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SURGICAL INSTRUMENT END EFFECTOR ARTICULATION DRIVE WITH PINION

{0001}

{0002}

AND OPPOSING RACKS

BACKGROUND

In somge scttings, cndoscopic surgical instruments may be preferred over
traditional open surgical devices since a smaller incision may reduce the post-operative
recovery time and complications. Consequently, some endoscopic surgical instruments
may be suitable for placement of a distal end effector at a desired surgical site through
the cannuia of a trocar. These distal end effectors may engage tissue in a number of
ways to achieve a diagnostic or therapeutic effect {c.g., endocutter, grasper, cuiter,
stapler, clip applicr, access device, drug/gene therapy delivery device, and energy
delivery device using wlirasound, RF, laser, ctc.). Endoscopic surgical instruroents may
imclode a shaft between the end effector and a handle portion, which is manipulated by
the clinician. Such a shaft may enable insertion to a desired depth and rotation about the
longitudinal axis of the shaft, thereby facilitating positioning of the end effector within
the patient. Positioning of an end effector may be further facilitated through inchusion of
one or more articulation joints or features, e¢nabling the end effector to be selectively

articulated or otherwise deflected relative to the longitudinal axis of the shaft.

Examples of endoscopic surgical instruments include surgical staplers.  Some
such staplers are operable to clamp down on layers of tissue, cut through the clamped
lavers of tissue, and drive staples through the lavers of tissue to substantially seal the
severed layers of tissue together near the severed ends of the tissue layers. Merely
exemplary surgical staplers are disclosed in U.S. Pat. No. 4,805,823, entitled “Pocket
Coufiguration for Internal Organ Staplers,” issued February 21, 19&9; U.S. Pat. No.

5,415,334, entitled “Surgical Stapler and Staple Cartridge,” issued May 16, 1995; U.S.
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Pat. No. 5,465,895, entitled “Surgical Stapler Instrument,” issued November 14, 1995;
LS. Pat. No. 5,597,107, entitled “Surgical Stapler Instrument,” issued January 28, 1997,
U.S. Pat. No. 5,632,432, entitled “Surgical Instrument,” issued May 27, 1997; U.S. Pat,
No. 5,673,840, entitled “Surgical Instrument,” issued October 7, 1997; U.S. Pat. No.
5,704,534, entitled “Articulation Assembly for Surgical Instruments,” issucd January 6,
1998; U.S. Pat. No. 5,814,055, cntitled “Surgical Clamping Mechanism,” issued
September 29, 1998; U.S. Pat. No. 6,978,921, entitled “Surgical Stapling Instrument
Incorporating an E-Beam Firing Mechanism,” ssucd December 27, 2005; U5, Pat. No.
7,000,818, entitled “Surgical Stapling Instrument Having Scparate Distinet Closing and
Firing Systerms,” ssued February 21, 2006; U.S. Pat, No. 7,143,923, entitled “Surgical
Stapling Instrument Having a Firing Lockout for an Unclosed Anvil,” issued December
5, 2006; U.5. Pat. No. 7,303,108, entitled “Surgical Stapling Instrurnent Incorporating a
Multi-Stroke Firing Mechanism with a Flexible Rack,” issued December 4, 2007, U.S.
Pat. No. 7,367,485, entitied “Surgical Stapling Instrument Incorporating a Multisiroke
Firing Mechanisin Having a Rotary Transmission,” issued May 6, 2008; U.S. Pat, No.
7,380,695, entitled “Surgical Staphing Instrument Having a Single Lockout Mechanism
for Prevention of Firing,” issued June 3, 2008; U.5. Pat. No. 7,380,696, entitied
“Articulating Surgical Stapling Instrument Incorporating a Two-Piece E-Beam Firing
Mechanism,” issued June 3, 2008; U.S. Pat. No. 7,404,508, entitled “Surgical Stapling
and Cutting Device,” 1ssued huly 29, 2008; U.S. Pat. No. 7,434,715, entitled “Surgical
Stapling Instrument Having Multistroke Firing with Opening Lockout,” issued October
14, 2008; U.S. Pat. No. 7,721,930, entitled "Disposable Cartridge with Adhesive for Use
with a Stapling Device,” issued May 25, 2010; U.S. Pub. No. 2010/0264193, entitied
“Surgical Stapling Instrument with An Articulatable End Effector,” published October
21, 2010; and U.S. Pub. No. 2012/0239012, entitled “Muotor-Diriven Surgical Cutting
Instrument with Electric Actuator Directional Control Assembly,” published September
20, 2012, The disclosure of cach of the above-cited U.S. Patents and U.S. Patent

Publications is incorporated by reference herein.
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{3803}

{0004}

[0805]

{0006}

[0807]

{0608}

{0609}

While the surgical stapiers referred to above are described as being used in
endoscopic procedures, it should be understood that such surgical staplers may also be
uscd in open procedures and/or other non-cndoscopic procedurcs. By way of cxample
only, a surgical stapler may be inserted through a thoracotomy and thereby between a
patient’s ribs to reach onc or more organs in a thoracic surgical procedure that does not
use a trocar as a conduit for the stapler. Such procedures may include the usc of the
stapler to sever and close a vessel leading to a lung. For instance, the vessels icading to
an organ may be severed and closed by a stapler before removal of the organ from the
thoracic cavity. Of course, surgical staplers may be used in various other settings and

procedures.

While various kinds of surgical stapling instruments and associatcd components
have been made and used, it 1s believed that no one prior to the inventor{s) has made or

used the invention described in the appended claims.
BERIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and constitute a part of
this specification, ilustrate embodiments of the invention, and, together with the gencral
description of the invention given above, and the detatled description of the embodimentis

given below, serve to explain the principles of the present invention.

FIG. 1 depicts a perspective view of an cxemplary articulating surgical stapling

mstrument;
FIG. 2 depicts a side clevational view of the instrument of FIG. |

FIG. 3 depicts a perspective view of an opened ond cffector of the instrument of

FIG. 1;

FIG. 4A depicts a side cross-sectional view of the end effector of FIG. 3, taken

along linc 4-4 of FIG. 3, with the firing beam in a proximal position;
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160019] FIG. 4B depicts a side cross-sectional view of the end etfector of FIG. 3, taken

along line 4-4 of FIG. 3, with the firing beam in a distal position;

160011} FIG. § depicts an end cross-sectional view of the end effector of FIG. 3, taken

along line 5-5 of FIG. 3;
{00012} FIG. 6 depicts an exploded perspective view of the end effector of FIG. 3;

{60613} FIG. 7 depicts a perspective view of the end effector of FIG. 3, positioned at

tissue and having been actuated once in the tissue;

160014} FIG. 8 depicts a schematic view of an exemplary control circuit for use in the

nstrument of FIG. 1;

{B0615] FIG. 9 depicts a perspective view of the handle assembly of the instrument of

FIG. 1, with a housing half removed;

{00016} FIG. 10 depicts a perspective view of drive assembly components from the handle

assembly of FIG. 9;

180017} FIG. 11 depicts a perspective view of an clongate member from the drive

assembly of FIG. 10;

{00018} FIG. 12 depicts a top, perspective view of an excmplary alternative shaft

assembly that may be incorporated into the instrument of FIG. |

100019} FIG. 13A depicts a top, plan view of the shaft assembly of FIG. 12 with the end

effector 1n a first position;

180028] FIG. 13B depicis a top, plan view of the shaft assembly of FIG. 12 with the end

cffector in a second articulated position;

100021} FIG. 14 depicts a perspective view of the proximal end of the shaft assembly of

FIG. 12 showing the articulation knob and internal kinematic components;
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160022} FIG. 15 depicts a top cross scctional view of the proximal end of the shaft

assembly of FIG. 12 taken along the linc 15-15 of FIG. 14;

160023} FIG. 16 depicts a top, plan view of the shaft assembly of FIG. 12 in a neutral
position;
160024] FIG. 17 depicts a perspective, exploded view of the end effector and the

articulation joint of the shaft assembly of FIG. 12;

[B3025] FIG. 18A depicts a top, partially internal view of the articulation joint of the shaft

assembly of FIG. 12 in a first position;

183026} FIG. 1&B depicts a top, partially internal view of the articudation joint of the shaft

assembly of FIG. 12 with the first and second arms rotating a first cam gear;

1839027} FIG. 18 depicts a top, partially internal view of the articudation joint of the shaft
assembly of FIG. 12 with the first and second arms rotating a second cam gear and the

first cam gear further;

100028} FIG. 18D depicts a top, partially internal view of the articulation joint of the shaft
assembly of FIG. 12 with a lock bar resiliently positioning a lock tooth between teeth of

the first cam gear and the second cam gear,;

100039} FIG. 18E depicts a top, partially internal view of the articulation joint of the shaft
assembly of FIG. 12 with the first and second arms rotating the first cam gear vet cven

further; and

(00038} FIG. 19 depicts a plan, enlarged view of the interface of the cam gears and the

tock bar of the shaft assembly of FIG. 12,

(00031} The drawings are not intended to be limiting in any way, and it is contemplated
that various embodiments of the invention may be carried out in a variety of other ways,
imcloding those not necessarily depicted in the drawings. The accompanying drawings

meorporated in and forming a vart of the snecification illustrate several aspects of the
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present invention, and together with the description serve to explain the principles of the
invention; it being understood, however, that this invention s not limited to the precise

arrangements shown.
DETAHED DESCRIPTION

183032} The following description of certain examples of the invention should not be used
to limit the scope of the present invention. Other cxamples, features, aspects,
embodiments, and advantages of the invention will become apparent to those skilled in
the art from the following description, which is by way of illustration, one of the best
modes contemplated for carrying out the invention. As will be realized, the invention is
capable of other different and obvious aspects, all without departing from the invention.
Accordingly, the drawings and descriptions should be regarded as illustrative in nature

and not restrictive.
183033} I Exemplary Surgical Stapler

{60634} FIGS. -7 depict an exemplary surgical stapling and severing instrument {1} that
is sized for insertion, in a nonarticulated state as depicted in FIG. 1, through a trocar
cannula to a surgical sitc in a paticnt for performing a surgical procedure. By way of
example only, such a trocar may be inserted in a patient’s abdomen, between two of the
paticnt’s ribs, or elsewhere. In some settings, instrument {10} is used without a trocar.
For instance, instrument {10} may be inserted dircctly through a thoracotomy or other
type of incision. Instrument (10} of the present example includes a handle portion (20)
connected to a shaft (22). Shaft (22} distally terminates in an articulation joint {11},
which is further coupled with an end cffector (12). It should be understood that terms
such as “proximal” and “distal” arc used herein with reference to a clinician gripping
handle portion {20} of instrument (10). Thus, cnd cffector (12) is distal with respect to
the more proximal bandle portion (20). It will be further appreciated that for

convenience and clarity, spatial terms such as “vertical” and “horizontal” are used herein
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with respect to the drawings. However, surgical instruments are used in many

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

'2sls)

160035] In some versions, shaft {22} is constructed in accordance with at least some of the
teachings of U.S. Pat. App. No. [Attorney Docket Number END71ETUSNP (599180,
entitled “Surgical Instrument with Multi-Diameter Shaft,” filed on ¢ven date herewith,
the disclosure of which is incorporated by reference herein. Other suitable configurations
for shaft (22) will be apparent to those of ordinary skill in the art in view of the tcachings

herein,

{00036} Onee articulation joint (11} and end effector {12) are inscrted through the cannula
passageway of a trocar, articulation joint {11} may be remotely articulated, as depicted in
phantom in FIG. 1, by an articulation condrol (13}, such that end effector (12) may be
deficcted from the longitudinal axis (LA} of shaft (22) at a desired angle {¢). End
cffector {(12) may thereby reach behind an organ or approach tissue from a desired angle
or for other reasons. In some versions, articulation joint (11} enables deflection of end
cffector (12) along a single plane. In some other versions, articulation joint (11) cnables
deficction of end effector along more than onc plane.  Articulation joint (11) and
articulation control (13} may be configured in accordance with the teachings of any of
the numerous references that are cited herein. Alternatively, articulation joint (1 1) and/or
articulation control (13) may have any other suitable configuration. By way of example
only, articulation control (13} may instead be configured as a knob that rotates about an

axis that is perpendicular to the longitudinal axis (LA of shaft (22).

100037} Various exemplary alternative components, configurations, and operabilitics of
articulation joint (11} and articulation control {13) are described in greater detail below.
Articulation joint (11} may also be constructed and operable in accordance with at least
some of the teachings of US. Pat. App. No. [Attornecy Docket Number
END7IR1USNP.0599180], the disclosure of which is incorporated by reference herein,
Other suitable forms that articulation joint (11) and articulation control (13) may take

will be apparent to those of ordinary skill in the art in view of the teachings herein.
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{00038} End effector (12} of the present example inchades a lower jaw (16} and a pivotable
anvil {18). In some versions, lower jaw (16} is constructed in accordance with at least
some  of the teachings of U8, Pat. App. No. [Attorncy Docket MNumber
END7182USNP.0599227], catitled “Installation Features for Surgical Instrument End
Effcctor Cartridge,” filed on even date herewith, the disclosure of which is incorporated
by reference hercin. Anvil (18} may be constructed in accordance with at lcast some of
the  teachings of UNS. Pat.  App. No. [Attorney  Docket  Number
END7176USNP.05991771, cntitled “Integrated Tissuc Positioning and Jaw Alignment
Features for Surgical Stapler,” filed on even date herewith, the disclosure of which is
mcorporated by reference herein; at least some of the teachings of U.S. Pat. App. No.
[Attorney Docket Number END7177USNP.0599225], entitled “Jaw Closure Feature for
End Effector of Sorgical Instroment,” filed on even date herewith, the disclosure of
which is incorporated by reference herein; and/or at least some of the teachings of ULS.
Pat. App. No. [Attorney Docket Number END7IS0USNP.OS99175], entitled “Staple
Forming Features for Surgical Stapling Instrument,” filed on even date herewith, the
disclosure of which is incorporated by reference herein, Other suttable forms that lower
jaw (163 and anvil (18) may take will be apparent to those of ordinary skill in the art in

view of the teachings herein.

1060039} Handle portion (20) includes a pistol grip (24) and a closure trigger (26). Closure
trigger {26} is pivotable toward pistol grip (24) to cause clamping, or closing, of the anvil
(18} toward lower jaw (16} of end effector {12). Such closing of anvil (18) is provided
through a closure tube (323 and a closure ring {33), which both longitudinally translate
relative to handle portion (20} in response to pivoting of closure trigger (26} relative to
pistol grip (24). Closure tube (32} extends along the length of shaft {22); and closure ring
{33} is positioned distal to articulation joint {11}, Articulation joint {11} is operable to

commuinicate/transmit longitudinal movement from closure tube (32} to closure ring (33}

16060401 Handle portion (20} also includes a firing trigger (28}, An clongate member
{136} (shown in FIG. 11) longitudinally extends through shaft (22) and communicates a

longitudinal firing motion from handle portion (28} to a firing beam (14} in response to
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actuation of firing trigger (28). This distal translation of firing beam (14) causes the
stapling and severing of clamped tissue in end cffector (12}, as will be described in
greater detail below. Thereafter, triggers (26, 28) may be relcased to release the tissue

from end effector (12).

160041} FIGS. 3-6 depict end ceffector (12) employving an E-beam form of firing beam (14}
to perform a number of functions. It should be understood that an E-beam form is just a
mercly illustrative cxample.  Firing beam (14) may take any other suitable form,
including but not limited to non-E-beam forms. As best scen in FIGS. 4A-4B, firing
beam (14) includes a transverscly oriented upper pin (38), a firing beam cap (44), a
transversely oriented middle pin (46), and a distally presented cutting cdge (48). Upper
pin {38) is positioned and transiatable within a longitudinal anvil slot (42) of anvil (18).
Firing beam cap {44} shidably cngages a lower surface of lower jaw (16) by having firing
beam {14) cxtend through lower jaw slot (43) (shown in FIG. 4B) that is formed through
fower jaw (16). Middle pin (46) slidingly engages a top surface of lower jaw (16},
cooperating with firing bearn cap (44). Thereby, firing beam (14) affirmatively spaces

end etfector (12) during firing.

100042} Some non-E-beam forms of firing beam (14) may lack upper pin (38), middle pin
{(46) and/or firing beam cap (44). Some such versions of instrument (10) may simply rely
on closure ring (33} or some other feature to pivot anvil (18) to a closed position and hold
anvil {18} in the closed position while firing beam (14) advances fo the distal position.
By way of example only, firing beamn (14} and/or associated lockout features may be
constructed and operable in accordance with at least some of the teachings of U.S. Pat.
App. No. [Attorney Docket Number END7I7S5USNP.05992311, entitled “Lockout

E

Featare for Movable Cutting Member of Surgical Instrument,” filed on even date
herewith, the disclosure of which is incorporated by reference herein.  Other suitable
forms that firing beam (14) may take will be apparent to those of ordinary skill in the art

in view of the teachings herein.
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1883043} FIG. 3 shows firing beam (14} of the present example proximally positioned and
anvil {18} pivoted to an open position, allowing an unspent staple cartridge (37) to be
removably installed into a channel of lower jaw (16). As best scen in FIGS, 5-6, staple
cartridge (37) of this example includes a cartridge body (70), which presents an upper
deck {72y and is coupled with a lower cartridge tray (74).  As best scen in FIG. 3, a
vertical slot (49} is formed through part of staple cartridge (37). As also best seen in
FIG. 3, three rows of staple apertures (51) arc formed through upper deck (72) on onc
side of vertical slot {(49), with another sct of three rows of staple apertures {51} being
formed through upper deck (72} on the other side of vertical slot (49). Of course, any
other suitable number of staple rows {e.g., two rows, four rows, any other nurnber) may
he provided. Reforring back to FIGS. 4A-6, a wedge sled {(41) and a plurality of staple
drivers {43} are captured between cartridge body (70} and tray (74}, with wedge sled (41)
heing located proximal fo staple drivers (43). Wedge sled (41} is movable longitudinally
within staple cartridge (37); while staple drivers (43) are movable vertically within staple
cartridge (373, Staples (47} are also positioned within cartridge body (70}, above
corresponding staple drivers (43). In particular, cach staplic (47} is driven vertically

within cartridge body (70} by a staple driver (43} to drive staple (47) out through an

associated staple aperture (513, As best seen in FIGS. 4A-4B and 6, wedge sled (41}

presents inclined cam surfaces that urge staple drivers (43} upwardly as wedge sled (41)

is driven distally through staple cartridge (37}

{60044} In some versions, staple cartridge (373 is constructed and operable in accordance
with at least some of the teachings of UK. Pat. App. No. [Attorney Docket Number
END7176USNP.O599177], the disclosure of which is incorporated by reference herein.
In addition or in the alternative, staple cartridge (37) may be constructed and operable in
accordance with at least some of the teachings of U.S. Pat. App. No. [Attorney Docket
Number END7I82USNP.05992271, the disclosure of which is incorporated by reference
herein. Other suitable forms that staple cartridge (37} may take will be apparent to those

of ordinary skill in the art in view of the teachings herein.

10
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{00045} With end effector {12} closed as depicted in FIGS. 4A-4B by distally advancing
ciosure tube {32} and closure ring (33), firing beam (14} is then advanced in engagement
with anvil (18) by having upper pin (38) cnter longitudinal anvil slot (42). A pusher
block (80) {(shown in FIG. 5} is located at the distal end of firing beam (14}, and is
configured to engage wedge sled (41) such that wedge sled (41) is pushed distally by
pusher block (80} as firing beam (14} is advanced distally through staple cartridge (37)
when firing trigger {28} is actuated. During such firing, cutting edge {48} of firing beam
(14) enters vertical slot {49) of staple cartridge (37}, scvering tissue clamped between
staple cartridge {37} and anvil (18}, As shown in FIGS. 4A-4B, middic pin (46) and
pusher block (80) together actuate staple cartridge (37) by entering into vertical slot (49)
within staple cartridge (37), driving wedge sled (41) into upward camming contact with
staple drivers (43) that o turn drive staples (47) oot through staple apertures (51) and into
forming contact with staple forming pockets (53} (shown in FIG. 3) on the inner surface
of anvil (18). FIG. 4B depicts firing beam {14} fully distally translated after completing
severing and stapling of tissue. It should be understood that staple forming pockets {53}
are infentionally omitted from the view in FIGS. 4A-4B; but staple forming pockets (53)
arg shown in FIG. 3. It should also be understood that anvil (18} is intentionally omitted

from the view in FIG. 5.

{60046} FIG. 7 shows end effector (12} having been actuated through a single stroke
through tissue (90). As shown, cutting edge {48) {obscured in FIG. 7} has cut through
fissue {90}, while staple drivers {43} have driven three alternating rows of staples (47}
through the tissue (90) on cach side of the cut line produced by cutting edge {(48).
Staples {47} are all oriented substantially parallel to the cut ling in this example, though it
shonld be understood that staples (47} may be positioned at any suitable orientations. In
the present example, end effector (12} is withdrawn from the trocar after the first stroke
is complete, spent staple cartridge {37) is replaced with a new staple cartridge, and end
ctfector (12) is then again inserted through the trocar to reach the stapling site for further
cutting and stapling. This process may be repeated until the desired amount of cuts and

staples {47} have been provided. Anvil (18} may need to be closed to facilitate insertion

11
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and withdrawal through the trocar; and anvil {1&) may need to be openced to facilitate

replacement of staple cartridge (37).

{60047} It should be understood that cutting edge (48} may scver tissue substantially
contemporancously with staples (47) being driven through tissue during cach actuation
stroke. In the present example, cutting edge (48) just slightly lags behind driving of
staples (47}, such that a staple (47} is driven through the tissue just before cutting edge
{48} passcs through the same region of tissue, though it should be understood that this
order may be reversed or that cutiing cdge (48) may be dircctly synchronized with
adjacent staples. While FIG. 7 shows end effector (12) being actuated in two layers (92,
94y of tissue (90), it should be understood that end effector (12) may be actuated through
a single layer of tissue (90) or more than two lavers (92, 94) of tissue. It should also be
understood that the formation and positioning of staples (47) adjacent to the cut line
produced by cutting edge (48) may substantially scal the tissue at the cut line, thereby
reducing or preventing bleeding and/or leaking of other bodily fluids at the cut hine.
Furthermore, while FIG. 7 shows end effector (12) being actuated in two substantially
flat, apposed planar layers (92, 94) of tissue, it should be onderstood that end effector
{12} may also be actuated across a tubular strocture such as a blood vessel, a section of
the gastrointestinal tract, etc. FIG. 7 should therefore not be viewed as demonstrating
any limitation on the contermplated uses for end effector (12}, Various suitable settings
and procedures in which instroment {(10) may be used will be apparent to those of

ordinary skill in the art in view of the teachings herein.

{00048} It should be understood that instrument (10} may be configured and operable in
accordance with any of the teachings of 1.S. Pat. No. 4,805,823, U.S. Pat. No.
5,415,334; U.S. Pat. No. 5,465,885; U.5. Pat. No. 5,597,107; U.S. Pat. No. 5,632,432
U.K. Pat. No. 5,673,840; U.5. Pat. No. 5,704,534; U.5. Pat. No. 5,614,055, U.5. Pat. No.
6,978,921; U.S. Pat. No. 7,000,818; U.5. Pat. No. 7,143,923; U.5. Pat. No. 7,303,108;
U.K. Pat. No. 7,367 485, U.5. Pat. No. 7,380,695; U.5. Pat. No. 7,380,696; U.5. Pat. No.
7.404,508; US. Pat. No. 7,434,715, US. Pat. No. 7,721.930; US. Pub. No.

2010/0264193; and/or 2012/0239012. As noted above, the disclosures of cach of those

12



WO 2014/133771 PCT/US2014/016200

patents and publications are incorporated by refercnce herein.  Additional exemplary
modifications that may be provided for mnstrument (10) will be described in greater detail
below. Various suitable ways in which the below teachings may be incorporated into
instroment (10} will be apparent to those of ordinary skill in the art. Similarly, various
suitable ways in which the below teachings may be combined with various tcachings of
the patents/publications cited herein will be apparent to those of ordinary skill in the art.
It should also be understood that the below teachings are not limited to instrument {(10) or
devices taught in the patents cited herein. The below teachings may be readily applied to
various other kinds of instruments, including instruments that would not be classified as
surgical staplers. Various other suitable devices and settings in which the below
teachings may be applied will be apparcuot fo those of ordinary skill in the art in view of

the teachings herein,
100049} if Excemplary Motorized Drive Features

{00056 In the present example, instrument (10} provides motorized control of firing beam
(14). FIGS. 8-11 show c¢xemplary components that may be used to provide motorized
control of firing beam (14). In particular, FIG. 8 shows an cxemplary control circuit
(100} that may be used to power an electric motor (102) with clectric power from a
battery pack (104) {also shown in FIGS, 1-2). Electric motor (102} is operable to
fransiate firing beam (14) longitudinally as will be described in greater detail below, Tt
should be understood that the entire control circuit (100}, including motor (102) and
hattery pack (104), may be housed within handle portion (20). FIG. 8 shows firing
trigger {28) as an open switch, though i should be understood that this switch is closed
when firing trigger (28) 18 actuated. Circuit (100) of this example also includes a safety
switch (106) that must be closed in order to complete circuit (100}, though it should be
understood that safety switch (106) i3 merely optional.  Safety switch (136} may be

closed by actuating a separate button, slider, or other feature on handle portion (20},

(00051} Circuit (100) of the present example also 1nchudes a lockout switch (108}, which

is configured to be closed by default but is automatically opened in response to a lockout
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condition. By way of example only, a lockout condition may include one or more of the
foliowing: the absence of a cartridge {37) in lower jaw {16), the presence of a spent (e.g.,
previously fired) cartridge (37} in lower jaw (16}, an insufficiently closed anvil {(18), a
determination that instrument (10} has been fired too many times, and/or any other
suitable conditions. Various sensors, algorithms, and other features that may be used to
detect lockout conditions will be apparcent to those of ordinary skill in the art in view of
the teachings hercin.  Similarly, other suitable kinds of lockout conditions will be
apparent to those of ordinary skill in the art in view of the teachings herein. It should be
understood that circuit {100} is opened and thus motor (102) is inoperable when lockout
switch (108} is opened. A lockout indicator (110) {e.g., an LED, etc.) 18 operable to
provide a visual indication of the status of lockout switch (108). By way of cxample
only, lockout switch (108), lockout indicator (110), and  associated
compounents/functionality may be configured in accordance with at least some of the
teachings of U.S. Patent No. 7,044,848, entitled “Electronic Lockouis and Surgical
Instroment Including Saroe,” issued Jamuary 12, 2010, the disclosure of which is

mncorporated by refercoce herein.

{00052} Onee firing beam (14) reaches a distal-most position {e.g., at the end of a cutting
stroke), an end-of-stroke switch (112} s automatically switched to a closed position,
reversing the polarity of the voltage apphied to motor (102). This reverses the direction
of rotation of motor {102}, it being understood that the operator will have released firing
frigger {2&) at this stage of operation. In this operational state, current flows through a
reverse direction indicator (114) {(e.g., an LED, etc.} to provide a visual indication to the
operator that motor (102} rotation has been reversed. Various suitable ways in which
end-of-stroke switch (112} may be automatically switched to a closed posttion when
firing beam {14} reaches a distal-most position will be apparent to those of ordinary skiil
in the art in view of the teachings herein. Similarly, varicus suitable forms that reverse
direction indicator {114} may take will be apparent to those of ordinary skill in the art in

view of the teachings herein.
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183053} Handle portion {20} of the present example also includes a manual return switch
(116}, which is also shown in circuit (100}, Manual return switch (116} is configured to
act as a “hatlowt” feature, cnabling the operator to quickly begin retracting firing beam
(14) proximally during a firing stroke. In other words, manual return switch (116} may
be manually actuated when firing beam (14) has only been partially advanced distally.
Manual rcturn switch (116} may provide functionality simtlar to cnd-of-stroke switch
(112}, reversing the polarity of the voltage applied to motor (102) to thercby reverse the
direction of rotation of motor {102). Again, this roversal may be visually indicated

through reverse direction indicator {(114).

[66054] In some versions, onc or more of switches (28, 106, 108, 112, 116} are in the form
of microswitches. Other suitable forms will be apparent to those of ordinary skill in the
art in view of the teachings hercin. In addition to or in licu of the forcgoing, at least part
of circuit (100) may be configured in accordance with at least some of the teachings of
U.S. Pat. No. 8,210,411, entitled “Motor-Driven Surgical Instrament,” issued July 3,

2012, the disclosure of which is incorporated by reference herein.

[60055] FIGS. 9-11 show various mechanical components that may be used to provide
motorized translation of firing beam (14). In particular, FIG. 92 shows motor {102}
housed in pistol grip (24) of handle portion (20). it shouid be understood that batiery
pack (104} (shown in FIGS. 1-2) may also be located in pistol grip (24) (e.g., below
motor {102} and/or elsewhere within handle portion (20). Motor {102) has a drive shaft
{120} that 15 coupled with a gear asserobly (122}, Gear assembly (122) has an external
casing {not shown} and s operable to drive an upper gear {126}, which is shown in FIG.
10, Upper gear {126) meshes with a pinion {128}, which is rotatably supported by a pin
{129} secured in handle portion {(20). It should therefore be understood that activation of

motor (102} will ultimately rotate pinion {128) within handle portion (20},

100056} As also shown in FIGS. 9-10, a translating rack (130} includes teeth (132) that
mesh with pindon (128), such that rack (130) translates longitudinally when pinion (128)

rotates.  As shown in FIG. 11, rack (130} s coupled with an clongate member (136},

15



WO 2014/133771 PCT/US2014/016200

which extends through shaft (22) and includes a distal end (138} that couples with the
proximal end of firing beam (14). Elongate member (136} translates within shaft (22),
such that clongate member (136} communicates longitudinal motion of rack (130) to
firing beam (14}, It should therefore be understood that activation of motor {102} will
ultimately translate firing beam (14) within end effector (12}, 1n particular, motor (102}
may drive firing beam (14) distally to sever tissuc {90} and drive staples (47) into tissue
(90). A switch actuation arm (134} cxtends laterally from rack (130), and is positioned to
engage cnd-of-stroke switch (112} when firing beam (14) reachces a distal-most position
{c.g., after tissuc {90) has been scvered and staples (47) have been driven into tissue
(90)). As noted above, this cngagement of end-of-stroke switch (112) automatically
reverses motor {102} to return firing beam (14) from the distal-most position to the
proximal position, enabling anvil (18) to be pivoted away from lower jaw (16) to release

fissue (90},

{00057} Use of the term “pivot” {and similar terrms with “pivot” as a base) should not be
read as necessarily requiring pivotal movement about a fixed axis. In some versions,
anvil (18} pivots about an axis that is defined by a pin {or similar featore) that shides
along an elongate slot or channel as anvil (18) moves toward lower jaw (16). In such
versions, the pivot axis translates along the path defined by the slot or channel while
anvil (18) simultancously pivois about that axis. In addifion or in the alternative, the
pivot axis may slide along the slot/channel first, with anvil (1&} then pivoting about the
pivot axis after the prvot axis has slid a certain distance along the slot/channel. It should

be understood that such shiding/translating pivotal movement 1s encompassed within

RN 1Y M6k

terms such as “pivot,” “pivots,” “pivotal,” “pivotable,” “pivoting,” and the like. Of
course, some versions may provide pivotal movement of anvil (18} about an axis that

rernains fixed and does not transiate within a slot or channel, ete.

[H0058] In addition to or in licu of the foregoing, the features operable to drive firing beam
{14} may be configured in accordance with at least some of the teachings of 11.S. Pub.
No. 2012/0239012, the disclosure of which is incorporated by reference herein; and/or in

accordance with af least some of the teachings of U.S. Pub. No. 2012/0239012, the
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disclosure of which is also incorporated by reference herein. Other suitable components,
features, and configurations for providing motorization of firing beam (14) will be
apparent to those of ordinary skill in the art in view of the tcachings herein. 1t should
also be understood that some other versions may provide manual driving of firing beam
(14}, such that a motor may be omitted. By way of example ounly, firing beam (14} may
be actuated in accordance with at lcast some of the teachings of any other

patent/publication reference cited herein.

{00059 L Exemplary Shaft Assembly
{00068} It will be appreciated that as a user urges instrument {10} into a surgical region, it

may be desirable to approach the tissuce to be clamped, stapled, or cut, from a particular
angle. For instance, once end cffoctor (12} of instrument (10} is inserted through a trocar,
thoracotomy, or other passageway for entering a surgical arca, the tissue that the user
wishes to target may be positioned out of reach or at an askew angle in relation to end
cffector (12} that is aligned with shaft (22}, Thus, it may be desirable for portions of
instrument (10}, such as end effector (12}, to articulate such that the user can position
anvil {18) and lower jaw (16} of end cffector (12} to squarcly or perpendicularly clamp
against a vessel or other tissue. ft will further be understood that articulating end cffector
{12} to squarely position end effector {12) against tissue may promote full seating and
clamping of the tissue prior to cutting and staphing tissue. In addition to articulating, it
may be desirable for end effector (12} to be selectively locked in a straight or articulated
position such that a constant maoual bias by the user is not necessary to prevent end
effector {12) from pivoting or bending at articulation joint {11). It may also be desirable
to automatically lock upon articulation, without reqguiring actuations of a separate

articulation locking feature.

{00061} FIG. 12 depicts an exernplary alicrnative shaft assembly (200) that may be readily
mcorporated with instrument (10) of FIG. 1. Shafi asserably {200) provides articulation
and selective locking of articulation angles, as will be described in greater detail below.

Shaft assembly {200} of the present example comprises a rotation control (2133, and

17



WO 2014/133771 PCT/US2014/016200

articulation knob (214}, and an end coffector (212). Rotation control (213} may be
rotatably coupled with handle portion (20} of FIG. | or any other suitable component
{e.g., robotic control interface, ctc.). Rotation control (213} is operable to rotate shaft
assembly (200} (including articulation knob (214) and end effector (212)) about the
longitudinal axis {(LA) defined by shaft assembly (200), relative to handle portion (20)
{or relative whatever clse rotation control {213) is rotatably coupled with). This may he
uscful in positioning end eoffector (212} at a desired angular orientation about the

longitudinal axis {LA).

100062} Articulation knob (214) is partially contained within an articulation knob casing
(2135). Casing {215) lcads to an clongate shaft (232). Shaft assembly (200} also compriscs
an end cffector (212) positioned distally in relation to shaft (232}, End cffcctor (212)
includes an articulation joint (21 1) which allows end effector (212} to articulate laterally
as will be deseribed in further detail below. End effector (212) is substantially identical to

end etfector (12) of FIG. 1 except as otherwise described below,

{00063} FIGS. 13A-B show shaft assombly (200) and an exemplary movement of end
cifector (212} in response to turning of articulation knob (214). FIG. [3A shows
articulation knob (214} in g first position where articulation knob (214) and end cffector
(212} arc both generally aligned along the longitadinal axis (LAY of shaft assembly (200).
The user may then manually rotate articulation knob (214) clockwise as seen n FIG, 13B
to a second position. In response to the rotation of articulation kuob (214), end effector
(212} pivots or bends at articulation joint (211) as seen in FIG. 13B to an articulation
angle (o). In the illostrated version, end effector (212) articulates generally in the
direction of the rotation of articulation knob (214), though it will be understood that end
effector (212} may be configured to bend in the opposite direction of the rotation of
articulation knob (214). In other words, when articulation knob (214} is rotated
clockwise, end effector (212} laterally pivots clockwise as shown in FIG. 138 but counld
be configured in some versions to pivot counter clockwise. FIG. 13B shows end effector
(212} laterally pivoting clockwise shghtly., It will be understood that articulation kuob

(214} may be rotated further to cause end effector (212} to laterally articulate further at
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articulation joint (211} to any suitable angle (o). For instance, end effector (212} may
pivot until an approximately 90° angle is formed across articulation joint (211}, In some
versions, ond effector (212) may be operable to pivot cven further such that end effector
(212) forms an acute angle in relation to shaft (232). Other suitable variations of cnd
cffector {(212) pivoting will be apparcent to onc of ordinary skill in the art in view of the
teachings herein. It should also be understood that articulation knob (214) may define
the same angle with the longidunal axis (LA) as the articulation angle {0) defined
between ond offector (212} and the longidunal axis (LA). Such complementary angling
may provide the operator with visual feedback cxicrior to the patient, indicating the

articulation angle (o) of end effector (212},

{80064} The mechanics of the articulation of end effector (212) will be discussed in
further detail below. It will be appreciated that articulation knob (214) may be rotated in
the counter clockwise direction to cause end cffector (212) to articulate in a counter
clockwise manuner. Thus, depending on the desired direction and/or amount of
articulation of end effector (212), the user can simply rotate articulation kuob (214) of
varying degrees in the direction that the user wishes end effector (212} to articulate to

cause varying degrees of articulation of end effector (212).

[B0065] FIG. 14 shows articulation knob (214) with casing (215) removed to better show
the inner workings of articulation knob (214). Asticulation knob (214) s
communication with an articulation pinion (250). Articulation pinion (250} s 1n
communication with a first rack (252) and a second rack (256). First rack (252) is n
communication with a first arm (242) through a first intermediate block (254}, whercas
second rack (256} is in commumnication with a second arm (240} through a second

intermediate block (256},

060066} Articulation knob (214) s unitarily coupled to articulation pinion (250). As a
result, when the user turns articulation knob (214), articulation pinion (250) rotates
together with articulation knob (214). As articulation pinion (250) rotates, articulation

pinion {2530} translates first rack {252) and sccond rack (256} accordingly in opposing
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directions. For instance, as seen in FIG. 15, articulation pinton (250} is in communication
with first rack {252) and second rack (256} such that if articulation pinion (250} rotates
clockwise, first rack (252} retracts proximally away from ond effector (212) whercas
second rack (256) advances distally toward end effector. Furthermore, when articulation
pinion {250} rotates counter-clockwise, first rack (252} advances distally toward cnd
cifector (212) and second rack {256} retracts proximally away from end effector (212).
As first rack {252} advances and retracts, first arm {242) advances and retracts in a
similar fashion. Similarly, as sccond rack (256} advances and retracts, sccond arm (240)
also advances and retracts with second rack (256}, Thus, rotating articulation knob (214),
which s connected to articulation pinion (250), causes first armn (242) and second arm
240} to move back and forth with first rack (252) and sccond rack (256}, Movement of
first arm (242} and second arm (240) is operable to cause movement of other components

in end effector (212}, which will be discussed in further detail below.

100067} FIG. 16 shows a larger view of end effector (212), including anvil (218). First arm
242y and second arm (240) are in communication with a first cam gear (2303, As a
result, advancing and retracting first atm (242) and second arm (240} causes furst cam

gear {230} to rotate, which will be described in further detail below.

{00068] FIG. 17 shows an exploded view of end effector (212) and articulation joint {211},
End effector {212) comprises an anvil (218}, a lower jaw (216), and a staple cartnidge
(275). Cartnidge (275) comprises staple drivers (243}, a cartridge body (237), a tray
(274}, and wedge sled (241). Tt will be appreciated that anvil (218), lower jaw (216), tray
(274}, cartridge body (237}, and wedge sled (241) are substantially similar to anvil (18)
lower jaw (16}, tray (74}, cartridge (37), and wedge sled {(41) shown in FIG. 6. Generally,
tray {274} is removably received in lower jaw {216); and tray (274), cartridge body (237),
and staple drivers (243) snap together to form staple cartridge (275). The proximal
portions of anvil (218} and lower jaw (216} fit within jaw sleeve (270}, which is in
communication with articulation joint {211). Anvil {21&) is operable to close against
cartridge body {237) in response to distal advancement of jaw sleeve (270), such that

anvil (218} and cartridge body (237} can clamp tissue, which may then be stapled and
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cut. In particular, after clamping tissue, wedge sled (241) is driven distally, which urges
staple drivers (243) upwardly, which drives staples (not shown, but would otherwise be
positioned above staple drivers (243)) through tissue and against anvil (218}, anchoring
the staples in tissue. Sled (241) in the tlustrated version is driven by a knife (248), which
is sccured to and driven by a firing beam (219}, As firing beam (219} advances, knife

(248) cuts tissuc while driving sled (241},

100069} End effector (212} of the present example further comprises resilient a lockout
feature {249) that is operable to cooperate with cam holding body (276} to selectively
restrict advancement of knife (248) in the abscnce of an unfired cartridge (275} being
loaded in lower jaw (216). By way of cxample only, lockout feature (249) and associated
componenis may be configured and operable in accordance with at least some of the
teachings of U5, Pat. App. No. [Attorney Docket Number END7175USNP], entitied
“Lockout Feature for Movable Cutting Member of Surgical Instrument.” filed on cven

date herewith, the disclosure of which is incorporated by reference herein.

180070} Articulation joint {211} comprises scveral components that will be discussed in
turther detail below. Generally speaking, articulation joint (211} comprises first cam gear
(230}, sccond cam gear {(231), cam holding body (276), a channel pin (217}, joint basc

(272}, a lock bar (262}, and a spring (264).

100071} First arm {242} distally terminatcs in to a first hook (244}, while second arm (240}
distally terminates in a sceond hook (246). Hooks (244, 246) arc in communication with
cam operings {260) of first cam gear (230). As a result, when first arm (242) advances
toward end effector (212) and second armn (240) retracts, first cam gear (230) rotates
counter clockwise, When first arm (242} instead retracts and second arm (240} advances
toward end ecffector (212), first cam gear (230) rotates clockwise. Thus, as arms (242,
240} push and pull on cam openings (260} via hooks (244, 246), first cam gear (230}

rotates accordingly as just described.
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188072} First cam gear {23(0) is stacked on a second cam gear {231). Sccond cam gear
(231} and cam holding pin (279) arc unitary featurcs of cam holding body {276). In some
versions, sccond cam gear (231} may be separately constructed and fixedly coupled with
cam holding body (276}, such that as sccond cam gear (231} rotates, cam holding body
(276} rotates. First cam gear (230} is rotationally coupled with cam holding pin (279),
which is coaxially aligned with base opening (277} of joint basc (272} along a pivot axis
(280}, Thus, first cam gear (230) is rotatable about pivot axis (280}, relative to sccond
camm gear {231) and cam holding body (276). Lock bar (262} is in sclective
communication with first cam gear (230) and sccond cam gear (231}, which will be
described further below. Lock bar (262) 15 further in communication with spring (264},
which distally biases lock bar (262}, Joint base (272} 15 shaped to provide a seat and/or
channel for lock bar (262) to advance. Lock bar (262) further includes a pair of bosses

{287} operable to engage joint base (272) to restrict distal motion of lock bar (262).

100073} IV.  Exeroplary Movement of the Shaft Assembly
100074} As discussed above, actuating articulation knob (214} is operable to cause

opposing advancement and retraction of arms {242, 240}, It will be understood that this
motion of arms (242, 240} is operable to rotate first cam gear {(230) about cam holding
pin {279}, As a result of rotating first cam gear (230), sccond cam gear (231} rotates with
cam holding body (276). Thus, articulation joint (211} articulates, thereby pivoting end
effector (212) at articulation joint (211). In particular, cam holding pin (279) and base
opening (274) define a pivot axis (280), which 15 generally perpendicular to the
fongitudinal axis (LA). End cffector (212) pivots about pivot axis {280) in response to
the rotation of first cam gear (230}, which drives second cam gear (231) as will be
discussed below, FIGS, 18A-E illustrate the details of rotating first cam gear (230} to

drive the articulation of end effector (212).

100075} FIG. 18A shows articulation jont (211} v a first position. Lock bar (262 is
distally biased to engage second cam gear (231). In particular, the distal end of lock bar

{262} comprises a lock tooth (236} that fits between first cam teeth (233} and second cam
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teeth {235) and abuts second cam gear {231}, which can be seen in further detail in FIG.
19. As a result of the distal bias provided by spring (264}, lock tooth (236) acts as a
positive lock and thus maintains the rotational position of sccond cam gear (231}, By
maintaining the rotational position of second cam gear (231}, lock bar (262) maintains
the angular position of end effector (212) about pivot axis (280), thereby maintaining any
articulation angle (o). First cam gear (230) comprises a pair of cam wings (238, 239},
and cam holding body (276} comprises a pair of bosses (271, 273). Bosses (271, 273} arc
unttary features of sccond cam gear (231} such that as bosses (271, 273) rotate, second
cam gear {231} also rotates. 1t will be appreciated that in the first position of FIG. 18A,
carn wings (238, 239) and bosses (271, 273} define a small gap (261) therebetween, As a
result, cam wings (238, 239) and bosses (271, 273} are not in contact. The interaction
mnvolving contact between cam wings (238, 239) and bosses (271, 273} will be described
in further detail below with reference to FIGS. 18B-E. During a surgical operation, the
user may guide shaft assembly (200} through a passageway (e.g. trocar, thoracotomy,
ete.) to reach the surgical arca with end effector (212) 1o a straightened position as shown

in FIG. [BA.

1060076} FIG. 19 shows an enlarged view of lock tooth {236) in the position shown in FIG.
I8A. As can be seen in the illustrated version, lock tooth (236) has gencrally straight
parallel sides (286} that are operable to fit between first cam teeth (233) and second cam
teeth {235). The distal end of lock footh {236) has a rounded tip (285) with angled sides
(281} leading to parallel sides (286). Each tooth (235) of second cam tecth (235)
comprises gencrally straight parallel sides (283) and angled sides (284). Parallel sides
{283} are operable to engage parallel sides {(286) of tock tooth (236} to prevent lock tooth
{236} from riding along second cam teeth (235) without assistance from first cam gear
(230}, This engagement between at least one side (283) and at least one side (286} also
prevents cam holding body (276} from rotating about pivot axis (280}, thereby preventing

end cffector {212} from pivoting at articulation joint {211},

180877} Once first cam gear (2303) rotates as shown in FIGS. 18B-C and as will be

described in greater detail below, a rounded triangular tooth {233) of first cam gear (230)
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will cam against angled sides {2&81), and will thercby drive lock bar (262} proximally in
response to first cam (230) rotating. It should be understood that tooth (233) may have a
varicty of diffcrent shapes other than triangular. Lock tooth (236) moves proximally
sufficiently such that angled sides (281} of lock tooth (236} can then cventually cngage
and ride along angled sides (284) of second cam teeth (235) as first cam gear (230}
contintcs to rotate and as sccond cam gear (231} rotates. This provides further camming
action to drive lock bar (262} proximally. Once lock tooth (236} traverses angled sides
(284} of sccond cam teeth (235}, then lock tooth (236} roturns distally to a position
between the next pair of first cam teeth (233) and second cam teeth (235) similar to the
positioning shown n FIG. 19, For dlustrative purposes, advancing lock tooth (236)
hetween one set of first cam teeth (233) and second cam teeth (235) to an adjacent set of
first cam tecth (233} and second cam feeth (235) may be considered one articulation
increment. As lock tooth (236) distally advavces, lock tooth (236} strikes secoud cam
gear {231) between second cam teeth (235). It will be understood that lock tooth (236)
need not necessarily extend far enough to strike second cam gear (231}, For instance,
tock tooth (236) may only extend distally such that parallel sides (283 prevent lock tooth
(236} from riding along second cam gear (231) without assistance from first cam teeth
{(233). In the illustrated version, bosses (287) engage joint base (272} to prevent further

distal motion of lock bar {262).

196078} As noted above, the operator may wish o pivot end effector (212) at articulation
joint {211} to better position end effector (212) in relation to targeted tissue. FIG. 18B
shows a second position for articulation joint (211} to move to in response to turning
articulation knob (214} shown in FIG. 14, In the illustrated version, the user has turned
articulation knob (214} counter clockwise, which rotates articulation pinton (250} counter
ciockwise as well. As articulation pinion (250} rotates counter clockwise, first rack (252)
moves distally and second rack (256) moves proximally in relation to end effector (212},
Accordingly, first arm {242) and sccond arm (240) as shown in FIG. 188 move such that
first arm (242} advances toward cffector (212} and second arm (240) retracts away from

end cffector (212}, It will be appreciated that the distal portions of first arm (242) and
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second arm (240) of the illustrated version are not positioned parallel in relation to cach
other. Instead, first arm (242} and second arm (240} are obliquely angled in relation to
cach other, though it will be understood that first arm (242} and second arm (246) could

be positioned paralicl to cach other.

160079] Movement of arms (242, 240} as seen in FIG. 188 causes first cam gear (230) to
rotate counter clockwise about pivot axis {(280). As first cam gear (230) rotates, two
actions occur in a gencrally simultancous manner. First cam tecth (233} have a rounded
triangular shape that urges lock bar (262) proximally away from end cffector (212)
through a camming action as a result of first cam teeth (233) engaging angled sides
(281). Again, tecth (233} may have a variety of different shapes other than triangular,
Spring (264) compresses to accommadate proximal motion of lock bar (262). As a result,
rounded tip {285) moves proximally sufficient fto traverse parallel sides (2833
Additionally, cam wings (238, 239) rotate counter clockwise with first cam gear (230).
As a result of the rotation, cam wing (239) removes gap (261) between boss (273) and
engages boss (273). Meanwhile, cam wing {238) moves rotationally away from boss
(271). It will be understood that while first cam gear (230) and lock har (262) have
moved in response to the movement of arms (242, 240) during the transition from the
configuration shown in FIG. 18A to the configuration shown in FIG. 188, second cam
gear (2313 and accordingly end effector (212 have not yet moved. Thus, end effector

{212} remains in a straight orientation at this stage.

{00080} FIG. 18C shows a third position of articulation joint (211}, It will be vnderstood
that the user continues to rotate articulation knob (214} in an effort to articulate end
effector (212). Arms (242, 240) continue to move such that first arm (242) moves distally
and second arm {240) moves proximally., Movement of arms {242, 240} continues to
rotate first cam gear (230), which causes cam wing (239} to rotationally move further
thereby wrging boss {273) to rotationally move as well. Since boss (273) is unitary with
second cam gear {231}, second cam gear {231) begins to rotate. As sccond cam gear
rotates (2313, lock bar (262} moves further proximally as a result of angled sides (284)

camming against angled sides (281} of lock tooth (236}, Thus, lock tooth (236} rides
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along second cam tecth (235). Second cam gear (231) rotates until tip {288} of second
cam gear {231} engages rounded tip (285). Second cam teeth (235) have paraliel sides
(283} such that angled edges (281} of lock tooth (236} can cngage angled sides (284)
only aftcr first cam teeth (233) urges lock tooth (236) proximally such that rounded tip
(285} traverses parallel sides (283). Prior to riding along first cam tecth (233), lock tooth
(236} 1s gencrally unable to ride along sccond cam tecth (235} due to parallel sides {283)
engaging parallel sides (286). It will further be appreciated that as lock tooth (236) rides
along angled sides (284), lock tooth (236) discngages first cam tecth (233}, As also scen
in FIG. 18C, lock bar (262) and lock tooth (236) have moved to a proximal most position
with just second cam teeth tip (288) being in contact with lock tooth (236). Also as a
result of rotation of second cam gear (231), cam holding body (276} and accordingly,
sleeve (270}, which leads to end cffector (212), articulates in a counter clockwise

direction.

100081} FIG. 18D shows a fourth position for articulation region (211). Once again, it will
be onderstood that user is continuing to rotate articulation knob (214} 1o an effort to
cause further articulation of end effector (2123, Arros (242, 240) continue to move such
that first arm (242) moves distally further and second armn (240) moves proximally
further. Movement of arros (242, 240) continues to rotate first cam gear (230), which
causes cam wing (239 to push boss (273) rotationally further. Lock tooth (236)
continues to ride along second cam teeth (235} until the distal bias caused by spring (264)
urges lock bar (262} into the position shown in FIG. 18D, It will be appreciated that
when lock bar {262) snaps into the position shown in FIG. 18D, an audible click or snap
may be heard or felt. As a result, the user receives andible and/or tactile confirmation that
tock tooth (236} has moved from between one set of cam teeth {233, 235} to another or
otherwise has rotated by a single articulation increment. When in the position shown in
FIG. 18D, first cam gear {230) stops rotating and lock tooth (236} fits between cam tecth
(233, 235). Sleeve (270) and accordingly ond effector (212) stop articulating. A positive
fock has formed because any rotational motion of second cam gear (231} urged by

transverse forees on end effector {212} would result in parallel sides (286) engaging
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parallel sides {283} and stopping any further rotation of second cam gear (231), which
locks the articulation of end effector (212}, ¥t should be understood that the transition
from the configuration shown in FIG. 18A to the configuration shown in FIG. 18D
represents articulation through one articulation increment, or increment of articulation
motion, in which the distance is defined generally by the spaces between sccond cam

teeth (235)

[60082] It will be understood that in the position shown in FIG. 18D, end effector (212)
has articulated thereby providing the user with a shaft assembly (200) with an articulated
end effector (212}, It will be appreciated that the user may wish to usc shaft assembly
(200} in the position shown in FIG. 18D or may wish to pivot end effector (212} further
by onc or more additional articulation increments. In the cvent that the user does not
rotate artictlation knob (214) further, the locking of lock tooth (236} between first cam
teeth {233) and sccond cam toeth (235) prevents end cffector (212) from pivoting to
return to a straight position. Once end effector (212) has been articulated to a desired
angle (o}, 1t will be understood that the user may actuate firing bearn (213) to drive knife
(248) to cut and drive staples through tissue. For instance, knife (248) and firing beam
(213} may be in communication through, for instance, a bendable beam such that firing

bearn (213) can advance through any degree of pivot of articulation joint (2113,

{00083} FIG. 1&E shows a fifth position for articulation joint (211} i the cvent that the
user wishes to pivot end effector (212) further. Once again, it will be understood that user
continues to rotate articulation knob (214). Ag a result, arms (242, 240) continue to move
such that first arm (242) moves distally further and second arm (240) moves proximally
further. Movement of arms (242, 240} continues to rotate first cam gear (230), which
causes cam wing {239} to push boss {273) rotationally. First cam gear (230} and second
cam gear (231) move similarly as shown in FIGS. 18B-D, which causes end effector
(212} to articulate further as well as lock in a more articplated position. It will be
understood that the user may continuie to rotate articulation knob (214} to cause end
effector (212} to pivot as far as the user desires. Furthermore, the user may rotate

articulation knob (214} in the opposite direction to cause arms (242, 240} and cam gears
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(230, 231) to move in the opposite direction, thereby causing end cffector (212} to

articulate in an opposite direction.

160084] As seen in the cxemplary actuation shown in FIGS, 18A-18E, first cam gear (230}
is operable to unlock articulation joint (211} and pivot end offector (212} at asticulation
joint (211} about pivot axis {280), by transferring motion from arms (242, 240} to first
cam gear (230}, In addition, sccond cam gear {231) and fock bar {262) cooperate to lock
articulation joint (211), to thereby lock the angle (o) of end cffector {212) relative to the

longitudinal axis {(LA) of shaft assembly (200).
160085] V. Miscellancous

[60086] It should be understood that any one or more of the teachings, cxpressions,
embodiments, examples, cte. deseribed hercin may be combined with any one or more of
the other teachings, expressions, embodiments, examples, ctc. that arc described herein.
The above-described teachings, oxpressions, embodiments, examples, ctc. should
therefore not be viewed in isolation relative to cach other. Various suitable ways in
which the teachings herein may be combined will be readily apparent to those of ordinary
skill in the art in view of the tcachings herein. Such modifications and variations arc

intended to be included within the scope of the claims.

{60087 it should be appreciated that any patent, publication, or other disclosure material,
in wholc or in part, that is said to be incorporated by reference herein is incorporated
hercin only to the cxtent that the incorporated material docs not conflict with cxisting
definitions, statements, or other disclosure material set forth in this disclosure. As such,
and to the cxtent nocessary, the disclosure as cxplicitly set forth hercin supersedes any
conflicting material incorporated herein by reference. Any material, or portion thercof,
that is said to be incorporated by reference herein, but which conflicts with cxisting
definitions, staternents, or other disclosure material set forth herein will only be
incorporated to the extent that no conflict arises between that incorporated material and

the existing disclosure material.

28



WO 2014/133771 PCT/US2014/016200

{00088} Verstons of the devices described above may have application in conventional
medical treatments and procedures conducted by a medical professional, as well as
application in robotic-assisted medical treatments and procedurcs. By way of cxampic
only, various teachings herein may be readily incorporated into a robotic surgical system
such as the DAVINCI™ gystem by Intuitive Surgical, Inc., of Sunnyvale, California,
Similarly, those of ordinary skill in the art will recognize that various teachings herein
may be readily combined with various teachings of any of the following: U.S. Pat, No.
5,792,135, contitled “Articulated Surgical Instrument For Performing Minimally Invasive
Surgery With Enhanced Dexterity and Sensitivity,” issued Aungust 11, 1998, the
disclosure of which is incorporated by reference herein; U.S. Pat. No. 5,817,084, entitled
“Remote Center Positioning Device with Flexible Drive,” issued October 6, 1998, the
disclosure of which is incorporated by reference herein; U.S. Pat. No. 5,878,193, entitled
“Automated Endoscope Systern for Optimal Positioning,” issaed March 2, 1999, the
disclosure of which is incorporated by reference herein; U.S. Pat. No. 6,231,565, entitled
“Robotic Arm DLUS for Performing Surgical Tasks,” issued May 15, 2001, the
disclosure of which is incorporated by reference herein; U.S. Pat. No. 6,783,524, entitled
“Robotic Surgical Tool with Ultrasound Cauterizing and Cutting Instrument,” issued
August 31, 2004, the disclosure of which 1s incorporated by reference herein; U.S. Pat.

No. 6,364,8&8, entitled “Alignment of Master and Slave in a Minimally Invasive Surgical

? A

Apparatus,” tssued April 2, 2002, the disclosure of which is incorporated by reference
herein; LS. Pat. No. 7,524,320, entitled “Mechanical Actuator Interface System for
Robotic Surgical Tools,” issued April 28, 2009, the disclosure of which is incorporated
by reference hercin; US. Pat. No. 7,691,098, entitled “Platform Link Wrist Mechanism,”
issued April 6, 2010, the disclosure of which is incorporated by reference herein; UK.
Pat. No. 7,806,891, entitled “Repositioning and Reorientation of Master/Slave
Relationship in Minimally Invasive Telesurgery,” issued October 5, 2010, the disclosure
of which i3 incorporated by reference herein; U.S. Pub. No. 2013/0012957, cntitled
“Automated End Effector Component Reloading System for Use with a Robotic System,
published January 10, 2013, the disclosure of which is incorporated by reference hereing

U.S. Pub. No. 2012/0199630, entitled “Robotically-Controlled Surgical Instrument with
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Force-Feedback Capabilitics,” published August 9, 2012, the disclosure of which is
incorporated by reference herein; US. Pub. No. 2012/0132450, entitled “Shiftable Drive
Interface for Robotically-Controlled Surgical Tool,” published May 31, 2012, the
disclosure of which is incorporated by reference hercing U.S. Pub. No. 2012/0199633,
entitlied  “Surgical Stapling Instruments with Cam-Driven  Staple  Deployment
Arrangements,” published August 9, 2012, the disclosure of which is incorporated by
reference  heretn; US. Pub. No. 2012/0199631, entitled “Robotically-Controlied
Motorized Surgical End Effcctor System with Rotary Actuated Closure Systems Having
Variable Actuation Speeds,” published August 9, 2012, the disclosure of which is
incorporated by reference herein; U.S. Pub. No. 2012/0199632, entitled “Robotically-
Controlled Surgical Tostrument with Sclectively Articulatable End Effector,” published
August 9, 2012, the disclosure of which is incorporated by reference hercing U.S. Pab.
No. 2012/0203247, entitled “Robotically-Controlled Surgical End Effector System,”
published August 9, 2012, the disclosure of which 15 ncorporated by reference herein;
U.S. Pub. No. 2012/0211546, cotitied “Drive Interface for Operably Coupling a
Manipulatable Surgical Tool to a Robot,” published August 23, 2012; U.S. Pub. No.
2012/0138660, cntitied “Robotically-Controlled Cable-Based Surgical End Effectors,”
published June 7, 2012, the disclosure of which is incorporated by reference herein;
and/or U.S. Pub. No. 2012/0205421, entitled “Robotically-Controlled Surgical End
Effector System with Rotary Actuated Closure Systems,” published August 16, 2012, the

disclosure of which is incorporated by reference herein.

180039] Versions of the devices described above may be designed to be disposed of after a
single use, or they can be designed to be used multiple times. Versions may, in either or
both cases, be reconditioned for reuse after at least one use. Reconditioning may include
any combination of the steps of disassembly of the device, followed by cleaning or
replacement of particular picees, and subsequent reassembly.  In particular, some
versions of the device may be disassembled, and any mumber of the particular picces or
parts of the device may be selectively replaced or removed in any combination. Upon

cleaning and/or replacement of particular parts, some versions of the device may be
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reassemibled for subsequent use cither at a reconditioning facility, or by a wuser
immediately prior to a procedure.  Those skilled in the art will appreciate that
reconditioning of a device may utilize a variety of techniques for disassembly,
cleaning/replacement, and rcassembly.  Usc of such techniques, and the resulting

reconditioned device, are all within the scope of the present application.

100090} By way of cxample only, versions described herein may be sterilized before
and/or aftcr a procedure. In one sterilization technique, the device 1s placed in a closed
and scaled container, such as a plastic or TYVEK bag. The container and device may
then be placed in a field of radiation that can penctrate the container, such as gamma
radiation, x-rays, or high-cnergy clectrons. The radiation may kill bacteria on the device
and in the container. The sterilized device may then be stored in the sterile container for
later usc. A device may also be sterilized using any other technigue known in the art,

including but not himited to beta or garoma radiation, ethylene oxide, or steam.,

{60091} Having shown and described various embodiments of the present invention,
further adaptations of the methods and systems described herein may be accomplished by
appropriate modifications by one of ordinary skill in the art without departing from the
scope of the present invention.  Several of such potential modifications have been
mentioned, and others will be apparent to those skilled in the art. For instance, the
examples, ermbodiments, geometrics, materials, dimensions, ratios, steps, and the hike
discussed above are illustrative and arc not required.  Accordingly, the scope of the
present invention should be considered in torms of the following claims and is
understood not to be limited to the details of structure and operation shown and described

in the specification and drawings.
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VWe Claim:
I An apparatus, comprising:
{a) a body; and
{b) a shaft assembly in communication with the body; wherein the shaft
assembly comprises:
(i) an cnd ctfector having an articulation joint;
(ii) a first cam gear rotatably positioned within the shaft assembly,
(iti}  a sccond cam gear in communication with the end effector at the
articulation joint, and
(iv}  a lock bar distally biased to lock against the second cam gear,
wherein the first cam gear is rotatable through a first range of
mofion to unlock the lock bar relative to the second cam gear,
wherein the first cam gear is rotatable through a second range of
motion to rotate the end effector at the articulation joint.
2. The apparatus of claim 1, wherein the first cam gear comprises a pharality of cam

wings configured to urge rotation of the second cam gear.
3. The apparatus of claim 2, wherein the second cam gear comprises a phurality of

bosses configured to engage the plurality of cam wings.

4. The apparatus of claim 1, further comprising an articulation knob in
communication with a first arm and a second arm, wherein the first arm and the second arm are
in opposing communication with the first cam gear, wherein the articulation knob is configured

to rotate to effectuate opposing motion of the first arm and the second arm.
5. The apparatus of claim 1, wherein the lock bar comprises a lock tooth, whercin

the second cam gear comprises second cam tecth, wherein the lock bar is shaped to complement

the shape of the second cam teeth.
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6. The apparatus of claim 5, whercin the second cam teeth comprise straight walls.

:\J

The apparatus of claim 5, whercin the first cam gear comprises first cam tecth,

wherein the first cam tecth have a rounded shape.

5. The apparatus of claim 5, wherein the first cam gear comprises first cam teeth,
wherein the second cam gear comprises second cam teeth, wherein the lock tooth is positionable

between the first cam teeth and the second cam teeth,

9. The apparatus of claim §, wherein the lock tooth is configured to snap into a
position between the first carn teeth and the second cam teeth, wherein the lock tooth is operable
to produce an audible click when the lock tooth snaps into the position between the first cam

teeth and the second cam testh.

10, The apparatos of claim B, wherein the lock tooth 18 configured to snap into a
position between the first cam teeth and the second cam teeth, wherein the lock tooth is operable
to produce a tactile feedback click when the lock tooth snaps into the position between the first

cam teeth and the second cam teeth.

1. The apparatas of claim 1, wherein the first cam gear comprises cam wings,
wherein the second cam gear comprises bosses, wherein the cam wings and the bosses are

positionable such that a gap i1s maintained between the cam wings and the bosses.

12. The apparatus of claim |, wherein the first cam gear and the second cam gear are

coaxially aligned with a pivot axis, wherein the pivot axis is perpendicular to the end effector.
3. The apparatus of claim 1, whercin the sccond cam gear comprises sccond cam

tecth having parallcl sides, wherein the lock bar comprises a lock tooth having parallel sides,

wherein the paralicl sides of the lock tooth are configured to cngage the parallel sides of the

33



WO 2014/133771

PCT/US2014/016200

sccond cam tecth to thereby prevent rotation of the second cam gear.

4, The apparatus of claim 1, wherein the lock bar compriscs at least one laterally

cxtending boss configured to prevemt the distal movement of the lock bar bheyond a

predetermined point.

£5. The apparatus of claim 1, further comprising a spring in conununication with the

iock bar, whercin the spring is operable to distally bias the lock bar.

6. Awn apparatus comprising:
{a) a body; and
{b) a shaft assembly in commuonication with the body; whercin the shaft

asserubly comprises:

(i)
(i

(iii)

(iv)

{v)

an end effector positioned at a distal end of the shaft assembly,

an articulation joint positioned at a proximal end of the end
effector,

a first cam gear positioned at the distal end of the shaft assembly,
wherein the first cam gear is configured to rotate,

a second cam gear in communication with the end effector through
the articulation joint, wherein the second cam gear 1s operable to
drive articulation of the end effector at the articulation joint, and

a lock bar in selective communication with the first cam gear and
the sccond cam gear, wherein the lock bar is movable between a
distal position and a proximal position, wherein the lock bar is
configured to impede the rotation of the second cam gear when the
fock bar is in the distal position, wherein the lock bar is configured
to allow rotation of the sccond cam gear when the fock bar is in the
proximal position, wherein the first cam gear is configured to drive
the lock bar from the distal position to the proximal position

through rotation of the first cam gear.
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17. The apparatus of claim 16, wherein the lock bar comprises a lock tooth configured

to impede the rotational motion of the second cam gear.

IS, The apparatus of claim 16, wherein the first cam gear comprises first cam teeth,

wherein the first cam tecth have a shape configured to allow the lock bar to ride along the first

cam teeth through a camming motion.

19, The apparatus of claim 16, wherein the lock bar is configured to produce an

audible click when the lock bar is in selective communication with the second cam gear.

20. A method of articulating an end effector using a shaft assembly comprising a first

cam gear, a second cam gear, a first arm, a second arm, and a lock bar, wherein the second cam

gear is in communication with the first cam gear, wherein the first arm and the second arm are in

communication with the cam gear, wherein the lock bar 15 in selective communication with the

first cam gear and the sccond cam gear, wherein the second cam gear is in pivotal

communication with the ¢nd effector, the method comprising:

{a}
{b)
{c}

actuating the first arm and the second arm to rotate the first cam gear;
rotating the first cam gear;

moving the lock bar in the proximal direction such that the lock bar rides
along the first cam gear and the second cam gear in a sequential manner;
rotating the sccond cam gear thereby articulating the end effector; and

moving the lock bar in the distal direction.
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