@‘l@’ ringb4 %&&?%Q‘L&‘%&Pc%nsor
130 may be located at the distal end of the notch 116 and the stop notor
sensor dawn fand Haek) octhe belical gedralrpn$Ri e senspripetion dé4 isludes 2 netchAd 6t he ri ng
84 noves down the helical gear drum 80 (and back), the sensor portion 114
nmoves WThérdveerse nkatod easor 189 nsdyovelotatedratghis disthPend dftherndidhd 1piand thekfsp may
have an arm 118 that extends into the notch 12. [0069] In operation, as an
oper at Ongidr sbAQr 11 83 by BRNbcaldd 4t Mhd FHokindtdledd 6 thé hd10H 116.1 AY@Ke ring 84

moves down the helical gear drum 80 (and back), the sensor portion 114 moves with it.

Further, as shown in Figure 12, the middle piece 104 may have an arm 118 that extends into

the notch 12.

[0069] In operation, as an operator of the instrument 10 retracts in the firing trigger

20 toward the pistol grip 26, the run motor sensor 110 detects the motion and sends a signal

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

As the helical gear drum 80 rotates, the ring 84 threaded on the helical gear drum 80

advances (or retracts, depending on the rotation). Also, due to the pulling in of the firing

trigger 20, the middle piece 104 is caused to rotate counter clockwise with the firing trigger

20 due to the forward motion stop 107 that engages the firing trigger 20. The counter

clockwise rotation of the middle piece 104 cause the arm 118 to rotate counter clockwise

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
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20 toward the pistol grip 26, the run notor sensor 110 detects the notion
and sends a signal to power the notor 65, which causes, anong ot her things,
the helical gear drum80 to rotate. As the helical gear drum 80 rotates,
the ring 84 threaded on the helical gear drum 80 advances (or retracts,
depending on the rotation). Al so, due to the pulling in of the firing

tri gger i Qroifi8tetind & ehetictics! ge@ddriutn §GR WsLAnt WilY @Wnbdceandihiviedy tdp drlsedpse Wit h
the firing trigger 20 due to the forward notion stop 107 that engages the

firing T¢ f 104

cause : Fel#Elsot 2. SORLEGHGNShay UORE MM Rob BcthiBR 5, R EURIEH SeliBEE 174

of the ékl)ng 84 such that the arm 118 stays d| sposed in the notch 116. Wen
in

the r reaches the di stal end of the helical gear drum 80, the arm 118
will contact and thereb the reverse nptor sensor, 130, Simlarly, when
the ring 84 H938heKiguppl ﬁé‘ ideoyieHerfdhehapdlr6 ofrpostrassist BiZet um 80, t he
armw || contact and thereby trip the stop notor sensor 142. Such actions

may revendoeutrdcsirdingtth enotberomigilimergs Jbe einbediyneas otféigurei Ieid sinitrsvethaf 0070]
Figure 13 is a side-view of the handle 6 of a power-assist notorized

endocut bﬁFlgﬁi%qfﬂ) é?@ Fﬁtthﬁﬁ@HﬁQfmwahﬁ&iﬂmHIgurér 3 thdtb &6t indhe fing0.e 13 s
simlar to that gures 7-10 except that in the enbodi ment of Figure 13,

there Igngq: 59 }1% géttl nc gtﬁe heﬁ(ﬁf%@a?‘ﬁhu BG 11{(:'ltrﬁﬁ§§4/eﬁmal3 ggelol;%t he

hel i cal gear vertrcal annel 6 I nste a slot,

hel | cal 5Bt oG Bt ‘5gﬁ%ﬂ%@%ft&é@ﬁE’%%Sp}aé%%ﬂefﬁ“a”ﬁﬁ Rl e

80 advances (or retracts, depending on the rotation). The arm 90 rotates
count er helicsbgear deurm 80 gotates, th@grle& 84 Hucaded o8 thkelical g9ae dpwa B0 adnges (9

di sposed in the channel 126, as shown in Figure 13. [0071] As nentioned
above, ratraus; d@ending\nn:thermkation))tﬁhd aredd( resdtescvanter clobkwisopetl®trorg 84 rst pul | s
back and | ocks the closure trigger 18. Figures 14 and 15 show one

enbodi meiianeds dueWethelfost pm%dlﬁged@%&w £the ch@@el 1263 aé shdviieinFigare!13gr i p _
portion 26 of the handle . In the illustrated enbodi ment, the pistol grip

portion 26 i frifles sandifked 2AbvEAluslng AAW3SERke motorized instrument, the

operator first pulls back and locks the closure trigger 18. Figures 14 and 15 show one
embodiment of a way to lock the closure trigger 18 to the pistol grip portion 26 of the handle
6. In the illustrated embodiment, the pistol grip portion 26 includes a hook 150 that is biased
to rotate counter clockwise about a pivot point 151 by a torsion spring 152. Also, the closure
trigger 18 includes a closure bar 154. As the operator draws in the closure trigger 18, the
closure bar 154 engages a sloped portion 156 of the hook 150, thereby rotating the hook 150
upward (or clockwise in Figures 14-15) until the closure bar 154 completely passes the
sloped portion 156 passes 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 clockwise such that the closure bar

154 is released from the recessed notch 158.
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et iR

to rotate counter clockw se about a pivot point 151 by a torsion spring 152.
Al so, the closure trigger 18 includes a closure bar 154. As the operator
draws in the closure trigger 18, the «closure bar 154 engages a sl oped
portion 156 of the hook 150, thereby rotating the hook 150 upward (or

cl ockwi se in Figures 14-15) until the closure bar 154 conpletely passes the

sl oped porti ¢sy72p6 FRags ¢6 sﬁd\%@aﬂbtﬁeﬁ@%&%dﬁ@é&%’bkﬁ@&n@éhaﬁﬁﬁl feeklidb@, Wwhich

| ocks the closure trigger 18 in place. The operator may rel ease the closure
trigger 18 hy i . i : tiqn . Lk ck or
oppositgmgwggng#apﬂ%g%?gﬁg QéPﬁﬁn%hﬁﬁﬁgﬁM%égaﬁﬁg‘ﬁﬁ% né%%#%pﬁe g??ﬁe button
rel ease 160 tates the hook 150 .cl i.se such that .th L asure bar 154 is
rel easeaveﬁ%iﬁl 19%%%%%—%%%3%11%38{(.\_/\‘5 eTW%fa(EP%PE?QEISSW)Wg anot her
closure trigger |ocking mechanismaccording to various_ enpodinents. In the
embodi mdawnwardroycloekwise) bynaleef snsingd 621 (Thg dvedgs ! ¢hend Jgakspaing dbd gays0 havi ng
an arrow head portion 161. The arrow head portion 161 is biased downward
(or cl ockade $@m, Hyr exalnpdd, nepdédgastie? WHengtheweldgae tigpeand is mahctsdrthagrrd®2 may
be nmade from for exanple, nolded plastic. Wen the closure trigger 18 is

retract ¢dad ol 6 P indeeRd tlﬂ@ﬁ%ﬂ Sopeiing 41 iR SRS BiSS] i ﬁé&ﬁbn 2B oP AR Nandle164 in
the pistol grip portion 26 of the handle 6. A lower chanfered surface 166

of the ar rm‘{ag@ﬂa&fawd sglgfaaé@ilsoe@gggggg‘?-qeg&ﬁsni%quhgﬁge;ﬁﬁ?&ér SdiSvafipeni ng

164, forcing e arrow por otate counter clockw se.

Event ual. | e | ower .ch ered surface 166.fully passes the | awer sidewal l
To5 1 ol PR cpfne dhAcBres Gerioudiadpediopd onie FARR ShutEE ot F e on 161,
causing the lower sidewall 168 to slip into a |ocked position in a notch
170 behibventupldy the dowerrbamigred surdase 166 fullyoprmsys tholower sidkwalld 68, remgvimgt r i gger
18, a user presses down on a button 172 on the opposite side of the closure

tri gger tidcounter sionkwishorae bo\thedwraov-head poatiord 641, causigd the doweartsidesvall IG8ackw se
and allowi ng the arrow head portion 161 to slide out of the opening 164.

[0074] FKjigit6 8 1deked posiiONirPa £OEIF U7 EbEHIADEHE arb RChdad PoRREMNEYLL SM according to
anot her enbodi nent. As shown in this enbodi nent, the closure trigger 18
includes a f l[ﬁ‘ﬁ%? ! o unlock the closure trigger 18, a user presses down on a button 172 on the
opposite side of the closure trigger 18, causing the arrow-head portion 161 to rotate counter
clockwise and allowing the arrow-head portion 161 to slide out of the opening 164.
[0074] Figures 17-22 show a closure trigger locking mechanism according to
another embodiment. As shown in this embodiment, the closure trigger 18 includes a flexible
longitudinal arm 176 that includes a lateral pin 178 extending therefrom. The arm 176 and
pin 178 may be made from molded plastic, for example. The pistol grip portion 26 of the
handle 6 includes an opening 180 with a laterally extending wedge 182 disposed therein.
When the closure trigger 18 is retracted, the pin 178 engages the wedge 182, and the pin 178
is forced downward (i.e., the arm 176 is rotated clockwise) 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 clockwise force on the arm 176 is removed, and the pin 178 is rotated counter

clockwise such that the pin 178 comes to rest in a notch 186 behind the wedge 182, as shown
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| ongi tudi nal arm 176 that includes a lateral pin 178 extending therefrom
The arm 176 and pin 178 may be nade from nol ded plastic, for exanple. The
pistol grip portion 26 of the handle 6 includes an opening 180 with a

| ateral |y extendi ng wedge 182 di sposed therein. \When the closure trigger 18
is retracted, the pin 178 engages the wedge 182, and the pin 178 1is forced

downwar;d p{J {odkihgBhd SofiRt Bier 08, OTHbiaa) 8 by furiher heldx placy nace 184
of the lgmgl%ég%}g%}gogloém inOFi gurf%gr 17 allrfl# 18. When the pin 178 fully

passes th ower .sur.facg . t i r he arm 176 is
rennve&begﬁke W@HHPH”T%Qe?ééé%ﬁhpgé&%%ﬁﬁﬁ%fﬁn@ﬁgggﬁﬁgghéuch that the pin 178
comes to rest _in a_ notc 86, behi nd t dge 182 hown -22 in Figure
19, thereby [PB&di nke packt §&S@%?Iﬂ§ij§&é§."%ﬁ or&a}yal%rit@eri SsunfFret%%eer held in
place in the |ocked position by a flexible stop 188 extending fr t he
vwedge 1dasurel @i@zerll 8ToausnoibRr Pithk/ Sctosagage a florgddackwall {$hofthe ppenng further

squeeze the <closure trigger 18, causing the pin 178 to engage a sl oped

backwal forcl@Othefpirt 8 wypeard past 1BOflexiblorstipni@ 8t dveshpivn it Fizungsidlr ahdgds tThehe
flexible stop 188, as shown in Figures 20 and 21. The pin 178 is then free

to travgh 1981s Béh HEPRS rHRAGNEG ubBér dHankd1 Q9P RethicdPediB 1806l thadthé he closure
trigger 18 is no |onger |locked to the pistol grip portion 26, as shown in

A R e e TR

second %P orizon plane in

e RhoL 5 Al beSara o BB R S g 1 @

approximately a 150 orientation. The u-joint 195 may be used instead of the
bevel gb%ﬁ-%oémeuc]o'(rééas Fotatgs i athorjzentabplangineyhigh thefarshpieee 195l lish poi nt 14
of the main drive shaft assenbly to articulate the end effector 12. Figures
24A- B shigwea23tAoshomanhecadpdiat 19%7in atlvetr (189°)leientmadn and Figare 2B Hetws théie- bevel
gears 52a-c and the u -joint 195 to realize articulation of the end

ef f ect 0fink395 bOHpokima @Y £3$5@%rRhtdtibh UThE alj§inf 193 ARY b WRQCINERA othe 2

notori Zed, two-stroke surgical cutting and fasteninhg instrument 10 with
POVETr a5k éea?scﬁ?i[cd(sQ@ng%reaﬁ%p&ample) at the articulation point 14 of the main drive

shaft assembly to articulate the end effector 12. Figures 24A-B show a torsion cable 197
that may be used in lieu of both the bevel gears 52a-c and the u-joint 195 to realize
articulation of the end effector 12.

[0077] Figures 25-31 illustrate another embodiment of a motorized, two-stroke
surgical cutting and fastening instrument 10 with power assist according to another
embodiment of the present invention. The embodiment of Figures 25-31 is similar to that of
Figures 6-10 except that instead of the helical gear drum 80, the embodiment of Figures 23-
28 includes an alternative gear drive assembly. The embodiment of Figures 25-31 includes a
gear box assembly 200 including a 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
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enbodi nent of the present invention. The enbodi nent of Figures 25-31 is
simlar to that of Figures 6-10 except that instead of the helical gear
drum 80, the enbodi nent of Figures 23- 28 includes an alternative gear drive
assenbly. The enbodi nent of Figures 25-31 includes a gear box assenbly 200
i ncluding a nunber of gears disposed in a frame 201, wherein the gears are

connect geleRBiVERRINo aSEstRh@ A& SyriYer ©fthe £Ad NBCONE2. Plnthaisegailikd e at the
proxi mate end of the drive shaft 48. As explained further bel ow, the gear

P _ . . As explai ned further below the gea
Cogar i S PYEEE e ED gy PR e TS 0P ONE SO0 o
th .ovid to t t ia th -123 nbly 200
Lo asst Soebamm bRy Tt boriseg AR BRI b ey AP kR BRRTVCY

enbodi ments_descri bed above, the enbodi ment of Figures 23-32 is another
power asEpesiencedhyohp Mmserumest.r urent 10 that provi des feedback to the user
regardi ng the | oading force experienced by the instrunent. [0078] In the
illustrated ¢oO¥8Yi Metie,illusimtdd embglimentgthefird@ trigedr 0dncludes tpoaiesss: aa  nmai n
body portion 202 and a stiffening portion 204. The nmain body portion 202 nmay

be  madensd bédydsrién 20DinEx aifRintng wordon D@4, SThd theinibady portionR022A4y by be made
out of a norerigid material, such as netal. In the illustrated enbodi nent,

the sti frﬁa%@io?g{aﬁtgér’,tfégo aé-l?)‘fe lhfid ﬁfysﬁ?f@ﬁrng #)Fﬁioh%ﬂ}m A% PR b igid but

according to odrnénts, the st eni ng portion 204 could be

di sposed i nside the i n. bod rti.on,202. A piv in 207 . be.inserted
e bugh TEEHLiGEh Prmes T of HyBRp ey SEpodRisal R renbigipaidh fY isgBiaeRor e
about which the firing trigger 20 rotates. In addition, a spring 222 may
bi as t héo thermaig bpdy peeipn 202t peposding fqother eehpdiments,| the kifffendngiperien 28h. The
spring 222 may have a distal end connected to a pin 224 that is connected
to t he pbeldds d2@Pdsedlfgidothetthainfbody portioni2§ZeA oot pin@0pmayibeansertedhd of t he
spring 222 may be connected to one of the handle exterior |ower side pieces

59, 60. t]lixeﬁg"l%pdnmgtsh@tﬂelﬁﬂﬁgttﬁggacbimbgdi,rmmand Blbetthepomt ﬁonOg&‘lithhéi on 202

and the stiffening portion 2 i ncludes gear portions 206, 20
(res peCtﬂri‘ﬁ%ltﬁgg&E’ZOtrgﬁ{eE. ﬁpﬁ)&ﬁti@rﬂq spring 222 may bias the firing trigger 20 to rotate in a

counter clockwise direction. The spring 222 may have a distal end connected to a pin 224
that is connected to the pieces 202, 204 of the firing trigger 20. The proximate end of the
spring 222 may be connected to one of the handle exterior lower side pieces 59, 60.

[0079] In the illustrated embodiment, both the main body portion 202 and the
stiffening portion 204 includes gear portions 206, 208 (respectively) at their upper end
portions. The gear portions 206, 208 engage a gear in the gear box assembly 200, as
explained below, to drive the main drive shaft assembly and to provide feedback to the user
regarding the deployment of the end effector 12.

[0080] 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 being coaxial with a
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portions. The gear portions 206, 208 engage a gear in the gear box assenbly
200, as explained below, to drive the main drive shaft assenbly and to
provi de feedback to the user regarding the deploynent of the end effector
12. [0080] The gear box assenbly 200 may include as shown, in the
illustrated enbodinent, six (6) gears. A first gear 210 of the gear box

assenbl R Q0reN8agas fifihared 28 is AP bevd gestGhat20Bagel atohatinfgi S0° bgvdlrgegrger  20.
In addition, the first gear 210 engages a snaller second gear 212, the

smal | er 2?(?&)%%%h9@ﬁrin ﬁi]g%ré)ﬁ)qlﬂatcié)@dﬁn@étea‘&c; fhe PirdieH Sér 11 DAt kight AAREs tBd thainl he

third gear engages a sraller fourth gear 216, the smaller fourth gear
bei ng cgaxi I \Qf'th a -24 fifth gear 218. The fifth gear 218 is a 90 bevel
gear th Ifwee%gggs a mating 90 bevel gear 220 (best shown in Figure 31) that

is connected to the pinion gear 124 that drives the n drive shaft 48.
100811 I n op08L] ofn oRgsatipne Rdch theruspiieradts g‘etﬁglgftfllgg‘%?ok o1 o Ty

nmotor sensor (not shown) is activated, which may provide a signal to the
nmot or  6Enot shavat)as activated, whichk mayrmppoide A siganl to she metasbd darotate af drate wit h whi ch
the operator is retracting the firing trigger 20. This causes the notor 65

t 0 1ot ap@pettionalstpeedeié @ fdrcOndth vitdcl the opegtuvalis fetracrinigtbe Sieing origgef8. sensor
is not shown for this enbodi nent, but it could be simlar to the run notor

sensor ?fillg_cags%g ﬁ{cfie&g&@r 8P fotatd Hea fRed BfopbRidngl B8hd Qgﬁélﬁ%rﬁ thels@fsdpamde e 6

such that it | ressed when t fring trigger 20 is retracted. Al so,
instead of a proportional-type. SQI.,:. an ff [ used.
00821 Fpetts BRCEB en{a" it Y BRURE Bl AP Gl WRe mEERSRY S0y Bt 3
whi ch causes the planetary g 72 to.rotate i ch causes, via the drive
shaft 76esciifed ghoyg, ”gréaﬁer@szlzcmﬁ@g? k?@atﬁg.ln%ﬁi\a?dlﬁg%@aﬂla&ézs graed V(F?rh the
pinion gear 124, which is connected to the main drive shaft 48. Thus,

r ot at i othedirirtghteggérni0ds reyeatedl 2dsaginstead of h@roymirtiordi-type sshsk +ani8)y/ofikypeh
causes actuation of the cutting/stapling operation of the end effector 12.

100831 kaikvemgy boh@di on of the pinion gear 124 in turn causes the bevel gear
220 to

[0082] Rotation of the motor 65 causes the bevel gears 68, 70 to rotate, which
causes the planetary gear 72 to rotate, which causes, via the drive shaft 76, the ring gear 122
to rotate. The ring gear 122 meshes with the pinion gear 124, which is connected to the main
drive shaft 48. Thus, rotation of the pinion gear 124 drives the main drive shaft 48, which
causes actuation of the cutting/stapling operation of the end effector 12.

{0083] 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 counter clockwise when the motor 65
provides forward drive for the end effector 12 (and to rotate counter clockwise 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.
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rotate, which causes, by way of the rest of the gears of the gear box
assenbly 200, the first gear 210 to rotate. The first gear 210 engages the
gear portions 206, 208 of the firing trigger 20, thereby causing the firing
trigger 20 to rotate counter clockw se when the notor 65 provides forward
drive for the end effector 12 (and to rotate counter clockw se when the

not or  68imiRk! Rhert the opYRESTGelbael el fadig thigger0chfet flratuctingl2gplingroptiadbn way,
t he user experiences feedback regarding | oading force and depl oynent of the

end ef f ochofi: & R¥urleYit®briding déSfionSthe AdrRyiftRxpiifents b Pk ivided8@fior Sreelhus,

when the user retracts the firing trigger 20, the operator w | experience

a resistanc el ated t he. | oad r i or 12.
257 By g arescha) BSE il S pEpo IR o TRE ¥ sbiB AR FOLFREY" g
cutting/stapling operation so that it can return to its original position,
the user wil [00§gbeﬁisbﬂ‘élé alsodediofes taat ip dig e ﬂélfnﬁ%é‘e “F‘Frcfﬁf‘taﬂgly&grrang trigger
20 that is generally proportional to the reverse speed of the notor 65.

[ 00841 (cithshiodied ofibsin dsiditivatte dhe foage from the motonbdrorasirate: the madwdriveathafippl vy
force (either inlieu of or in addition to the force fromthe notor 65) to

act uat eadshiabRBRhnd Berick ehesdifing/stasl igrdperationod tHeend effeber ¢t thioughsétegetingg
operation of the end effector 12) through retracting the firing trigger 20.

That i Stherfﬁh{gﬁggg&@ot Nhaf is! debrdctd] 'tﬁgﬁﬁn%gi%rg}gyé@@aasbsethg%@ar ReRtibAO, 26, 208

to rotate co cl ockw se, I ch caus e gears of the gear box assenbly

200 to rotate her eby . causi t he ,ni nion gear 124 [ h causes
Che i 9 s el FloeRliE W RIRSpL e 1B B SRR st RO R BRI 1 b o
25-31, the_instrunment /10 may further include reverse notor and stop notor
Sensor stheRbY GR4UR BEQMIRB e 1240 Futter WHChERUSFS the dnaiy 8pverenadt ¥ oanels o Ry
detect, respectively, the end of the cutting stroke (full deploynent of the
kni f e32) and[0088] eAdthofigh rotrshowh mFigpres 26+ 3dnthefindttunent 1 8 araydurtbér in¢ladkni f e
32). Asimlar circuit to that described above in connection with Figure 11
my be usefie ntGRMAGHP @b YerRome AstdescribEatbsved the ré(18Ehotdraud e®pIrotd6

illustrate a two-stroke, notorized surgical cutting and fastening

I NSt ungiisorl nayd delle P Fec Dy, the ARLCSHL OGtihPstPIRIRRT MMM B e ThE
knife32) and the end of retraction operation (full retraction of the knife 32). A similar circuit
to that described above in connection with Figure 11 may be used to appropriately power the
motor 65.

[0086] 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 clockwise

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 upper portion 230
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enbodi ment of Figures 32-36 is simlar to that of Figures 25-31 except that
in the enbodinment of Figures 32-36, the firing trigger 20 includes a | ower
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 fir s 8@l t02d@tedlodkia s o posHEINS Alsok@hitesTiecksyise, and #Aen itk connect ed
to the upper portion 230 such that the upper portion is biased to rotate in

the cl oGk SBrtidh IBGo188% colhier HBRGKisP etdﬁg@rl FosRof 0 AbS thBSENGRra | Oner arm

234 that contacts an upper surface o ower portion 228 of the firing

trigger 20,such.that en the uppe arti 230.. - i tate

cl ockwi §§)CFW§G1 §%ﬁarbf\gﬁbelnl8ﬁ’e§§%‘% E%Q%[%Eué@ g% IGZJ[ %%’é\?\/lsggé,zgg#%?\%ﬁ%a%e% e | ower
portion 228 rotates counter ¢lockw se the upper portion %ﬁo al so, rot at es
count er sheulderiofjthesuppey H?IFIBFI2§9- qutg'aq ‘B%l"‘%ﬁBrﬂE‘i wpenpertion 2Pt ieused 19t at i onal

stop 238 that engages a shoulder of the upper portion 230. In that way,
when t heotappenntooelotlowis@ 8@ lpwerparten22®alse mizcecantanchckpissciowd whertthe | ower
portion 228 al so rotates counter clockw se, and when the |ower portion 228

r ot at es 16WaIoni L2 18NS tau3RdsckMdsd the Dppd Yol 30l i retatesl cdedkwiisee.  10087] The
illustrated enbodi nent al so i ncludes the run notor sensor 110 t hat

conmuni cat es [@o@gg Pale ifiQstiafR BN mER alsdheluddd HSFInQHSE SRR MRths, MaY

cause the notor to rotate at a speed proportional to the force applied
by the operator when refractin firing trigger 20. The sensor. 1 may
oo, f or SBEasRate S SptaDl] B gk o Bar i Ry, bobAfEepEomey SRud TEBRESS 1o
expl ai ned herein. In addition élh i nstrument 10 may i ncl ude reverse notor
sensor 1@ 5yaie ghe Spesd pranosiienablo s\fqrewaphﬁgzm thePresptprhery refragting the figing 242
of the upper portion 230 of the firing trigger 20. \When activated, the

r ever se triggen 20 s @he oenso 801 mayl be,dosexpmalle, taghedstat onsime ohbr variablevresistence
direction. Also, the instrunent 10 may include a stop notor sensor 142 that

IS tri ppetkopras aghlainke terthie MneAaitiaa| ®e inyruimdst 100MaY ifelidei reverde2@ ok sélder firi ng
trigger 20. Wen activated, the stop notor sensor 142 sends a signal to

stop the3peNR5SEiphd &t dvARhed WhBE coftROd b2 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.

[0088] 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 United States Patent No. 6,978,921 to Frederick Shelton, IV et. al and United
States Patent No. 6,905,057 to Jeffery S. Swayze et. al, which are incorporated herein by
reference) so that the user can grasp the firing trigger 20 to initiate the cutting/stapling
operation, as shown in Figures 32 and 33. At that point, as shown in Figure 33, the gear
portion 232 of the upper portion 230 of the firing trigger 20 moves into engagement with the

first gear 210 of the gear box assembly 200. When the operator retracts the firing trigger 20,
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100881 In operation, when an operator retracts the closure trigger 18 into
the | ocked position, the firing trigger 20 is retracted slightly (through
mechani sms known in the art, including United States Patent No. 6,978,921
to Frederick Shelton, IV et. al and United States Patent No. 6,905,057 to
Jeffery S. Swayze et. al, which are incorporated herein by reference) so
that thg.cHsipig t@%ﬂ@ﬁ@@rﬁbd}cﬁﬁleﬁﬂs! the diring itggre 2@ Ghayaoiatd 4 srileambent, such as
cutting/stapling operation, as shown in Figures 32 and 33. At that point,

as sho vé @e éeg e%l%‘?tngﬁﬁg 12680 mAG ehQ? 13825%hotviGn HRRSE 3POALHWMORBP Of the

firing nove to engagement with the first gear 210 of the gear

box ass V\hen 0 at t I 27
accor di ﬁ’@ %Oflgquj t‘?{gé? foﬁaeg |t2§t|%r21l aEaQ@ Oh%af{o tﬂgf'e'ira?@ona snal |
anount, such as f|ve de rees, before tr the un notor, se r 110, as
shown i fores ZjupHed By thegperasert i s farward H@a%feﬁ‘gflc}gg &?B%est??edeﬁﬂ% 65 to
forward rotate at a rate proportional to the retraction force apglled by

t he opeataives the Taén driventhall 4800 aetatgnwhichtcaesenthedmifss2da dheend effecipsdéite bed
above, the main drive shaft 48 to rotate, which causes the knife 32 in the

end ef f gglloyediRe.| beddetrattefihgtecchannet 22). BRghtior ofakie pmiciggdan é24,hehiciels 22) .
Rotati on of the pinion gear 124, which is connected to the nain drive shaft

48, caug&setde 1P grnﬁmg vl 43, LhReO6R ﬁejﬁ@él 6336 PN £ P0poxt é%sén%l?@@() Since

the first gear I's I n engagenent Wt he gear portl on 232 of the upper

Fot élg”eoﬁs?ﬁré’ﬁsf B 9t SR eabO BTG PR kP 2 DB BRRCE 101t o

counter clockw se. [00891 When the knife 32 js full de pl oyed (i.e., at the
end of PHEOBEHY Pﬁ@esﬁﬁwweggerﬂqet CRUPBFPOFURI2 Sts Cfset Ferqﬁﬁséeurﬁert. on 230
trips the reverse notor sensor 130, which sends a signal to the notor 65 to
r ever seclookwise,ovhith eliusescthe dowsgr poTtinns228ta alse rotats aemnter diockwisshaft  assenbl y
to reverse rotational direction to retract the knife 32. Reverse rotation of

the main drj0089F haflenahs knifd 32 Blfally deplowsl (1.6 gatghaesd 2flibe 28AingRtrbke), Gear box
assenbly to reverse direction, which causes the upper portion 230 of the

firing ?rBhﬂQ@é 280 1iRe ﬁgéé??grtfdn%lﬁ%ﬁftgg éé%%s%ﬁn&t PT%%%H’B‘?) LA sehR@ 4 | on 228

of the firing trigger o rotate c W se unti | "ower

signal to the motor 65 to reverse rotational directional. This causes the main drive shaft
assembly to reverse rotational direction to retract the knife 32. Reverse rotation of the main
drive shaft assembly also 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 clockwise,
which causes the lower portion 228 of the firing trigger 20 to rotate clockwise until the lower
portion 228 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 12 and, in particular, to the loading force experienced by
the knife 32. 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 experience
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portion 228 trips or actuates the stop notor sensor 142 when the knife 32 is
fully retracted, which causes the notor 65 to stop. In that way, the user
experiences feedback regarding deploynent of the end effector 12 by way of
the user's grip on the firing trigger 20. Thus, when the user retracts the
firing trigger 20, the operator will experience a resistance related to the

depl oy negbclfisd eatPadork ffem the firthgaridgeri20 thatris penekaly, proportibealltodlgi ng f orce
experienced by the knife 32. Simlarly, when the operator rel eases the

firing &5&gg§keggf@£ ot cutting/stapling operation so that it can
return to 1ts original position, the user will experience -28 a cl ockw se

rotation for r he . firin [y . tional to
t he reverseﬁg%@egﬂgﬁmlﬁﬂgk%g g‘PEegéﬁaq%Bégfhﬁfélgh%l}ﬁgGg({rgglll é%rﬂgg@g% that in
this enbodi nent the user. can app forc either in liey of.or.in dition
to the feuhedniigyaf onia addition t%g)e gpgfeémﬁwég?tﬁ%gﬁé? Acupie B Dy drive é‘g‘gnm y
(and hence the cutting/stapling operation of the end effector 12) through

r et r act assgmbly and henice thetouitigéstardidg operation ef the end affestagl Drbrough raiggcting gger 20
causes the gear portion 232 of the upper portion 230 to rotate counter

cl ockwi ge firiRitGpee 20S Fhat ibere@aaing thd fitihgtripear 2heusesaths godr por2@N232o0frthe at e,
t hereby causing the pinion gear 124 to rotate, which causes the main drive

shaft a@gﬁﬁ?&ﬁioﬁ 93? & %)tteﬁe oG ockigsc2 Rk dBss ihdedreomnd bemmbg enpl oyed
'S ee h

power - a user back systens, with or w thout adaptrve control (e.g.,

motor osoeaarof Y e e Y sl Bei S 1455 PREEh BB RUBERRAT TNE

notorized surgical cutting and fastening instrunment. That is, force applied
by the déwrshaff assemblyatatole-t he firing trigger 20 may be added to the force
applied by the notor 65 by virtue of the firing trigger 20 being l(ileared
into (either[089tlecThgatmveidesirited emppdintemtsrmaployid pasverragsist uspiefepdlaackt he not or
65 and the main drive shaft 48. In other enbodinents of the present

i nvent i §Rtentsheith e fvithivyt ddapiveostntied(evg.  isingarcicnbar flogtiinakd n14pandidedft he
position of the knife 32 in the end effector, but w thout having the firing

triggerRQUAIEATRH syfLA Jri A8RE 69T deUfdlivedrdln, and end effector 12) 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, but without having the firing trigger 20 geared into the gear drive train.
Figures 37-40 illustrate a motorized surgical cutting and fastening instrument with such a
tactile position feedback system.

[0092] 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. Unlike the embodiment of Figure 32-36, however, the upper portion 230 does
not have a gear portion that mates with part of the gear drive train. Instead, the instrument

includes a second motor 265 with a threaded rod 266 threaded therein. The threaded rod 266
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Figures 37-40 illustrate a notorized surgical cutting and fastening
instrument with such a tactile position feedback system 100921 In the
illustrated enbodi nent of Figures 37-40, the firing trigger 20 may have a

| ower portion 228 and an upper portion 230, simlar to the instrunent 10
shown in Figures 32-36. Unlike the enbodi mrent of Figure 32-36, however, the

upper PRl rB&t%:iQnglRﬁﬁlaup% ARRY§ T tERbIOP 263 hOthe MiAbr 765 105teY, HépeRding Of the
gear dri v train nstead, the instrunent includes a second notor 265 with

a th_readeﬂha?I ‘?S?Cﬁ r(&)ta(?%geq}hghlﬁsrtmp @&H{Cmgﬁgn %@8%68?%% jeci procates

| ongi t u8f as t r ot at es,
depending on the dlrectlo rotatiqn. r.ume Iudes an
encoder TSBENSIYEP ﬂi“'smtart’é’é‘ﬁfagge\}’éal{‘ grlf'%ghatﬁo‘i@af’f Hﬁ’éstl?}fngttﬁg n}‘r‘{ﬁlﬂelﬁ@la\?gu 8haft 48
for translating the incremental angular notion of the main drive shaft 48
(or ot heroticowftheemaindfive eafhds (or ottioy compenanbpfthe maindeve eseppblypaHeRng seri es
of digital signals, for exanple. In the illustrated enbodi nent, the pinion
gear 124oiréxpbudifg saieefofdiginal sigauls, fer exfaaiple. v @hd i]l]atstra:tedlembbcﬁnteot, theepinioooder
268. [0093] The instrunment 10 also includes a control circuit (not shown),

whi ch ¥ 9 24l I RRBIHr S5 ntAR awveashaﬁgry@%%meb@&o fHe hos®robber type of
integrated circult, hat recel ves digital signals fromthe encoder 268.

Based on the I C

cai cul ate ¢ ndRlgdheih Rl emgw%oﬁtw oAU IR e 1

That is, the cogtrol CII‘CUIt can cal cul e i f the knife 32 is ful l%

depl oyedmplementpd uging gapisgpcoptroligr or spme At feF ot 0 Hiegtptgd sircyh dbad enveRe

cal cul ation of the stage of deploynent of the end effector 12, the control
ci rcui t theedigibadnignalsdiogmetie etngociemé6geBewd anshesignds from besneasier 26% theot ati on t o
t hereby control the reciprocating novenent of the threaded rod 266. [0094]

| n oper abntésl cirasit flagwhlcultethg wtage 3i7depidyaent bethe ka3 i theg@gdreffeBor $2.not
| ocked into the clanmped position, the firing trigger 20 rotated away from

the pi stghegrihp coerUl tc:ir@tﬂ’[ e (Qlicutla{i@ iMRORife £ ﬁlfﬁllfy 488 yddh gulfy'BRhctd AGEa242 Of
the upper port| on 230 of the firing trigger is not in contact with the
proxi mat i u?termﬁent spage %ase%d the c.gljlculat6 i6n g}ht%e 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.
[0094] 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 20 so that the operator can grasp the firing
trigger 20, as shown in Figure 38. In this position, the front face 242 of the upper portion 230
contacts the proximate end of the threaded rod 266.
[009S] As the user then retracts the firing trigger 20, after an initial rotational

amount (e.g. S degrees of rotation) the run motor sensor 110 may be activated such that, as

explained above, the sensor 110 sends a signal to the motor 65 to cause it to rotate at a
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operator retracts the closure trigger 18 and locks it in the clanped
position, the firing trigger 20 rotates slightly towards the closure
trigger 20 so that the operator can grasp the firing trigger 20, as shown
in Figure 38. In this position, the front face 242 of the upper portion 230
contacts the proximate end of the threaded rod 266. [0095] As the user then

ret rac'[i%r\éreﬁﬁ s{)éerdiﬂ?&;c‘;rfi&%%thggmcﬁﬁf 8f refiktioRifbica lappl¥detyl BB aberaiiithe (e.g. 5
degrees of rotation) the run notor sensor 110 may be activated such that, as

expl ain rgngdbl%\éeel‘_ %t}e r&glthsrgfaélé;x Qf ﬁ%w&oﬁ6§ bﬂﬂ?g tth%)g% iDGri VDL MDrolGrafdUSe it

to rota orwar eed proportiona e anpunt of retraction

force applied by.the operator to . the.. firi L r . F rd _rofsati on of
the not¥d thsean é‘éest“ilﬂ’e‘”}ﬂg\t‘ ﬁa‘lff"?%ké‘lfﬁé? aﬁ‘gglf@%:’g‘?ﬁﬂé&%ewg%%@m&gg%dri ve
train, which causes the knife 32 and sled 33 to travel down the channel 22
and sevand severdissuecdlampasbinithe enbeféastprd 2t dbe 6pntial cirguis recsives 8ie QiR ui t

receives the output signals fromthe encoder 268 regardi ng the increnental
rot at i ogignal¥ fréhehe@icodetrio8aegdrding theinsemehtal snatiss od sheamsingiak shaft t he second
notor 265 to cause the second notor 265 to rotate, which causes the

thr eadego&06ly 268 séfilsaQigmfio thB&ohd tol®H 285 18 fuse Th secéhd MWEor2BS tIRRAE,
portion 230 of the firing trigger 20 to rotate counter clockw se, which

all ows, &/ﬂl%h :c%‘ﬁ?%]g}e%m%{ie %5%%6 gct ﬁ%@@t i;ﬂec{:t;hg glortgri %9 Fl"h'isoalﬂ)lv%?h% ﬁf)[%&e count er

e
cl ockwi se. ecaus rocating novenen e threaded

rod 266 isr t to the rotations of the in driv haf ssenbly, the
oper at oforgen ﬁ]@oﬁg‘g ﬁf‘ﬁﬂé‘iﬂggeiéa R §P1Ha §OReTHL ¥ Q"’rhll%‘ adﬁ“fsﬁée EWGF ng trigger
20, experiences tactile feedback as to the position of the end effector 12.
The retpation 328 ohthe firingipggesdo plyo rdiete epenten dockvwissndndhat wiyebeqanse tier ect | y
affect the drive of the main drive shaft assenbly because the firing

t ri gger reericatinginogepesichfitind thrdaled gadd66ds telaed toatha rotatidsiof thembimdirivent .
100961 By virtue of tracking the increnental rotations of the main drive

shaft . anRauboly!ife bAuGHbPHE IRHARRhPL( b ab T ERRIRY RO i LeQat T o

circuit can calculate when the knife 32 i ul l'y depl oyed (i.e

ext ende?d’ 'ex&riern'c.'éssta&ﬁj: BledbddiGs &8 ﬂ{erp%lsitl%h of HelenTB¥eSEP 2. 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.

[0096] 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 detected by the encoder 268. Based on the reverse rotation detected
by the encoder 268, the control circuit sends a signal to the second motor 265 to cause it to
reverse rotational direction such that the threaded rod 266 starts to extend longitudinally from
the motor 265. This motion forces the upper portion 230 of the firing trigger 20 to rotate

clockwise, which causes the lower portion 228 to rotate clockwise. In that way, the operator
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a signal to the notor 65 to reverse direction to cause retraction of the
knife 32. The reverse direction of the notor 65 causes the rotation of the
main drive shaft assenbly to reverse direction, which is also detected by
t he encoder 268. Based on the reverse rotation detected by the encoder 268,
the control circuit sends a signal to the second notor 265 to cause it to

reverse protabd gt a didcREideTbrce Wokh the FHrinkhBgidi 20 ad R paskid&Headtatk & the ext end
longitudinalTy from the notor 265. This notion forces the upper portion 230

f the firi i . ; i i .

o, e g5 HBERsEldfof Py FRAF 2456 il gops o b s
i l.ockwi f.or f. the firi tri 20 i. ¢ h. i

O AL B Al SRl b Bt R BRES

the end effector 12. The control circuit can determ ne when the knife 32 is
fully retsteneltedhe motarpiddo s9PAetatiohe control circuit nmay send a signal to
the notor 65 to stop rotation. [00971 According to other enbodi nents, rather
t han havi ng {0097¢ omtacotding tooathdr emtbetlanenty) eathdrehgokavingthe sbnirdlecitnitf e 32,
reverse notor and stop notor sensors may be used, as described above. In

addi t i oRetefrAInB e pAIRTONUTIROKALPID) POIckde@RGIbr HRINESH mbid? stsoeNiiby bt udddeas
rotation of the notor 65, an on/off switch or sensor can be used. |In such an

enbodi n%@%cglrb&lggbm%g?ﬁ g{l(?{iomwhgﬁ @Qﬁ ug:lﬁ%??}cgo}tﬁmﬁpggng&] 110h6 chAk& o rotation

of the no 't wo r ot t a preprogramred rate. 100981

Figures 41-43 illustr an ry enbodi nent of. a nechanical | ctuat ed
endocut feRionakihe A el PuPiERBIf gk sFBo et e gt an ambp et A
thereof. Further details of a mechanically actuated endocutter may be found
in U S. opatetasoulhntibeableda caaireldhe rge ofirptation of e raefor 65 .cBathesitwowd)
Stapling Instrument Incorporating A Milti-Stroke Firing Mechanism Wth

Aut ot irctaterad a PiepFogramemedrateel Retraction,” which is incorporated herein by
reference. Wth reference to Figure 41, the end effector 12 responds to the

cl osur e noti geods) Ompifities FRAGliRustralcNDtexeRplabi @HbdAIMELOMN Eméchanichllgt by
i ncl udi ng an anvi | ace 1002 connecting to an anvil proximl end 1004 that

I ncl udes, f,af.§ reﬁ(llééﬁttglr, et }-Beﬂgcﬁé}vtht!: handle 6, shaft 8 and end effector 12 thereof.

Further details of a mechanically actuated endocutter may be found in U.S. Patent
Application Serial No. 11/052,632 entitled, “Surgical Stapling Instrument Incorporating A
Multi-Stroke Firing Mechanism With Automatic End Of Firing Travel Retraction,” which is
incorporated herein by reference. With reference to Figure 41, the end effector 12 responds
to the closure motion from the handle 6 (not depicted in Figure 41) first by including an anvil
face 1002 connecting to an anvil proximal end 1004 that includes laterally projecting anvil
pivot pins 25 that are proximal to a vertically projecting anvil tab 27. The anvil pivot pins 25
translate within kidney shaped openings 1006 in the staple channel 22 to open and close anvil
24 relative to channel 22. The tab 27 engages a bent tab 1007 extending inwardly in tab
opening 45 on a distal end 1008 of the closure tube 1005, the latter distally terminating in a
distal edge 1008 that pushes against the anvil face 1002. Thus, when the closure tube 1005
moves proximally from its open position, the bent tab 1007 of the closure tube 1005 draws

the anvil tab 27 proximally, and the anvil pivot pins 25 follow the kidney shaped openings
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pivot pins 25 that are proxinmal to a vertically projecting anvil tab 27. The
anvil pivot pins 25 translate within kidney shaped openings 1006 in the
stapl e channel 22 to open and close anvil 24 relative to channel 22. The
tab 27 engages a bent tab 1007 extending inwardly in tab opening 45 on a

di stal end 1008 of the closure tube 1005, the latter distally term nating in
a di st ahoeestdge &%98 chditfe] PSR IMgaB@amsl 24 tagiditlvineotisty eraddiie prokiimslly sdden t he
cl osure tube 100 noves proximally fromits open position, the bent tab

1007 of c;tﬁ 4»191%1%5 ?wt déﬁé?i CF%QQ%H \Qﬁ the (J;(Esu?éthlbé 16@PméVedigsiyahd Yent @b t he

anvil pivo glns dney aped openings -32 1006 of the staple

Corats &@@dﬂ%ﬁ%ﬁ%ﬂeén“lﬁ%ﬁﬁ%&s%?fr%ﬁl Al GRS ARt OB ToBEBREE LR 7

distally, the bent ta 1007 in_the tab opening 45 rel eases fromthe anvil
tab 27 ﬁdeYﬂ@“@ﬂ@?éﬂméﬂgéhi@ﬂ@lBﬁshes on the anvil face 1002, closing the
anvil 24. [0099] Wth continued reference to Figure 41, the shaft 8 and end
effector 12 {I098] With caidinoeysderendedo Figure # behoshaft Hand ¢rdraffegtordRiabe of a
firing rod 1010. In particular, the firing rod 1010 rotatably engages a

firing {rchideRonpoRais thafl2spaitog fRinganetidnusdiarfaing ©dd930. IhGhdicularsthag trough
menber 1012 nmoves longitudinally within frame 1016 in direct response to

| ongi t Uﬁhﬂ dg}(}il'o%ta%li %IF%/ agéks 4 Hﬁ %ﬁég%h AemBEY (18 Ha 0/ gaslb %nujd%a@ rdclsst he

cl osure tu coupl e h the right an exterior side

handl e 61, 6 ndl e ho ! Fi The | engt h
of "the NORETHIRR frueheronbeiopd? fevEn bkt b Pile Bt R Bt iy %l ong
to allow relative longitudinal notion with the handl e pieces 61, 62 to
acconpl tslengityding mptignaf suineaodrd] G dslopgisysiinal slob i §1&nt e closure dubs {098 of the
handl e pi eces 61, 62 passing on through a longitudinal slot 1020 in the
frame 10p&ably ceupldsi wigh yheemgld ged 1dfeexté¢romgideddndialpiaces €b521d3 1He handide(rfot ame
trough nmenber 1012. [01001 The distal end of the frane trough nmenber 1012 is

at t acheghdvn i mgm i41R | Thedéxb o bf the flongitnginabdlotLIAA8 ih Htclosyembail 08 3 t he frane
1016, specifically wthin a guide 1024 therein, to distally project the

kni fe 3§utiﬁ9feﬁtl§' l}ﬁlg% du&d iGN loillgitud-mcﬁ nfdn SHitehE Bandié pie@gg 6'1@%? t&

accomplish firing and closure motions respectively with the coupling of the handle pieces 61,
62 passing on through a longitudinal slot 1020 in the frame 1016 to slidingly engage the
longitudinal recess 1014 in the frame trough member 1012.

[0100] The distal end of the frame trough member 1012 is attached to a proximal
end of a firing bar 1022 that moves within the frame 1016, specifically within a guide 1024
therein, to distally project the knife 32 into the end effector 12. The end effector 12 includes a
staple cartridge 34 that is actuated by the knife 32. The staple cartridge 34 has a tray 1028
that holds a staple cartridge body 1030, a wedge sled driver 33, staple drivers 1034 and
staples 1036. It will be appreciated that the wedge sled driver 33 longitudinally moves within
a firing recess (not shown) located between the cartridge tray 1028 and the cartridge body
1030. The wedge sled driver 33 presents camming surfaces that contact and lift the staple

drivers 1034 upward, driving the staples 1036. The staple cartridge body 1030 further
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staple cartridge 34 that is actuated by the knife 32. The staple cartridge
34 has a tray 1028 that holds a staple cartridge body 1030, a wedge sl ed
driver 33, staple drivers 1034 and staples 1036. It will be appreciated

that the wedge sled driver 33 longitudinally noves within a firing recess
(not shown) | ocated between the cartridge tray 1028 and the cartridge body

1030. Tﬁﬁm&eﬁﬁﬁro&hﬁﬂlﬂépevleoerﬁ&al@roesem for pasaRAGS thelkhide 83. Speaificalbyitaact and
lift the staple drivers 1034 upward, driving the staples 1036. The staple

cartridge. ég}{-fajcg:fgﬁ ﬁ éﬁ'gﬁﬁ?d g@%é Qgisﬂﬂ% d 8f B{lféxjf'i%lch)'u%@'ﬁfteﬁ/@'istéteﬁﬁéd sl ot

1031 for sage o SpeC| |caI cutting surface 1027 is

T0101] 1t She olt Sy B i TR IEN todfis 4o a

non- articul ating shaft Nonet hel ess, applicati,ons of the sent invention
may i nchiigulaiing shadimd¥ansthelespapphcations et the presentdnvenfigp may4 Pg € IngWuents, shown
above with reference to Figures 1-4 and described in the followng U S.

pat ent s capatilepdtasivulatiop) foc axanpls, astsheh shiosal aboue withfreleranke beFigyresHet atsly
incorporated by reference in their entirety: (1) "SURG CAL | NSTRUVENT

| NCORPORéEH KA it ANRTIoGith AT SN alvisHANp@ivh byl bEE ORCITAd Ul osEeIdT eachHizing
LONG TUDI NAL AXI' S", U.S. Patent Application Publication No. 2005/ 0006434 by

Freder | fl{ﬁ'legy nggﬁlj)}a%li tbyﬁaggéf(&r]n‘lhelﬂ%f@k%fp SURGICRY, [RSTRAAVERT Kenneth S.

Val es, APLI NG | NSTRUVENT | NCORPORATI NG

or an JIERRILATRG (3 AraielFale ik it edlonisohe ™ €

ARTI CULATI ON_ CONTROL", U. S. Pat ent 6, 981, 628, to Jeffrey S.  Swayze; (4)
" SURGT CAHTESTANGI REDINAEROMERT U MGHSOARP Son PPhBERIED Y. AOREIORMA S eR
| NCREASED FLEXI BI LI TY AROUND THE ARTI CULATION JO NT", U.S. Patent No.
6, 964, 3BRdetick ErStbbton ¢V, BriaShdfdnmelghtn, Mffrbn8| S@ayzeeK enibthus eWalsissBlet) Or gh 11
and (5) "SURG CAL STAPLI NG | NSTRUMENT HAVI NG ARTI CULATI ON JO NT SUPPORT
PLATES RaRGIIPEORTUNGIS ATl SITASL BYE INSYREMERTENC FRRORAITINGNARuUDI i cation No.
ARTICULATION JOINT FOR A FIRING BAR TRACK", U.S. Patent No. 6,786,382, to
Brian J. Hemmelgarn; (3) "A SURGICAL INSTRUMENT WITH A LATERAL-MOVING
ARTICULATION CONTROL", U.S. Patent No.6,981,628, to Jeffrey S. Swayze; (4)
"SURGICAL STAPLING INSTRUMENT INCORPORATING A TAPERED FIRING BAR
FOR INCREASED FLEXIBILITY AROUND THE ARTICULATION JOINT", U.S. Patent
No. 6,964,363, to Frederick E. Shelton IV, Michael Setser, Bruce Weisenburgh II; and (5)
"SURGICAL STAPLING INSTRUMENT HAVING ARTICULATION JOINT SUPPORT
PLATES FOR SUPPORTING A FIRING BAR", U.S. Patent Application Publication No.
2005/0006431, by Jeffrey S. Swayze, Joseph Charles Hueil, filed 9 Jul. 2003.
[0102] Figures 42-43 show an embodiment of the handle 6 that is configured for use
in a mechanically actuated endocutter along with the embodiment of the shaft 8 and end
effector 12 as shown above in Figure 41. It will be appreciated that any suitable handle

design may be used to mechanically close and fire the end effector 12. In Figures 42-43, the

handle 6 of the surgical stapling and severing instrument 10 includes a linked transmission
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2005/ 0006431, by Jeffrey S. Swayze, Joseph Charles Hueil, filed 9 Jul. 2003.
101021 Figures 42-43 show an enbodi nent of the handle 6 that is configured
for use in a mechanically actuated endocutter along with the enbodi nent of
the shaft 8 and end effector 12 as shown above in Figure 41. It wll be
appreci ated that any suitable handle design may be used to nechanically

cl ose amginf infe@hdrisin @060 af povides Iedturéssuch gslimeseaddtt dingthh eedubadleingdlefsizef t he
surgical stapling and severing instrunment 10 includes a |linked transm ssion

-34 firi &ngﬁghg&hﬁgu%QGO that provides features such as increased strength
reduced handle size;”, mnimzed binding, etc. [0103] O osure of the end

effector 12 S i | - i 1gpy: | he
closure tri gg@(rﬂah8??¥)wmu/5¢§“§ %gH&p?@?Cg% fg&?]}‘ﬁf %'8&@13 ﬁ%%@%(seﬁggﬂfﬁg% gg re
trigger 18 pivots about a closur ivot . pi.n_ 252 that is coupled. to rj ght
and | ef QCRIRESHIG ?Clloé%ﬁrlggedggﬁ?‘@%r§§ge Bigtol W?%Bg h%ﬂﬁ@‘f & @?e "3%5”5‘? mfgﬁlhfdupper
portion 1094 of the closure trigger 18 to nove forward. = The closure tube
1005 r egiiotssmbotta elosure pivoe pincaharthattis coupladte righbangd leftyeakesiop bversigde piesepi nned
to a closure link 1042 and to the upper portion 1094 of the closure trigger

18 r espaof60/dk haddle 6catbing uh @pyak@rtiom] 10844 tiendosure trizger €8 ta mkvefonwa@d46.
[0104] In the fully open position of Figure 42, the upper portion 1094 of

the cl oSk 1oshieit@e1005Ge &pils ARk B1R0ME rﬁwe%navihw@mguﬁmelmmis fifed

pivoting closure release button 30 in the position shown. Wen the closure
trigger 18 reaches i I it e . .1 18
ol caseld F HRSRERER AL S pid s UERG PERRABPF of UKo EieBhER Hebpeeib 9By,
engagenment with a distal rightward notc 052 of the pivoting | ocking arm
1048, h@W&FW@)Pﬁépubl &Wé%ﬁ@%ﬁ&ﬁmﬁ@nﬂﬂ4%his cl anped or closed position. A
proxi mal end of the |ocking arm 1048 pivots about a |ateral pivotal
connecti on 1(0GW4hi thh thetfsllp ppereposition @Figwe 42 ptbs appdr@octians L9 of it dasyee but t on
30. An internediate, distal side 1056 of the closure release button 30 is
urged mrigper MBcbntadty agd Beldpa &skin@rMpiod48 @ f 258y otingl dtdbursretanspbeesedd inet ween
a housing structure 1040 and closure release button 30. The result is that
the cl oy Sosttfn&ASHn PWhER thetostf ORB oM reaches its fully depressed position, the

closure trigger 18 releases the locking arm 1048 and an abutting surface 1050 rotates into

engagement with a distal rightward notch 1052 of the pivoting locking arm 1048, holding the

closure trigger 18 in this clamped or closed position. A proximal end of the locking arm 1048

pivots about a lateral pivotal connection 1054 with the pieces 59, 60 to expose the closure

release button 30. An intermediate, distal side 1056 of the closure release button 30 is urged

proximally by a compression spring 1058, which is compressed between a housing structure

1040 and closure release button 30. The result is that the closure release button 30 urges the

locking arm 1048 counterclockwise (when viewed from the left) into locking contact with the

abutting surface 1050 of closure trigger 18, which prevents unclamping of closure trigger 18

when the linked transmission firing system 1040 is in an un-retracted condition.

[0105] With the closure trigger 18 retracted and fully depressed, the firing trigger 20

is unlocked and may be depressed toward the pistol grip 26, multiple times in this

embodiment, to effect firing of the end effector 12. As depicted, the linked transmission
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| ocki ng arm 1048 countercl ockwi se (when viewed fromthe left) into | ocking
contact with the abutting surface 1050 of closure trigger 18, which
prevents uncl anping of closure trigger 18 when the |inked transn ssion
firing system 1040 is in an un-retracted condition. [0105] Wth the closure
trigger 18 retracted and fully depressed, the firing trigger 20 is unl ocked

and mayfiRfg ARpkRxHE d06Msatidalln etiated alrggt fopre@6in imthis ppiiton byresombination
enbodi ment, to effect firing of the end effector 12. As depicted, the |inked

transm {%ﬁél@ﬂ/coéﬁregéléﬁ BHAERR2thAR diRRained Within tBé ;ﬁétdl etip2%t Fahe Mfrﬁﬁ% to

remain in this position by a conbination tension/conpression spring 1062
that is const f £1Po6a With its
nonmovi n gé %82143%%?129?%% ﬁrt&hﬁ%gég%?s@ BH %%MH%DVI ng end 1064
connect ed to downwar dl ed and . pr.oxi nal e f a stee
band 108@.““?@ flovinyjard ya{l &Pgﬁ aleFFﬂraitﬁ%n‘gﬁb?ﬁ% ftg‘g%aﬂ‘g%ééb% is
attached to a Ilnk couEllng 1070 for structural |oading, which in turn is

attached to H106bnd distally-disposedendd 06§ piihaisieelbasl 1|Oﬁﬁk%at&aehezhtomm t hat
forma linked rack 1074. Linked rack 1074 is flexible yet has distal |inks
t hat f oesuplingtl 020 ftstruétgiatl loading, ahivhrib byn ihatachaltota faoraflimk 18724 g fi cant
firing force through the firing rod 1010 in the shaft 6, yet readily

retract lu%f%y BPM' 1@79& 1072 PthdbfotA a HHk@di Pacr(q oV e ihRaiatk doBds flegtsd Hetof the
handl e 8 shoul d be appreciated that the conbination tension/conpression

spring iji%) 6c§stzrile %Qﬁa‘%??rhgg mt?ﬁ?ﬁjtr}ﬁ i iaci(taa e%ﬁ)l)h{hﬁ/ ﬁllaz?r\éﬁéfgla? ngPlf\e'Qﬁtltﬁl

essenti all ucing eng single sprin [0107]
The firing trig ut .a f|r|n r t connect ed
(" t he g reuthibe BanBend k) O RTe 30 potenchly 98" o retriol B 26 1 gger 20
moves distally about t he flrlngltrlgger pin 96 as the firing trigger 20 is
depr ess gunimizethe ongitudinpl lgngth of e handlette Hishguldbe gppseriatad thatgheaced firi ng
trigger tension spring 222 proxinmally connected between the upper portion

228 of thebinatiomigndion/geapre8flomsytinghld6piimeeseshe afduniléffiringeavepavdilable 228 of
the firing trigger 20 engages the |inked rack 1074 during each firing

trigger wAQPEQIAAN Biudngd f}f@%lhﬁﬂumll’é i BIhdIEeVR Rl shiPle hfhgt hat al so
di sengages when the firing trigger is released i ring
[0107] The firing trigger 20 pivots about a firing trigger pin 96 that is connected to
the handle pieces 59, 60. An upper portion 228 of the firing trigger 20 moves distally about
the firing trigger pin 96 as the firing trigger 20 is depressed towards pistol grip 26, stretching
a proximally placed firing trigger tension spring 222 proximally connected between the upper
portion 228 of the firing trigger 20 and the pieces 59, 60. The upper portion 228 of the firing
trigger 20 engages the linked rack 1074 during each firing trigger depression by a traction
biasing mechanism 1078 that also disengages when the firing trigger 20 is released. Firing
trigger tension spring 222 urges the firing trigger 20 distally when released and disengages
the traction biasing mechanism 1078.
[0108] As the linked transmission firing mechanism 1040 actuates, an idler gear
1080 is rotated clockwise (as viewed from the left side) by engagement with a toothed upper

surface 1082 of the linked rack 1074. This rotation is coupled to an indicator gear 1084,

which thus rotates counterclockwise in response to the idler gear 1080. Both the idler gear
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trigger tension spring 222 urges the firing trigger 20 distally when

rel eased and di sengages the traction biasing mechanism 1078. [0108] As the
| i nked transm ssion firing nmechani sm 1040 actuates, an idler gear 1080 is

rotated clockwi se (as viewed fromthe left side) by engagenent with a

t oot hed upper surface 1082 of the linked rack 1074. This rotation is

coupl ed 198D a1 ihdidateRsedr 10840are 0@ ¢hbly suhinedted tauthe piated 5% 60 alitiechiandleck Wihse i n

response to the idler gear 1080. Both the idler gear -36 1080 and i ndi cat or

gear 1084, a0 r@flﬁ) FeRldenGRONREdEEcH Pofd) RU %ﬁﬁﬁogﬁgand%)d@itoi %@g]@win@yG The

gear refations bet ween the I'i nked rack i dl er gear 0 and

i ndi cat gr_gegy 108ﬁyhgfgevc{ 5 BNALLBUERIB FRAECHRS 190 Ui o

upper i Mensi ons are sul strong and that

t he indicat or gear 1084 es no nore t ne revol yti on duri he fuII
firing ERAVERbIBSioNgand th&téﬁe incikauctiee L fraken gt ok han SR T

described in greater detail below the indicator gear 1084 perforns at

| east f therfull gmiogitramel of the Kuked\irpasmissien firmgerechaikm 1662 is ful |y retract ed
and both triggers 18, 20 are open as shown in Figure 42, an opening 1086 in
a circular rjeige] 1088esdtidelién behter detdit belotw, ﬂhendinﬂbﬁgémrlogeperfmti S
presented to an upper surface 1090 of the |ocking arm 1048. Locking arm

1048 i s QA8 R0fuhBshs! ?stOQHéH 1h9 1ihR&PraBY 162 3Gy i@tﬁa&ea BRd Gb®SHESert 18.99er 18,

which in turn is urg to the open position by a closure tension sprlng
1092. sure tr| nsi r|n 1 ne Xl I o0 the
upper Céﬁfrlf o(H)eEG?) ltnhﬁg%ﬁeqﬁu? I R)%% ﬁg et lga]f ﬁége}'uladr?gl e tg? Leé%sgﬁ%g 60,
and thus as energy sto ed durln cI05|ng of t ure i gg 18 that
urges t pehe et oo YOR4 S prcsante 9 oy et F‘F@%H@?@%g %%ﬁ“?g o 81701 A
second function of the indicator gear 1084 is that it is connected to the
i ndi cat Lngkingamad4%is biased im0 9e apeningri@B6 Py donipdseith ba cldsureHzgesrd 8. Thus,
the indicator gear 1084 communicates the relative position of the firing
mechani syhich(6Qurhds tifged itkdthe @dtn Positisreby aclob@® tdnsivh speifg 1692 .t(1asuré trggstr geon
has a visual indication of how many strokes of the firing trigger 20 are
requi r ebrsRnGRARY 8692 i 'cbhiftBted proximally to the upper portion 1094 of the closure trigger

18 and the handle pieces 59, 60, and thus has energy stored during closing of the closure

trigger 18 that urges the closure trigger 18 distally to its unclosed position.

[0110] A second function of the indicator gear 1084 is that it is connected to the
indicating retraction knob 1096 externally disposed on the handle 6. Thus, the indicator gear
1084 communicates the relative position of the firing mechanism 1060 to the indicating
retraction knob 1096 so that the surgeon has a visual indication of how many strokes of the
firing trigger 20 are required to complete firing.

[0111] A third function of the indicator gear 1084 is to longitudinally and angularly
move an anti-backup release lever 1098 of an anti-backup mechanism (one-way clutch
mechanism) 1097 as the surgical stapling and severing instrument 10 is operated. During the
firing strokes, proximal movement of anti-backup release lever 1098 by indicator gear 1084

activates the anti-backup mechanism 1097 that allows distal movement of firing bar 1010 and

prevents proximal motion of firing bar 1010. This movement also extends the anti-backup
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101111 A third function of the indicator gear 1084 is to longitudinally and
angularly nove an anti-backup rel ease | ever 1098 of an anti-backup
mechani sm (one-way clutch nechanisn) 1097 as the surgical stapling and
severing instrunent 10 is operated. During the firing strokes, proxinma
novenent of anti-backup rel ease | ever 1098 by indicator gear 1084 activates
the ant}glefamnm%b%h?melp(?&amtaha{d H thOMEn el %&@Js S9PEE@feRke Ofertor iong bar

1010 an prevents proximal notion of firing bar 1010. This novenent al so

ext ends cltt I e, %%éki:tﬂgglle(#hga}ﬁs%%of ik ARG @&;s%ﬂ&iojn%gf 159{%1&1 gl w]é?)xtb@él end of the

handl e % the operator actuate s e need arise for

the linked transm ssion firjng chani.sm 10 a be,_ retracted during the
firing %efrF‘EfR‘i ‘?r‘%é‘@ﬁ%r‘?ﬂf’%ﬁs’r éﬁt%’bf‘)’?ﬂgmf’} ?$ tﬁahg{xg Slrakes, {hﬁéncllelrc"l%‘lgjrc%etagr gear
1084 reverses direction of rotation as the fjring nmechani sm 1060 retracts.
The r evtd8&daaversastdinerioom efratationas the firing mephranisaciiop reErdta dng AEVEDS?,  wi t hdr aws
the anti-backup release button 1100 into the handle 6, and rotates the

ant i - bagkatjpnrdehavates ltievarti-HR88p hetlkanadnh Y097 withdrawsi thé anti-backupasleassnt i nued
reverse rotation of the indicator gear 1084. 101121 A fourth function of the

i ndi cat gitgea00 A8 4hd Fanld® 6,268 rottied tHetitidackig) Rldagdlevéd WIBtAerallndd ¢t i ng
retraction knob 1096 (cl ockwise in the depiction of Figure 42) to retract

the firj; i it i > i 1097 unl ocked, thereby
over corr%lglg t%ﬁ@%ﬁ%ﬁ‘%g@%ﬁ%eh@taﬁ%ioggéﬁr}édéﬁgﬁféé%ﬁ%%@ that is not readily
over cone by conbi nati.on . tensi an/.conpression spring 1062. Thi s. manual
retraction a@g'ﬁ%}( aggg@“ﬁ%@rﬁgogﬁgﬁﬁ)}’é‘ﬁic%{%} rzbf‘g'ai‘?feéF%FiaﬁP?{&ab’fwﬁ}?& firing
mechani sm 1060 that woul d ot herw se be prevented by the anti- backup

nmechani §amitbeindidating vitragtemirot HIY64plorkwise ke depishaobiiigust2) 1oEtee t hat
the latter may not laterally nove the anti-backup rel ease | ever 1098.

[ 01131 (Bediringunevhanisinhl 06D guitheantidRackGp mechanidoa t@Qpunteckded nthsreby 09ercomng st s of
the operator accessible anti-backup rel ease | ever 1098 operably coupl ed at

the pr oy Bhdi@Beh the firtdganédhahisPEIICORNAt Y BTG dAY VR oMt d tBOEombinkiiéh di St al
end to an anti-backup yoke 1102. In particular, a distal end 1099 of the

anti-b a&%ﬁgn/rc&JnSf'@ﬁoﬁ §pritlg FI38ThS n&%ﬁﬁ%ﬁa&f&n%@ﬁs&%imay be employed after a

partial firing of the firing mechanism 1060 that would otherwise be prevented by the anti-
backup mechanism 1097 that withdraws the anti-backup release button 1100 so that the latter
may not laterally move the anti-backup release lever 1098.

[0113] Continuing with Figures 42-43, anti-backup mechanism 1097 consists of the
operator accessible anti-backup release lever 1098 operably coupled at the proximal end to
the anti-backup release button 1100 and at the distal end to an anti-backup yoke 1102. In
particular, a distal end 1099 of the anti-backup release lever 1098 is engaged to the anti-
backup yoke 1102 by an anti-backup yoke pin 1104. The anti-backup yoke 1102 moves
longitudinally to impart a rotation to an anti-backup cam slot tube 1106 that is longitudinally
constrained by the handle pieces 59, 90 and that encompasses the firing rod 1010 distally to
the connection of the firing rod 1010 to the link coupling 1070 of the linked rack 1074. The
anti-backup yoke 1102 communicates the longitudinal movement from the anti-backup

release lever 1098 via a cam slot tube pin 1108 to the anti-backup cam slot tube 1106. That is,
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backup yoke 1102 by an anti-backup yoke pin 1104. The anti-backup yoke 1102
noves longitudinally to inpart a rotation to an anti-backup cam sl ot tube
1106 that is longitudinally constrained by the handl e pieces 59, 90 and

t hat enconpasses the firing rod 1010 distally to the connection of the
firing rod 1010 to the link coupling 1070 of the linked rack 1074. The

ant i - bapkpipudied erckEMnCefoatslentubs pine 08 émgi anglidsibt invhearsibacknprathhe
anti-backup release |lever 1098 via a camslot tube pin 1108 to the

anti - baggﬂgbé:f‘mésﬂo%esttﬁp%t“a%u p EamisldtIube BB6! ongi t udi nal novenent of cam
tu

sl ot e pin In an angled slot in the anti-backup cam slot tube 1106
rotates the cku t 4]
pr oxi mal dﬂﬁﬁkkh T4pp %§§¥8%%9 “%Hgﬁé%é%?PF%g O%&%@“@?%@PP er%86

respectlvel are an antl-backu ression sprin

e’ dattnbe B iarpeahy oLy BEAAADICSATRR Sam R Sion %gﬁéff&wﬂ% Pkinape
novenment of the firing rod 1010 causes the anti-backup plate 1112 to pivot
top to {hie, amban arpi—b@gnp cary tabe §1Hdr Aadenicted rmreximsh movemantpdtthe Brivgeod j rj ng
rod 1010 that resists further proximal novenent of the firing rod 1010.
101151 Tiniscaasdsithd@aakbarkpp ptate 1IID2o piwon tp tonharean prssentiignar iacreasedt hat of a
screen door |ock that holds open a screen door when the anti-backup cam

sl ot t Ul bR ohActth Ql@@ﬁMn%(ﬁRlaHﬁ@ thA rédi8s Rrthbr HRBGINE ntARMeHDES the fifing

Specifically, the anti-b up conpression spring 1110 is able to act upon a
top surfgpﬁ)gf the plate 1112 to tip the anti-backup plate 1112 to its
Iocked t|on Rotati on of the anti-backup cam sl ot tube 1106 causes a
di stal camm novenent, of the anti-backup camtuhe 1114 the forcing

il 1she B &

the top of t Eé’éﬂtﬁﬁcﬁpafléte 11 i?n?“’(ﬂ’?sslf‘élqli}meb?}g‘r‘ biA that ¢ haes GPce from
the anti-backup conpression spring 1110, thus positioning the anti-backup
pl ate 1daa lpck that hohs qneed screen deoicivhen the pnti-batkapican sheisibs b6 inaloselsl | ows
proximal retraction of the firing rod 1010. 101161 Wth particul ar reference
t o Fi guspacdBio théenti-backup@amixubes [ Nigt. Spedificullsmhé Qrf-batlupdemeesibnapringi ng
conposed of a pawl 1116 that has a distally projecting narrow tip 1118

1110 is able to act upon a top surface of the plate 1112 to tip the anti-backup plate 1112 to its

locked position. Rotation of the anti-backup cam slot tube 1106 causes a distal camming

movement of the anti-backup cam tube 1114 thereby forcing the top of the anti-backup plate

1112 distally, overcoming the force from the anti-backup compression spring 1110, thus

positioning the anti-backup plate 1112 in an untipped (perpendicular), unlocked position that

allows proximal retraction of the firing rod 1010.

[0116] With particular reference to Figure 43, the traction biasing mechanism 1078

is depicted as being composed of a pawl 1116 that has a distally projecting narrow tip 1118

and a rightwardly projecting lateral pin 1120 at its proximal end that is rotatably inserted

through a hole 1076 in the upper portion 230 of the firing trigger 20. On the right side of the

firing trigger 20 the lateral pin 1120 receives a biasing member, depicted as biasing wheel

1122. As the firing trigger 20 translates fore and aft, the biasing wheel 1122 traverses an arc

proximate to the right half piece 59 of the handle 6, overrunning at its distal portion of travel

a biasing ramp 1124 integrally formed in the right half piece 59. The biasing wheel 1122 may
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and a rightwardly projecting lateral pin 1120 at its proximal end that is
rotatably inserted through a hole 1076 in the upper portion 230 of the
firing trigger 20. On the right side of the firing trigger 20 the |ateral
pin 1120 receives a biasing nenber, depicted as biasing wheel 1122. As the
firing trigger 20 translates fore and aft, the biasing wheel 1122 traverses

an arc agvfgxdgeehasgy be farhrdrfidghh résélient, fHietehabartial thet indocts @ conntescdsckwisei ng at
its distal portion of travel a biasing ranp 1124 integrally fornmed in the

right habhigh 8anIPewdd Bolli(RSIRY itth 8R! 1atbre? fin AL 0-03 theAshaNtIag aausSiyctidp f or med
froma resilient, frictional material that induces a counterclockw se

rotation. i . t i i f paw
1116, ¢ e G5 Hrost R ifioh i Ly Y ) Redthpdl ot 36
downward into a.ranmped central trac 075 t he nearest link 1072a-d to
engage (heNgargTklnk ?@@l@"ﬁ@ﬂ‘@%ﬁi‘i%ﬁ%@raﬁé&%'ri ng trigger 20 is rel eased,
the biasing wheel 1122 thus tractionally biases the pawl 1116 in the
opposi te di r d8t7n Asthe diring trigeer AR g wlgasqdy thebissing wheal Hé22 thvs dactinafy r al
track 1075 of the linked rack 1074. To ensure di sengagenent of the tip 1118
under  Iighs thepdwt dhidi inithespmnile diredtioay fajsifguthe nakirew aip 111 8\feim dfe rhdpedpawl
1116, the right side of the paw 1116 ranps up onto a proximally and

upvar di yehd ek Persed@te SHkdP@ek 14726 Tenbiie disehghabdeficorahe P18 @sdék e yoke
250 to disengage the narrow tip 1118 fromthe ramped central track 1075. If

the firin i . i L0t t . el, the
bi asi ng MgHoR Bl e al b TRl o VIR W el 1T 6. PRt Ko S BET -
central track 1075. Whereas a. RQjasing wheel 1122 is depjct it should be
appr eci Ffat Htpﬁélp%op%pwuflﬂlev %dé&w@mzbevslidm age ﬁl%é?m the
illustrative and may be varied to accommodate a variety of shapes that use
fricti omghtsiderafdhd dasure yekeyafbtoatisedpagsrthagaravnapflil i 8 frgmothe rérapeshatnrblf ect or
12. [0118] Various enbodi ments of the surgical instrunent 10 have the

capabi | ittagk 1 075. 1£the fidinigni g geut 120§ reteasel itiagy point otheethan falbirevdlj the diadimgi Ng use.
Figure 44 shows a bl ock diagramof a system 2000 for recording conditions

of the ikl 11BN uddd-to Milft the hhrrb® 1ipANRE GohPhe Sarth PRt cehlf] SAE! BT5 2R8eredBy be
i npl enented i n enbodi.nents of the instrunent 10
biasing wheel 1122 is depicted, it should be appreciated that the shape of the biasing member
or wheel 1122 is illustrative and may be varied to accommodate a variety of shapes that use
friction or traction to engage or disengage the firing of the end effector 12.

[0118] Various embodiments of the surgical instrument 10 have the capability to
record instrument conditions at one or more times during use. Figure 44 shows a block
diagram of a system 2000 for recording conditions of the instrument 10. It will be
appreciated that the system 2000 may be implemented in embodiments of the instrument 10
having motorized or motor-assisted firing, for example, as described above with reference to
Figures 1-40, as well as embodiments of the instrument 10 having mechanically actuated
firing, for example, as described above with reference to figures 41-43.

[0119] The system 2000 may include various sensors 2002, 2004, 2006, 2008, 2010,

2012 for sensing instrument conditions. The sensors may be positioned, for example, on or

within the instrument 10. In various embodiments, the sensors may be dedicated sensors that
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having notorized or notor-assisted firing, for exanple, as described above
wth reference to Figures 1-40, as well as enbodinents of the instrunent 10
havi ng nechanically actuated firing, for exanple, as described above with
reference to figures 41-43. [0119] The system 2000 nay i ncl ude vari ous
sensors 2002, 2004, 2006, 2008, 2010, 2012 for sensing instrunent

condi t i prvide Dagus AIyFOStheRYsthR 2008, drincayetst, duabuseeseasuk ehat perfamm othett hi n t he
instrument 10. In various enbodi nents, the sensors nay be dedi cated sensors

that - 40 RERWELIOME RitiruRhi1 0. ForleRBmpIESetard 990 130 14PYesbbélliovelse
sensors that performother functions wth in the instrument 10. For

exanpl e, _sensor 0 | may be configured to al so
provi dem(%t%ﬁﬁ?n f%&%ﬁtg ai%s?%% %88‘8)%{:{06%%??%??2%% y or indirectly, each
sensor provides a signal to.the nenpry device, 2001, ich records the
signal s as d@éi?] bg’éF%Ftiy ﬂ’i)‘lnglrﬁ‘@{yaf’%?‘ﬁé‘%?mf‘h@s ﬁéiﬁ%@h%&‘%&iv“’%y be
any kind of device capable of storjng.or recordi ng sensor signals. For
exanpl e20Qlhavhichererrgs thesignels2gdesardyd immpredtetal balew o he stesrasy devipe 2001
Electrically Erasable Programmable Read Only Menory (EEPROM), or any ot her
sui t abl magbenagrindefideeice tapablenfotoringexr reverdidf) Sehsomsignade offat eixhapki theal s
provi ded by the sensors in any suitable way. For exanple, in one

enbodi MaRtnory B&iEEIMAEHERRe 2 WhéropRotessBE, ahElédiecalyBiasabld Pidpniagsle cul ar
sensor when that signal” changes states. In another enbodi nent, the nenory

devi ce t 00, :e. OF i s from
all of %%g&g)g soFlélgl n@%&%n&taﬁg O{hrségg‘ﬁéﬁqfe%%@e (?%’én ' ?l;]hee I{sl%}g?}lz &P ?%m any
sensor nges st S.. This ma royi de a snap-sho of the state of the
ot rurdlEl ey reehrd s sigfals srdetsiboihe Sishe SRaRn R Gile e DO B Ot
sensors nmay be inplenented to include 1-WRE bus products available from
DALLAS oSEvhiBRNDOET R memseryalsyice @00 brampeeord the bignaRFFoBERRONEULATRERSOL | n
various enbodi mnents, the nmenory device 2001 is externally accessi bl e,

al | owi ngrhamthavsighal@hakepes SRatess bt indAker@nbodimung the inenRey dewcd DEO1i may r unent

conditions recorded by the nenory device 2001. For exanple, the nenory

devi ce Z0GH MBteloPHelSieth 02 POkHe signals from all of the sensors included in the
system 2000, when the signal from any sensor changes states. This may provide a snap-shot
of the state of the instrument 10. In various embodiments, the memory device 2001 and/or
sensors may be implemented to include 1-WIRE bus products available from DALLAS
SEMICONDUCTOR such as, for example, a 1-WIRE EEPROM.

[0121] In various embodiments, the memory device 2001 is externally accessible,
allowing an outside device, such as a computer, to access the instrument conditions recorded
by the memory device 2001. For example, the memory device 2001 may include a data port
2020. The data port 2020 may provide the stored instrument conditions according to any
wired or wireless communication protocol in, for example, serial or parallel format. The
memory device 2001 may also include a removable medium 2021 in addition to or instead of
the output port 2020. The removable medium 2021 may be any kind of suitable data storage

device that can be removed from the instrument 10. For example, the removable medium

2021 may include any suitable kind of flash memory, such as a Personal Computer Memory

-41] -



2020. The data port 2020 may provide the stored instrunent conditions
according to any wred or wireless conmunication protocol in, for exanple,
serial or parallel format. The nenory device 2001 may al so i nclude a
renovabl e medi um 2021 in addition to or instead of the output port 2020.
The renovabl e medi um 2021 may be any kind of suitable data storage device
t hat camakelntanmindl Asalatibe (POSIOIANeRd, 4 COMIRACEKBASHcard,lee r enpvabl e

medi um 2021 nmay include any suitable kind of flash nmenory, such as a

Per sonah (GRFEDT dﬁ%ﬁ%LA@ﬂ@EtﬁA'eﬁﬁﬁw}aWh@Q&ho&?@ﬁt’e@ﬁmﬂmm % card, a
COVPACTFLASH car a MJILTIMED A card, a FLASHMEDI A card, etc he reanabIe

Inﬁg: ﬂ(TI ﬁlgc Oain¥ Su é%’b? kmﬁ of 'ﬂgs%t %g%(d sﬁﬁﬂa%gm&ﬁldlﬁlggor%&aﬁ&hp ?gﬁ%{ﬁﬁ% Q;%

digital video djsk DW) 1 he closure trigger sensor 2002 senses
a condi talcéﬁlpé‘f“t‘f‘rlfe( )esétgéta ylpaé&sl%%éVB )FS!qures 45 and 46 show an exenpl ary

enbodi nent of the closure trigger sensor 2002. In Figures 45 and 46 the

cl osure tri gder22$ederclaooriggensenior 2802 ernsest awanditioneofdhoelasuse trigegy b§.

and closure pivot pin 252. It will be appreciated that pulling the closure
trigger Flgiréoysodd 46 shewpdnséxempiiry pmBodiarensefthe blpsaleatigger stiisog@02.18 t o exert
a force on the closure pivot pin 252. The sensor 2002 nay be sensitive to

this forgg e a1t GoRrSirHRa) sehfbor 200 W sRitloAed 8éteeh He clwamig%é
descri bed” above with respect t0 sensor 110 ‘and Figures | QA and

vari ous |nents I b

sensor tlﬁ n‘g aurc?a?tlvmpm ?Sf l\?m i 151% %‘gg{eflosuﬁ&llpé?lg%‘:elwgﬂ?gsg%c u‘{agécl:l or
not act uat ed ther v us ertbodl nts, sure trigger. sor 2002
may be dbe Hﬁ‘&l%@’g@ﬁ%‘ws &‘ﬁ&fos}lﬁcﬁl&&‘tf tf’ﬁé"‘?% Q;rée 8’9( fé%ﬁ%p@ﬁbplnisgsure
trigger 18 and/or the position of the closure trigger 18. |If the closure

tri gger Tdemsewor 2000may ge sensitivaltothis forero and genezatak signelonaespionsd therstoy éort er nay
be logically positioned between the sensor 2002 and the nmenory devi ce 2001.
Al so, i texiinple, Dalesgribed@batedith hesdpeithe seisoslirteandtFig@gel 04 ang 00B200Zaricay t ake

any suitable formand be placed at any suitable |location that allows

sensi ng effpolififent R ddie RiggbN@nSdrPDYP Sy We I8 Eital sensor that indicates only
whether the closure trigger 18 is actuated or not actuated. In other various embodiments, the
closure trigger sensor 2002 may be an analog sensor that indicates the force exerted on the
closure trigger 18 and/or the position of the closure trigger 18. If the closure trigger sensor
2002 is an analog sensor, an analog-to-digital converter may be logically positioned between
the sensor 2002 and the memory device 2001. Also, it will be appreciated that the closure
trigger sensor 2002 may take any suitable form and be placed at any suitable location that
allows sensing of the condition of the closure trigger.

{0123] The anvil closure sensor 2004 may sense whether the anvil 24 is closed.

Figure 47 shows an exemplary anvil closure sensor 2004. The sensor 2004 is positioned next
to, or within the kidney shaped openings 1006 of the staple channel 22 as shown. As the
anvil 24 is closed, anvil pivot pins 25 slides through the kidney shaped openings 1006 and

into contact with the sensor 2004, causing the sensor 2004 to generate a signal indicating that

the anvil 24 is closed. The sensor 2004 may be any suitable kind of digital or analog sensor
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[0123] The anvil closure sensor 2004 may sense whether the anvil 24 is
closed. Figure 47 shows an exenplary anvil closure sensor 2004. The sensor
2004 is positioned next to, or within the kidney shaped openi nhgs 1006 of

t he staple channel 22 as shown. As the anvil 24 is closed, anvil pivot pins
25 slides through the kidney shaped openings 1006 and into contact with the

sensor 2QdiinEAPRixifity Shss€ 0ROt wilDKe dfpraenel daewherbihgnabil chdireatisog t hat
the anvil 24 1s closed. The sensor 2004 rmay be any suitable kind of digital

or_anal 9go#RNAGhakof 2cieBf! %G o R0 RIAH) B ri&GRAPEe irhfded MgititlbeRfeen

appreci ated en t anvi cl osure sensor 04 1s an anal og sensor, an
anal og- t.0- di gi conyerter be,hncl uded | ogically between the sensor
2004 an ‘?ngﬁgﬂh4§n£§93%%n§@ wa89@§] Anvil closure |oad sensor 2006 is
shown pl aced on an inside bottgn1surnﬁfe of the staple QHg%nel | n use,

22.
the sensor 20@4hanyd dlosusglopd sgnsgy $4D0ds phyy e x ingidg botter spface

cartridge 34 (not shown in Figure 46). As the anvil 24 is closed, it exerts
a f or ce obthetskeple chtaaptl@2c dn usé, thpeseB2OrAANE Mmay Hetin gersacsrwita beftanhsids ohthsr 2006.
In response, the sensor 2006 generates a signal. The signal nay be an

anal og stagRajartHA PSS {ricdBiddwit in Riperef46).cAs theaihv#R4a8clobdie itervaod f260H6n the t he
staple cartridge 34 and due to the closing of the anvil 24. Referring the

Fi gure %ﬁ%&ﬁﬁgﬁgﬁzggfﬁﬁqe FhandBYedt8 (R é%}ﬁké’r%()&o h?fésﬁd}ﬁle,gtﬁé 5&sft 2hde!

converter converts the analog signal to a digital signal before

providing it to th nmor evice 2001. .t will be i afed

brbod! medReigh & Ehh d Earehaf mib B = Eneloe ity SrorgriiheR BT HE LB St o

i nclude anal og-to-digital converter 2Q14. [0125], The firing trigger sensor
110 sendlsssepss 2086 oy | t%ﬂF‘ﬁ“‘&’éﬁé‘“ﬁfiu@ ketheiclqsing ofithg @‘B’é]rgz‘tzd!.{e F0%ot or i zed
or notor-assisted enbodi nents of the instrunent, the firing trigger sensor
may doultheFigsret4dethemalogisignabmay be proviledds an ardog-thdigisal domvertikti0ilén, t he
firing trigger sensor 110 may take any of the forns described above, and
may be amhidio@noértdihgiahalbg sighhlgu melkigifd signsl bébors Pawviding additlid memabryeddvadi ment
of the firing trigger sensor 110. In Figures 45 and 46, the firing trigger

sensor b0 OH Wi e AEpMERR dthitleRfbobh GBEHhaP 1 \WLnddr2008 id 4 §HET or binary
sensor may not include analog-to-digital converter 2014.

[0125] The firing trigger sensor 110 senses the position and/or state of the firing
trigger 20. In motorized or motor-assisted embodiments of the instrument, the firing trigger
sensor may double as the run motor sensor 110 described above. In addition, the firing
trigger sensor 110 may take any of the forms described above, and may be analog or digital.
Figures 45 and 46 show an additional embodiment of the firing trigger sensor 110. In Figures
45 and 46, the firing trigger sensor is mounted between firing trigger 20 and firing trigger
pivot pin 96. When firing trigger 20 is pulled, it will exert a force on firing trigger pivot pin
96 that is sensed by the sensor 110. Referring to Figure 44, In embodiments where the output
of the firing trigger sensor 110 is analog, analog-to-digital converter 2016 is included
logically between the firing trigger sensor 110 and the memory device 2001.

[0126] The knife position sensor 2008 senses the position of the knife 32 or cutting

surface 1027 within the staple channel 22. Figures 47 and 48 show embodiments of a knife
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pivot pin 96. Wen firing trigger 20 is pulled, it will exert a force on
firing trigger pivot pin 96 that is sensed by the sensor 110. Referring to
Figure 44, In enbodi nents where the output of the firing trigger sensor 110
i s anal og, anal og-to-digital converter 2016 is included |ogically between
the firing trigger sensor 110 and the nenory device 2001. [0126] The knife
posi ti OpbsERASERso200G8 fansesuititte fRsié vith thf medtanically ect8ed shaft andend sur f ace
1027 within the staple channel 22. Figures 47 and 48 show enbodi nents of a

knife «f3:095ishb QR iSERAAY4120AR dehsdr 2008 irMideaR h%gﬁé’t@()@?%p%l&@ td the

nechanlcalfy actuated shaft 8 and end effector shown in Figure 41. The

sensor GO0RIohY PR Ao RGNS 1 00RO b iRl WY b G301 Lhe

i nstrune osi tioned oun iring bar 1022, and

may be instal] ed; for exanple, alon he. | ongi t udi nal, recess 1014 .of the
firing ¥dJuynde ‘ﬁ‘é‘ﬂ‘h%‘L fa %@ﬁqﬂgdﬂ‘? t’nali‘}d?n%ecteﬁ%{]@rﬁ fgﬁ%énﬁ%gog%h ting
surface 1027 are reciprocated through the staple channel 22, the firing bar
1022 anaembemiét] 2Z2g0F igury 4hbvas B@dqua%a ang cuthing swifengglV2y 9Ee wesiprocatedll . Thi s
notion relative to the coil induces a voltage in the coil proportional to

t he posthtdugh the sthfie chanhieh2P, tiedfiting barrl 022 end makna 2609 hevyonid el ragk enidyéorth027
within the staple channel 22. This voltage may be provided to the nenory

devi ce h thO&oil 2@ m¥lin Alalvedo HR-di1GhdiRbs & 08N Aetif the2d®B. [0127] In
vari ous enbodi ments, the knife position sensor 2008 nmay instead be

ot £ PR Raito B e ficR{of el ol SOREh TocARLanRAV iR 8L 0B Wit 0L

posi ti he s sensors sense a feature

of the firin ar 2_such. as, fo exampl e,. magnet 2009, he feature
bl pr oba CBIR BABEIAZ: FBIACPLARe may braroyamts i et vree 20T, foar 1095

within the shaft 8, and by extension, the position of the knife 32 within
the steywleviaanalogp digial coaveaispr®l§. mat ed as the position of the |ast
digital sensor tripped. [0128] It will be appreciated that the knife
posi tion may[0dRE hevains eshbbdimeatsht@ikmifapssiadn sdnsor 2008rmaeinsteddbhiavi ng a
rotary driven end effector 12 and shaft 8, for exanple, as described above,
W th refngiianefed £ 8914t 85 diditdl seffbre o Siffwn) PldeBd aBvR1¥u9 P8Sitions on or

within the shaft 8. The digital sensors may sense a feature of the firing bar 1022 such as, for

example, magnet 2009, as the feature reciprocates through the shaft 8. The position of the

firing bar 1022 within the shaft 8, and by extension, the position of the knife 32 within the

staple channel 22, may be approximated as the position of the last digital sensor tripped.

[0128] It will be appreciated that the knife position may also be sensed in

embodiments of the instrument 10 having a rotary driven end effector 12 and shaft 8, for

example, as described above, with reference to Figures 3-6. An encoder, such as encoder

268, may be configured to generate a signal proportional to the rotation of the helical screw

shaft 36, or any other drive shaft or gear. Because the rotation of the shaft 36 and other drive

shafts and gears is proportional to the movement of the knife 32 through the channel 22, the

signal generated by the encoder 268 is also proportional to the movement of the knife 32.

Thus, the output of the encoder 268 may be provided to the memory device 2001.
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268, may be configured to generate a signal proportional to the rotation of
the helical screw shaft 36, or any other drive shaft or gear. Because the
rotation of the shaft 36 and other drive shafts and gears is proportional
to the novenment of the knife 32 through the channel 22, the signal
generated by the encoder 268 is also proportional to the novenent of the

knife 32.  The9)t MheuitHlge presdnd SerROC2TIOMB6R nsBthe peespricvifdRelsthlet he menory
device 2001. -44 [0129] The cartridge present sensor 2010 nay sense the

pr ese.nc%alqlfidéehﬁl witRiR! e stﬁﬁgfchéﬂﬂﬁzz3.4ln%&tehﬂed HEanSbAR B 16 RSRGherds, thd N

not ori zed or  notor-assisted Instruments, the cartridge present sensor 2010
may double.as the cartri | ock- aut . eser th

rof er encertigSarapE 4t S8 ALKuBIE e FOSRliobE A R SURBE A PORKNL
cartridge present sensqr. 2010. [ n the enbadi nent shown, the cartr.idge
present abeYkwih xfergnes ol figws 11 Fegwemilands ! %Ylanaﬁ%Bo%T%‘?t %Faﬁ%‘dg rtridge

34 is present, the contacts 2011, 2013 form an open circuit. \Wen a

cartri dgeesgdt sessqp20@nin the kmbodimiant shpevn, theycantoidge pricsentt sensprPV 0 iveludes dge 34
contacts the contacts 2011, 2013, a closed circuit is fornmed. \Wen the
circuit tivg comaés, 201¢ angd 20D W21RA Bo BNriduet PLib peeskmitgihe contacts 20020 Bdorei r cui t
is closed, the sensor 2010 may output a logic one. The output of the sensor

2010 is aﬂro?glil it OWVRERREY, | 1165 RQdnt, @S cARRVR thdy 1008 DR déble EAERRZL The

cartridge nditi1on sensor 2012 may indicate whethér a cartridge 34

i nstall wWiihin the. s n 22 .has, .been f.i K 0 . knife
32 ist ancé)flfff{éghe ?Waoctttfgﬁpdlﬁh @3%5‘5? e?:l{%ﬁt ‘?g‘?m%efi ’ pu@ﬁ'ruletée f% &glms{ gﬁgg’gﬁeGMi ch
fires the staple cartridge.  Then the knife 32 is translatfezg &aok toits
origi na|sews?51<bw,ay PERY! hlpgidvesre Bchenthegirquitds eipsgdathesipsas 0l hmay o3t i dge.
Wthout the sled 33 to guide it, the knife 32 may fall into | ock-out pocket
2022. Sdngioron20The outpusefitbesanset HH0 is provided tememory denies20(1, anshoma ihock- out
pocket 2022, which indirectly indicates whether the cartridge 34 has been
spent. IRigwelk, be appreciated that in various enbodi ments, sensor 2012 may
directly sense the present of the sled at the proximate end of the

cartridge 34,0i304S Hel dAkhiahé Béhdititsh RASH 2098 nfal) Endibité Whdthet 2 cAriidge! AL O the

| ock- out

installed within the staple channel 22 has been fired or spent. As the knife 32 is translated
through the end effector 12, it pushes the sled 33, which fires the staple cartridge. Then the
knife 32 is translated back to its original position, leaving the sled 33 at the distal end of the
cartridge. Without the sled 33 to guide it, the knife 32 may fall into lock-out pocket 2022.
Sensor 2012 may sense whether the knife 32 is present in the lock-out pocket 2022, which
indirectly indicates whether the cartridge 34 has been spent. It will be appreciated that in
various embodiments, sensor 2012 may directly sense the present of the sled at the proximate
end of the cartridge 34, thus eliminating the need for the knife 32 to fall into the lock-out
pocket 2022.

[0131] Figures 52A and 52B depict a process flow 2200 for operating embodiments
of the surgical instrument 10 configured as an endocutter and having the capability to record
instrument conditions according to various embodiments. At box 2202, the anvil 24 of the

instrument 10 may be closed. This causes the closure trigger sensor 2002 and or the anvil
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pocket 2022. [01311 Figures 52A and 52B depict a process flow 2200 for
operating enbodi nents of the surgical instrunment 10 configured as an
endocutter and having the capability to record instrunent conditions
according to various enbodi nents. At box 2202, the anvil 24 of the
instrunment 10 may be closed. This causes the closure trigger sensor 2002 and

or the @ptiré serdér W0BIY CRaripRRER. 1AQ8pohse, alRangRoStdeyize 2001 hexyponse thet he
menory devi ce 2001 may record the state of all of the sensors in the system

2000 at stg}v\ﬁf §1¥gﬁthe%néapsxm%ﬁ@é]ystélb?mdﬁtbb% B3, A@boi@’()@ﬁle' inseh&d 10nto a

patient. e inst runent I's inserted, the anvil 24 may be opened and

cl osed at for A S r site.
Each op®fY H@msgﬁ%ﬁP f%%P ?{[be gt}gnl\?%%lﬂésglhgeé{se 4 %&J% t(l)g&?gay?#lcgjlger sensor
2002 and/or the anvil closure sensor, 2004 to Cg?ﬁﬁg state ak esponse, the
menory #lalessd abbax 2206 farsxemBles oapanipylaierissued) SEYcst Eaoke [01321
At box 2208, tissue is clanped for cutting and stapling. If the anvil 24 is
not cl andacdosmng oltbe sindh2tosks B2 thsursdriggansensor ReGRpanddorithe prslelpsde | f t he
anvil 24 is closed, then the sensors 2002, 2004 and/or 2006 may change

state, SnOGHT00NGo &Hhﬁhgﬁ@m Vin@d&pohie, Helderhcry deeicod0 heorlsalicestatt of the syst em
at box 2213. This recording may include a closure pressure received from

sensor %%8&@12@0%%x§§@? cutting and stapling may occur. Firing trigger
sensor may change state as the firing trigger 20 is pulled toward the

ni 0. posi L1 (1320 Dpos G T Hmpe PR el W USSR eReET =2

devi ce 2001 may record the state of the system ZOOg at bﬁé 2013. 501331
When t helogadrat ﬁﬁ?jﬂaﬁ blosk 2811 91fgniipadalanerise a@rrsqwﬁipﬂ the anyH @4jinflpgedg hiepny
return to a pre-firing position. Because the cartridge 34 has now been
fired, thesehsors2002220fyandfcal2006 ntay chage-stait, ppooptang he armatisavicad0@he st at e
of cartrldge condition sensor 2012 and triggering the nmenory device 2001 to
record fdagrdshetiatedt thd & seeysitthon2000. ThishevordiAd may Thelude a closure pressure

received from sensor 2006. At box 2212, cutting and stapling may occur. Firing trigger

sensor 110 may change state as the firing trigger 20 is pulled toward the pistol grip 26. Also,

as the knife 32 moves through the staple channel 22, knife position sensor 2008 will change

state. In response, the memory device 2001 may record the state of the system 2000 at box

2013.

[0133] When the cutting and stapling operations are complete, the knife 32 may

return to a pre-firing position. Because the cartridge 34 has now been fired, the knife 32 may

fall into lock-out pocket 2022, changing the state of cartridge condition sensor 2012 and

triggering the memory device 2001 to record the state of the system 2000 at box 2015. The

anvil 24 may then be opened to clear the tissue. This may cause one or more of the closure

trigger sensor 2002, anvil closure sensor 2004 and anvil closure load sensor 2006 to change

state, resulting in a recordation of the state of the system 2000 at box 2017. After the tissue is

cleared, the anvil 24 may be again closed at box 2220. This causes another state change for

at least sensors 2002 and 2004, which in turn causes the memory device 2001 to record the
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anvil 24 may then be opened to clear the tissue. This nmay cause one or nore
of the closure trigger sensor 2002, anvil closure sensor 2004 and anvil

cl osure | oad sensor 2006 to change state, resulting in a recordation of the
state of the system 2000 at box 2017. After the tissue is cleared, the
anvil 24 may be again closed at box 2220. This causes anot her state change

for —at s{a?éiéfttgé BRREE 5t B0 19N 1R Ak inWhintdht 1 0 niay bR rEMUSEBIrbRGh&BamRYatdevi ce
2001 to record the -46 state of the systemat box 2019. Then the instrunent

10 may %xrﬁg?ved fromthe patient at box 2222. [01341 If the instrunent 10
is to be Us€d 'again during the same procedure, the anvil nmay be opened at

box 2224, triggeri anot her recordation, of .the.system state,at box 2223.
The spent car{gﬁ“(ﬁjgg?g‘ﬁ IRat i@ F’ﬁ)t\‘?g’ﬂ “F?%?ﬁaflh‘gur&%ﬁgfﬂ?:?@rce%fe’épe %‘le 2226.
This causes cartridge present sensor 2010 to change state and cause a

r ecor datmayrbeofpentrbatdypxt’daf striggering anofhsk regorgtiomabih sy stemrstate dwx322%ay be

inserted at box 2228. This causes a state change in the cartridge present
sensor 2itGpandaaridgcirday berenodvet] ins fieteadeffeetbr ] bt bwoo?2282 Thisldaugese ot her
cartridge 34 is a new cartridge, indicated at decision block 2230, its

i nserti QArtBYe kst sGRYSH) 18 18 CRAfZe G daQscCafebbidden 60 isydtan seengor 2012.
In that case, the systemstate may be recorded at box 2231. 101351 Figure

D oo boRgK CHRLALY cRIRE e TR 1R AT PP oS £ 8are Efle 3 SO I N0

to various € ne I nc S a series o ol umms

ol uim” DT B aR EUR PO R foedraatsn i BF sEHem FNER TR@28TnB R of urms

represent the output of one sensor of the system 2000. Al of the sensor

r eadi ngothescantadge His a ngmaariridgerandieatedat deeisionrbdek 3230; einserften may alpeder t he
sanme event nunber. Hence, each row represents an instance where one or nore
of the siagseal saté change he caaidpercondition benssy 3 1@mIR Ge0 casectheagsemesthte hag BE1
Colum 2304 lists the closure |load recorded at each event. This may refl ect
t he out pdor@dd AB¥kh2g] osure | oad sensor 2006. Col um 2306 lists the firing
stroke position.

[0135] Figure 53 shows an exemplary memory map 2300 from the memory device
2001 according to various embodiments. The memory map 2300 includes a series of
columns 2302, 2304, 2306, 2308, 2310, 2312, 2314, 2316 and rows (not labeled). Column
2302 shows an event number for each of the rows. The other columns represent the output of
one sensor of the system 2000. All of the sensor readings recorded at a given time may be
recorded in the same row under the same event number. Hence, each row represents an
instance where one or more of the signals from the sensors of the system 2000 are recorded.

[0136] Column 2304 lists the closure load recorded at each event. This may reflect
the output of anvil closure load sensor 2006. Column 2306 lists the firing stroke position.
This may be derived from the knife position sensor 2008. For example, the total travel of the
knife 32 may be divided into partitions. The number listed in column 2306 may represent the
partition where the knife 32 is currently present. The firing load is listed in column 2308.
This may be derived from the firing trigger sensor 110. The knife position is listed at column

2310. The knife position may be derived from the knife position sensor 2008 similar to the

-47 -



This may be derived fromthe knife position sensor 2008. For exanple, the
total travel of the knife 32 may be divided into partitions. The nunber
listed in colum 2306 nay represent the partition where the knife 32 is
currently present. The firing load is listed in colum 2308. This nay be
derived fromthe firing trigger sensor 110. The knife position is listed at
col um firtgd frokEh @V ikethdrehasiilt 2408 opery brecl osed invaychef listend dtleeluaii 23 2p i i on
sensor 2008 simlar to the -47 firing stroke. Whether the anvil 24 is open

or cl osgd,dmyy Q@déﬁx%ﬁ%rﬁtthec&iqb{H%f%vﬂ-Emsﬁre SR ©00RYnDEr e ahvied from the

out put of the anvil closure sensor 2004 and/or the anvil closure |oad
sensor 0 Q 34 is
Spent . Onane [SBIHABE 200 Ehellere Ry Riflens Y it e (ORI APR T 12
bt esent §°8§1‘u§a‘m‘%ﬁ”aea$l§8maiae§°ﬁﬁw sitgnay el g ﬂ% B A 1 om
cartridge present sensor 2010. It will be appreciated that various other

val ues seagor?912+ Binelly awhatherdhe/carsidge 84 20presdnhatay dienedicated a exlymm 2816t he end
and beginning of firing strokes, for exanple, as measured by sensors 130,

142. [ OTRif vaMBinlag HehEripédafremtca'rtﬁ\zlgﬂpﬂe@ent basob2@. it i be appreciltgd dascri ption
of several enbodi nents and while the illustrative enbodi nents have been

descri bedidud o#RPeIG& AR Be stgFeHadt lmeniotry uM@zom hﬁcmmng nfok eRarRblc! thE eAPP! i cant
to restrict or in any way limt the scope of the appended C aims to such

det ai | i d i{g appear to those
skllleda]é%‘[rjlﬁje #d%gﬂfﬁﬁ%ﬁggiggimagga h;ﬁﬁ%#h §H¥3‘3EZ§§ nents descri bed
above have aﬂ’Il a an endosco I g sur gi cal. sev r|ng and
SCapling i notiafen Whil@dfle eSO S RPR LIS SR Ay Bescaeban PhsoE
clinical procedures. is generally accepted that endoscoplc procedures
are noreém sméwhllaﬁm@gs,ttﬂ@we embediarpnisdrive peanofagerilfdyin copdderphlesent
i nvention has been discussed in terns of endoscopic procedures and
appar at digail, iHowevthe inteistéonithd appdicaitas pstriot ohinsay venydidmit el ope shithel d not be
construed to [imt the present invention to a surgical instrunent for use
only i NafRARINGAi R0 Whdhtetdll. ENGREERAD a8vantBs and modifications may readily appear

to those skilled in the art.

[0138] For example, although the embodiments described above have advantages

for an endoscopically employed surgical severing and stapling instrument 100, a similar

embodiments may be used in other clinical procedures. It is generally accepted that

endoscopic procedures are more common than laparoscopic procedures. Accordingly, the

present invention has been discussed in terms of endoscopic procedures and apparatus.

However, use herein of terms such as "endoscopic", should not be construed to limit the

present invention to a surgical instrument for use only in conjunction with an endoscopic tube

(i.e., trocar). On the contrary, it is believed that the present invention may find use in any

procedure where access is limited to a small incision, including but not limited to

laparoscopic procedures, as well as open procedures.

[0139] Any patent, publication, or information, in whole or in part, that is said to be

incorporated by reference herein is incorporated herein only to the extent that the
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(i.e., trocar). On the contrary, it is believed that the present invention
may find use in any procedure where access is limted to a small incision,
including but not limted to |aparoscopic procedures, as well as open

procedures. [0139] Any patent, publication, or information, in whole or in
part, that is said to be incorporated by reference herein is incorporated

herei n gbdpotdled Metefikt @k nbhenflidivithAdkidting AeARTidhE taidh &1t dr oflRes not
conflict with existing definitions, statenents, or other disclosure

mat eri aly; o LS i pcitly
set for %i ﬁél%%%gé g{atrtléhsaltlj %é?%%é@%%&g%ﬁ?ﬁ%ﬁﬁ%g tﬁr?&? Sec?dl)%fé ﬁéé{??ﬁo ast gﬁhher ei n by
reference.. -49 CLAI M5 .cl,laim 1. A surgjcal instr nt conprising: an
end " ef 1 BEEBRUPTRS dRL OO RO e ra SY P et or - 111 st
sensor having an output representing a first condition of at |east one of
the group consisting of the trigger and the end effector; and an externally
accessi bl e nenory device in comrunication with the first sensor, wherein
the nenory device is configured to record the output of the first sensor. 2.
The surgical instrunent of claim1, wherein the nmenory device conprises an
output port. 3. The surgical instrunent of claiml1, wherein the nmenory
device conprises a renovable nmedium 4. The surgical instrunment of claiml,
wherein the surgical instrunment further conprises a second sensor in
comuni cation with the nenory device, the second sensor having an out put
representing a second condition of at |east one of the group consisting of

t he
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trigger and the end effector, wherein the nmenory device is further
configured to record the output of the second sensor. 5. The surgical
instrunment of claim4, wherein the nmenory device is configured to record
the output of the first sensor and the output of the second sensor when the
first condition changes and when the second condition changes. -50 6. The
surgi cacpjamMs unent of claim 1, wherein the first condition indicates
whet her an anvil of the end effector is in an open position or a closed
posi ti ofye faimNe surgical instrument of claim1, wherein the first condition
i ndi cates at | east one of the group consisting of a position of a knife
vmthlntheedeffector |on the trigger, a pressure exerted on
the trigger, Pand ‘3‘ F%%dslﬂﬁs f’gr TP Smgt he end effector. 8. The surgical
i nstrunent of clalntl further conprising a notorized drive systemin
communi cat i ofP i< gffecks ¥ trigger and the end effector. 9. The surgical
instrunment of claim1, further conprising a nmechanical drive systemin
conmmuni cat i oatriggehin dosrhvnigajiom withithelead effectef;f ect or. 10. The surgi cal
instrunment of claiml1, wherein the nmenory device conprises at |east one of
the group coasirsbénder Ridvidg 40 6uitPGIABHesIntiap adirst canditiba of ai least bye of theabl e
programuabl e read only nenory ?EEPRO\/) 11. The surgical instrunent of claim
1, wher lﬁeet?l? or 12. The surgical instrument
of clalg#@p%mﬁ%%g% gégkﬁgg%gggﬁﬁékgﬁﬁghalog sensor. -51 13. The
surgical instrument . of the al t further
conpri ses an®} 161611358&3?53?1?&?6%06%“@ I(E?e}'n Orrtnnéo n?lcat}?gl% ﬁr%ﬁ'{%e first
sensor and the nenory device. _14. A sur Hﬁ |nsH;ﬁnFnt conpri si ng:

wherein the memory device is configured to record the output of the first sensor.

2. The surgical instrument of claim 1, wherein the memory device comprises an
output port.
3. The surgical instrument of claim 1, wherein the memory device comprises a

removable medium.

4, The surgical instrument of claim 1, wherein the surgical instrument further
comprises a second sensor in communication with the memory device, the second sensor
having an output representing a second condition of at least one of the group consisting of the
trigger and the end effector, wherein the memory device is further configured to record the

output of the second sensor.

5. The surgical instrument of claim 4, wherein the memory device is configured

to record the output of the first sensor and the output of the second sensor when the first

condition changes and when the second condition changes.
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an end effector; a trigger in conmunication with the end effector; a first
sensor having an output representing a condition of the end effector; a
second sensor having an output representing a condition of the trigger; and
a nenory device in conmunication with the first sensor and the second
sensor, wherein the nenory device is configured to record the output of the
first sensor and the output of the second sensor. 15. The surgical

i nstrunment of claim 14, wherein the nenory device conprises at |east one of

an output pogt a”ﬁ;@s&%@ﬁ‘{ﬁ&hﬁuﬂ BF Agien TBWhdi8h B first Bnddi6DinaRbhtel NSt r ument
of claim 14, wherein the condition of the end effector indicates at | east

one of ¢ r | SLi . ! ni f the end effector, a
posi ti on %e)t? aaﬁ%glﬁl\i?)?ﬁ{gfe%fi %gfeg{(l)(rj%elﬁg §8@’%‘?€ OS? Loen prirgdedsl(g%gg’ots)#lgg' staple cartridge
in the end effector, a force exerted by the end effector, and the status of
the staple cartridge in the end effector. 17. The surgical instrunment of
claim 14, wherein the condition of the trigger indicates at |east one of
the group cohsi stThsusgical ipyeimdndaf daim hewhargigdhe firsh donditierr indicatespt ed on

the trigger. -52 18. A nethod of recording the state of a surgical

i nst r unidt oné bEtheRtdiPonsieniy ofd prgsitionoTiatkai fie vgithin tHeldnd effectdr,@l posilontof of
sensors, wherein the outputs represent conditions of the surgical

| NSt ungRlye ARG, 5EGAFtxREed Bﬁ’tﬁébﬁig%@rsalﬂcaﬁr@%u@ eRtbd fo tief erﬂeéT&Q{o%.l to a

menory devi ce en at | east one the conditions of the surgica

i nstrunment changes. 19. The nmethod of claim 18, further conprising providing
the recorded outputs of the plurality of sensors to an outside device. 20.

The met hod of claim 19, wherein proqviding. the recorded out put f the
8. The surgica 1nstrumenFt) OP claim 1,gfurtﬂer comprlrsgng a moto%zeg dr?ve

system in communication with the trigger and the end effector.

9. The surgical instrument of claim 1, further comprising a mechanical drive

system in communication with the trigger and the end effector.

10.  The surgical instrument of claim 1, wherein the memory device comprises at
least one of the group consisting of a microcontroller and an electrically erasable
programmable read only memory (EEPROM).

11.  The surgical instrument of claim 1, wherein the first sensor is a binary sensor.

12. The surgical instrument of claim 1, wherein the first sensor is an analog

Sensor.
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plurality of sensors to an outside device further conprises at |east one of
providing the outputs of the plurality of sensors to an output port of the
menory device and providing the outputs of the plurality of sensors to a
renovabl e storage nmedium -53

13.  The surgical instrument of claim 12, wherein the surgical instrument further
comprises an analog-to-digital converter in communication with the first sensor and the

memory device.

14. A surgical instrument comprising:

an end effector;

a trigger in communication with the end effector;

a first sensor having an output representing a condition of the end effector;

a second sensor having an output representing a condition of the trigger; and

a memory device in communication with the first sensor and the second sensor,
wherein the memory device is configured to record the output of the first sensor and the

output of the second sensor.

15.  The surgical instrument of claim 14, wherein the memory device comprises at

least one of an output port and a removable storage medium.

16.  The surgical instrument of claim 14, wherein the condition of the end effector
indicates at least one of the group consisting of a position of a knife of the end effector, a
position of an anvil of the end effector, the presence of a staple cartridge in the end effector, a

force exerted by the end effector, and the status of the staple cartridge in the end effector.

17.  The surgical instrument of claim 14, wherein the condition of the trigger

indicates at least one of the group consisting of a position of the trigger and a force exerted on

the trigger.
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18. A method of recording the state of a surgical instrument, the method
comprising:

monitoring outputs of a plurality of sensors, wherein the outputs represent conditions
of the surgical instrument; and

recording the outputs of the plurality of sensors to a memory device when at least one

of the conditions of the surgical instrument changes.

19.  The method of claim 18, further comprising providing the recorded outputs of

the plurality of sensors to an outside device.

20.  The method of claim 19, wherein providing the recorded outputs of the
plurality of sensors to an outside device further comprises at least one of providing the
outputs of the plurality of sensors to an output port of the memory device and providing the

outputs of the plurality of sensors to a removable storage medium.
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