ENDOSCOPI C SURG CAL | NSTRUVENT W TH A HANDLE THAT CAN ARTI CULATE W TH
RESPECT TO THE SHAFT CROSS- REFERENCE TO RELATED APPLI CATI ONS 100011 The
present application is related to the following U S. patent applications,
whi ch are incorporated herein by reference in their entirety: MOTOR- DRI VEN
SURG CAL CUTTI NG AND FASTENI NG | NSTRUVENT W TH USER FEEDBACK SYSTEM

I nventors: Frederick E. Shelton, IV, John Quwerkerk and Jerone R Morgan
(K&LNG 050519/ END5687USNP) MOTOR- DRI VEN SURG CAL CUTTI NG AND FASTENI NG

| NSTRUVENT W TH LOADI NG FORCE FEEDBACK | nventors: Frederick E. Shelton, 1V,
John N. Quwer ker kK ENDRISUGEPIR SYRGIGAL IRBURUBENEWITH ASNWENDE B KELNG

050516/ END5692USNR)y APFGR: RRITYENT RPRGH Ak RESPECHG ANPRERAGAEN NG | NSTRUVENT
W TH TACTI LE PCSI TI ON FEEDBACK | nventors: Frederick E. Shelton, 1V, John N.

Quwer ker k, Jer one R Morgan, and Jeffrey S. Swayze (K&LNG
050515/ € é@@h EQ APRIACANIONSTTI NG AND FASTENI NG | NSTRUVENT
W TH ADAPTI VE USER FEEDBACK | nventors: Frederick E. Shelton, 1V, John N

Quwer ke n / i VEN
Ch S PRI B iy S RBR L 5

incorporated herein by reference in their entirety:

MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT WITH USER
FEEDBACK SYSTEM

Inventors: Frederick E. Shelton, IV, John Ouwerkerk and Jerome R. Morgan (K&LNG
050519/ENDS687USNP)

MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT WITH
LOADING FORCE FEEDBACK

Inventors: Frederick E. Shelton, IV, John N. Ouwerkerk, Jerome R. Morgan, and Jeffrey S.
Swayze (K&LNG 050516/END5692USNP)

MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT WITH
TACTILE POSITION FEEDBACK

Inventors: Frederick E. Shelton, IV, John N. Ouwerkerk, Jerome R. Morgan, and Jeffrey S.
Swayze (K&LNG 050515/ENDS693USNP)

MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT WITH
ADAPTIVE USER FEEDBACK

Inventors: Frederick E. Shelton, IV, John N. Ouwerkerk, and Jerome R. Morgan (K&LNG
050513/ENDS5694USNP)

MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT WITH
ARTICULATABLE END EFFECTOR

Inventors: Frederick E. Shelton, IV and Christoph L. Gillum (K&LNG
050692/ENDS5769USNP)

MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT WITH
MECHANICAL CLOSURE SYSTEM
Inventors: Frederick E. Shelton, IV and Christoph L. Gillum (K&LNG 050693/END5770USNP)

SURGICAL CUTTING AND FASTENING INSTRUMENT WITH CLOSURE TRIGGER
LOCKING MECHANISM
Inventors: Frederick E. Shelton, IV and Kevin R. Doll (K&LNG 050694/END5771USNP)

GEARING SELECTOR FOR A POWERED SURGICAL CUTTING AND FASTENING
STAPLING INSTRUMENT



ARTI CULATABLE END EFFECTOR I nventors: Frederick E. Shelton, 1V and Chri stoph
L. Gllum (K&NG 050692/ END5769USNP) MOTOR- DRI VEN SURG CAL CUTTI NG AND
FASTENI NG | NSTRUVENT WTH MECHANI CAL CLOSURE SYSTEM | nventors: Frederick E.
Shelton, IV and Christoph L. G|l um (K&NG 050693/ END5770USNP) SURG CAL
CUTTI NG AND FASTENI NG | NSTRUVMENT W TH CLOSURE TRI GGER LOCKI NG MECHANI SM

I nventors: Frederick E. Shelton, IV and Kevin R Doll (K&NG
0506941END5771USNP) GEARI NG SELECTOR FOR A POVNERED SURG CAL CUTTI NG AND
FASTENI NG STAPLI NG | NSTRUMENT 1 Inventors: Frederick E. Shelton, 1V,

Jef f r eylngent@weljrederickilig Sheltan, IVEi Jafieey P Swayess Negene 50§ gmparmps (ir&UNGP) SURG CAL
| NSTRUMBISOHBNDSEG/ RERPDI NG CAPABI LI TIES I nventors: Frederick E. Shelton,
'V, John N. Quwerkerk, and Eugene L. Tinperman (K& NG 050698/ END5773USNP)
SURG CAURGERIARAUIESTR HMANGHA \RRORBBORIBNGIERFABIVAARESr s:  Frederi ck E

Shel t onnvénvorsHavdericRE. Badlton, INEfIbREN. Suweikenks endlfekele D eMienperime (KRDNG( K&LNG
050699/ (YESFERUSHPUSIECTRONI C LOCKOUTS AND SURG CAL | NSTRUMENT | NCLUDI NG

SAME Inventors: Jeffrey S. Swayze, Frederick E. Shelton, IV, Kevin R Doll
( K&LNG SURGICAL INSTRUMENT HAVING A REMOVABLE BATTERY
k Inventors: Frederick E. Shelton, IV, Kevin R. Doll, Jeffrey S. Swayze and Eugene Timperman
(K&LNG 050699/END5774USNP)

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

ELECTRO-MECHANICAL SURGICAL CUTTING AND FASTENING INSTRUMENT
HAVING A ROTARY FIRING AND CLOSURE SYSTEM WITH PARALLEL CLOSURE
AND ANVIL ALIGNMENT COMPONENTS

Inventors: Frederick E. Shelton, IV, Stephen J. Balek and Eugene L. Timperman (K&LNG
050702/END5777USNP)

DISPOSABLE STAPLE CARTRIDGE HAVING AN ANVIL WITH TISSUE LOCATOR FOR
USE WITH A SURGICAL CUTTING AND FASTENING INSTRUMENT AND MODULAR
END EFFECTOR SYSTEM THEREFOR

Inventors: Frederick E. Shelton, IV, Michael S. Cropper, Joshua M. Broehl, Ryan S. Crisp,
Jamison J. Float, Eugene L. Timperman (K&LNG 050703/END5778USNP)

SURGICAL INSTRUMENT HAVING A FEEDBACK SYSTEM
Inventors: Frederick E. Shelton, IV, Jerome R. Morgan, Kevin R. Doll, Jeffrey S. Swayze and
Eugene Timperman (K&LNG 050705/END5780USNP)



050700/ END5775USNP) ELECTRO- MECHANI CAL SURG CAL CUTTI NG AND FASTENI NG

| NSTRUMENT HAVI NG A ROTARY FI RI NG AND CLOSURE SYSTEM W TH PARALLEL CLOSURE
AND ANVI L ALI GNVENT COVPONENTS | nventors: Frederick E. Shelton, 1V, Stephen
J. Bal ek and Eugene L. Tinperman (K&.NG 050702/ END5777USNP) DI SPOSABLE
STAPLE CARTRI DGE HAVI NG AN ANVIL WTH TI SSUE LOCATOR FOR USE WTH A

SURG CAL CUTTI NG AND FASTENI NG | NSTRUVENT AND MODULAR END EFFECTOR SYSTEM
THEREFOR | nventors: Frederick E. Shelton, 1V, Mchael S. Cropper, Joshua M
Br oehl , an S. Crisp, Jamson J. Float, Eugene L. Tinperman (K& NG
050703 RQUSNP) SURG CAL | NSTRUVENT HAVI NG A FEEDBACK SYSTEM | nvent ors:
Frederick E. Shelton, IV, Jerone R Mrgan, Kevin R Doll, Jeffrey S. Swayze
and Eugene Ti nmperman ( K&LNG 050705/ END5780USNP) 2 BACKGROUND [0002] The

presentiogoBy €thi PR s&R HeAtid g nBRNG Lo ARIAASSLOHIS siilcal ingthurhdhd ddTRRES and,
nor e articularly, power edg endoscopi ¢ surgical instrunments. [0003]

Endosciéglitl%%%@f’g)io%kdie%&rcgéggng\t]%g?fﬁstpljntlé;l@&preferred over traditional open

surgic es since a I'ncrsion tends to reduce the
post-operative recovery time and conplications. Consequently, significant
devel opment has gone into a range of endoscopic surgical instrunents that
are sui[00B| e Ehdoscppie surgahinstoenets arobften phieferrall overdraditionak apenaurgabiesi r ed

devices since a smaller incision tends to reduce the post-operative recovery time and
complications. Consequently, significant development has gone into a range of endoscopic
surgical instruments that are suitable for precise placement of a distal end effector at a desired

surgical site through a cannula of a trocar.

[0004] Generally, these endoscopic surgical instruments include an “end effector”, a handle
assembly and an elongated shaft that extends between the end effector and the handle assembly.
The end effector is the portion of the instrument configured to engage the tissue in various ways
to achieve a desired diagnostic or therapeutic effect (e.g., endocutter, grasper, cutter, staplers,
clip applier, access device, drug/gene therapy delivery device, and energy device using

ultrasound, RF, laser, etc.).

[0005] The end effector and the shaft portion are sized to be inserted through a trocar placed
into the patient. The elongated shaft portion enables the end effector to be inserted to a desired
depth and also facilitates some rotation of the end effector to position it within the patient. With
judicious placement of the trocar and use of graspers, for instance, through another trocar, often
this amount of positioning is sufficient. Surgical stapling and severing instruments, such as those
described in U.S. Pat. No. 5,465,895, are examples of an endoscopic surgical instrument that

successfully positions an end effector by insertion and rotation.



surgical site through a cannula of a trocar. [0004] Generally, these
endoscopi ¢ surgical instrunents include an "end effector”, a handle
assenbly and an el ongated shaft that extends between the end effector and
t he handl e assenbly. The end effector is the portion of the instrunent
configured to engage the tissue in various ways to achieve a desired

di agnostic or therapeutic effect (e.g., endocutter, grasper, cutter,
staplers, clip applier, access device, drug/gene therapy delivery device,
and energy device using ultrasound, RF, laser, etc.). [0005] The end

ef f ect or[080fd tDepesding upqothe natnresafahesopesation it mey ba desirable te iereheg Adjastitheocar
placed into the patient. The el ongated shaft portion enables the end

ef f ect orposiviohiag iofitherend dffeaorofdmshdedopid epgitaltinsirnmieno  Ingmarti¢ulat i & oftene
rotation of the end effector to position it within the patient. Wth

j udi ci ougespdbrcRrtRieht ¢ chdeffdctaraatn aipte teftivoto @e sRRudinalfanls dfiilsd shafief tHehr ough
anot her trocar, often this anount of positioning is sufficient. Surgical

stapl i ngin&ﬂﬁ'ne?@"’?ﬁé t?afhs{/é?% SHTRMx R mdVEHeSf IHRRAE QS IClel o8 td t'ﬂe thsumbat . No.
5, 465, 895, are exanpl es of an endoscopic surgical instrunent that

successf en ect S 06]
Dependi nsé ﬁ%socﬁ% ﬁéhﬁeg ‘8‘%{3‘ Yor {%{r Eétooacse‘ra% P%Hblp elrhtlg ?R—H%lﬁgtgdé g%dlgé]?er%f%?%her
adj ust th osi tioni t end effector of an endo y

st £ unreicidf AT PRsi sheae e 6 peras oSy o SIS CES HE BB ¢ ect or
at an angle relative to the |ongitudinal axis of the shaf . 1 he

i nst r umeticulatepesitigningeadyantageopy alowsan sagnento %p%ﬁ@%hﬂ%& e end
relative to the instrunent shaft is often conventionally referred to as
"art i cul efectonwithqutibsingrtdoaked by & ipssimenbshiaRg pernits the clinician to nore
easily engage tissue in sone instances, such as behind an organ. In
addition, articulated positioning advantageously al l ows an endoscope to be

positi Onl%ﬁOﬁehAﬂﬁloécﬂgs t%rﬁgticulating a surgical stapling and severing instrument tend to be

complicated by integrating control of the articulation along with the control of closing the end
effector to clamp tissue and fire the end effector (i.e., stapling and severing) within the small
diameter constraints of an endoscopic instrument. Generally, the three control motions are all
transferred through the shaft as longitudinal translations. For instance, U.S. Pat. No. 5,673,840
discloses an accordion-like articulation mechanism ("flex-neck") that is articulated by selectively
drawing back one of two connecting rods through the implement shaft, each rod offset
respectively on opposite sides of the shaft centerline. The connecting rods ratchet through a

series of discrete positions.

[0008] Another example of longitudinal control of an articulation mechanism is U.S. Pat. No.
5,865,361 that includes an articulation link offset from a camming pivot such that pushing or
pulling longitudinal translation of the articulation link effects articulation to a respective side.

Similarly, U.S. Pat. No. 5,797,537 discloses a similar rod passing through the shaft to effect



effector without being blocked by the instrunent shaft. [0007] Approaches to
articulating a surgical stapling and severing instrunent tend to be
conplicated by integrating control of the articulation along with the
control of closing the end effector to clanp tissue and fire the end

effector (i.e., stapling and severing) within the small dianeter
constraints of an endoscopic instrunent. Generally, the three control
notions are all transferred through the shaft as |ongitudinal translations.

For instance, U S. Pat. No. 5,673,840 discloses an accordion-like

arti cul sarfiovatipac StiHiother exdnmplss of@cticujatabhesurgisal staplivgiHemiens argdisdosed in Vel y
drawi ng back one of two connecting rods through the inplenent shaft, each
rod of f siutent Nes. 230,588 |and 616445p2si t e si des of the shaft centerline. The
connecting rods ratchet through a series of discrete positions. 100081

Anot her exanpl e of |ongitudinal control of an articulation nechanismis U S
Pat. No. 865,,361, t.hat i ncl ude n articulation |link offset from.,a,canm ng
b vot S ORI n SRy It g 6 Fenfe et rEtiaR O plt i fopy P g
articulation link effects articulation to a respective side. Simlarly,

U.S. Patsurggen withherabihty topequraiely noye andrposifionthg encded &elng witin thgmatient, thedi ¢ to
effect 4 articulation. Still other exanples of articulatable surgical

st apl i ngpogisigh o€ thegndocyitechandleds fligtatgddy thepasitinn afile patiosof thg shadirfiats, 644, 532.
[ 0009] Al though the above-types of endocutters having articul atable end

ef f ect orextgunallyi paletrudes outsafitiggetooranaridwhikle isadiretbtly sttachedatodhbe bandley Thwe.ghand
position the end effector within the patient, the position of the

endocut tsfgebanimableso eovt éeatndly té b topOSInifoAble poditish. Bich afrang@inehtiecas haf t
that externally protrudes out of the trocar and which is directly attached

to the hagmM if theltate JERAR inSHINSSO PeihS 1040RMFa é&n%éﬂlﬁitﬁﬂ,’"ﬂhl@né f JfieRIE ©
confortabl e position. Such arrangenents can

for the surgeon to support and operate the device.

[0010] Consequently, a significant need exists for an endocutter that has a handle portion that
can be selectively positioned to more ergonomically favorable and comfortable positions relative

to the portion of the endocutter that is extending through the trocar into the patient.



result in the handle of the instrunent being |located in a cunbersone
position, making it difficult for the surgeon to support and operate the
device. [0010] Consequently, a significant need exists for an endocutter
that has a handl e portion that can be selectively positioned to nore
ergonom cal ly favorabl e and confortable positions relative to the portion
of the endocutter that is extending through the trocar into the patient. 5
SUMVARY [0011] In one general aspect, the present invention is directed to
a surgical instrument that conprises an end effector sized to be inserted
t hr ough SUMM#GRY. The surgical instrunent includes an elongated shaft
assenbly that is coupled to the end effector. The el ongated shaft assenbly
has a distal portion that is adjacent to the end effector for insertion into

the tr Og@%ly\jothrl] 0}1@ §ente afl %sef)%%o{he e i e?ﬁﬂ) ldn%cgtre&'t ngi%‘tﬂ 1hs$tnf fge fromthe

di st al n suc OXInH ion pro fron1 e trocar

when the end effec and dlst ortipn are.inse r et hro

control RARHPE af‘é’“é\?ff?‘ﬁ‘ﬂﬂ Séﬁegﬁ?§ Hg dégmf’gh ? H8q5y ([5;2? ﬁxggch ftflgﬂe“ggw{"wgs

el ongated shaft assenbly. A | ocklng assenbi¥ may be provgﬁed to selectively
| ock t henlongated Fhflfta@s&ré%blv tat isseupled tthe gndg %)rt &he glongated shaftiasssgidly on of

the shaft assenbly. [0012] In another general aspect, the present invention

i s di r edaeddistal aonygngiaéssladjaqsmtrtmﬂ@mndte%mtor fobimgertige intethedrpgaravitletheor t hat i s
sized to be inserted through a trocar. An elongated shaft assenbly is

coupl ed dffectohandenyptoriifad porvion thradl isrramote foting theldigtad ipbitmn suttathat the pdjxamant to t he
end effector for insertion into the trocar with the end effector and a

pr oxi malpoptint frétudel &om the (rocmtveheh fientRefectdi aidalistfgiokticinars Usbrédat t he
proxi mal portion protrudes fromthe trocar when the end effector and distal

ﬁg;;' on tﬁ‘ér@thfdﬁ%ﬁr AL ntrbBLAUROMEPulatARG cSHFIE forthe pdg i FBRIonl il ongaRAPT | S€S
shaft assembly. A locking assembly may be provided to selectively lock the handle in a desired

position relative to the proximal portion of the shaft assembly.

[0012] In another general aspect, the present invention is directed to a surgical instrument that
comprises an end effector that is sized to be inserted through a trocar. An elongated shaft
assembly is coupled to the end effector and has a distal portion that is adjacent to the end effector
for insertion into the trocar with the end effector and a proximal portion that is remote from the
distal portion such that the proximal portion protrudes from the trocar when the end effector and
distal portion are inserted therethrough. The surgical instrument further comprises means for
controlling the end effector that is articulatably coupled to the proximal portion of the elongated

shaft assembly.

[0013] In another general aspect, the present invention is directed to a surgical instrument that
comprises an end effector that is sized to be inserted through a trocar. The surgical instrument
further comprises a control handle that operably supported at least one drive motor therein. A

proximal hollow shaft segment that has a first proximal end is rotatably coupled to the control



controlling the end effector that is articulatably coupled to the proxinal
portion of the elongated shaft assenbly. [0013] In another general aspect,
the present invention is directed to a surgical instrunent that conprises
an end effector that is sized to be inserted through a trocar. The surgi cal
i nstrument further conprises a control handle that operably supported at

| east one drive notor therein. A proxinmal hollow shaft segnent that has a
first proximal end is rotatably coupled to the control 6 handle for

sel ective rotation about an el ongated shaft axis. The proximal_ hol]ow shaft
al so hdendie fariselsetivgiratation ahoyt amelangaiadghath pxisn$he proxipal hgHew shaf} #lsq hasds a

di stal hollow shaft segnent that has a second distal end portion that is
oper ablfirstaiistgllead Tie tungicanustmifeaciugherfineludes|aghittal\hollawtshaft sagment thatlwof by
axi al nmovenent along the elongated shaft axis. The distal hollow shaft
segnentsedbad distal SR pottio tHak isropkraBlyctoppied toothe bithéffécor fozetbctive gotwdtionde out  of
the trocar when the end effector is inserted through the trocar. A first

upper  tRBeds alial o§Emé Withg kife S gated WHAS ais. OThd digtaf Ro1RW hafisédmeneRgh £f the
proxi mal hollow shaft segnent in spaced relation to each other. A second

upper tg nd%gtﬁﬁnﬁalseﬁggpgiomms 520 1B pRIFudE st Jf&%&c'ﬁ?wﬁ@r?&@@n@%ﬁéétéﬁ%_ end of

the dista oW S segnent 1 n spaced relation to each other. The
surgi cal

instrunent further. conpri.ses r oq@ Evot. | | fhat is

Si zed t LR HET ek RT PR B PR e w8 Pttt e R hF
pivot link_has a, first uppe in pjvotally coupled to the first u r tab
Bnd o Saderte aspapaioa Sk stemenp nsgecke ryauipreach ¢er Hossapd i ier t ab.
A |l ower double pivot link sized to span between the first and second | ower
t abs ha#8d a s¢qond {ovyes by prpiredes frgm the seropd praximal epdigf g distalhplowishaft | ower tab
and a second lower pin that is pivotally coupled to the second |ower tab. A
pr oxi nekgmepimspasaieiation tseagh ptheh ebhet surgiead instrnment| futtberdompeises amxupperds
t hrough the proxi mal holl ow shaft

double pivot link that is sized to span between the first and second upper tabs. The upper double

pivot link has a first upper pin pivotally coupled to the first upper tab and a second upper pivot

pin is pivotally coupled to the second upper tab. A lower double pivot link sized to span

between the first and second lower tabs has a first lower pin that is pivotally coupled to the first

lower tab and a second lower pin that is pivotally coupled to the second lower tab. A proximal

spine segment is attached to the control handle and extends through the proximal hollow shaft

segment such that it protrudes from the first distal end thereof. A distal spine segment extends

through the distal hollow shaft segment and has a proximal end that is adjacent a distal end of the

proximal spine segment. The distal spine segment has a distal end that is attached to the end

effector and is supported within the distal hollow shaft segment such that the distal hollow shaft

segment can be selectively axially moved relative to the distal spine segment. A distal drive

shaft portion is operably supported in the distal spine segment and is coupled to an actuator shaft

in the end effector. A proximal drive shaft portion is operably coupled to one of the drive motors

in the control handle and is operably supported within the proximal spine segment. A drive shaft



segnent such that it protrudes fromthe first distal end thereof. A distal
spi ne segnent extends through the distal hollow shaft segnment and has a
proxi mal end that is adjacent a distal end of the proximl spine segnent.
The di stal spine segnent has a distal end that is attached to the end
effector and is supported wthin the distal hollow shaft segnent such that
the distal hollow shaft segnent can be selectively axially noved rel ative
to the distal spine segnent. A distal drive shaft portion is operably
supported in the distal spine segnent and is coupled to an actuator shaft

in the afieulaiandeingis copplsd gszﬁwam thedisiad deine shaftnortieroandithe pgsiadidyive shafll ed t o
one of the drive notors in the control handle and is operably supported

Wi t hi n pérgomtocstiable [thesprioxienad dgveshiaft partnity ertichlafetrelativg toi theitlistal dnvg shafit i s
coupl ed between the distal drive shaft portion and the proximal drive shaft
por t i onpércoewabn the ichetrqgd thaxdledd articulated shaifve tqpthe disaah shiaft sepieatul ate rel ative to
the distal drive shaft portion when the control handle is articul ated
relative to the distal shaft segment. 8 DRAWNGS [0014] Various enbodi nments
of the present invention are described herein by way of exanple in
conjunction wth the followng figures, wherein |ike nuneral may be used to
describe like parts and wherein: [0015] Figure 1 is a perspective view of a
surgical instrument enbodi mrent of the present invention; [0016] Figure 2 is
anot her perspective view of the surgical instrunent of Figure 1 with the end
effector thereof inserted into a trocar; [0017] Figure 3 is an expl oded
assenbly view of an end effector enbodi nent of the present



invention; [0018] Figure 4 is another exploded assenbly view show ng an end
effector, drive shaft assenbly and el ongated shaft assenbly of various
enbodi ments of the present invention; [0019] Figure 5A is a cross-sectional
view of and end effector and the distal portions of a drive shaft assenbly
and el ongated shaft assenbly of various enbodi nents of the present

i nvention; [0020] Figure 5B is an enl arged cross-sectional view of the
articulation joint of various enbodinments of the present invention; [0021]
Figure 6 is an expl oded assenbly view of an el ongated shaft assenbly and
drive sHRAWINESenbl y of various enbodi nents of the present invention; 9
[0022] Figure 7 is an exploded assenbly view of a control handle of various
enbodi ments of the present invention; [0023] Figure 8, is an expl oded

i . i bl
pers pecﬂbﬂﬁ VoS eBo hl?ﬁ[g %E?lg ﬁ&%ttlnﬁﬁgm&ﬁefcgfge@r%inv@ wa\H dxadipRendl Y

Vi
of anot her” enbodi ment o ent invention; 24] Figure ™9 is an

expl oded assenbly vj.e f. the articulati joint .of the j V f

assenbl y"§EPIMY 'é% V\”h' tﬁ% g‘ﬂlrog ;. ﬁ%tﬁf)sz B erﬁfnaﬂ?elenufﬁ ral ay bﬁélrsg(li% 0%5%&36%& i ve
view of the drive shaft articulation joint and proximal and distal drive
shaft pdifts 8usWhsrePar i ous enbodi ments of the present invention; [0026]
Figures 11A-B illustrate a torsion cable that may be enpl oyed at the
articulation point between the distal and proximal drive shaft portions of

various [RoPNdiFRRE $ 194 périfecRvEpieNtor alsigRAl inSitimdr?d @mbbdifedtisBthd reként 2 parti al
cross-secti onal VIEM/O? a | ocking assenbly arrangenent of various

invention;

[0016] Figure 2 is another perspective view of the surgical instrument of Figure 1 with the end

effector thereof inserted into a trocar;

[0017] Figure 3 is an exploded assembly view of an end effector embodiment of the present

invention;

[0018] Figure 4 is another exploded assembly view showing an end effector, drive shaft

assembly and elongated shaft assembly of various embodiments of the present invention;

[0019] Figure 5A is a cross-sectional view of and end effector and the distal portions of a drive

shaft assembly and elongated shaft assembly of various embodiments of the present invention;

[0020] Figure 5B is an enlarged cross-sectional view of the articulation joint of various

embodiments of the present invention;

[0021] Figure 6 is an exploded assembly view of an elongated shaft assembly and drive shaft

assembly of various embodiments of the present invention;



enbodi nents of the present invention; [0028] Figure 13 is an end
cross-sectional view of the | ocking assenbly arrangenent depicted in Figure
12; [0029] Figure 14 is a perspective view of a push button assenbly of
vari ous enbodi nents of the present invention; [0030] Figure 15 is an

expl oded assenbly view of the pushbutton assenbly of Figure 14; 10 [00311
Figure 16 is a partial plan view of a | ocking assenbly arrangenent of

vari ous enbodi nents of the present invention, with sone of the conponents
shown in cross-section, 1%29321 Figure 17 is a front perspective view of a
handl e a9l Kigerkdtis amgxmeded aps igivioh a cortrql bardle abvatiows gnbodiments of
present invention with a portion of the housing renoved to illustrate the
conponenths ptekent @iventi¢r)0331 Figure 18 is an expl oded assenbly view of a gear
arrangenment that may be enployed in various enbodi ments of the present
invention; 100341 Figure 19 is a side view of a drive arrangenent that may

be enplo i n..connection i th various enbodinents, of -t nt;.J] 00351
Fi gure 2@3?%] gﬂg't’rﬁ r'ssain(fép\?:éﬁ%%\i)e(ﬁpef%vee ary Ve "Fl?%a};eednsglﬁ agsg’"ﬁ’g%“?eadf . [00361
Figure 21 is a rear.perspective Vi of the drive arrangenent of Figures 19
and 20: sl 2sseowBal Bpier ambesipentiol e dueseRPLItER; ve view of the drive

arrangenent of Figures 19-21. 11 DETAI LED DESCRI PTI ON [0038] Figures 1 and 2
depict a surgical stapling and severing instrunment 10 that is capabl e of
[0024] Figure 9 is an exploded assembly view of the articulation joint of the drive shaft

assembly depicted in Figure 8;

[0025] Figure 10 is a partial perspective view of the drive shaft articulation joint and proximal

and distal drive shaft portions of various embodiments of the present invention;

[0026] Figures 11A-B illustrate a torsion cable that may be employed at the articulation point
between the distal and proximal drive shaft portions of various embodiments of the present

invention;

[0027] Figure 12 is a partial cross-sectional view of a locking assembly arrangement of various

embodiments of the present invention;

[0028] Figure 13 is an end cross-sectional view of the locking assembly arrangement depicted

in Figure 12;

[0029] Figure 14 is a perspective view of a push button assembly of various embodiments of

the present invention;

[0030] Figure 15 is an exploded assembly view of the pushbutton assembly of Figure 14;
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practicing the unique benefits of the present invention. The surgical
stapling and severing instrunent 10 conprises a handle 6, an el ongated
"shaft" or closure tube assenbly 1000, and an end effector 12 that is
operably coupled to the closure tube assenbly 1000. In the illustrated
enbodi nent, the end effector 12 is configured to act as an endocutter for

cl anpi ng, severing and stapling tissue, although, in other enbodi nents,
different types of end effectors may be used, such as end effectors for

ot her types of surgical devices, such as graspers, cutters, staplers, clip
appl i el@31hcEiegee Hoisiapagial plap yiegesfe IPH%P&WGIH&\‘/@E@%SG"EH"E PEYBIONY, RF or | aser
devices, etc. Wile the surgical stapling and severing instrunment 10 is
depi ct enbedimgntyef the paesentanvantionpuidlesases ofithseqmpanpnts shoyen inrpsossrseefiont Det ai | ed
Description proceeds, the skilled artisan will appreciate that the unique
and novel aspects of the present invention may also be effectively enpl oyed

. spects of the present i1 al so enpl.

ot ner - SNGaLc Skl Lisaithd BlpdiROLERDLIRAEASERES CATIMTERABRNEL, )
t f. ti t.h d effector. t]. h f w thoyt . ti

7Y om ¢ Rl eRp B B rErent ke R Ul Fari et b Fotes oYL RERE o O

the instrunment 10 may include a closure trigger 18 and a firing trigger 20
for acthtpompgnentetheistieffector 12. It will be appreciated that instruments
having end effectors directed to different surgical tasks may have

di fferent nunbers or types of triggers or other suitable controls for

oper at ijquE3pN FRAeE Bf QA eRplodeddRs@itly @fehvedttaiearladranBérh et ¥at inthytHRietnpRos R0 €.
anong ot her things, a staple channel 22 and a pivotally transl atabl e anvil
24, which_ ar i i . ing that assures effective stapling and
severiﬁ%m% eﬁpggﬁgﬂkﬁgnp é%ﬁﬁPﬁgﬁgﬁd effector 12. The handle 6 includes a
pistol grip 26 toward which a closure trigger 18 is pivotally 12 drawn by
the clinician to cause clanping or closing of the anvil 24 toward the staple
channel[033] Figure 19 is a side view of a drive arrangement that may be employed in connection

with various embodiments of the present;

[0035] Figure 20 is another side view of the drive arrangement of Figure 19;

[0036] Figure 21 is a rear perspective view of the drive arrangement of Figures 19 and 20; and

[0037] Figure 22 is a front perspective view of the drive arrangement of Figures 19-21.
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of the end effector 12. The firing trigger 20 is farther outboard of the
closure trigger 18. Once the closure trigger 18 is |ocked in the closure
position as further described below, the firing trigger 20 may be pivotally
drawn by the clinician to cause the stapling and severing of clanped tissue
in the end effector 12. [00401 It will be appreciated that the terns
"proximal" and "distal" are used herein with reference to a clinician
gripping the handle 6 of an instrunent 10. Thus, the end effector 12 is
distal with respect to the nore proximl handle 6. It will be further
appreci&ﬂ@dLEﬁ ESGRIPTIO@Nnveni ence and clarity, spatial terns such as
"vertical" and "horizontal" are used herein with respect to the draw ngs.
However, surgical instrunents are used in many orientations and positions,

and t h’j‘(ﬁ?ﬁf epiéﬁbeérleanﬁ(?tde %E ? mgféalt %a{mgg bLhdidvEfd: ASuRbR bWk is dagidd bf O osure

trigge act uat the clinician 1s satisfied with the
posi tioni the e I he cl osure
tri ggeP afﬁgfl% mqruuIrﬂ)lméhit_}ctg ére} %ﬁloglolsrﬁ ﬁlr %hﬁg ?%8 pi st ol

grip 26. The f|r|n tri , uated The firli trl ger 20
et Ur ndiStBmERd O SOERTiSTS gr?%nsw%ogf%g%t#‘rﬁﬁ%resc oo g e TOHE <hpforc 2
renoves pressure, as described nore fully below. A release button 0 on the

handl e ewd effegtar 12that by epegablngaugledde, thew@smesw'aﬂ asgﬁmlayéﬁo%f Intheillgtaie®, when

depressed may rel ease the | ocked «closure trigger [ 0042] Flgure 3 is an
expl odenibudimentpfheend eEactorfX s configurdd ta@cisdngy chttelafpr dampingossyeregiang.  As
shown in the illustrated enbodi nent, the end effector 12 may include, in
addi t i efaplingg tissge, allicigh Oinlther mbbdimemsl, differentetly p@2fand effentons n4, beaisédyi f e and
sled driving member 32, a staple cartridge 34, a helical screw shaft 36 and
a bear isigh 238nd Bfdctdrs fatdiag igls bOsurgiCal ABGI0EE buchiak dfdspdrSs, chiters Istaplers, clip

appliers, access devices, drug/gene therapy devices, ultrasound, RF or laser devices, etc. While

the surgical stapling and severing instrument 10 is depicted as a motor driven or “powered

instrument”, as the present Detailed Description proceeds, the skilled artisan will appreciate that

the unique and novel aspects of the present invention may also be effectively employed in

connection with surgical stapling and severing instruments and still other endoscopic surgical

instruments that employ mechanical (unpowered) systems for operating the end effector portion

thereof without departing from the spirit and scope of the present invention.

[0039] 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 an end effector. The end effector 12 includes in this example,
among other things, a staple channel 22 and a pivotally translatable anvil 24, which are
maintained at a spacing that assures effective stapling and severing of tissue clamped in the end

effector 12. The handle 6 includes a pistol grip 26 toward which a closure trigger 18 is pivotally

12



The anvil 24 may be pivotably connected to the channel 22 at a proxi mate

pi vot point. In one enbodinent, for exanple, the anvil 24 includes

| aterally projecting pivot pins 25 at its proximal end that pivotally
engage pivot apertures 23 formed near the proximal end of the channel 22. As
wi |l be discussed in further detail below, when the closure trigger 18 is
actuated, that is, drawn in by a user of the instrunent 10, the pivot pins
25 of the anvil 24 may pivot within the pivot apertures 23 in the channel
22 about the pivot point into the clanped or closed position. If cl i ng
of the arawrely thechinician tq causeelpmpingios elpsing gbthg sayih£d owasd thetaplg ehapird 35? ring
trigger 20, which, as explained in nore detail bel ow, causes the knife/sled
dri vi ng ofireteed effectonl 2. rEhediringariggry 20 hiefatherrmugioarhof thtelpsusg trigger 1 OrGessue
clanped within the end effector 12. [0043] Figure 4 is an expl oded assenbly
vi ew of ticleduengigpgead 8ok bmkedintthbeloniss podifion dk@adher descdibed belewathe fizisgenbl y
1200 and an end effector 12 of one enbodi nent of the present invention.

Fi gure Srigder 80 G1a9 $s pheedliyQitain by e cihicin@étduse d@atapfingagd sivetigg ofudaripedns  of
the el ongaied shaft assenbly and the drive shaft assenbly. Figure 6 is

anot her P view of the elongated closure tube assenbly 1000
and dri&gﬁgﬁggﬁqggggﬁgPix%zoo. Figure 7 illustrates the interface between

t he el ongated cl osure tube assenbly 1000 and the control handl e 6. Turning
to Figures 4 and 5, it can be seen that one enbodi nent of an_ el ongated

cl osur e [0049¢ dswidhitsl appreoiated thaidheigans Prefiimekand ['distgl"dre wisd hewgmwith 1010 t hat
has a "second" distal end 1012 and a "second"” proximl end 1014. [0044] In
vari ous refetenck toeandlisjcidnhgripgbimg the haddbeséio fant inftainsemg h@nThusO®@ end sffecttr Khiaped

wi ndow 1016 in its distal end 1012. Such U shaped w ndow 1016 is adapted to
engage alistAlRsthaiashebCto tied MekeRotiaRl Kahdfed. medilbbe fubBetdpptdcialedl thaieforFi gure 4.
Thus, when the distal closure tube segnent 1010 is noved in the distal

di rect i QQn{edidnB¥andt1drity] dpaAMRRLEH HevEkRAYAR Pz a2 Ak F:BYAERInt 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.

[0041] 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 30 on the handle 6,
and in this example, on the pistol grip 26 of the handle, when depressed may release the locked

closure trigger 18.

[0042] Figure 3 is an exploded view of one end effector 12 according to various embodiments.
As shown in the illustrated embodiment, the end effector 12 may include, in addition to the
previously mentioned channel 22 and anvil 24, a knife and sled driving member 32, a staple

cartridge 34, a helical screw shaft 36 and a bearing 38 that is attached to the channel structure 22.
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14 anvil 24 to pivot to a closed position. Wien the distal closure tube
segnent 1010 is noved in the proximal direction (arrow "B") it contacts the
closure tab 27 and causes the anvil 24 to pivot to an open position (away
fromthe channel 22). [00451 As can be seen in Figures 4 and 6, the

el ongated cl osure tube assenbly 1000 further includes a proximal closure
tube segnent 1030 that has a proximal end 1032 and a distal end 1034. The
proxi mal end 1032 of the proximal closure tube segnment 1030 is articul atably
coupled to the distal end 1014 of the distal closure tube segnent 1010 by an
art i cul dhe envi] 24 may begjpivetehly spnaresaddp shechannel 29 81n prpinate pives FAidta(lf gneand wi t h
reference to Figures 5A, 5B and 6, articulation joint 1050 conprises in

var i ous eswbdidient fisrsxampler the anyip24 inchides @@ 6allyrpoejectaigpgy dt pors125tah és gioxinedl end
1034 of the proximal closure tube segnent 1030 and a first |ower tab 1038

pr ot r udiend that pivbtaiteertiagé plvoeiptrthiRs23 ddrnicl @eqrrtbe prorimat lend uf the chamne S22y rent

1030 in spaced relation to the first upper tab 1036. The first upper tab
1036 hasyif bk disehssePinGhrtitr ietail Helo®, HB3 thelcRLRUNELH B iPaudtde tHak [sSdrabawer tab
1038 has a first |ower pivot hole 1039 therethrough that is coaxially

al i gned t i r 3 | I ' voplarly,
the pr okyr%:g e Jg(r?]hcg 1?5}%%&?@?#2@%‘;@)(@1 ﬁi?S gﬂg%/%{dél?é%ﬁ}?ﬁ?gﬂl‘gﬁﬁgzheaﬁg(g‘cond upper
tab 1020 ot r4di ther Q nd .a .secon b r udj ng
therefr 83?#‘““5%5582% @8%{['?% r?m?ué (ﬁfet%v%té)@ bng d q(l),l Eh%\gﬁgntl%eg or %%%d b C{IS&rﬁeon's gf: ond upper
tab 1020 has a second upper, . pivat_ hol e 1021 therethrou nd the econd

| over ¢ SRREO SO SRR RO o treRBrator 053 ACHEE i P eera | <
substantially coaxially aligned with the second upper pivot hole 1021. See
Fi gur e Swich; apeplained ip arare defaib helow; eauprsshe knite/sgd draiimgampihes 3 tadrayelso
further includes an upper double pivot link 1060 that has a first upper pin
1062 andclagscdwannal @Rahepbncuttigitipno tlamgedyithindhedndmatfector 12.

[0043] Figure 4 is an exploded assembly view of an elongated closure tube assembly 1000, a
drive shaft assembly 1200 and an end effector 12 of one embodiment of the present invention.
Figure S is a cross-sectional view of a cartridge 34 and distal portions of the elongated shaft
assembly and the drive shaft assembly. Figure 6 is another exploded assembly view of the
elongated closure tube assembly 1000 and drive shaft assembly 1200. Figure 7 illustrates the
interface between the elongated closure tube assembly 1000 and the control handle 6. Turning to
Figures 4 and 5, it can be seen that one embodiment of an elongated closure tube assembly 1000

includes a distal closure tube segment 1010 that has a “second” distal end 1012 and a “second”

proximal end 1014.

[0044] In various embodiments, the distal closure tube segment 1010 has a U-shaped window
1016 in its distal end 1012. Such U-shaped window 1016 is adapted to engage an upstanding
closure tab 27 formed on the anvil 24. See Figure 4. Thus, when the distal closure tube segment

1010 is moved in the distal direction (arrow “A”), it contacts the closure tab 27 and causes the
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The first upper pin 1062 is sized to be pivotally received in the first
upper pivot hole 1037 and 15 the second upper pin 1064 is sized to be
pivotally received in the second upper pivot hole 1021. The upper double
pivot link 1060 is retained in position between the proxinmal end 1014 of the
di stal closure tube segnent 1010 and the distal end 1034 of the proxinal

cl osure tube segnent 1030 by the proximal spine tube segnent 1100 and the
di stal spine tube segnent 1130. The articulation joint 1050 further
includes a | ower double pivot link 1070 that has a first |ower pin,6 1072 and
a secondnivip@éio pivet te@Tdosed pesitien. n\yhemtbe distab glosurp subejsegpentJQAY 1sgneved gy die; s
sized to be pivotally received within the first |ower pivot hole 1039 and

t he secqmoximalirectiom (ab@wi“B’Y itsiontadts theoclorurgiab 37 and gausescthe gyl 2stormeotéecond

| ower pivot hole 1023. See Figure 5B. The | ower double pivot link 1070 is

r et ai nedani dpep Poditidro@was frorethe themnpl22yi mal end 1014 of the distal closure
tube segnent 1010 and the distal end 1034 of the proximal closure tube
segnent 1030 by the proximal spine tube segnment 1100 and the distal spine

| ovior G oA HerRD D9 S it BR Alatle] orliegbsashATo 00 Bkt e

distal closure tube segnent 1010 and the distal end a034 of the Pnﬁagwm
cl osur e inglidessaerdinal alosue tubp segment {030 hathas a proxynal egadd 03hand 3 distel ¢ndwer pi n
1072 are coaxially aligned along a first pivot axis D-D that, in various
enbodi meH34, Theproxanalsadd03hef the prpximal slogere subetsegmentd D3p searéenlaahlyt axis C C
that extends through the el ongated closure tube assenbly 1000. See Figure
5A. Li kessupled td the disest end! 1 Qipipefithgdistal clpsure tho6degaredt 101® yemamtculdtmngoinpi vot

pin 1074 are coaxially aligned along a second pivot axis E-E. In various

enmbodi meghSrally R&siGREANE 1050, 0MorXdpScificdilyl ahd SHithseRfdncatd FighteasaysBagd 60 the
el ongated shait axis G C and substantially parallel to the first pivot axis
D-D. The, £;8a46h j¥iht | 050RRAGFS&ELR vifidts eftboliments a first upper tab 1036 protruding from

the distal end 1034 of the proximal closure tube segment 1030 and a first lower tab 1038

protruding from the distal end 1034 of the proximal closure tube segment 1030 in spaced relation

to the first upper tab 1036. The first upper tab 1036 has a first upper pivot hole 1037

therethrough and the first lower tab 1038 has a first lower pivot hole 1039 therethrough that is

coaxially aligned with the first upper hole 1037 in various embodiments. Similarly, the proximal

end 1014 of the proximal shaft segment 1010 has a second upper tab 1020 protruding therefrom

and a second lower tab 1022 protruding therefrom in spaced relation to the second upper tab

1020. The second upper tab 1020 has a second upper pivot hole 1021 therethrough and the

second lower tab 1022 has a second lower pivot hole 1023 therethrough that is substantially

coaxially aligned with the second upper pivot hole 1021. See Figure 5B.

[0046] In various embodiments, the articulation joint 1050 further includes an upper double
pivot link 1060 that has a first upper pin 1062 and a second upper pin 1064 protruding therefrom.

The first upper pin 1062 is sized to be pivotally received in the first upper pivot hole 1037 and
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arrangenment permts the proximal closure tube segnment 1030 to pivot relative
to the distal closure tube segnent 1010 about pivot axes D-D and E-E 16

[ 0048] As can be seen in Figures 6 and 7, the proximal end 1032 of the

proxi mal closure tube segnment 1030 has an attachnent groove forned around
its circunference to enable it to be coupled to a carriage assenbly 255
that is supported within the control handle 6 for inparting axial travel of
t he shaft assenbly 1000 in the distal and proximal directions A B
respectively, wi |l be discussed |n further detail below, [Q049 Varlous
erbod mihseecds uppRs Pift 886dri¢ sized,torheinbyptallyrreerdyed;in &heL?e%onééer@Fmg%f@éF ine tube
assenbly, generally designated as 1100 that extends through the el ongated

cl osur e Theibppeadeubidpiyot IIBOWMGH ds retapedrin pesiianchesvesnrihopronimal gnd Bkt efithee shaf t
assenbly 1200 therein. In various enbodinents, the el ongated spine tube
assenbl disthl floswzotgbe issgnsens 1 Pr@acidthe distal erel 100 ef ﬂnemtmn'mal ddsi@e tubebtegnast a
proxi mal end 1112 and a distal end 1114. The proximl end 1112 is adapted to
be couph@xb By0th@ ProxirhAGPiwe Mibeesmef A 10@&at e distal i tube sepidnt 0130hamedl e 6
which will be discussed in further detail below [0050] As can be seen in

Fi gure chalaﬁorgroﬁqgs@mhé&%u%s41B€«epa&fslermotmkr1@7é Hﬁ@ha%%gﬁ@ﬂbwéﬂa@ has a

| ower pivot ta protrudlng therefrom 'the purpose of which wll

di scuss %]7 j_ and afs%%cr: tn}aqgwg lblfgﬁrlaﬁﬁﬁm é‘&e?e?%ng![ PR tﬂ‘gﬁ l?&/@ﬁ&lb g Oz% gusﬁzgd & bé h e

pr oxi mal e se axi a ng drive shaft
hol e 1116 e tendln h for n ortion dr.i ve shaft
asserol VORIs RPN afﬁrﬁ? Secanios heigTpHLIR e bt Bhusebind P tmsel the
eIongated Spi ne assenbl 1100 al so includes a distal spine_tube segnent 1130

that  hisbepipetalky Wﬁmv@m the sppondhlgwsr pivethale K- §£9,ngurm%l3 di B¢ lewves doubde t ube

segnent 1130 has an
pivot link 1070 is retained in position between the proximal end 1014 of the distal closure tube

segment 1010 and the distal end 1034 of the proximal closure tube segment 1030 by the

proximal spine tube segment 1100 and the distal spine tube segment 1130.

[0047] When the upper double pivot link 1060 and the lower double pivot link 1070 are
attached to the proximal end 1014 of the distal closure tube segment 1010 and the distal end
1034 of the proximal closure tube segment 1030, the first upper pin 1062 and the first lower pin
1072 are coaxially aligned along a first pivot axis D-D that, in various embodiments, may be
substantially transverse to an elongated shaft axis C-C that extends through the elongated closure
tube assembly 1000. See Figure SA. Likewise, the second upper pivot pin 1064 and the second
lower pivot pin 1074 are coaxially aligned along a second pivot axis E-E. In various
embodiments, the second pivot axis E-E is substantially transverse to the elongated shaft axis C-
C and substantially parallel to the first pivot axis D-D. The reader will appreciate that such
arrangement permits the proximal closure tube segment 1030 to pivot relative to the distal

closure tube segment 1010 about pivot axes D-D and E-E.
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axially extending drive shaft hole 1136 therethrough. The distal end 1134 of
the distal spine tube segnent 1130 is also constructed for attachnent to
the channel 22. In one enbodinent, for exanple, the distal end 1134 of the
di stal spine tube segnent 1130 may be forned with a pair of 17 attachnent
colums 1138 that are adapted to be retainingly engaged in slots 29 forned
in an end of the channel 22. See Figure 3. The attachnment colums 1138 may
be retained within the slots 29 due to the distal spine segenent 1130 being
contained within the distal closure tube segnment_ 1010 which forces both the
channell0W#8] akd cembe sfes imFigypss §and dgihe ﬁf0X1m'<11:md 1 83%pkihg sroxie dlosure tubgre
centerline and such that the distal end 1134 of the proxinmal spine tube
segnenteghied01030 has agatidchmeougroert foonedwrowtkitsritcumberenigdo erablivit takd |
understand that the el ongated spine tube assenbly 1100 is sized relative to
the el eogédEd atdafriage @ssetnbly Z55shathis suppOdél wititih thdmhtrdbheandkel 6ofog abemitigd osur e
tube assenbly 1000 can freely nove axially thereon. [00521 As can be seen in

Fi gur esxidt Ravel Qﬁhggﬂa‘fteasml? 106058 The JisthP4A proxiBEdipdetiynsSAPP edshediveMd dshi n t he
el ongat ed spine tube assenbly 1100 which is supported within the el ongated

C'Osur%wﬂ%%@%mﬂﬁ&FH9£%mﬁgggﬂbkﬁ“yar'OUS enbodi nents, the drive shaft

assenbl conprises proxinmate drive shaft portion 1202, a drive shaft
artlculatlon joint 1220 and a distal drive shaft portion 1210. The proxi nal
drive shaft portion 1202 is sized to extend through the elongated drive
shaft {@049] 1 VaGousenbalipensxpfthe pesent énventien Bitheraneludel arpelanghtagespingdubreot at abl y
supported therein by a bearing 1203. The proximal drive shaft portion 1202
has a pERmbigkerfdlyldeignaadianl 100itldt akterdsthibdpiothe [eldizattd Theuditaticadssetitily e

shaft portion 1210 is sized to extend through the drive shaft hole 1136 in

the di g9ed to'%ﬂb%fh {aHRs seapdhisbE 2R BRA skt 4:0¢mbIahbho SieRper nedriblier ei n by a
bearing 1207. See

embodiments, the elongated spine tube assembly 1100 comprises a proximal spine tube segment

1110 that has a proximal end 1112 and a distal end 1114. The proximal end 1112 is adapted to

be coupled to an attachment bar 260 located within the control handle 6 which will be discussed

in further detail below.

[0050] As can be seen in Figure 6, the distal end 1114 of the proximal spine tube segment 1110
has a lower pivot tab 1120 protruding therefrom, the purpose of which will be discussed in
further detail below. As can also be seen in Figure 6, the proximal spine tube segment 1110 has
a first axially extending drive shaft hole 1116 extending therethrough for receiving a portion of

the drive shaft assembly 1200 therein as will also be further discussed below.

[0051] The elongated spine assembly 1100 also includes a distal spine tube segment 1130 that
has a proximal end 1132 and a distal end 1134. The distal spine tube segment 1130 has an
axially extending drive shaft hole 1136 therethrough. The distal end 1134 of the distal spine tube
segment 1130 is also constructed for attachment to the channel 22. In one embodiment, for

example, the distal end 1134 of the distal spine tube segment 1130 may be formed with a pair of

17



Figure 5B. The distal drive shaft 1210 has a proximal end 1212 and a di stal
end 1214. The distal end 1214 has a drive gear 1216 attached thereto that
is in meshing engagenent with a gear 56 attached to the helical screw shaft
36. See Figure 5A. 18 10054] In one enbodi ment depicted in Figures 4-6, the
drive shaft articulation joint 1220 conprises a first proxi mal bevel gear
1222 attached to the distal end 1206 of the proximal drive shaft portion
1202. A cl earance opening 1122 is provided through the first | ower pivot tab
1120 to enable the first proximl bevel gear 1222 to rotate relative

t her et o attahimsniecoboansreds thet arerpsaptdd foke retaafinglnengaged i slein 29 dorared ipaerrdyr t her
includes a first distal bevel gear 1224 attached to the proximl end 1212
of the ofdieaharmel 22 Stedfigurpdr Theattdchthent cdhunopdriB8 gray b8 Zetamedd mithindbe stbtsr ough
the second | ower pivot tab 1135 protruding fromthe proximl end 1132 of the

di stal 3spidaetdtHOistas SERERgerhdR0 180 being bbritaihdtbwithifh She dibal cbsubeibl sepadnt 1224
to freely rotate relative to the second |ower pivot tab 1135. Also in this

enbodi Mgpig whfraﬁ f&us%u%ﬁ@fcharﬁ{et YEM Ahé BBtal itk segRet CBORS hisd §s hi héveGRA!t I al
bevel gear 1226 is nounted to a shaft 1228 that is pivofally nmounted in

pi vot h [ t hole
1124 fgéﬁ%wﬁ?f{]&d@ggloﬁ t%g\(/av}aspl eﬁ(? %/f(#\,é?gbeodﬁ%@ai %’ze"l‘é. gu%%ﬂ:gél Pjphg r eader
wil | appr iate, t t he shaft 228 ser to Ie t he dista
end 11 HEGHY S p e ind] 2o TOC radd St aRderSarbthets plbngfiediidh a1 155 of
the distal spine tubhe segment 1130. The central bevel gear 1226 IS supported
i n meshiapgmbinAgéntizad « ﬁl%flhe torfhe elppgatedlasue tupessembly 009 sych thaidhe he fir st
proxi mal bevel gear 1222 such that rotation of the proximal drive shaft

por t i on elop@@ed glosuratubriasseadlyt H00sen Heely aovdakially teedon. porti on 1210 t hrough

the drive shaft articulation joint 1220 while facilitating articul atable
novenment of the drive shaft assenbly 1200 when the proxinmal closure tube

segnent [f;(%%P st cEntl.'Ee ?Aeﬁ ri'rggfgﬁg:s 4-6, the drive shaft assembly 1200 is operably supported

within the elongated spine tube assembly 1100 which is supported within the elongated closure
tube assembly 1000. In various embodiments, the drive shaft assembly 1200 comprises
proximate drive shaft portion 1202, a drive shaft articulation joint 1220 and a distal drive shaft
portion 1210. The proximal drive shaft portion 1202 is sized to extend through the elongated
drive shaft hole 1116 in the proximal spine tube segment 1110 and may be rotatably supported
therein by a bearing 1203. The proximal drive shaft portion 1202 has a proximal end 1204 and a

distal end 1206.

[0053] The distal drive shaft portion 1210 is sized to extend through the drive shaft hole 1136
in the distal spine tube segment 1130 and be rotatably supported therein by a bearing 1207. See
Figure 5B. The distal drive shaft 1210 has a proximal end 1212 and a distal end 1214. The
distal end 1214 has a drive gear 1216 attached thereto that is in meshing engagement with a gear

56 attached to the helical screw shaft 36. See Figure SA.
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cl osure tube assenbly 1000 is articulated relative to the distal closure
tube segnent 1010 thereof. 100551 Figures 8-10 illustrate an alternative
drive shaft articulation joint 1300 that may be enployed to facilitate
substantial universal travel of the proximal drive shaft portion 1202
relative to the distal drive shaft portion 1210. As can be seen in Figure,
the el ongated closure tube assenbly 1000 and the el ongated spine tube
assenbly 1100 nay be constructed and operate 19 in the manner descri bed
above. Turning to Figures 8 and 10, in this enbodi nent, the first |ower

pi vot t 400541 20n one ¢rhleodimentidepicted pi Figures Yeb, shegirvatshafl aniculation jpintdPPY coupl ed
to the second | ower pivot tab 1135 on the distal spine tube segnent 1130 by
a vert i camppsesatfirgtiproxihabbevibgear $220cittacked|td the didta epid 206 pf the pioBdmalsirive
pivotally received with pivot hole 1124 in the first |lower pivot tab 1120
and anotsh&f ptiv@120m01 £ cleir@hcsdiRMnY 1122 tifirosided tidol ghwké fifst Wovter bilot hb3520 0
facilitate pivotal travel of the proximl spine tube segnent 1 | 10

relativ ' By t e RIM : t TRisRmEBHinght §f e G Whi ch
is defi ﬁ%%‘%"f“ﬁf@%s?bﬁ’i’“n‘ﬁ@l”%%‘ g Aoge Rk iregla%%giﬂ%pgﬁbodlisrreh}r??,lthe drive

haf Coul at i o e " versal i L nel ud
shaf t ar(#rllvg gha?’{érﬁ%u&{t/t?ob@&nﬁ‘ fﬁgﬁtfﬁﬁﬂé}gh&? es ldrﬂﬁi%gsz%lbgv l%gzﬂ;l 2%% éﬁ?"l#g‘?loy%gg uades

a central Join I's prvotally ¢
menber 1314 and | st al éﬁﬁ .negp r 1316, i ndi cat g jn the above
descr | piitghmal g 1472k e Al ST aagiporii B Ahapen d LRATHSRERGR 1202
is rotatably supported in the proximal spine  tube segment 1110 by a bearing
1203. THke sseend lawer pivpidakd b@rﬁ%ﬂ%&nﬁomgf‘aﬁr%@wéaﬂq bl thg distg] spinehbe 206 of
the proxi mal drive shaft portion 1202 and is constructed to pivotally
r ecei ve segmpentd 13Gto gpaklg itheefirsipdistal beyelraean 224d to fragly sptateaelatieciedhe sgcond
otherw se forned in the central joint body 1312. Such proxi mal pivot pins
1318 f adowertpatee tgbi MGt alAldoriavies emboditvent thetdriab shafi articlatibn jdidd 2220 @ingirisese t 0
the proximal drive shaft portion 1202 about a proxi mal pivot axis H H which
My be acentral bevel gear 1226 that is mounted to a shaft 1228 that is pivotally mounted in pivot hole

1124 formed in the first lower pivot tab 1120 and a pivot hole 1124’ formed in the second lower

pivot tab 1135. See Figure 5B. The reader will appreciate that the shaft 1228 serves to pivotally

couple the distal end 1114 of the proximal spine tube segment 1110 to the proximal end 1132 of

the distal spine tube segment 1130. The central bevel gear 1226 is supported in meshing

engagement with the first distal bevel gear 1224 and the first proximal bevel gear 1222 such that

rotation of the proximal drive shaft portion 1202 is transmitted to the distal drive shaft portion

1210 through the drive shaft articulation joint 1220 while facilitating articulatable movement of

the drive shaft assembly 1200 when the proximal closure tube segment 1030 of the elongated

closure tube assembly 1000 is articulated relative to the distal closure tube segment 1010 thereof.

[0055] Figures 8-10 illustrate an alternative drive shaft articulation joint 1300 that may be
employed to facilitate substantial universal travel of the proximal drive shaft portion 1202
relative to the distal drive shaft portion 1210. As can be seen in Figure, the elongated closure

tube assembly 1000 and the elongated spine tube assembly 1100 may be constructed and operate
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substantially transverse to the elongated shaft axis CC [00571 Simlarly,
the distal yoke nenber 1316 is attached to the proximal end 1212 of the
distal drive shaft portion 1210. The distal yoke nenber 1316 is adapted to
pivotally receive a pair of distal pivot pins 1320 attached to or otherw se
formed in the central joint body 1312. Such distal pivot pins 1320
facilitate pivotal travel about a distal pivot axis 1-1 that is
substantially transverse to the proximl pivot axis HH and the el ongated
shaft axis CGC. 20 [0058] Figures 1 1A and 11 B, illustrate yet another
drive dhéfetmannei dastribhedghors: rBnpiaginFigores 8iaad 19ria shimembediwnt, gig firfdeweray be
enpl oyed to facilitate substantial universal travel of the proxinmal drive
shaft povdtitabnl 12008 theepraximat spioe tube sepimenal 110ris piwowmbaicouped toitbersetaddlowen t hi s
enbodi nent, a torsion cable 1390 is attached between the proximal end 1212
of the gk 11965ioM ehsdisthl sphrthbosegméalid 3664 atvbeical (i @lpie MBI M6reof t he
proxi mal drive shaft portion 1210 to permt the proximal drive shaft

porti 0%8038%119, P@@I\{c&yﬁmh% 'iseﬂi%tBlY}erleEéivédWitldbﬁBtaﬁold'1 1 2¢einshefist RWek PiQBt 1210.

[ 0059] nponénts of an exenplary cl osure systemfor closing (or clanping)

t he anyj f . ' reetrigger 18
are al st %ﬂ% O\Aan(ﬁh iaﬂ&ﬁi&gpﬁ?ég h@fe (ﬁﬁgs?lhgﬁ)zﬁnﬁ?{%gse? é%@g%g‘%ﬁ%ﬁ?bng %ﬁ%t %lh%}eosur e
system i.ncl.yde oke 250 conpected t e cl.osur rigger 8. A pjvot pin
255 o TSR tEe GG pRehos semengLl 1 BERR Fe el d e b eggiebl T8 oo
the yoke 250 such that they both rotate aboué t he sane point. The distal
end of tIRQ ahepta pyiopaxig G-GarHerisdafingdi by pIvYipin BB2. 1o a first portion 256 of
the cl osure bracket 255. The first closure bracket portion 256 connects to
a second cl osure bracket portion 258. Collectively, the closure bracket 255

be e g e et o | L S rstnt of the
cl osur %oﬂ[ #6168hat3rcludes a central joint body 1312 that is pivotally coupled to a proximal yoke

member 1314 and a distal yoke member 1316. As indicated in the above description, the distal

end 1206 of the proximal drive shaft portion 1202 is rotatably supported in the proximal spine

tube segment 1110 by a bearing 1203. The proximal yoke assembly 1314 is attached to the distal

end 1206 of the proximal drive shaft portion 1202 and is constructed to pivotally receive a pair

of proximal pivot pins 1318 that are attached to or otherwise formed in the central joint body

1312. Such proximal pivot pins 1318 facilitate pivotal travel of the central joint body 1312

relative to the proximal drive shaft portion 1202 about a proximal pivot axis H-H which may be

substantially transverse to the elongated shaft axis C-C.

[0057] Similarly, the distal yoke member 1316 is attached to the proximal end 1212 of the
distal drive shaft portion 1210. The distal yoke member 1316 is adapted to pivotally receive a
pair of distal pivot pins 1320 attached to or otherwise formed in the central joint body 1312.
Such distal pivot pins 1320 facilitate pivotal travel about a distal pivot axis I-I that is

substantially transverse to the proximal pivot axis H-H and the elongated shaft axis C-C.
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causes |l ongitudinal notion by the proximl closure tube segnent 1030 (and
ultimately the elongated closure tube assenbly 1000). The instrunment 10

al so includes a closure rod 260 disposed inside the proxinmal closure tube
1030. The closure rod 260 may include a window 261 into which a post 263 on
one of the handl e exterior pieces, such as exterior |lower side piece 59 in
the illustrated enbodinent, is disposed to fixedly connect the closure rod
260 to the handle 6. In that way, the proxinmal closure tube segnent 1030 is
capabl e of noving longitudinally relative to the closure rod 260. The

cl osur d0058H Pawresdy Axindd 1Bailugtgase yet@ingthey drivgishafi anigylatioparrangementpf ghey 21
cavity 1111 in the proximal end 1112 of the proxinmal spine tube segnent 1110
and i s prestmtiimedtiort ther maynbédgmplogedito FaciitatesubstFitigLurdvergal Frazeldf 1) proXig@bo] | n
operation, when the yoke 250 rotates due to retraction of the closure

t ri ggedridSshatttpprtichl 1292 relativeso ket diRddrive ybafs pdrtien p2 X i Imahis enbsdiment, abe
segnent 1030 to nove proximately (i.e., toward the handle end of the

i NSt r uRgHbn 25ble 139018 Bu&ﬁlel&8&wteaﬁth€itpﬁixﬂhalceh@sgrzeoﬂtupaisﬁﬁaﬂwghafft%ﬁiont 0 nove
proxi mately. Because the tab 27 extends through the wi ndow 45 of the distal

cl osur ﬁg}é HREng ?ggg@ﬁd Qs okiftfl ?r}?/\fe eﬁél;[tit(h)gq% Oisﬁilﬁ’erﬁ‘lﬁt BXM% n tshe

! tH
di st al osure noves proxi nate e trigger i

unl ocked fromthe | d position, th r.oxj mal . closure e segnent 1030
i's cau?é‘&e f}@@sqolnb‘@ &%ét%%ﬁlll? ‘,’lla F@Hvectgﬁgeg@st?tfg'%&i SQ?%PO '108,4}%?(2 tube segnent
1010 to slide distally. The distal closure tube segenent 1010 forces the
anvil 24 closed by driving it distally by interacting with a closure lip
27" thgo059% diogipaheritooft mlex@mplabucibhiee systeasfor elosing (arodanpihgsthe dndl eef t he

di stal nmovenent of the anvil 24 forces the anvil pin 25 to nove distally up

the cammesdmalefRéof 2 by RUGHRIPWRE cBdure Gt | §18c GRIBAGSS invEighredddn ke ough thi s
camm ng action and the hoop constraint of distal closure tube segnent 1010
ar ound iﬂ&ﬁa{emmgéai%nt, b did\ate system includes a yoke 250 connected to the closure trigger

18. A pivot pin 252 is inserted through aligned openings in both the closure trigger 18 and the

yoke 250 such that they both rotate about the same point. The distal end of the yoke 250 is

connected, via a pin 254, to a first portion 256 of the closure bracket 255. The first closure

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

bracket 255 defines an opening in which the proximal end 1032 of the proximal closure tube

segment 1030 is seated and held such that longitudinal movement of the closure bracket 255

causes longitudinal motion by the proximal closure tube segment 1030 (and ultimately the

elongated closure tube assembly 1000). The instrument 10 also includes a closure rod 260

disposed inside the proximal closure tube 1030. The closure rod 260 may include a window 261

into which a post 263 on one of the handle exterior pieces, such as exterior lower side piece 59 in

the illustrated embodiment, is disposed to fixedly connect the closure rod 260 to the handle 6. In

that way, the proximal closure tube segment 1030 is capable of moving longitudinally relative to

the closure rod 260. The closure rod 260 may also include a distal collar 267 that fits into a
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way, by retracting and | ocking the closure trigger 18, an operator may clanp
ti ssue between the anvil 24 and the cartridge 34 nounted wthin the channel
22, and may unclanp the tissue follow ng the cutting/stapling operation by
unl ocking the closure trigger 20 fromthe |ocked position. [0061] As shown
in Figure 2, the end effector 12 and the distal end 1012 of the distal

cl osure tube segnent are sized to be inserted through a trocar assenbly 900
into the patient. Such trocar assenblies are known in the art and
therefore, its construction and operation are not discussed in detai

her ei ncaviiyrl L&k imipe groximat engbd i %@ftﬁﬁpr%}f@w‘%ﬁ‘bﬁ’éewféﬂéﬂiQ: engfs rgfainedant j t | ed
METHOD 22 FOR USI NG A TROCAR FOR PENETRATI ON AND SKI N I NCI SI ON, the

di scl osherain by a caphl 0B (bes Higures fr8iand d2por at ed by reference in its entirety

di scl oses various trocar assenblies. The reader will, of course,

appreci ate, however, that the various enbodi nents of the present invention

may be é(ﬁﬁéﬁ S é}i%%l{%io% n?hfg utflg ax\f(é 550%0’&?(3% idﬁé {0 r%{ra&fotl fog Eh%rbﬁ(ghfquigger&??{ﬂﬁ g la,

etc. W egparting fromthe spirit and sco

present inventjon. _Therefore, . the varipus enbodjnents of the present

i nvent CORME EPCl‘ﬁgé? casgs the prgimak %Fé‘fiﬂ"g%s%ﬂ‘ﬁm @3%? moye Pé"ﬁ‘;‘}“%gl}/ e(b‘é’ limited
to use wth the specific type of trocar descrjbed herein by way of exanple.
100621 toxeard the haedls erdhof the frisijumentol 0).ivich caysesthedigiahelpsure twbe seameny 481G,
cannul a assenbly 902 that is attached to a cannul a housi ng 904. The end

ef f ect tr moge pmslintately dBetagbe tha thb1A)1eXtenfls thneugh dheswimdowl4dniitlee distkclessigirent 1010
are sized to be inserted through the cannula housing 904 and cannul a
assenbluybe36gnénnt 010, e tpal 7 eatses the pevibtowpem whérethp st dloserettabdreoywsr f or mred and
the location of the organs to be operated on, various |engths of the distal

cl osur grdxithtely© WRAithd O1dSure ffﬁglgebﬁf; isnaRckadrémtie Ibéledtposiciah, tR®Proxibiat portion
of the closure tube assenbly 1000 that is

closure tube segment 1030 is caused to slide distally, which causes the distal closure tube

segment 1010 to slide distally. The distal closure tube segement 1010 forces the anvil 24 closed

by driving it distally by interacting with a closure lip 27’ that is distal to tab 27. Further closure

is accomplished since the distal movement of the anvil 24 forces the anvil pin 25 to move

distally up the cam slot 23 in the channel 22, creating compressive loads through this camming

action and the hoop constraint of distal closure tube segment 1010 around the two parts. In that

way, by retracting and locking the closure trigger 18, an operator may clamp tissue between the

anvil 24 and the cartridge 34 mounted within the channel 22, and may unclamp the tissue

following the cutting/stapling operation by unlocking the closure trigger 20 from the locked

position.

[0061] As shown in Figure 2, the end effector 12 and the distal end 1012 of the distal closure
tube segment are sized to be inserted through a trocar assembly 900 into the patient. Such trocar
assemblies are known in the art and therefore, its construction and operation are not discussed in

detail herein. For example, U.S. Patent No. 6,017,356 to Frederick et al., entitted METHOD
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adapted to be inserted into the trocar 900 is referred to herein as the
"distal portion" 1002 and could conceivably conprise substantially all of
the distal closure tube segnent 1010 up to the proximl end 1014 such that
the articulation joint 1050 renmains external to the trocar 900 and is
operable to permt the surgeon or clinician to articulate the handle 6
relative to the distal portion 1002 in the trocar. The reader will further
appreciate that the distal portion 1002 may conprise sonewhat |ess than the
entire length of the distal closure tube segnent 1010. Thus, the various
enmbodi ROR USBRG I ERPCAR ROR| RENIGER ARIQN ANT2 SKiN INGE O thedisglesueanfat e t he
handle 6 of the device 10 to a nore ergonomcally confortable position

dur i ng wHiéh @hetedt inodtpadatedibytrbferepte it itsl eintikesy di@@Oses amdoubAre@ar 433enif)@6.3Thé/ar i ous
enbodi nents of the present invention may al so be provided with a | ocking

syst emd4RPutNBF cHRSY, dpRBaRE thdwWePerS tHaBBeRariduslefbod inititd \GMAE prebdit 2 desi red

position relative to the portion of the device inserted into the trocar

900. ifi : - = 12 | ocki
Wg@ggﬁ&@%#&@%é&ggﬂ%ﬂlé tdr Iﬁfﬁeﬁ 5f‘?ilffé:rbﬂl{fol%§ 12k, e@ne | ocking

system porte a rotatabl e housing assenbly 1402

that is attached {0 e forwar orti { l. . ln i OUS

enbodi %P%?me"f%‘gﬁ}h%’hg?pﬁgmé\,%%'ﬁ%&yw &2%8‘1 ?ﬁ%i}g 8?)@}% P Peggrqziﬁﬁ%}lg{" Pé%éi%ogeg segnent
1404 and a secon ousi n segnment 1406 that. are constructed to fit. together
Lot or ifs HEioNBAEPeRmeRts oY teimeeEh aregon sl e yaign sty st ROtiny nog
fromplastic and be constructed to be retained together by snapping

ar r angeAns ey bghiaritsd tauseakith e specifigiype af trocar descrabad heeein by way of pxample 7,
housi ng segnment 1404 has an ring segnent 1408 formed therein that is
adapted to mate with a simlar ring segnment (not shown) that is fornmed in

e B, oS RS0y s 0 B3 o 1 2o
that is attached to a cannula housing 904. The end effector 12 and the distal end 1012 of the
distal closure tube segment 1010 are sized to be inserted through the cannula housing 904 and
cannula assembly 902 into the patient. Depend upon the procedure to be performed and the
location of the organs to be operated on, various lengths of the distal closure tube segment 1010
may be inserted into the trocar 900. That portion of the closure tube assembly 1000 that is
adapted to be inserted into the trocar 900 is referred to herein as the “distal portion” 1002 and
could conceivably comprise substantially all of the distal closure tube segment 1010 up to the
proximal end 1014 such that the articulation joint 1050 remains external to the trocar 900 and is
operable to permit the surgeon or clinician to articulate the handle 6 relative to the distal portion
1002 in the trocar. The reader will further appreciate that the distal portion 1002 may comprise
somewhat less than the entire length of the distal closure tube segment 1010. Thus, the various
embodiments of the present invention enable the surgeon to articulate the handle 6 of the device

10 to a more ergonomically comfortable position during the operation about the pivot links 1060

and 1070.
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portion 1412 of the handle 6. Such arrangenent enabl es the housing assenbly
1402 to be <coupled to the handle 6 and be freely rotatable relative
thereto. [0064] As can be seen in Figures 12 and 13, the housing assenbly
1402 houses an actuator assenbly in the formof a push button assenbly
1420. In various enbodi nents, the push button assenbly 1420 nmay have a push
button portion 1422 and a yoke portion 1424 attached thereto. As can be
seen in Figure 13, the push button portion 1422 is adapted to protrude
through a hole 1414 formed in the housing 1402 and the_yoke portion 1424 is
sl i dabl y[08a3bpofarieds enbadiments ohthieyesentdn@nfion may aise be n@wﬁ;dgwﬁga lpglipg The
yoke portion 1424 has a pair of |egs 1426, 1428 that are separated by an
end br acestdém3a00 hat wauldzhatde the sseon torlofk thahendlSin & dewsirpd positical relativstortbe t ube
segnent 1030 is received between the | egs 1426, 1428 such that the proxim
cl osur e portitd of SiROdER Itk idSeAEd manthemveard0DaMore beeifebidy wabwitl reféroaceto oxi mal
spi ne tube segnent 1110. As can 24 be seen in that Figure, the proxi mal

drive shahirePpr-14,Ofe i{%ﬁ%gis?st@fﬁ\é%bﬁinﬁaﬂpﬂﬁf B?ﬁ'u}}lﬁfo&m Withihe rofxdbid llidﬁsﬁﬁgt endi ng

hole 1 1 16 in the proxinmal spin tube segnent 110. 100651 As can be seen

in Fi guraﬁ&@lgzg@ t%a%is RRAQ & trt(\gg,?%araj,ﬁgia{{n% $12hEhRl /6. SHRRADLLictii s, 2

wheel cavi rovi n ro Spl ne tube segnent

ext ends { hrough an [»Ng 1444 in roxi nal cl re.tube ment 1030.
Such ar i me R P ey Eithris® o R P Sepng s PR b SPSpd SO 0
cavity 1442. Cabl e wheel 1440 has an upper. cable- receiyin roove 1446 and
a | ower sgggp@_lﬂ%@p%rﬁgo@trggt\qgtoleqtggqtlgﬁrﬁ%@r%tgﬁh@mp{gslﬁgéf iTg‘ég%‘FS.mgA ri ght
tension cable 1450 is received within the | ower cabl e-receiving groove and a
| ef t t ersgments t404L t400aeay besformed fromeplagtic Bchbe ¢rasigegied todghptained kagethienky

groove. The right tension cable 1450 is received within a first groove 1115
f or med isnappireg @tangemenis fratier atlhdsdvepfcrevs efer. ok$ ol besseemim Kigie 7, housing

segment 1404 has an ring segment 1408 formed therein that is adapted to mate with a similar
ring segment (not shown) that is formed in the interior of housing segment 1406 to form an
annular ring assembly sized to be received in an annular groove 1410 formed in the forward
portion 1412 of the handle 6. Such arrangement enables the housing assembly 1402 to be

coupled to the handle 6 and be freely rotatable relative thereto.

[0064] As can be seen in Figures 12 and 13, the housing assembly 1402 houses an actuator
assembly in the form of a push button assembly 1420. In various embodiments, the push button
assembly 1420 may have a push button portion 1422 and a yoke portion 1424 attached thereto.
As can be seen in Figure 13, the push button portion 1422 is adapted to protrude through a hole
1414 formed in the housing 1402 and the yoke portion 1424 is slidably supported within a cavity
1416 formed in the housing 1402. The yoke portion 1424 has a pair of legs 1426, 1428 that are
separated by an end brace 1430. As can also be seen in Figure 13, the proximal closure tube
segment 1030 is received between the legs 1426, 1428 such that the proximal closure tube

segment 1030 can move axially therebetween on the proximal spine tube segment 1110. As can
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segnent 1110 and the left tension cable 1460 is received wthin a second
groove 1 117 fornmed in the outer surface 1113 of the proximal spine tube
segnent 1110. See Figure 16. The right tension cable 1440 has a distal end
1442 that is attached to the right side of the proximal end 1132 of the

di stal spine tube segment 1130 and a proximal end that is attached to the
cabl e wheel 1440. Likewi se, the left tension cable 1460 has a distal end
1462 that is attached to the left side of the proximal end 1132 of the

di stal spine tube segment 1130 and a proximal end that is attached to the
cabl e \bheein id ha0OFigheee thei pyenimall grive Fhafs portihe h2@his npyveklyrsapparted stithen thabe
segnent 1030 and handle 6 is articulated relative to the distal closure

t ube Sagiﬁﬂ?'éxt&.ﬂﬁﬁ)g hdl8 @1 Daidlthe plogimhal sPid 4beissgmandedd.t o rotate within the
cabl e wheel cavity 1442 by virtue of tension cables 1450, 1460. 100661
Vari ous enbodi nents of the Iocking assenbly al so include a disengagabl e gear

assenbly 1470 for Iockln the abl i.ch Itlnatel vents the
pr oxi mﬁ{ 065] od\grcan boseep i, ‘gé‘E"@ di glfrﬂlﬁh g]rfglaés e ?I?IBﬁy%pro#%& E'f"lang
relative to the distal closure tube segnent 1010. Mre speC|f|caIIy and

with retheelearity 144 2mrgridedingthe proximal spigé wbp segmat &1 Weand exteadsihrqueh pa7o
conprises a first gear 1472 that is attached to the cross brace 1430 on the
push buptring 14kl prodiadbclogure arbesezmant il ). famh arranpeniest parmits Hedtable t he end
of the cable wheel 1440 and is adapted to be selectively neshed with the
first fwheeldl4geads frdely fotatd e wheel shvigebid2 1 €dRle whetli 1dd @ tas at apperreabid-ng

engagement by a locking spring 1476 that is joumaled on a retainer prong

1478 pé&mdgciigreavef 148ahd 8 w&&ﬁblbrrafém%%aaowme F6:0 edeouMdlifipRritePr ANQ
cavity fornmed within the housing assenbly. Spring 1476 serves to bias the

f' r st q%ﬂt %ﬁﬁaﬂ&bgﬁ%% is bl vedlévﬁﬁm th BwePEDIY- ﬁeelemggggv@%d WidehreR@Gh ot her

Irection See Figure. Wen

cable 1460 is received within the upper cable-receiving groove. The right tension cable 1450 is
received within a first groove 1115 formed in the outer surface 1113 of the proximal spine tube
segment 1110 and the left tension cable 1460 is received within a second groove 1117 formed in
the outer surface 1113 of the proximal spine tube segment 1110. See Figure 16. The right
tension cable 1440 has a distal end 1442 that is attached to the right side of the proximal end
1132 of the distal spine tube segment 1130 and a proximal end that is attached to the cable wheel
1440. Likewise, the left tension cable 1460 has a distal end 1462 that is attached to the left side
of the proximal end 1132 of the distal spine tube segment 1130 and a proximal end that is
attached to the cable wheel 1440. See Figure 16. Thus, when the proximal closure tube segment
1030 and handle 6 is articulated relative to the distal closure tube segment 1010, the cable wheel
1440 is caused to rotate within the cable wheel cavity1442 by virtue of tension cables 1450,

1460.

[0066] Various embodiments of the locking assembly also include a disengagable gear

assembly 1470 for locking the cable wheel 1440 which ultimately prevents the proximal closure
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pushes the push button 1422 in the "L" direction, the first gear 1472 is
noved out of nmeshing engagenent with the second gear 1474 to thereby permt
t he second gear 1464 and cabl e wheel 1440 to which it is attached rotate.

[ 00671 The | ocking assenbly 1420 nmay operate in the follow ng manner. Wen
the first and second gears 1472, 1474 are in meshing engagenent as shown in
Figures 13 and 14, the cable wheel 1440 cannot rotate and the right cable
14 50 and |l eft cable 1460 prevent the proximal closure tube 1030 (and
handl e) fromarticul ati ng about the double pivot pins 1060, 1070 relative
to the tabestegment| l@éﬁﬁ@dthab@le &3 FammArycuiating relatyve g Iﬂt?c‘kStPlHéOSa‘F% fubgipegmesh | oi nt
1050, the user pushes the push button 1422 inwardly to cause the first gear
1472 t d0d9.sMogaspecifindlysandorith rgéaaence 47 HigureTH - 1Gsthe disemgaghlela geartasseaibdt e t he
proxi mal closure tube segnent 1030 (and handle 6) relative to the distal

cl osur el470bempri@sre first 2Odr01.47AfHat ishatached gethe chas bauce 1430 @t thd pustebunandl e 6 to
the desired position, the push button 1422 is rel eased and the first gear
1472 | shsfibe 0Nt A0sdtBRNInAGng £28 MR Btachkd tb thé enFECRE EatdeWheel 4440 4 ik 0Ck
the articulation joint 1050 1n that position. To prOV|de the user with

furt herad%&tséfobde s!efe velbt m\%ﬂehm m@ﬁﬁs& fkap geai 120 gm% tg%arnm@%ésa Ynth402

and 26 t rOX|na closure tu e segnment 1030 an |ng assenbly 1420 may

be rot at i reIPat : éllgnt}__by a fogﬁn§§&%el4§€tl%tt Psalge glgd BE‘Sr&?ﬁE@oBQlW' tional

f1 exi biT9\ ures one aspec nmotori zed drive

arrangenent .fo owering th cutte Var.i ous. ot her ori.zed drive
T oo T §3e°e§éﬁs€ﬁ%4) Uy TR 8 RN P Rl FGh nave

been herein incorporated ¥ ref erence above in their entirety could also be
ef f ect ihpesiys aspmblye Spring V474 soes inbistithedingt and seconghgeast My 2mbht4 i%ed bef ore,

however, the unique and novel aspects of the present invention may also be
practi aee;j;hing epgagement with edchiother (e.g., in the “K” direction). See Figure. When the user

pushes the push button 1422 in the “L” direction, the first gear 1472 is moved out of meshing
engagement with the second gear 1474 to thereby permit the second gear 1464 and cable wheel

1440 to which it is attached rotate.

[0067] The locking assembly 1420 may operate in the following manner. When the first and
second gears 1472, 1474 are in meshing engagement as shown in Figures 13 and 14, the cable
wheel 1440 cannot rotate and the right cable 14 50 and left cable 1460 prevent the proximal
closure tube 1030 (and handle) from articulating about the double pivot pins 1060, 1070 relative
to the distal closure tube assembly 1010. To unlock the articulation joint 1050, the user pushes
the push button 1422 inwardly to cause the first gear 1472 to disengage the second gear 1474.
The user can then articulate the proximal closure tube segment 1030 (and handle 6) relative to
the distal closure tube segment 1010. Aft the surgeon has articulated the handle 6 to the desired
position, the push button 1422 is released and the first gear 1472 is biased into meshing
engagement with the second gear 1474 to lock the articulation joint 1050 in that position. To

provide the user with further flexibility, it will be understood that the housing assembly 1402 and
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mechani cal | y actuated surgical devices, w thout departing fromthe spirit
and scope of the present invention. As can be seen in Figure 7 and Figures
17-22, one exenplary enbodi ment includes a gear box assenbly 200 including
a nunber of gears disposed in a frame 201, wherein the gears are connected
between the planetary gear 72 and the pinion gear 124 at the proximal end
1204 of the proximal drive shaft portion 1202. As explained further bel ow,

t he gear box assenbly 200 provi des feedback to the user via the firing
trigger 20 regarding the deploynent of the end effector 12. Al so, the user
may pr ottiegeoximakeloguge tuhe segpemi h30 andtloakingessentidy 1 44sman by rotatedrelaivassi st t he
depl oynent of the end effector 12. [0069] In the illustrated enbodi nent, the
firing thelgadie 618 piavideubesser withpidditiesal flexibditn body portion 202 and a
stiffening portion 204. The main body portion 202 may be nmade of plastic,
for exanple, and the stiffening portion 204 may be nade out of a nore rigid

mat eri al ch. as tal. In the illustrated odi nent, the stif.fening

por ¢ 1 on INGAI'T Bicis eyt aneciapart BERpOlsEref e ssgmerent aRetn ey o

ot her enbodi nents, the stiffening portion 204 coul d be di sposed. inside the
mai n bo&Ydasuteri 18n Vagious othes; meserizedArvggrrangemeatsisuelnas asetq?PeuEw Ypeh?tfs in
the firing trigger pieces 202, 204 and may be the point about which the
firing tApphepionowhichthavesbeen heregdidearpenated By 2efersped ahgve apthaisgnietyscoudealso rj ng
trigger 20 to rotate in a CCWdirection. The spring 222 nmay have a distal
end conbeeffedivtly emphoyed 22 4ariduaembsdioentse Asedhs taso meatipnelcteefor2 weR ) thef  t he
firing trigger 18. The proximate end of the spring 222 nay be connected to

one of Yhgubanhdvebashedts 6f tht pieéEnt irbiefiforPheL 850 BOprabiibed id Octfikction wilite
illustrated enbodi nent, both the main body portion 202 and the stiffening

por ti on meLRthidall§ htdRed SGBlcaiNided Rt BBdeps@iRg FoRSME ShitiY Shd/dcopd of €I I UPpPer
end portions. The gear portions
present invention. As can be seen in Figure 7 and Figures 17-22, one exemplary embodiment
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 proximal
end 1204 of the proximal drive shaft portion 1202. As explained further below, the gear box
assembly 200 provides feedback to the user via the firing trigger 20 regarding the deployment of

the end effector 12. Also, the user may provide power to the system via the gear box assembly

200 to assist the deployment of the end effector 12.

[0069] In the illustrated embodiment, the firing trigger 18 includes two pieces: a main body
portion 202 and a stiffening portion 204. The main body portion 202 may be made of plastic, for
example, and the stiffening portion 204 may be made out of a more rigid material, such as metal.
In the illustrated embodiment, the stiffening portion 204 is adjacent to the main body portion
202, but according to other embodiments, the stiffening portion 204 could be disposed inside the
main body portion 202. A pivot pin 209 may be inserted through openings in the firing trigger

pieces 202, 204 and may be the point about which the firing trigger 20 rotates. In addition, a
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206, 208 engage a gear in the gear box assenbly 200, as explained below, to
drive the main drive shaft 48 and to provide feedback to the user regarding
t he depl oynent of the end effector 12. [0071] The gear box assenbly 200 may
i nclude as shown, in the illustrated enbodinment, six (6) gears. A first
gear 210 of the gear box assenbly 200 engages the gear portions 206, 208 of
the firing trigger 18. In addition, the first gear 210 engages a smaller
second gear 212, the snaller second gear 212 being coaxial with a | arge
third gear 214. The third gear 214 engages a snaller fourth gear 216, the
smal | esprimgd22imayeas theifinigg trigeer 20 towotate i afGE Widirgetion. Jlilg spring 222 fmak haygear 218
is a 90 bevel gear that engages a mating 90 bevel gear 220 (best shown in

Fi g. 23)distdledd cormeaedvercpiea@24 that kecopnatiedrio gegrieck2202, R84 ofithefemgtthggenai n
drive shaft 48. [00721 In operation, when the user retracts the firing

tri ggengl@ne prosiRmE®énd d¥ahe SHARID2 infay baCbhneaie@do ondbfahe h@dldéxmticddoveersi gnal

to the notor 65 to rotate at a rate proportional to the extent or force

W th m%@g?k£ggypg§rator is retracting the firing trigger 18. This causes the
not or o rofate at a speed proportional to the signal fromthe sensor.
The sensor could be located in the handle 6 such that it is depressed when
the firing trigger 18 is retracted. Al so, instead of a proportional-type
sensor [0078] o tefillusypied smhadimenh pothdhemein. bodp ppoion 2P2 mad Heistiffewng peréiot or

65 causes the bevel gears 66, 70 to rotate, which causes the planetary gear
72 t o r04 afctudesae portians2s, 208 Gredpaetivaty) aethsinapper 264 potions.i Tlge gparaporfidds t o
rotate. The ring gear 122 neshes with the pinion gear 124, which is
connectgg, 208 chfryeArgexd idRhe ghat bex s8&hbly 200 ek ieRplaihedBelowiesdrive Bhexhhiadriot t he
pi ni on gear 124 drives the drive shaft portion 1202, which transmts

thr ougRpdee sHdl 14 Brovivif feedbabit théhideP Pogafintt thd defloyrRerit € t1dicRl atfedbid M2 shaf t
portion 1210 which transmts to the shaft 36 through gears 1216 and 56 to

t her eby cause actuation of the

[0071] 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 18. 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 fifth gear 218. The fifth
gear 218 is a 90° bevel gear that engages a mating 90° bevel gear 220 (best shown in Fig. 22) that

is connected to the pinion gear 124 that drives the main drive shaft 48.

[0072] In operation, when the user retracts the firing trigger 18, a sensor (not shown) is
activated, which may provide a signal to the motor 65 to rotate at a rate proportional to the extent
or force with which the operator is retracting the firing trigger 18. This causes the motor 65 to
rotate at a speed proportional to the signal from the sensor. The sensor could be located in the
handle 6 such that it is depressed when the firing trigger 18 is retracted. Also, instead of a

proportional-type sensor, an on/off type sensor may be used.
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cutting/stapling operation of the end effector 12. [0074] Forward rotation
of the pinion gear 124 in turn causes the bevel gear 220 to rotate, which
causes, by way of the rest of the gears of the gear box assenbly 200, the
first gear 210 to rotate. The first gear 210 engages the gear portions 206,
208 of the firing trigger 20, thereby <causing the firing trigger 20 to
rotate CCWwhen the notor 65 provides forward drive for the end effector 12
(and to rotate CCWwhen the notor 65 rotates in reverse to retract the end
effector 12). In that way, the user experiences feedback regarding

depl oy @K oRotatien efthe nedteredy eusesshqRevigkgearsioty fdto retate, vhigh qaugss thehe firing
trigger 20. Thus, when the user retracts the firing trigger 20, the

oper at @langfiatyl geax P2toi retates whichamiisss avia therdeive shadt 16 therrengozepr netatgf Thee end
effector 12 and, in particularly, to the forward speed of the notor 65.

Si m | afking gemtian nidskes wigethaipation gdae 434 svhidheis Eonmentgd to thg pesxidel difveshatt he
cutting/stapling operation so that it can return to its original position,

the useprithl (ROEXPRIS RN BY PiRibAeaN 28 Aficd the evd Maftipoftiohd 202 vigerk 18 t hat
is generally proportional to the reverse speed of the notor 65. The reader

Wil | aQﬁB&ﬁiitsatbﬁ)ugRYlﬁVd?fve shwa%icﬁl%ﬁemtﬂ@z@mhmy@i dii¥elsh&# baltioR g2 h@nd! e
tHe p may be eff

arrangenent o resent 1nventio ectively enployed in
connection with.a ri ot her d i.C. | hst

Fegar e B oyt o R R AR e 0 B g R p SR a B LR e
transmttin wer to.the drive_.shaft, assenbly. Accordingly, the protections
affordéH“PﬁgFﬁgn&%ﬁ?%ﬁ§"Hﬁﬁﬁpﬁgﬁﬁgr “ the 29 present invention should not
be limted to the particular, notor/ handl e arrangenent disclosed herein.

[0075] It will be appreciated fromthe foregoing discussion, that various
enbodi a4y Forwdie rothii@SEMthe piRIAHchOIR4if PIrR SAREs tha Bbvél FRAr@RO NEitgte OVEr pri or

endoscopi c instrunents. In particul ar,
which causes, by way of the rest of the gears of the gear box assembly 200, the first gear 210 to
rotate. The first gear 210 engages the gear portions 206, 208 of the firing trigger 20, thereby
causing the firing trigger 20 to rotate CCW when the motor 65 provides forward drive for the
end effector 12 (and to rotate CCW when the motor 65 rotates in reverse to retract the end
effector 12). In that way, the user experiences feedback regarding 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 particularly, to the forward speed of the motor 65. 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 a CW rotation force from the firing trigger 18 that is
generally proportional to the reverse speed of the motor 65. The reader will appreciate however,
that the unique and novel articulating handle arrangement of the present invention may be
effectively employed in connection with a myriad of other powered endoscopic instruments,

regardless of the particular handle configuration and/or method of transmitting power to the

drive shaft assembly. Accordingly, the protections afforded to the various embodiments of the
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vari ous enbodi ments of the present invention permt the surgeon or clinician
to effectively position the handle portion of the instrunent relative to
the other portion of the instrunment that is inserted into the patient such
that the handle is in a nore ergonomcally confortable position and the
position of the handle is not dictated by the position of the end effector.
[0076] 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 incorporated material does not conflict with existing
def i ni t Preveat inyengioasheitld noghe lypitedto dhespartdeaiar emaigr/dyandle agangenest disclpsedt hi s
docunent. As such the disclosure as explicitly set forth herein supersedes
any coldréincti ng material incorporated herein by reference. [0077] The
invention which is intended to be protected is not to be construed as
limted to the particular enbodi nents di scl osed. The enbodi nents are

t her ef Ogﬁﬁ]o nlg ?v(i:lp] g% %{é)ggcg%tgcf gé&hﬁ%%@%ﬁﬁgﬁsc{l%&? Elha‘(i) B?rﬂ) S %ﬁ‘ltbﬁhﬁzﬁe'nrsedf the

Vari ationsa ers wt eparting from the
irit of the present invention. Accordingly, it is expressly.intended that
71" suckesghryE BRrerese Pl oL R CRERueniebe PR e PRE S 11

and scope, of the present invention as defined in the clains be,epbraced
t her ebyYariggs embedymentg\rhthejpgesgntinygation permjt thasurgean; ¢ gliniciaate gffestively
conprising: an end effector sized to be inserted through a trocar; an

el ongat pwitiphahe handleaqroitign efdhpinsidument selativede theattiies porion of shedingtrumeyathatiisshaf t
assenbly having a distal portion adjacent to said end effector for

i nsert i dsertedtinto theepatietcach thiat the handle Bridla more ergonomically comfortable position and

the position of the handle is not dictated by the position of the end effector.

[0076] 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 incorporated
material does not conflict with existing definitions, statements, or other disclosure material set
forth in this document. As such the disclosure as explicitly set forth herein supersedes any

conflicting material incorporated herein by reference.

[0077] The invention which is intended to be protected is not to be construed as limited to the
particular embodiments disclosed. The embodiments are therefore to be regarded as illustrative
rather than restrictive. Variations and changes may be made by others without departing from
the spirit of the present invention. Accordingly, it is expressly intended that all such equivalents,
variations and changes which fall within the spirit and scope of the present invention as defined

in the claims be embraced thereby.
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effector and a proximal portion renote fromsaid distal portion such that
said proximal portion protrudes fromthe trocar when the end effector and
distal portion are inserted therethrough; and a control handle articul atably
coupled to said proximal portion of said elongated shaft assenbly. 2. The
surgical instrunment of claim21 wherein said proximl portion of said

el ongated shaft assenbly conprises: a proxinmal shaft segnent having a first
distal end and a first proximl end, said first proximl end coupled to
said control handle; a distal shaft segnent having a second distal end

porti on@adUMed to said end effector and a second proximal end portion
sized to protrude out of the trocar when said end effector is inserted
through the trocar; and an articulation joint assenbly attached to said
first diygfals (ﬁggwg .said proxi mal shaft segnment and said second proxim
end portion o sal ‘distal shaft segment. 31 3. The surgical instrument of
claim2 wherein said proxinml shaft segnent is rotatably coupled to said
control handle for selective rotation relative to said control handle. 4.
The surgi cal li nst Auegieal dfstramantaeempiiséti n said articul ation joint assembly
conprises: a first upper tab protruding fromsaid distal end of said

proxi mal shahh esdefifieettr sizad fd besinsdriedahrotghin fpoat;,r udi ng from sai d distal end of
sai d proxinmal shaft segnent and in spaced relation to said first |ower tab;

ahsfecond uppeah eloalatéd sHaftludicRtbly Equpledab 6ais efdeftecrurOstidElbnginadl shhft asseshbbi st al
shaft segnent;

having a distal portion adjacent to said end effector for insertion into the trocar with said end
effector and a proximal portion remote from said distal portion such that said proximal portion
protrudes from the trocar when the end effector and distal portion are inserted therethrough; and

a control handle articulatably coupled to said proximal portion of said elongated shaft

assembly.

2. The surgical instrument of claim 1 wherein said proximal portion of said
elongated shaft assembly comprises:

a proximal shaft segment having a first distal end and a first proximal end, said first
proximal end coupled to said control handle;

a distal shaft segment having a second distal end portion coupled to said end effector and
a second proximal end portion sized to protrude out of the trocar when said end effector is
inserted through the trocar; and

an articulation joint assembly attached to said first distal end of said proximal shaft

segment and said second proximal end portion of said distal shaft segment.
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a second |l ower tab protruding fromsaid second proxi mal end of said distal
shaft segnent in spaced relation to said second upper tab; an upper double
pivot link sized to span between said first and second upper tabs, said
upper double pivot link having a first upper pin pivotally coupled to said
first upper tab and a second upper pivot pin pivotally coupled to said
second upper tab; and a | ower double pivot |link sized to span between said
first and second | ower tabs, said |ower double pivot Iink having a first

| ower pin pivotally coupled to said first |ower tab and a second |ower pin
pi votal Iy codpl edThecﬁusﬁi:fﬂ insrameat Af slain 2twhprein saigpeoxdmplghali segment iSunent  of
claiml| further conprising: a rotatable drive shaft assenbly supported

wi t hi n swatablp corplet tegaidirantroldeadniivriselestavedtotation rlative do spid ventyh hgndlessendl y
conprising: a distal drive shaft portion operably coupled to an actuator
shaft in said end effector; 32 a proximal drive shaft portion operably
coupled to a notor supported in said control handle; and a drive shaft

articulation joint cou d bet wee qgggstal arlve haft. portign and said
proxi mal drite shitgsu ?3? “bgFFuF‘Gme‘ﬂrzf?ﬂ GeBrY amﬂ‘ PR Jf@ntgaﬁ I"’?}Sor tion to
articulate relative to said distal drive shaft portion when said handle is
arti cul 89BRIise&| ative to sai d el ongated shaft assenbly. 6. The surgical
instrument of claimb5 wherein said drive shaft articulation joint conprises
a universal ja6ishtpper tabTretrigling)fromlsaidrbstal ené nf sagd prokmmahskafidegmenty sai d drive
shaft articulation joint
a first lower tab protruding from said distal end of said proximal shaft segment and in
spaced relation to said first lower tab;
a second upper tab protruding from said second proximal end of said distal shaft segment;
a second lower tab protruding from said second proximal end of said distal shaft segment
in spaced relation to said second upper tab;
an upper double pivot link sized to span between said first and second upper tabs, said
upper double pivot link having a first upper pin pivotally coupled to said first upper tab and a
second upper pivot pin pivotally coupled to said second upper tab; and
a lower double pivot link sized to span between said first and second lower tabs, said

lower double pivot link having a first lower pin pivotally coupled to said first lower tab and a

second lower pin pivotally coupled to said second lower tab.

5. The surgical instrument of claim 1 further comprising:
a rotatable drive shaft assembly supported within said elongated shaft assembly, said
rotatable drive shaft assembly comprising:

a distal drive shaft portion operably coupled to an actuator shaft in said end effector;
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conprises a torsion cable. 8. The surgical instrunent of claim5 wherein
said drive shaft articulation joint conprises: a central bevel gear
rotatably supported between a proxinmal end of said distal drive shaft
portion and a distal end of said proxinmal drive shaft portion; a first

di stal bevel gear coupled to said proximl end of said distal drive shaft
portion and in neshing engagenent with said central bevel gear; and a first
proxi mal bevel gear coupled to said distal end of said proxinal drive shaft
portion and in neshing engagenent with said central bevel gear. 33 9. The
sur gi cal i nsa proimel dgfve safl portiorf epetabéy cauplegito 8 mogpraupradted ig sajg sentrel
cooperating with said el ongated shaft assenbly and control handle to

sel ecti usldye; bk said control handle in desired positions relative to said
el ongat ed shaft assenbly. 10. The surgical instrunent of claim2 wherein
sai d el ongated .shaf{ has an el.ongate shaft ,axi s and rein said .
articul ati on? FBYerﬁhathé‘rtEPH}?gf’P JIp “Plﬁgb‘ét?"ﬁ?‘f Saé‘gglatabélré‘feaﬁmﬁlpfigwpémg i
segnment to pivot about at |east one pivot axis that is substantially

t r ansveprxima) dsizg shadl Romtden e¢nakip sgid pepximal daive shafiepartionste) aitigas relativednaf ¢
segnent. 11. The surgical instrunent of claim 10 wherein said first upper
pi n andsadital iriwt shaft pagionpitenanaid hahdlg seaticudatekbrelative 20 $4id slongatedshaixi s t hat
is substantially transverse to said elongated shaft axis and wherein said
second wugp@blypi n and said second |ower pin are aligned to define a second
pivot axis that is substantially transverse to said elongated shaft axis.
12. The surgical instrunment of claim2 further conprising:

6. The surgical instrument of claim 5 wherein said drive shaft articulation joint

comprises a universal joint.

7. The surgical instrument of claim 5 wherein said drive shaft articulation joint

comprises a torsion cable.

8. The surgical instrument of claim 5 wherein said drive shaft articulation joint
comprises:

a central bevel gear rotatably supported between a proximal end of said distal drive shaft
portion and a distal end of said proximal drive shaft portion;

a first distal bevel gear coupled to said proximal end of said distal drive shaft portion and
in meshing engagement with said central bevel gear; and

a first proximal bevel gear coupled to said distal end of said proximal drive shaft portion

and in meshing engagement with said central bevel gear.
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a distal drive shaft portion operably coupled to an actuator shaft in said
end effector and operably supported within said distal shaft segnent; a
proxi mal drive shaft portion operably coupled to a notor supported in said
control handl e and operably supported within said proxi mal shaft segnent;
and a drive shaft articulation joint coupled between said distal drive shaft
portion and said proximal drive shaft portion to enable said proxinal drive
shaft portion to articulate relative to said distal drive shaft portion
when said control handle is articulated relative to said distal shaft 34
segment, sai driThe syrgigal ingtrumentiof clagn 1jfeithar copprisinga igokinesysang
articulation joint assenbly coupli sald proxi mal shaft segnent to said

di st al elopémtisgyitesaid emgat%élaitms@rrdgy andeontrahtandlede seleetivelyllock said her
conprising: a proximl spine tube segnment attached to said control handle
and r ec&inebhdndlesiaidesired positiomd rektiaé to sarigrimmphted shafdagserabliynal spi ne tube
segnent operably supporting a portion of said proximal drive shaft portion
therein; and a distal spine tube segnment pivotally coupled to said proxinal
spine tube segnent and supported in said distal shaft segment and attached

to said end g{ fecfifrsy @Jl thsthiRbAl ofSREMS v@ﬁépé?n saﬁ@gﬁﬁgétecpﬂﬁmg ¥n SldRPREL | NY

sai d di stal ive sha portion therein. . The surgical i1nstruneht of
I 1 dd t tral
E e\al‘lelm éghgﬁ/h ?{%,?1'3{11 g\ba}elnﬁa‘rld Xrg 8lﬁ?t%n a] og‘trt S C%Hétﬁlcg:(aq? b@ﬁrﬂf salcF 9 gB[ &l?ﬁﬁe tuﬁg C?n brea

segnent and su orted @theen a p nd of sald dlsta dilveegh

porti onseﬁﬁ‘&“%foé? of ahout Afert OE%P‘HO '&?tr}ﬁf ubSRPALY S RRPYCTSP PG plonsat

shaft axis relative to said proximal shaft segment.

11.  The surgical instrument of claim 10 wherein said first upper pin and said first
lower pin are aligned to define a first pivot axis that is substantially transverse to said elongated
shaft axis and wherein said second upper pin and said second lower pin are aligned to define a

second pivot axis that is substantially transverse to said elongated shaft axis.

12.  The surgical instrument of claim 2 further comprising:

a distal drive shaft portion operably coupled to an actuator shaft in said end effector and
operably supported within said distal shaft segment;

a proximal drive shaft portion operably coupled to a motor supported in said control
handle and operably supported within said proximal shaft segment; and

a drive shaft articulation joint coupled between said distal drive shaft portion and said
proximal drive shaft portion to enable said proximal drive shaft portion to articulate relative to

said distal drive shaft portion when said control handle is articulated relative to said distal shaft

34



a first distal bevel gear coupled to said proxinmal end of said distal drive
shaft portion and in nmeshing engagenent with said central bevel gear; and a
first proximl bevel gear coupled to said distal end of said proximl drive
shaft portion and in nmeshing engagenent with said central bevel gear. 15.
The surgical instrunent of claim9 wherein said universal joint conprises: a
proxi mal yoke nenber attached to a distal end of said proximl drive shaft
portion; 35 a distal yoke nenber attached to a proxinmal end of said distal
drive shaft portion; and .a central joint body pivotally cou Ieg to said

pr oxi rralsewtadiﬁ@tdéwe9'@)44’(9“#6‘%'&“519‘“1B’.Cat?ﬁév@ﬁ’rﬁji‘&&?‘cqlﬁﬁ“rlﬂ'ﬁéﬁ segplyc ai m 15
wherein said central body nenber is pivotally pinned to said proxi ml yoke
menmber fcouplipig\said proximahsbhft segment to aidiistashafiis¢gmentxi s that s substantially
transverse to an el ongated shaft axis and wherein said central body is
pivotally pinned to the distal yoke axis for pivotal travel about a distal
axis that is substantially transverse to said elongated shaft axis. 17. The
surgical i nstsunemhe Qfrgichi@hsiubfnnbEsISin ShattHeiompriml: pi Vot axis is
substantially transverse to said distal pivot axis. 18. The surgica

| nstrument of 89‘2’?3?‘1 sbﬁleftwet%ag&em@@meait@gai@c&%khmesa@treeeivéaﬁe@ﬁa ating with

sai d el ongate assenbl y and control handle to selectively | ock said

control _handle.i i . .1 r i t i .

o semn roaenl sl SRSl na il bt Enr b Bl e PHAAEE B R bid
system conpri ses a act.uat.or .assenbly operably supported on said instrument
a%d nnvéﬁ&gmbﬁﬁﬁﬁé a p@BB%Qﬁ“ﬁ%?Pgiony agd an ﬁnlogﬁed position, said

actuator assenbly communicating with said distal spine segnent
a distal spine tube segment pivotally coupled to said proximal spine tube segment and

supported in said distal shaft segment and attached to said end effector, said distal spine tube

segment operably supporting said distal drive shaft portion therein.

14.  The surgical instrument of claim 13 wherein said drive shaft articulation joint
comprises:

a central bevel gear rotatably affixed to a distal end of said proximal spine tube segment
and supported between a proximal end of said distal drive shaft portion and a distal end of said
proximal drive shaft portion;

a first distal bevel gear coupled to said proximal end of said distal drive shaft portion and
in meshing engagement with said central bevel gear; and

a first proximal bevel gear coupled to said distal end of said proximal drive shaft portion

and in meshing engagement with said central bevel gear.

15.  The surgical instrument of claim 9 wherein said universal joint comprises:

a proximal yoke member attached to a distal end of said proximal drive shaft portion;
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such that when said actuator assenbly is in said | ocked position, said
proxi mal spine tube assenbly is prevented fromarticulating relative to
said distal spine tube assenbly and when said actuator assenbly is in said
unl ocked position, said proximal spine tube segnent can articulate wth
respect to said distal spine tube segnent. 36 20. The surgical instrunent of
claim19 wherein said actuator assenbly conprises: a push button assenbly
novably supported within a housing supported on the control handle, said
push button assenbly conprising: a push button portlon a yoke portion

attached t o adistal yolss member attachedt oiagnoximal endyafisaid sistalidsive shatpeartionignd ai d
proxi mal end of said proximal shaft segnent therein, said proximl end of

sai d proxi e cegtralfjbint badyrpvdtaliugmupleditospid proctinpal @ard distal spkareemnbdre segnent
therein, said yoke portion having a first gear attached thereto; a cable
wheel rotatably supported in said proximal spine tube segnent that is
supported w thin said proximal end of said proximal shaft segment supported

Wi thin said ppoke 1HIshighdl ins@hent @R Blafin W5 bkrelldtid@ntraPlRsgteraifls at t ached
thereto for selective nmeshing engagenent with said flrst gear; a right

tensi on 19&9{5;?%@.5% &R prGximdi goek%bén@oeyvﬂgg votdl §rafellab bﬁﬁlaphlv@t BEOK b

end of " sail spine se tenS|on ca attac ed to said

cabl e mhe n eft s f oxi el
cegment & ol rayers B eiingdR hBL & BRuien tyo a@aa‘i' BT alline y 1o
bi as sai d flrst gear i nto,

pinned to the distal yoke axis for pivotal travel about a distal axis that is substantially transverse

to said elongated shaft axis.

17.  The surgical instrument of claim 16 wherein said proximal pivot axis is

substantially transverse to said distal pivot axis.

18.  The surgical instrument of claim 13 further comprising a locking system
cooperating with said elongated shaft assembly and control handle to selectively lock said

control handle in desired positions relative to said elongated shaft assembly.

19.  The surgical instrument of claim 18 wherein said locking system comprises an
actuator assembly operably supported on said instrument and movable between a locked position
and an unlocked position, said actuator assembly communicating with said distal spine segment
such that when said actuator assembly is in said locked position, said proximal spine tube
assembly is prevented from articulating relative to said distal spine tube assembly and when said
actuator assembly is in said unlocked position, said proximal spine tube segment can articulate

with respect to said distal spine tube segment.
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meshi ng engagenent with said second gear, when said push button is not
activated and to permt said second gear to unnesh with said first gear
upon application of an activation force to said push button portion. 21. A
surgical instrunment, conprising: an end effector sized to be inserted
through a trocar; 37 an elongated shaft assenbly coupled to said end
effector, said elongated shaft assenbly having a distal portion adjacent to
said end effector for insertion into the trocar with said end effector and
a proximal portion renmote fromsaid distal portion such that said proxinal
portion pro29.udethd susgicalHestiumeabef cipieinl St wleerein qaid agtaatop assamblydiogpaisespor t i on
are inserted therethrough; and neans for controlling said end effector

arti cul at abl g poshupitted assembhi oyabdsupportquowithioa hobsing sipgoréderythe edntsfaf t
assenbly. 22. A surgical instrument, conprising: an end effector sized to be
i nser t etahdi¢, B4igpush butaassentblE comhprisingrandl e operably supporting at |east one
drive notor therein; a proxinmal hollow shaft segnent having a first proxinal
end rot at abl y paotk®d pbRioai d control handle for selective rotation about
an elongated shaft axis and a first distal end; a distal hollow shaft

segment havi Qggll?eeﬁﬁﬁ&ﬁ'gtt&hé& f saﬁi’}gﬁﬂf}ﬁ&c%no@ﬁéggl&g{?'y%ﬁrlé{,{?dm&‘?gjgﬁ)‘é}rtﬁ@isﬁd end

effector for tive actuatio ereo enent afong-said

o ono S B e el Bl 7B TR P R B SRE
effector is inserted through fhe trocar; a first u(fper t ab protrudf',ng from
sai d fi PEAMEY SPRPII@RFigPradmal Pinsibricsment tBeeiehs¢ yoke portion having a first

gear attached thereto;

a cable wheel rotatably supported in said proximal spine tube segment that is supported
within said proximal end of said proximal shaft segment supported within said yoke portion, said
cable wheel having a second gear attached thereto for selective meshing engagement with said
first gear;

a right tension cable attached to said cable wheel and a right side of a proximal end of
said distal spine segment;

a left tension cable attached to said cable wheel and a left side of said proximal end of
said distal spine segment; and

a biaser between said housing and said push button assembly to bias said first gear into
meshing engagement with said second gear, when said push button is not activated and to permit
said second gear to unmesh with said first gear upon application of an activation force to said

push button portion.

21. A surgical instrument, comprising:

an end effector sized to be inserted through a trocar;
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segnent; a first lower tab protruding fromsaid first distal end of said
proxi mal holl ow shaft segnment and in spaced relation to said first |ower
tab; a second upper tab protruding fromsaid second proximl end of said
di stal hollow shaft segnent; 38 a second | ower tab protruding fromsaid
second proxinmal end of said distal hollow shaft segnment in spaced relation
to said second upper tab; an upper double pivot link sized to span between
said first and second upper tabs, said upper double pivot link having a
first upper pin pivotally coup led to sajd first u pper tab and a second
upper pi vot 3sielongpiedshafi @ss%ij|ceepl§cbt0§aidcpn§@5f§ﬁar, ﬁ?jﬂélongﬁﬁd shaft assespblyoubl e
pivot link sized to span between said first and second | ower tabs, said

| over deayiige: distelqrortidnddjdrant tngaid efd efectordrinsqstion ipko/bie &tokyr Wﬁlﬁuqiﬁllcbﬁldt o said
first lower tab and a second |ower pin pivotally coupled to said second

| ower teffecton afd optoxirhal pottivd remgeerim sdid distabportion suchdhat aait rpodximahyshiréorand
extendi ng through said proxinml hollow shaft segnent and protruding from

sai d fl;?]rsﬁudiss%a{ the A@cdraieRQhs erdl difetlonhnSdbtAE YRR B insertéEiheictBoldht auph sai d
di stal hollow shaft segnment and having a proximal end adjacent a distal end

of said progingﬁk foil Bﬂtg%lgﬁgﬁ&%nd Stidcthr At RkabHPLdY 1eawg£@ roxiYAMiJoglich ot st al

end attached to sai ector and bei ng supported hin said distal
hol | ow %r that said distal hO||OM/Shaft segnent can be
sel ectiVel§ 0%? FBP%%§§§®relatlve to said distal spine segnent; a distal

drive shaft portlon operably supported in said distal spine segnent and
bei ng

22. A surgical instrument, comprising:

an end effector sized to be inserted through a trocar;

a control handle operably supporting at least one drive motor therein;

a proximal hollow shaft segment having a first proximal end rotatably coupled to said
control handle for selective rotation about an elongated shaft axis and a first distal end,

a distal hollow shaft segment having a second distal end portion operably coupled to said
end effector for selective actuation thereof by axial movement along said elongated shaft axis,
said distal hollow shaft segment having a second proximal end portion sized to protrude out of
the trocar when said end effector is inserted through the trocar;

a first upper tab protruding from said first distal end of said proximal hollow shaft
segment;

a first lower tab protruding from said first distal end of said proximal hollow shaft
segment and in spaced relation to said first lower tab;

a second upper tab protruding from said second proximal end of said distal hollow shaft

segment;
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coupled to an actuator shaft in said end effector; a proximal drive shaft
portion operably coupled to one of said at |east one drive notors in said
control handl e and operably supported within said proxi mal spine segment;
and a drive shaft articulation joint coupled between said distal drive shaft
portion and said proximl drive shaft portion to enable said proximl drive
shaft portion to articulate relative to said distal drive shaft portion
when said control handle is articulated relative to said distal shaft
segnent. 39 23. The surgical instrunment of claim22 wherein said drive shaft
articul ati orp Seendtlowerdalp prosrading frosesaid sgconsbprexingd and plosaid dipalhaliopishall to a
distal end of said proxinmal spine segnent and supported between a proxinal
end of sgmentdn spagtd chlative ts kad secpnd tpentabnd a di stal end of said proxinal
drive shaft portion; a first distal bevel gear coupled to said proximl end
of said di staalupgér doabkpafdt lipREizeD® spaibetiviergaghiirdgaringeagrinapptr tabd, kaigai d
central bevel gear; and a first proxinal bevel gear coupled to said distal

end of %Eﬂdd%%iﬂﬁ'linﬁhh%ﬂiﬁfi'?jﬁtuppé}rp‘iﬂ Fiotafy Bouipled VB SHU THstepPAAeE R a W t h

said central bevel gear. 2 e surgical instrument of claim 22 wherein

s2 O G BAL aR AP oA BRI ver e oL T 25 The
ggg: : :Ief] garélg{qgri @%B%%B{/%&inggizggpogsp%}lj &iw%gA saiiJI ﬁ;[s{ gnncales%tcofc{ 10\%|e9 {.a[;ns,zsgidf ur ther
lower double pivot link having a first lower pin pivotally coupled to said first lower tab and a
second lower pin pivotally coupled to said second lower tab;
a proximal spine segment attached to said control handle and extending through said
proximal hollow shaft segment and protruding from said first distal end thereof;
a distal spine segment extending through said distal hollow shaft segment and having a
proximal end adjacent a distal end of said proximal spine segment, said distal spine segment
having a distal end attached to said end effector and being supported within said distal hollow
shaft segment such that said distal hollow shaft segment can be selectively axially moved relative
to said distal spine segment;
a distal drive shaft portion operably supported in said distal spine segment and being
coupled to an actuator shaft in said end effector;
a proximal drive shaft portion operably coupled to one of said at least one drive motors in
said control handle and operably supported within said proximal spine segment; and
a drive shaft articulation joint coupled between said distal drive shaft portion and said
proximal drive shaft portion to enable said proximal drive shaft portion to articulate relative to

said distal drive shaft portion when said control handle is articulated relative to said distal shaft

segment.
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I nstrument for selectively |ocking said proxinmal hollow shaft segnent
desired position relative to said distal hollow shaft segnent. 40

23.  The surgical instrument of claim 22 wherein said drive shaft articulation joint
comprises:

a central bevel gear rotatably affixed to a distal end of said proximal spine segment and
supported between a proximal end of said distal drive shaft portion and a distal end of said
proximal drive shaft portion;

a first distal bevel gear coupled to said proximal end of said distal drive shaft portion and
in meshing engagement with said central bevel gear; and

a first proximal bevel gear coupled to said distal end of said proximal drive shaft portion

and in meshing engagement with said central bevel gear.

24.  The surgical instrument of claim 22 wherein said drive shaft articulation joint
comprises a universal joint.
25.  The surgical instrument of claim 22 wherein said drive shaft articulation joint

comprises a torsion cable.

26.  The surgical instrument of claim 22 further comprising means supported on said
instrument for selectively locking said proximal hollow shaft segment in a desired position
relative to said distal hollow shaft segment.
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