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(54) Title: TRANSLATABLE ARTICULATION JOINT UNLOCKING FEATURE FOR SURGICAL STAPLER

(57) Abstract: An apparatus comprises a body, a shaft assembly, an end effector, and an articulation joint. The end effector is oper -
able to manipulate (e.g., staple) tissue. The articulation joint couples the end effector with the shaft assembly and permits the end ef -
fector to deflect away from the longitudinal axis of the shaft assembly. The articulation joint comprises a locking assembly, which is
operable to selectively lock the angular position of the end effector relative to the longitudinal axis. The locking assembly comprises
a first locking member and a second locking member. The first locking member is unitarily secured to the end effector. The second
locking member is movable along a first axis to selectively engage the first locking member to thereby selectively lock the angular
position of the end effector relative to the longitudinal axis of the shatt assembly. The first axis is perpendicular to the longitudinal

axis
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TRANSLATABLE ARTICULATION JOINT UNLOCKING FEATURE FOR SURGICAL

{0001}

{0802}

STAPLER

BACKGROUND

in some settings, endoscopic surgical mstruments 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 desived surgical site through
the cannula 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, cutter,
stapler, clip applier, access device, drug/gene therapy delivery device, and energy
delivery device wusing ultrasonic vibration, RF, laser, ectc.). Endoscopic surgical
instruments may include a shaft between the end effector and a handle portion, which is
manipuiated by the clinician. Such a shaft may cnable insertion to a desired depth and
rotation about the longitudinal axis of the shaft, thereby facilitating positioning of the end
effector within the paticnt. Positioning of an end cffector may be further facilitated
through inclusion of one or more articulation joints or features, enabling the end cffector
to be sclectively articulated or otherwise defiected 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
layers of tissue, and drive staples through the layers of tissuc to substantially scal the
severed layers of tissue together near the severed ends of the tissue layers. Merely
exemplary surgical staplers arc disclosed in U.S. Pat. No. 4,805,823, entitled “Pocket
Configuration for Internal Organ Staplers,” issued February 21, 1989; U.S. Pat. No.
5,415,334, entitled “Surgical Stapler and Staple Cartridge,” issued May 16, 1995; U.S.
Pat. No. 5,465,895, cntitied “Surgical Stapler Instrument,” issued November 14, 1995;

U.S. Pat. No. 5,597,107, entitled “Surgical Stapler Instrument,” issued January 28, 1997;
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U.S. Pat. No. 5,632,432, entitled “Surgical Instrament,” issued May 27, 1997; U.S. Pat.
No. 5,673,840, entitled “Surgical Instrument,” issued October 7, 1997; .S, Pat. No.
5,704,534, entitled “Articulation Assembly for Surgical Instruments,” issued Jamary 6,
1998, U.S. Pat. No. 5,&14,055, entitled “Surgical Clamping Mechanism,” issued
September 29, 1998; U.S. Pat. No. 6,978,921, entitied “Surgical Stapling Instroment
Incorporating an E-Beam Firing Mechanism,” issued December 27, 20035; U.S. Pat. No.
7,000,818, entitled “Surgical Stapling Instrument Having Separate Distinet Closing and
Firing Systems,” issued February 21, 2006; U.S. Pat. No. 7,143,923, entitled “Surgical
Stapling Instrument Having a Firing Lockout for an Unclosed Anvil,” issued Decomber
5, 2006, U.S. Pat. No. 7,303,108, entitled “Surgical Stapling Instrument Incorporating a
Multi-Stroke Firing Mechanism with a Flexibie Rack,” issued December 4, 2007, US.
Pat. No. 7,367,485, entitied “Surgical Stapling Instrument Incorporating a Multistroke
Firing Mechanism Having a Rotary Transmission,” issucd May 6, 2008; U.S. Pat. No.
7,380,695, entitled “Surgical Stapling Instrument Having a Single Lockout Mechanism
for Prevention of Firing,” issued Junc 3, 2008; U.S. Pat. No. 7,380,696, cntitied
“Articulating Surgical Stapling Instrument Incorporating a Two-Picce E-Beam Firing
Mechanism,” issued June 3, 2008; U.S. Pat. No. 7,404,508, entitled “Surgical Stapling
and Cutting Device,” issued July 29, 2008; U.5. 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 Staphng Device,” issued May 25, 2010; US. Pat. No. 8,408,439, entitled
“Surgical Stapling Instrument with An Articulatable End Effector,” issued April 2, 2013;
and U.S. Pat. No. 8,453,914, entitled "Motor-Driven Surgical Cutting Instrument with
Electric Actuator Directional Control Assembly,” issued June 4, 2013, The disclosure of

cach of the above-cited U.S. Patents is incorporated by reference herein.

While the surgical staplers referred to above are described as being used in
endoscopic procedures, i should be understood that such surgical staplers may also be
used in open procedures and/or other non-endoscopic procedurcs. By way of example

only, a surgical stapler may be inserted through a thoracotomy, and thereby between a
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patient’s ribs, to reach one 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 use of the
stapler to sever and close a vessel leading to 2 hung. For instance, the vessels leading 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 vartous other settings and

procedures.

Examples of surgical staplers that may be particularly suited or use through a
thoracotomy are disclosed in US. Patent App. No. 13/780,067, cutitled “Surgical
Instrument End Effector Articulation Drive with Pinion and Opposing Racks,” filed
February 28, 2013; U.S. Patent App. No. 13/780,082, entitled “Lockout Feature for
Movable Cutting Member of Surgical Instrument,” filed February 28, 2013, U.S. Patent
App. No. 13/780,i06, cntitled “Integrated Tissue Positioning and Jaw Alignment
Features for Surgical Stapler,” filed February 28, 2013; U.S. Patent App. No. 13/780,120,
entitled “Jaw Closure Feature for End Effector of Surgical Instrument,” filed February
28, 2013; U.S. Patent App. No. 13/780,162, entitled “Surgical Instrument with
Articulation Lock having a Detenting Binary Spring,” filed February 28, 2013; US.
Patent App. No. 13/780,171, entitled “Distal Tip Features for End Effector of Surgical
Instrument,” filed February 28, 2013; U.S. Patent App. No. 13/780,379, entitled “Staple
Forming Featurcs for Surgical Stapling Instrument,” filed February 28, 2013; U.S. Patent
App. No. 13/780,402, cotitled “Surgical Instrument with Multi-Diameter Shaft,” filed
February 28, 2013; and U.S. Patent App. No. 13/780,417, entitled “Installation Featurcs
for Surgical Instrument End Effector Cartridge,” filed February 28, 2013, The disclosure

of cach of the above-cited U.S. Patent Applications is incorporated by reference herein,

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.

BRIEF DESCRIPTION OF THE DRAWINGS
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{06006} The accompanying drawings, which are incorporated in and constitute a part of
this specification, illustrate embodiments of the invention, and, together with the general
description of the invention given above, and the detatled description of the embodiments

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

{6007} FIG. 1 depicts a perspective view of an exemplary articulating surgical stapling
nstrument;

(6008} FIG. 2 depicts a side elevational view of the instrument of FIG. 1;

[6009] FIG. 3 depicts a perspective view of an end effector of the instruroent of FIG. 1,

with the end effector in a closed configuration;

{00010} FIG. 4 depicts a perspective view of the end effector of FIG. 3, with the end

cffector in an open configuration;
{60011} FIG. 5 dopicts an exploded perspective view of the end cffector of FIG. 3;

160012} FIG. 6 depicis a cross-sectional end view of the end effector of FIG. 3, taken
along line 6-6 of FIG. 4;

160013] FIG. 7A depicts a cross-sectional side view of the end cffector of FIG. 3, taken

along line 7-7 of FIG. 4, with the firing beam in a proximal position;

1600 14] FIG. 7B depicts a cross-sectional side view of the end etfector of FIG. 3, taken

along line 7-7 of FIG. 4, with the firing beam in a distal position;

100015} FIG. 8 depicts a perspective view of the end effector of FIG. 3, positioned at

tissuc and having been actuated onee in the tissug;

186816} FIG. 9 depicts a schematic view of an exemplary control circuit for use in the

instrument of FIG. 1;
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180017} FIG. 10 depicts a perspective view of the handle assembly of the mstrument of

FIG. 1, with a honsing half and some internal components removed;

{00018} FIG. 11 depicts a perspective view of drive assembly components from the handle

assembly of FIG. 10;

160019} FIG. 12 depicts a perspective view of an eclongate member from the drive

assembly of FIG. 11, coupled with the firing beam;

160020} FIG. 13A depicts a top, plan view of an exemplary alternative shaft asserobly that
may be incorporated into the instrument of FIG. 1, with the end effector in a fivst

position;

{00021 FIG. 13B depicts a top, plan view of the shaft assembly of FIG. 13A with the end

cffector in a second articulated position;

1060022} FIG. 14 depicts a perspective view of the proximal end of the shaft assembly of

FI1G. 13A showing the articulation knob and internal kinematic components;

160023} FIG. 15 depicts a top cross-scctional view of the proximal cond of the shaft

assembly of FIG. 13A taken along line 15-15 of FIG. 14;

[60024] FIG. 16 depicts a top, plan view of the shaft assembly of FIG. 13A in a neutral
position;
{60025] FIG. 17 depicts a perspective, exploded view of the end effector and the

articulation joint of the shaft assembly of FIG. 134,

{60026} FIG. 18A depicts a top, partially internal view of the articulation joint of the shaft

assembly of FIG. 13A in a first position;

{60627} FIG. 18B depicts a top, partially internal view of the articulation joint of the shaft

assembly of FIG. 13A with the first and second arms rotating a first cam member;
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100028} FIG. 18C depicts a top, partially miernal view of the articolation joint of the shatt
assembly of FIG. 13A with the first and second arms rotating a second cam member and

the first cam member further;

100039} FIG. 18D depicts a top, partially internal view of the articulation joint of the shaft
assembly of FIG. 13A with a lock bar resiliently positioning a lock tooth between tecth

of the first camn member and the second cam member;

(00038} FIG. 18E depicts a top, partially internal view of the articulation joint of the shatt
assembly of FIG. 13A with the first and sccond arms rotating the first cam member yet

even further;

{00031} FIG. 19 depicts a top plan, enlarged view of the interface of the cam members and

the lock bar of the shaft assembly of FIG. 134,

{00033} FIG. 20 depicts a perspective, exploded view of locking features of an exemplary

alternative articulation joing;

{60033] FIG. 21 depicts a top, plan view of the articulation joint incorporating the locking
& &

features of FIG. 20;

{00034 FIG. 22A depicts a side, cross-sectional view of the articulation joint of FIG. 20

taken along line 22-22 of FIG. 21, with a locking member in a locked position;

[00035] FIG. 22B depicts a side, cross-sectional view of the articuiation joint of FIG. 20

taken along line 22-22 of FIG. 21, with the locking member in an unlocked position;
{00036} FIG. 23 depicts exploded view an exemplary aliernative helical cam assembly;

160037] FIG. 24 depicts a side, cross-sectional view a helical cam of the cam assembly

depicted in FIG. 23, taken along line 24-24 of FiG. 23;

{00038} FIG. 25A depicts a side, cross-sectional view of an exemplary altornative

articulation joint utilizing the cam assembly of FIG. 23;
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{60039 FIG. 258 depicts a side, cross-sectional view of the articulation joint of FIG. 25A
in an pnlocked position;

(00040} FIG. 26 depicis a perspective view of an exeroplary alternative articulation joint;

{00041} FIG. 27 depicts a perspective view of another exeroplary alternative articulation
joint; and

{60042} FIG. 28 depicts a cross-sectional side view of an actuation assembly of the
articulation joint depicted in FIG. 27.

{00043} The drawings arc 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,
including thosc not nccessarily depicted in the drawings. The accompanying drawings
incorporated in and forming a part of the specification illustrate several aspects of the
present invention, and together with the description serve to explain the principles of the
invention; it being understood, however, that this invention 1s not limited to the precise

arrangements showa.
DETAILED DESCRIPTION

[60044] The tollowing description of certain examples of the invention should not be used

to limit the scope of the present invention. Other examples, features, aspects,
embodiments, and advantages of the invention will become apparent to those skilled in
the art from the following description, which 1s by way of illustration, one of the best
modes contemplated for carrving out the mvention. 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 dlustrative in nature

and not restrictive.

100045} L Exeroplary Surgical Stapler
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{60046} FIG. 1 depicts an exemplary surgical staphng and severing instrument (10} that
inchides a handle assembly (20}, a shaft assembly (30), and an end effector (40}, End
effector {40} and the distal portion of shaft assembly (30} are sized for insertion, in a
nonarticulated state as depicted in FIG. 1, through a trocar canmula to a surgical sitc in a
patient for performing a surgical procedure. By way of example ouly, such a trocar may
be inserted in a patient’s abdomen, between two of the patient’s ribs, or elsewhere. In
some settings, instrument {10} is used without a trocar. For instance, end effector (40}
and the distal portion of shaft assembly (30} may be inserted directly through a
thoracotomy or other type of incision. It should be understood that terms such as
“proximal” and “distal” are used herein with reference to a clinician gripping handle
assembly (20} of instrument (10}, Thus, end cffector {(40) is distal with respect to the
more proximal handie assembly (20}, It will be further appreciated that for convenience
and clarity, spatial terms such as “vertical” and “horizontal” arc used hercin with respoct
to the drawings. However, surgical instruments arc uscd in many oricntations and

positions, and these terms are not intended to be limiting and absolute.
183047} A Exemplary Handle Assembly and Shaft Assembly

{60048} As shown in FIGS. 1-2, handlc assembly (20} of the present cxample comprises
pistol grip {223, a closure trigger (24), and a firing trigger (26). Each trigger (24, 26} is
selectively pivotable toward and away from pistol grip (22) as will be described in
greater detail below. Handle assembly (20} further includes an anvil release button (25),
a firing beam reverse switch (27}, and a removable battery pack (28). These components
will also be described in greater detail below. Of course, handle assembly {20} may have
a varicty of other components, featurcs, and operabilitics, in addition to or in hicu of any
of those noted above. Other suitable configurations for handle assembly (20} will be

apparent to those of ordinary skill in the art in view of the teachings hercin.

1083049} As shown in FIGS, 1-3, shaft assembly (30} of the present cxample compriscs an
outer closure tube (32), an articulation section (34), and a closure ring (36}, which is

further coupled with ond cffector (40). Closure tube (32) extends along the length of
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shaft assembly (30). Closure ring (36) is positioned distal to articulation section (34).
Closure tube (32} and closure ring (36) are configured to translate longitudinally relative
to bandle assembly {20). Longitudinal translation of closure tube (32} is commmicated
to closure ring (36) via articulation section (343, Exemplary features that may be used to
provide longitudinal translation of closure tube (32) and closure ring (36) will be

described in greater detail below.

{600506] Articulation section {34) is operable to laterally deflect closure ring (36} and end
gffector (40) laterally away from the longitudinal axis {LA) of shaft assembly (30} at a
desired angle (o). End effector (40} may thereby reach behind an organ or approach
tissue from a desired angle or for other reasons. In some versions, articulation section
{34} enables deflection of end effector (40) along a single plane. In some other versions,
articulation section (34) enables deflection of end effector along more than one plane. In
the present cxample, articulation is controlled through an articulation control knob (35)
which is located at the proximal end of shaft assembly (30}, Knob (35} is rotatable about
an axis that is perpendicular to the longitudinal axis {(LA) of shaft assembly (30).
Closure ring (36) and end effector (40} pivot about an axis that is perpendicular to the
longitadinal axis (LA} of shaft assembly (30} in response to rotation of knob (33). By
way of cxample only, rotation of knob (35) clockwisc may cause corresponding
clockwise pivoting of closure ring (36) and end cffector (40} at articulation section (34).
Articulation section (34) is configured to comnunicate longitudinal translation of closure
tube (32) to closure ring (36), regardicss of whether articulation scction (34) is in a

straight configuration or an articulated configuration.

{00051 In some versions, articulation section (34) and/or articulation control knob (35)
arc/is constructed and operable in accordance with at least some of the teachings of U.S.
Patent App. No. 13/780,067, entitled “Surgical Instrument End Effector Articulation
Drive with Pinion and Opposing Racks,” filed February 28, 2013, the disclosure of which
is incorporated by reference hercin,  Articulation section (34) may also be constructed

and operable in accordance with at least some of the teachings of U.S. Pat. App. No.
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[Attorney Docket Number END7420USNP.0O614273], entitled “Articulation Drive
Features for Surgical Stapler,” filed on even date herewith, the disclosure of which s
incorporated by reference herein; and/or in accordance with the various teachings below.
{Other spitable forms that articulation section (34) and articulation knob (35) may take

will be apparent to those of ordinary skill in the art in view of the teachings herein

As shown in FIGS. 1-2, shaft assembly (30} of the present example further
includes a rotation knob (313, Rotation knob {31} 1s operable to rotate the entire shaft
assembly (30} and end effector (40} relative to handle assembly (20} about the
longitudinal axis (LA) of shaft assembly (30}, In some versions, rotation knob (31} is
operable to selectively lock the angular position of shaft assembly (30} and end cffector
{40} relative to handle assembly (20} about the longitudinal axis (LA} of shaft assembly
{30y, For instance, rotation knob (31) may be translatable between a first longitudinal
position, in which shaft assembly (30} and end cffector (40) arc rotatable relative to
handle assembly (20) about the longitudinal axis (LA} of shaft assembly (30); and a
second {ongitudinal position, in which shaft assembly (30} and end cffector (40) arc not
rotatable relative to handle assembly (20) about the longitudinal axis (LA} of shaft
assembly (30}, Of course, shaft assembly {30} may have a varicty of other components,
features, and operabilities, in addition to or in lieu of any of those noted above. By way
of example only, at lcast part of shaft assembly (30) is constructed in accordance with at
lcast some of the teachings of U.S. Patent App. No. 13/780,402, entitled “Surgical
Instrument with Multi-Diameter Shaft,” filed February 28, 2013, the disclosure of which
is incorporated by reference herein. Other suitable configurations for shaft assembly (30}

will be apparent to those of ordinary skill in the art in view of the teachings herein.
B. Exemplary End Effector

As also shown in FIGS. 1-3, end cffector (40} of the present example inchades a
lower jaw (50) and a pivotable anvil (60). Awnvil (60) includes a pair of integral,
outwardly exiending pins (66) that are disposed in corresponding curved slots (54) of

lower jaw (50}, Pins {66) and slots {54} are shown in FIG. 5. Aunvil (60} 15 pivotable
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toward and away from lower jaw {50) between an open position (shown in FIGS, 2 and
4} and a closed position (shown in FIGS, 1, 3, and 7A-7B). Usec of the term “pivotable”
{and stmilar terms with “pivot” as a base} should not be read as necessarily requiring
pivotal movement about a fixed axis. For instance, in the present example, anvil (60)
pivots about an axis that is defined by pins (66), which slide along curved slots (54} of
fower jaw {50} as anvil (60} moves toward lower jaw (503, In such versions, the pivot
axis translates along the path defined by slots (54) while anvil {60) simultancously pivots
about that axis. In addition or in the alternative, the pivot axis may slide along slots (54)
first, with anvil (60} then pivoting about the pivot axis after the pivot axis has shid a
certain distance along the slots (54). It should be understood that such sliding/translating
pivotal movement is encompassed within terms such as “pivot,” “pivots,” “pivotal”
“pivotable,” “pivoting,” and the bike. Of course, some versions may provide pivotal
movement of anvil (68} about an axis that remains fixed and does not translate within a

slot or channel, ctc.

{60055] As best seen in FIG. 5, lower jaw {50) of the present example defines a channel
(52) that is configured to receive a staple cartridge (70}, Staple cartridge (70) may be
inserted into channel (52), end cffector (40} may be actuated, and then staple cartridge

(70} may be removed and replaced with another staple cartridge (70). Lower jaw (50)

thus releasably retains staple cartridge (70) 1o alignment with anvil {60} for actuation of

end cffector (40). In some versions, lower jaw (50} is constructed in accordance with at
least some of the teachings of US. Patent App. No. 13/780.,417, entitled “Installation

Features for Surgical Instrument End Effector Cartridge,” filed February 28, 2013, the

disclosure of which is incorporated by reference herein, Other suttable forms that lower

jaw (50) may take will be apparent to those of ordinary skill in the art in view of the

teachings hercin.

{00056} As best seen in FIGS. 4-6, staple cartridge (70} of the present example comprises
a cartridge body (71) and a tray (76) secured to the underside of cartridge body (71). The

upper side of cartridge body (71} presents a deck (73), against which tissue may be
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compressed when anvil (60) 18 in a closed position. Cartridge body (71) further defines a
fongitudinally extending channel (72) and a plurality of staple pockets (74). A staple
{77} is positioned 1n cach staple pocket (74). A staple driver (75} is also positioned in
gach staple pocket {74), underncath a corresponding staple (77}, and above tray (76}, As
will be described in greater detail below, staple drivers {75) are operable to translate
upwardly in staple pockets (74} to thereby drive staples (77) upwardly through staple
pockets (743 and into engagement with anvil (60}, Staple drivers (75) are driven
upwardly by a wedge sled (78}, which is captured between cartridge body (71) and tray
(76}, and which translates longitudinally through cartridge body {71}, Wedge sled {7¥)
includes a pair of obliquely angled cam surfaces {79), which are configured to engage
staple drivers (75) and thereby drive staple drivers (75} upwardly as wedge sled (78)
translates longitudinally through cartridge (70). For instance, when wedge sled (78} is in
a proximal position as shown in FIG. 7A, staple drivers (75) are in downward positions
and staples (77} are located in staple pockets (74). As wedge sled (78} is driven to the
distal position shown in FIG. 7B by a translating knifc member (80}, wedge sled (7€)
drives staple drivers (75} upwardly, thereby driving staples (77) out of stapic pockets
(74) and into staple forming pockets (64). Thus, staple drivers (75) transiatc along a

vertical dimension as wedge sled (78} translates along a horizontal dimension.

160057} It should be understood that the configuration of staple cartridge (70} may be
varicd in numerous ways. For instance, staple cartridge (70} of the present cxample
includes two longitudinally extending rows of staple pockets (74} on one side of channel
(72); and another st of two longitudinally extending rows of staple pockets {(74) on the
other side of channel (72). However, in some other versions, staple cartridge (70)
includes three, one, or some other number of staple pockets (74) on cach side of channel
{72). In some versions, staple cartridge (70) is constructed and operable in accordance
with at least some of the teachings of U. U.S. Patent App. No. 13/780,106, entitled
“Integrated Tissue Positioning and Jaw Alignroent Features for Surgical Stapler,” filed
Febroary 28, 2013, the disclosure of which is incorporated by reference herein. In

addition or in the alfernative, staple cartridge (70} may be constructed and operable n



WO 2015/199958 PCT/US2015/034617

- 13-

accordance with at least some of the teachings of U.S. Patent App. No. 13/780,417,
entitled “Installation Features for Surgical Instrument End Effector Cartridge,” filed
Febroary 2§, 2013, the disclosure of which is incorporated by reference herein, Other
suitable forms that staple cartridge (70) may take will be apparent to those of ordinary

skill in the art in view of the teachings berein.

180058] As best scen i FIG. 4, anvil (60) of the present example comprises a
longitudinally extending channel {62) and a phurality of staple forming pockets (64).
Channel (62) is configured to align with channel (72} of staple cartridge (70} when anvil
(60} is in a closed position. Each staple forming pocket (64) 1s positioned to lic over a
corresponding staple pocket (74} of staple cartridge (70} when anvil {60} i3 i1n a closed
position. Staple forming pockets (64} are configured to deform the legs of staples (77
when staples (77) are driven through tissue and into anvil {60). In particular, staple
forming pockets (64) arc configured to bend the fegs of staples {77} to secure the formed
staples {77) in the tissue. Anvil {60} may be constructed in accordance with at cast some
of the teachings of U.S. Patent App. No. 13/780,1006, entitled “Integrated Tissue
Positioning and Jaw Alignment Features for Surgical Stapler,” filed February 28, 2013;
at least some of the teachings of U.S. Patent App. No. 13/780,120, entitled “Jaw Closure
Feature for End Effector of Surgical Instrument,” filed February 28, 2013; and/or at least
some of the teachings of U.S. Patent App. No. 13/780,379, entitied “Staple Forming
Features for Surgical Stapling Instrument,” filed February 28, 2013, the disclosure of
which is incorporated by reference herein. Other suitable forms that anvil (60) may take

will be apparent to those of ordinary skill in the art in view of the teachings herein.

{00059 In the present example, a knife member (80} is configured to translate through end
effector (403, As best seen in FIGS. § and 7A-7B, knife member (80) is secured to the
distal end of a firing beam (82}, which extends through a portion of shaft assermbly (30}
As best seen in FIGS. 4 and 6, knife member (80) 1s positioned in channcls (62, 72} of
anvil (60} and staple cartridge (70). Kanife member (80) includes a distally presented

cutting cdge (84} that is configured to sever tissue that is compressed between anvil (60)
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and deck (733 of staple cartridge (70} as knife member (80) translates distally through
end effector {40). As noted above and as shown in FIGS. 7A-7B, knife member (80) also
drives wedge sled (78} distally as knife member {80} translates distally through end
effector {40), thereby driving staples (77} through tissue and against anvil {60} into
formation. Vartous features that may be used to drive knife member {80} distally through

end effector (40} will be described in greater detail below.

{60060} in some versions, end effector {40) includes lockout features that are configured
to prevent knife member (80) from advancing distally through end effector (403 when a
staple cartridge (70} is not inserted in lower jaw (503, In addition or in the alternative,
end effector {40) may include lockout features that are configured to prevent knife
member (80} from advancing distally through end effector (40} when a staple cartridge
{70} that has already been actoated once (e.g., with all staples (773 deployed therefrom) is
inserted in lower jaw (50). By way of example only, such lockout features may be
configured in accordance with at least some of the teachings of U.S. Patent App. No.
13/780,082, contitled “Lockout Feature for Movable Cutting Member of Surgical
Instrument,” filed February 28, 2013, the disclosuwre of which is incorporated by
reference herein; and/or at least some of the teachings of U.S. Pat. App. No. [Attorney
Docket Number END7428USNP 06142711, entitled “Method of Using Lockout Features
for Surgical Stapler Cartridge,” filed on cven date herewith, the disclosure of which is
incorporated by reference herein. Other suitable forms that lockout features may take
will be apparent to those of ordinary skill in the art in view of the teachings hercin.

Alternatively, end effector (40) may simply omit such lockout features.

{00061} C. Exemplary Actuation of Anvil
160062} In the present example, anvil {60} is driven toward lower jaw (50} by advancing

closure ring (36} distally relative to end effector {40). Closure ring (36} cooperates with
anvil {60} through a camming action to drive anvil (60} toward lower jaw {50} in
response to distal transiation of closure ring (36} relative to end cffector (40). Similarly,

closure ring (36} may cooperate with anvil {60} to open anvil (60) away from lower jaw
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{50} in response to proximal translation of closure ring (36} relative to end effector (40).
By way of example only, closure ring (36} and anvil (60} may interact in accordance with
at least some of the teachings of U.S. Patent App. No. 13/780,120, entitled “Jaw Closure
Feature for End Effector of Surgical Instrument,” filed February 28, 2813, the disclosure
of which is incorporated by reference herein; and/or 1n accordance with at least some of
the teachings of US. Patent App. No. [Attorney  Docket Number
END7430USNP.0614275], entitled “Jaw Opening Feature for Surgical Stapler,” filed on
even date herewith, the disclosure of which s incorporated by reference herein.
Exemplary features that may be used to provide longitudinal translation of closure ring

(36) relative to ond effector (403 will be described in greater detail below,

166063} As noted above, handle assembly (20) inchudes a pistol grip {(22) and a closure
trigger (24}, As also noted above, anvil (60} is closed toward lower jaw {50} in response
to distal advancement of closure ring (36). In the present example, closure trigger (24) is
pivotable toward pistol grip {22) to drive closure tube {32) and closure ring (36} distally.
Various suitable components that may be used to convert pivotal movement of closure
trigger (24) toward pistol grip (22} into distal translation of closure tube (32} and closure
ring {36) relative to handle assembly (20} will be apparent to those of ordinary skili in the
art in view of the teachings herein. When closure trigger (24) reaches a fully pivoted
state, such that anvil (60} is in a fully closed position relative to lower jaw (50), locking
features in handie assembly (20) lock the position of trigger {24) and closure tube (32),
thereby locking anvil (60) in a fully closed position relative to lower jaw (503, These
locking features are released by actuation of anvil release button (25}, Anvil release
bution {25} 1s configured and positioned to be actuated by the thumb of the operator hand
that grasps pistol grip (22}, In other words, the operator may grasp pistol grip (22) with
one hand, actuate closure trigger (24} with one or more fingers of the same hand, and
then actuate anvil release button (25) with the thomb of the same hand, without ever
needing to release the grasp of pistol grip (22) with the same hand.  Other soitable
features that may be used to actuate anvil (60} will be apparent to those of ordinary skill

in the art in view of the teachings herein,
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100064} D. Exemplary Actoation of Firing Beam
[00065] In the present example, instrument (10) provides motorized control of firing beam

(82). FIGSK. 9-12 show exemplary components that may be used to provide motorized
control of firing beam (82}, In particolar, FIG. 9 shows an exemplary control civeuit
(100} that may be used to power an electric motor (102) with clectric power from a
battery pack (28} (also shown in FIGS. 1-2). Electric motor (102} is operabie to translate
firing beam (&2} longitudinally as will be described n greater detail below. It should be
understood that the entire control circnit (100), including motor (102} and battery pack
(28}, may be housed within handle assembly (20). FIG. 9 shows firing trigger (26} as an
open switch, though it should be understood that this switch is closed when firing trigger
(26} is 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} is merely optional. Safety switch {106} may be closed by actuating a
separate button, slider, or other feature on handle assembly (20). Safety switch (106}
may also provide a mechanical lockout of firing trigger {263, such that firing trigger (26)

is mechanically blocked from actuation until safety switch (106} 1s actuated.

{00066} Circuit (100} of the present exampie also includes a lockout switch (108}, which
is configured to be closed by default but is automatically opened in response to a lockout
condition. By way of example only, a lockout condition may include one or more of the
following: the absence of a cartridge (70} in lower jaw (50}, the presence of a spent {¢.g.,
previcusly fired) cartridge {78} in lower jaw (50}, an msufficiently closed anvil (603, 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 apparent to those of ordinary skill in the art in view of
the teachings herein.  Similarly, other suitable kinds of lockout conditions will be
apparent to those of ordinary skill in the art in view of the teachings hercin. 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} {c.g., an LED, cic.} is operable to
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provide a visual indication of the status of lockout switch (108). By way of cxample
only, lockout switch (1083, lockout indicator (110), and associated
components/functionality may be configured in accordance with at least some of the
teachings of U.S. Patent No. 7,644,848, entitied “Electronic Lockouts and Surgical
Instroment Including Same,” issued January 12, 2010, the disclosure of which is

ncorporated by reference herein.

1600671 Once firing beam (82) reaches a distal-most position (e.g., at the end of a cutting
stroke), an end-of-stroke switch (112} is automatically switched to a closed position,
reversing the polarity of the voltage applied to motor (102}, This reverses the direction
of rotation of motor {102}, it being understood that the operator will have released firing
frigger {26) 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. In the present example, and as best
seen in FIG. 12, a switch actuation arm (134) extends laterally from rack member (130},
and is positioned to engage end-ot-stroke switch (112} when firing beam {&2) reaches a
distal-most position {¢.g., after tissuc (90} has been severed and staples (77) have been
driven into tissue (90}, Various other suitable ways in which end-of-stroke switch (112)
may be automatically switched to a closed position when firing beam (82) rcaches a
distal-most position will be apparent to those of ordinary skill in the art in view of the
tcachings herein. Similarly, various suitable forms that reverse direction indicator {114)
may take will be apparcent to those of ordinary skill in the art in view of the teachings

herein.

[80068] Handle assembly (20) of the present example also includes a manual return switch
(116}, which is also shown in circuit (100). In the present example, return switch is
activated by actuating reverse switch (27}, which is shown on handle assembly (20) in
FIG. 1. Manual return switch (116) may provide functionality similar 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 reversal may be visually
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imdicated through reverse divection indicator {114). In some versions, handle assembly
(20) further inchides a mechanical return feature that enables the operator to manually
reverse firing beam (82} and thereby retract firing beam (82} mechanically. In the
present example, this manual return feature comprises a lever that is covered by a
removable panel (213 as shown in FIG. 1. Manual return switch (116} and the
mechanical return feature are cach configured to act as a “batlout” feature, enabling the
operator to quickly begin retracting firing beam {&2) proximally during a firing stroke. In
other words, manual return switch {116) or the mechanical return feature may be achuated

when firing beam {82) has only been partially advanced distally.

180069} In some versions, one or more of swiiches (26, 136, 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 herein. In addition to or in hicu of the foregoing, at least part
of circuit {100) may be configured in accordance with at least some of the teachings of
.S, Pat. No. 8,210,411, entitled “Motor-Driven Surgical Instrument,” issued July 3,

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

{83070} FIG. 10 shows motor (102) positioned within pistol grip {22) of handle assembly
(20). Alternatively, motor (102) may be positioned elsewhere within handle assembly
(20). Motor {102) has a drive shaft (120} that is coupled with a gear assembly (122).
Thus, when motor (102) is activated, drive shaft {120} actuates gear assembly {122}, As
shown in FIG. 11, gear assembly (122} is in communication with a drive gear (124},
which meshes with an idler pinion {126). Pinion (126} is disposed on a shaft (128) that i3
supported within handle assembly (20) and that 1s oriented paraliel to drive shaft (120} of
motor (102). Pinion (126} is further engaged with a rack member (130}, In particular,
pinion {126) meshes with teeth (132) at the proximal end of rack member (130). Rack
member (130) is slidably supported in handle assembly (20). It should be understood
from the foregoing that, when motor (102} is activated, the corresponding rotation of
drive shaft (120} is communicated to pinion (126) via gear assembly {122}, and the

corresponding rotation of pinion (126} is converted to translation of rack member (130)
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by tecth (132). As shown in FIGS. 10-12, an clongate member (136} extends distally
from rack member (130). As shown in FIG. 12, 8 conpling member (138} joins firing
beam (82) with clongate member (136). Rack member (130), clongate member (136),
coupling member (13K}, fining beam (82}, and knife member (80} all translate together
relative to handle assembly (20} in response fo activation of motor (102}, In other words,
activation of motor (102} ultimately causes firing beam (82) to translate longitudinaily,
the direction of such translation depending on the direction of rotation of drive shaft

(120).

{60071} it should be understood that a distal portion of elongate member {136), coupling
member (138), and firing beam {&2) extend through shaft assembly (33). A portion of
firing beam (82} also extends through articulation section (34). In some versions, rack
member {130}, elongate member (136), and coupling member (138} are all substantially
straight and rigid; while firing beam (82) has sufficient flexibility to bend at asticulation
section (34) and translatc longitudinally through articulation section (34) when

articulation section (34} s in a bent or articulated state.

188072} In addition to or in licu of the foregoing, the features operable to drive firing beam
(82} may be configured in accordance with at least some of the teachings of U8, Pat. No.
8,453,914, the disclosure of which is incorporated by reference hercin. Other suitable
components, features, and configurations for providing motorization of firing beam (82}
will be apparent to those of ordinary skill in the art in view of the teachings herein. It
should also be understood that some other versions may provide manual driving of firing
beam {82), such that a motor may be omitted. By way of example only, firing beam (82)
may be actuated in accordance with at least some of the teachings of any other reference

¢ited herein,

{60073 FIG. 8 shows end effector {40) having been actuated through a single stroke
through tissue (90). As shown, cutting cdge {84) {obscured in FIG. 8} has cut through
tissuc (90}, while staple drivers (75) have driven two alternating rows of staples (77)

through the tissue (90) on cach side of the cut linc produced by cuiting edge (84).
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Staples (77) are all oriented substantially parallel to the cut line in this example, though it
shonld be anderstood that staples (77} may be positioned at any suitable orientations. In
the present example, end effector (40) is withdrawn from the trocar after the first stroke
is complete, the spent staple cartridge (70) 1s replaced with a new staple cartridge (70},
and end effector (40} is then again inserted throngh 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 {77} have been provided. Anvil {60) may need to be closed to facilitate
insertion and withdrawal through the trocar; and anvil (60} may neced to be opened to

facilitate replacement of staple cartridge (70).

{00074} It should be understood that cutting edge (84} may sever tissue substantially
contemporancously with staples (77) being driven through tissue during each actuation
stroke. In the present example, cutting edge (84) just slightly lags behind driving of
staples (77}, such that a staple (47} is driven through the tissue just before cutting edge
(84) passcs through the same region of tissue, though it should be understood that this
order may be reversed or that cutting cdge (84} may be directly synchronized with

adjacent staples {

g any
I
i

). While FIG. & shows end effector (40) being actuated in two layers
(92, 94} of tssuc (90}, it should be understood that end effector (40} may be actuated
through a singic layer of tissue (90) or more than two layers (92, 94} of tissuc. It should
also be understood that the formation and positioning of staples (77} adjacent to the cut
line produced by cutting cdge (84) may substantially scal the tissue at the cut hine,
thereby reducing or preventing bleeding and/or leaking of other bodily fluids at the cut
linc. Furthermore, while FIG. § shows end cffector (40} being actuated in two
substantially flat, apposed planar layers (92, 94) of tissue, it should be understood that
end effector (40) may also be actuated across a tubular structure such as a blood vessel, a
section of the gastrointestinal tract, etc. FIG. § should therefore not be viewed as
demonstrating any limitation on the contemplated uses for end effector (40). Various
suitable settings and procedures in which instrument (10) may be used will be apparent to

those of ordinary skill in the art in view of the teachings herein
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{00075} It should also be understood that any other components or {eatures of instrument
{(13) may be configured and operable in accordance with any of the various references
cited herein. Additional exerplary modifications that may be provided for instrument
{(10) will be described in greater detail below. Various suitable ways in which the below
teachings may be tncorporated into instrument {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 teachings of the references cited herein will be apparent to those
of ordinary skill in the art. It shounld also be understood that the below teachings are not
limited to instrument (10} or devices taught in the references cited hercin. The below
tcachings 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 apparent to

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

1883076} ii Exemplary Alternative Shaft Assembly
16060771 it will be appreciated that as a user urges instrument (10} into a surgical region, it

may be desirable to approach the tissue to be clamped, stapled, or cut, from a particular
angle. For instance, once end effector {40} of instrument {10} is inserted through a trocar,
thoracotomy, or other passageway for entering a surgical arca, the tissuc that the user
wishes to target may be positioned out of reach or at an askew angic in relation to end
effector (40} that is aligned with longitudinal axis (LA} of shaft assembly {(30). Thus, it
may be desirable for portions of instrument (10}, such as end effector {(40), to articulate
relative to longitudinal axis (LA) of shaft assembly (30) at an angle (o) {(as scen in
phantom in FIG. 1) such that the user can position anvil {60) and lower jaw {50} of end
cffector (40) to squarely or perpendicularly clamp against a vessel or other tissue. It will
further be understood that articulating end effector (40} to squarcly position end effector
(40} against tissuc may promote full scating and clamping of the tissuc prior to cutting
and stapling tissue. In addition to articulating, it may be desirable for end cffector (40} to

be sclectively locked in a straight or articulated position such that a constant manual bias
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by the user is not necessary fo prevent end effector (40) from pivoting or bending at
articulation section (34}, It may also be desirable to automatically fock upon articulation,

without requiring actuations of a separate articulation locking feature.

100078} FIG. 13A depicts an exerplary aliernative shaft assembly (200} that may be
readily incorporated with instrument (10} of FIG. 1. Shaft assembly (200} provides
articulation and selective locking of articulation angles, as will be described in greater
detail below. Shaft assembly (2003 of the present example comprises a rotation knob
(231}, articulation control knob (235}, and an e¢nd effector (240}, Shaft assembly (200)
also comprises end effector (240) positioned distally in relation to a closure tube (232).
End effector (240) includes an articulation joint (234) which allows end effector (240) to
articulate laterally as will be described in further detail below. End effector (240} is

substantially identical to end effector (40} of FIG. 1 except as otherwise described below.

1660791 Rotation knob {231) may be rotatably coupled with handle assembly (20) of FIG.
I or any other suitable component (e.g., robotic control interface, etc.). Rotation knob
{231} is operable to rotate shaft assembly (200} (including articelation control knob {235)
and end cffector (240}) about the longitudinal axis {(LA) defined by shaft assembly (200},
relative to handle portion {20} (or relative to whatever ¢lse rotation knob (231} is
rotatably coupled with). This may be uscful in positioning end cffector (240} at a desired

anguiar oricntation about the longitudinal axis (LA}
18008] Al Exemplary Articulation Control Features

{60081 Articulation control knob (235} is partially contained within an articulation
control knob casing (237). Casing (237} leads to closure tube {232). FIGS. 13A-B show
shaft assembly (200} and an exemplary movement of end effector (240} in response to
turning of articulation control knob (235}, FIG. 13A shows articulation control knob
(235) in a first position where articulation conirol knob (235} and end effector (240} are
both generally aligned along the longitudinal axis {(LA) of shaft assembly {200). The user

may then manually rotate articulation control knob (235) clockwise as seen in FIG. 13B



WO 2015/199958 PCT/US2015/034617
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gffector (240} pivots or bends at articulation joint {234). as sgen in FIG. 16B, to an
articulation angle (o). In the present example, end effector (240} articulates generally in
the direction of the rotation of articulation control knob (2353, though it will be
understood that end effector {240) may be configured to bend in the opposite direction of
the rotation of articulation control knob (235). In other words, when articuiation control
knob (235} 18 rotated clockwise, end effector (240} laterally pivots clockwise as shown in
FIG. 138 but could be configured in some versions to pivot counter clockwise. FIG. 13B
shows ond effector (240} laterally pivoting clockwise slightly. It will be understood that
articulation control knob (235) may be rotated further to cause end effector (240) to
laterally articulate further at articulation joint {234} to any suitable angle (). For
instance, end cffector (240} may pivot until an approximately 90° angle is formed across
articulation joint {234). In some versions, end cffector (240} may be operable to pivot
even further such that end effector (240) forms an acute angle in relation to tube (232).
Cther suitable variations of end cffector (240) pivoting will be apparent to one of
ordinary skill in the art in view of the teachings herein. ¥t should also be understood that
articulation control knob (235) may define the same angle with the longidunal axis (LA)
as the articulation angle (o) defined between end effector (2403 and the longidunal axis
(LA). Such complementary angling may provide the operator with visual feedback

exterior to the patient, indicating the articulation angle {0} of end effector (240).

[66082] The mechanics of the articulation of end cffector (240) will be discussed in
further detail below. It will be appreciated that articulation control knob (235) may be
rotated in the counter clockwise direction to cause cnd cffector (240} to articulate in a
counter clockwise manner, Thus, depending on the desired direction and/or amount of
articulation of end effector (240}, the user can simply rotate articulation control kuob
(235} of varying degrees in the direction that the user wishes end effector (240) to

articulate to cause varying degrees of articulation of end effector (240},
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{00083} FIG. 14 shows articulation control knob (235) with casing (237) removed to better
show the inner workings of articulation control knob (235}, Articulation control kuob
(235} is in communication with an articnlation pinion (250}, Articalation pinion {250) is
in communication with a first rack (2523 and a second rack (256). Furst rack (252} is in
communication with a first arm (242) through a first intermediate block (254), whereas
second rack (256} is in communication with a second arm (244} through a sccond
intermediate block (258). Arms {242, 244) are substantially parallel to each other in the
present example. In particular, the proximal portions of arms (242, 244) (as shown in
FIG. 18 and the portions of arms (242, 244) that extend through shaft assembly (200} are
parallel to cach other, though the proximal ends of arms (242, 244) flare slightly
outwardly. Since arms (242, 244} arc parallel to cach other along nearly their entire
fength {i.e., excopt for the distal-most portions), arms (242, 244} may be readily

recognized by those skilled in the art as being “substantially parallel” to cach other.

183084} Articulation control knob (235} is unitarily coupled to articulation pinion (250).
As a result, when the user turns articulation control knob (235}, articulation pinion {250)
rotates together with articulation control knob (235). As articulation pinion {250) rotates,
articulation pinion translates first rack (252} and seccond rack (256} accordingly in
opposing directions. For instance, as secn in FIG. 15, articulation pinion {250} is in
communication with first rack (252} and sccond rack {256) such that it articulation pinion
(250} rotates clockwise, first rack (252) retracts proximally away from end cffector {(240)
whercas sccond rack (256) advances distally toward end cffector (240). Furthermore,
when articulation pinion (250) rotates counter-clockwise, first rack (252) advances
distally toward end effector (240} and sccond rack (256} retracts proximally away from
end effector (2403, As first rack (252) advances and retracts, first arm (242) advances and
reiracts in a similar manner. Similarly, as second rack {256) advances and retracts,
second arm (244} also advances and retracts with second rack (256}, Thus, rotating
actuation control knob {235), which is counected to articulation pinion (250}, causes first
arm {242} and sccond arm (244) to move back and forth with first rack (252} and second

rack {256). Movement of first arm (242) and sccond arm (244) 5 operable to cause
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movement of other components in end effector (240}, as will be discussed in greater

detail below.

[00085] FIG. 16 shows a larger view of end effector (240), including anvil (260). Fust arm
{242y and second arm (244) are in communication with a first cam member {330), which
is pivotally disposed about a pin (379). As a result, advancing and retracting first arm
{242) and second arm (244} causes first cam member (370) to rotate about cam holding

pin {379}, as will be described in further detail below.,

{00086} FIG. 17 shows an exploded view of articolation joint (234). End effecior (240) is
disposed at the distal end of articulation joint (234}, End effector (240) comprises an
anvil (260} and lower jaw (268). It will be appreciated that end effector (240) s
substantially similar to end cffector (40) of FIG. 1. Similar to lower jaw {50} of end
gffector {40), lower jaw (268) may receive a staple cartridge (not shown} which may be
substantially similar to staple cartridge (70). Additionally, similar to end effector (40} as
described above, anvil (260} i3 driven toward lower jaw (268} by advancing a closure
ring {236} distally relative to end effector (240). Closure ring (236} is driven
longitudinally relative to ond cffector (240} based on translation of closure tube (232).
Translation of closure tube (232) is communicated to closure ring (236} via articulation
joint {234). Functionally, anvil (260} and lower jaw (268} arc substantially similar to
anvil {60} and lower jaw (50} of end cffector (40} with anvil {260} and lower jaw (26&)
working cooperatively to contemporancously sever and staple tissue as shown in FIG. 8

and described above.

180087} Articulation joint (234} comprises first cam member (338}, sccond cam member
(331}, cam holding body (376}, joint base (372}, a lock bar (262} and a spring (364}, First
arm (242} distally terminates in a first hook (2453, while sccond arm {244} distally
terminates in a second hook (246). Hooks (245, 246) are in communication with cam
openings {360} of first cam member (330}, As a result, when first arm (242) adavances
toward end cffector (240) and sccond arm {244) retracts, first cam member (330) rotates

counter clockwise about holding pin (379). When first arm (242) instead retracts and
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second armn (244} advances toward end effector (240), first cam member (330) rotates
clockwise about holding pin (379}, Thus, as arms {242, 244y push and pull on cam
openings (360} via hooks {245, 246) in an opposing fashion, first cam member {(330)

rotates accordingly as just deseribed.

{00088} First cam roember (330) is stacked on a second cam member (331). Second cam
member (331} and cam holding pin {379) are unitary features of cam holding body (376},
In some versions, second cam member (331} may be separately constructed and fixedly
coupled with cam holding body (376}, such that as sccond cam member (331) rotates,
cam holding body (376} rotates. Cam holding pin (379} is coaxially aligned with base
opening (377} of joint base (372} along a pivot axis (380}, Thus, first cam member (330)
is rotatable about pivot axis (380}, relative to second cam member (231} and cam holding
body (376). Lock bar (262} is in selective communication with first cam member (330)
and second cam member {331}, which will be described in greater detail below. Lock bar
(262} is further in communication with spring (364), which distally biases lock bar (262).
Joint base {372} is shaped to provide a seat and/or channel for lock bar (262} to advance
in. Lock bar {262) further includes a pair of bosses (387) operable to engage joint base

(372} to restrict distal motion of lock bar (262}

{B3089] B. Exemplary Articulation of the Shaft Assembly
{600906] As discussed above, actuating articulation control knob (233) causes opposing

advancement and retraction of arms (242, 244). It will be understood that this motion of
arms (242, 244} rotates first cam member {330) about cam holding pin (279). As a result
of rotating first cam member (330), second cam member (331) rotates with cam holding
body {376. Thus, articulation joint {234) articulates, thereby pivoting end cffector (240)
at articulation joint {234). In particular, cam hoiding pin (379} and basc opening (374)
define a pivot axis (380}, which is generally perpendicular to the longitudinal axis {(LA)
as noted above. End cffector (240) pivois about pivot axis (380) in response to the
rotation of first cam raember (330}, which drives second cam member (331) as will be

discussed below. In other words, pivot axis (350) serves as an axis for articulation of end
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effector (240) relative to shaft assembly (200}, FIGS. 18A-E show the details of rotating

first cam member (330} to drive the articulation of end effector {240).

100091} FIG. 18A shows articulation joint {234) in a first position. Lock bar {262) is
distally biased to engage second cam member (331). Tn particular, the distal end of lock
har {262) comprises a lock tooth (336) that fis between first cam tecth (333) and second
cam teeth (3353 and abuts second cam member (331), which can be seen in further detail
in FIG. 19. As a result of the distal bias provided by spring {364), lock tooth (336) acts as
a positive tock and thus maintains the rotational position of second cam member (331},
By maintaining the rotational position of second cam member (331), lock bar (262)
maintains the angular position of end effector (240} about pivot axis (380}, thereby
maintaining any articulation angle o). First cam member (330) comprises a pair of cam
wings (338, 339}, and cam holding body {376) comprises a pair of bosses (371, 373).

1, 373) arc unitary features of second cam member (331), such that as bosses

(371, 373} rotate, sccond cam member (331} also rotates. it will be appreciated that in the

first position of FIG. I8A, cam wings {33&, 339} and bosses {371, 373} arc not in contact.

The interaction imvolving contact between cam wings {338, 339} and bosses (371, 373)

will be described in further detail below with reference to FIGS. i18B-E. During a

surgical operation, the user may guide shaft assembly (200) through a passageway {c.g.,

trocar, thoracotomy, ctc.) to rcach the surgical arca with end effector (240) in a

straightened position as shown in FIG. 18A.

{60092} FIG. 19 shows an enlarged view of lock tooth (336} in the position shown in FIG.
I8A. As can be scen, lock tooth (336) has gencrally straight paralicl sides (386) that are
configured to fit between first cam tecth (333) and second cam teeth (335). The distal end
of lock tooth (336) has a rounded tip (385} with angled sides (381) lcading to paralicl
sides (386}, Each tooth (335) of sccond cam teeth (335) comprises generally straight
parallel sides (383} and angled sides (384). Parallel sides (383} are configured to engage
parallel sides (386} of lock tooth (336) to prevent lock tooth (336) from riding along

second cam tecth (335) without assistance from first cam member (330). This
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engagement between at least one side (383) and at least one side (386) also prevents cam
holding body (376} from rotating about pivot axis (380}, thereby preventing end effector

(240} from pivoting at articulation joint {234).

100093} Ounce first cam member {330) rotaies as shown in FIGS, 18B-C and as will be
described in greater detail below, a triangular tooth {333) of first camn member (330} will
cam against angled sides (381}, and will thereby dive lock bar (262} proximally in
response to first cam (330) rotating. It should be understood that tooth (333) may have a
variety of different shapes other than triangular. Some exemplary alternative shapes will
be described in greater detail below, while others will be apparent to those of ordinary
skifl in the art in view of the teachings herein. Lock tooth (336} moves proximally
sufficiently such that angled sides (381} of lock tooth (336} can eventually engage and
ride along angled sides (384} of sccond cam teeth (335) as first cam member (330)
continucs to rotate and as second cam member (331} rotates. This provides further
camming action to drive lock bar (262) proximally. Onece lock tooth (336} traverses
angled sides {384) of second cam tecth {335), then lock tooth (336) returns distally to a
position between the next pair of first cam teeth (333) and second cam tecth {(335) similar
to the positioning shown in FIG. 19, For illustrative purposes, advancing lock tooth (336)
between one set of first cam teeth (333) and second cam teeth {335) may be considered
ong articulation increment. As lock tooth (336} distally advancces, lock tooth {336} strikes
second cam member (331) between second cam tecth (335). It will be understood that
lock tooth (336) need not necessarily cxtend far encugh to strike sceond cam member
(331}. For instance, lock tooth {336) may only extend distally such that parallel sides
(383) prevent lock tooth (336) from riding along second cam member (331) without
assistance from first cam teeth (333}, In the llustrated version, bosses (387} engage joint

base (382 to prevent further distal motion of lock bar (262).

100094} As noted above, the operator may wish to pivot end effector (240} at articulation
joint {234} to better position end cffector (240} in relation to targeted tissue. FIG. 18B

shows a sccond stage of actuation for articulation joint (234} to move to in response to
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furning articulation control knob (235} shown in FIG. 14, In the illustrated version, the
user has turned articiiation knob (235} counier clockwise, which rotates articulation
pinion (250} 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
(240}. Accordingly, first arm (242) and sccond arm (244} as shown in FIG. 18B move
such that first arm (242) advances toward end cffector (240} and second arm (244)
retracts away from end effector (240). It will be appreciated that the distal portions of
first arm {242) and sccond arm {244} of the illustrated version are not positioned parallel
in relation to each other. Instead, first arm (242) and sccond arm (244} arc obliguely
angled in relation to cach other, though it will be understood that first arm (242) and

second arm {244} could be positioned parallel to cach other.

[80095] Movement of arms (242, 244) as seen in FIG. 18B causes first cam member (330)
to rotate counter clockwise about pivot axis (380). As first cam member (330) rotates,
two actions occur in a generally simultancous manner. First, cam teeth (330} have a
triangular shape that urges lock bar (262) proximally away from end cffector (240}
through a camming action as a result of first cam teeth (333} engaging angled sides
(381). Again, tecth (333} may have a variety of different shapes other than triangular.
Spring {(364) compresses to accommadate proximal motion of lock har (262). As a result,
rounded tip (3835) moves proximally sufficient to traverse parallel sides (383
Additionally, cam wings {338, 339) rotatc counter clockwisc with first cam member
(330). As a result of the rotation, cam wing {(339) removes gap (361} between boss (373)
and cngages boss (373). Meanwhile, cam wing (338} moves rotationally away from boss
(371). It will be understood that while first cam member (330) and lock bar (262} have
moved in response to the movement of arms (242, 244) during the transition from the
configuration shown in FIG. 18A to the configuration shown in FIG. 188, second cam
member (331) and accordingly end effector (240) have not yvet moved. Thus, end effector

(240) rernains ju a straight orientation at this stage.
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1060096} FIG. 18C shows a third stage of actuation of articulation joint (234, It will be
understood that the user continues to rotate articulation control knob (235) in an effort to
articulate end effector (240). Arms (242, 244) continue to move such that first arm (242)
moves distally and second arm (244} moves proximally. Movement of arms (242, 244)
continues to rotate first cam member (330}, which causes cam wing (339) to rotationally
move further thereby urging boss (373) to rotationally move as well, Since boss (273} 1s
unitary with second cam member (331}, second cam member (331) begins to rotate. As
second cam member rotates (331}, lock bar (262) moves firther proximally as a result of
angled sides (384} camming against angled sides (381} of lock tooth {336). Thus, lock
tooth (236) rides along second cam teeth (335}, Second cam member {331) rotates until
tip (388} of second cam member {331} engages rounded tip (3¥5). Sccond cam tecth
(335} have parallel sides (383) such that angled edges {381} of lock tooth (336) can
engage angled sides (284) only after first cam tecth (333) urges lock tooth (336)
proximally such that rounded tip (385) traverses paralicl sides (383). Prior to riding along
first cam tecth (333}, lock tooth (336} is gencrally unable to ride along second cam tecth
(335) duc to paralicl sides (383) engaging parallel sides (386). It will further be
appreciated that as lock tooth (336) rides along angled sides (384), lock tooth (336)
disengages first cam teeth (333). As also scen in FIG. 18C, lock bar {262} and lock tooth
(336) have moved to a proximal most position with just sccond cam teeth tip (385) being
in contact with lock tooth (336). Also as a result of rotation of sccond cam member
(331}, cam holding body (376) and accordingly, closure ring (236}, which leads to end

effector (240}, articulate in a counter clockwise direction.

1060097} FIG. 18D shows a fourth stage of actuation for articulation joint (234). Once
again, it will be understood that user is continuing to rotate articulation control knob
(235} in an cffort to cause further articolation of end effector (240). Arms (242, 244)
continge to move such that first arm (242) moves distally further and second arm (244)
moves proximally further, Movement of arms (242, 244 continues to rotate first cam
member (330), which causes cam wing {339) to push boss (373) rotationally further.

Lock tooth (336) continues to ride along second cam teeth (335) until the distal biag
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caused by spring (364) urges lock bar (262) into the position shown in FIG. 18D, It will
be appreciated that when lock bar {262) snaps into the posttion shown in FIG. 18D, an
audible click or snap may be heard or felt. As a result, the user receives audible and/or
tactile confirmation that lock tooth (336) has moved from between one set of cam teeth
{333, 335) to another or otherwise has rotated by a single articulation increment. When in
the position shown in FIG. 18D, first cam member (330) stops rotating and lock tooth
(236} fits between cam teeth (333, 335). Closure ring (236} and accordingly end effector
(240} stop articulating. A positive lock has formed because any rotational motion of
second cam member {331} urged by transverse forces on end effector (240} would result
in paraticl sides (386) engaging paraliel sides (383) and stopping any further rotation of
second cam member (331), which focks the articulation of end effector (240). It should
be understood that the transition from the configuration shown in FIG. 18A to the
configuration shown in FIG. 18D represents articulation through one asticulation
increment, or increment of articulation motion, in which the distance is defined generally

by the spaces between sccond cam tecth (335).

160098] It will be understood that in the position shown in FIG. 18D, end effector (248)
has articulated thereby providing the user with a shaft assembly (200} with an articulated
end effector (240} It will be appreciated that the user may wish to use shaft assembly
(200} in the position shown in FIG. 18D or may wish to pivot end effector (2403 further
by onc or more additional articulation increments. In the event that the user does not
rotate articulation knob (233} further, the locking of lock tooth (336} between first cam
teeth (333) and second cam teeth (335) prevents end cffector (240} from pivoting to
return to a straight position. Once end cffector (240) has been articulated to a desired
angle {0}, it will be understood that the user may actuate firing beam (282) to drive knife
mermber (280) to cut and drive staples (77) through tissue. For instance, knife member
(280} and firing beam (282} may be in communication through, for instance, a bendable
bearn such that firing beam (282) can advance through any degree of pivot of articulation

joint (234},
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160099} FIG. IBE shows a fifth stage of actuation for articulation joint (234} in the event
that the user wishes to pivot end effector (240} further. Once again, it will be understood
that user continues to rotate articulation control knob (2353, As a result, arms (242, 244)
contimie to move such that first arm (242) moves distally foarther and second arm (244)
moves proximally further, Movement of arms (242, 244) continues to rotate first cam
member (330), which causes cam wing {339) to push boss (373) rotationally, First cam
member (330) and second cam member (331) move similarly as shown in FIGS. 18B-D,
which causes end effector (240} to articulate further as well as lock in 8 more articulated
position. It will be understood that the user may continue to rotate articulation control
knob (235) to cause ond effector (240} to pivot as far as the user desires. Furthermore, the
user may rotate articulation control knob (235) in the opposite direction to cause arms
(242, 244) and cam moembers (330, 331) to move in the opposite direction, thercby

causing cnd cffoctor (240} to articulate in an opposite direction,

1608100] As seen in the exemplary actuation shown in FIGS. 18A-18E, first cam member
(330} is operable to unlock articulation joint (234} and pivot end effector (240) at
articulation joint {234} about pivot axis {3&(), by transferring motion from arms (242,
244y to first cam member (330). In addition, sccond cam member (331} and lock bar
(262} cooperate to lock articulation joint (234}, to thereby lock the angle {0} of end

cffector (240} relative to the longitudinal axis (LA) of shaft assembly (200).
100001} il Exemplary Alternative Articulation Joints

{606102] In somc instances, it may be desirable to provide alternative structures and
methods for sclectively locking and unlocking articulation joint (234}, It may also be
desirable to modify the structures and methods that are used to drive articulation joint
(234) based on the alternative structures and methods that are used to selectively lock and
unlock articulation joint {234}, Various examples of alternative structures and methods
that may be used to provide sclective locking and unlocking of an articulation joint are
described in greater detail below, while other cxamples will be apparent to those of

ordinary skill in the art in view of the teachings herein. Similarly, various examples of
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alternative structures and methods that wmay be ased to drive an articulation joint are
described tn greater detail below, while other examples will be apparent to those of
ordinary skill in the art in view of the teachings herein. It should be understood that the
following examples may be readily incorporated into articulation joint (234}, or be
readily eincorporated into shaft assembly (200} in place of articulation joint (234).
Vartous suitable ways in which the following examples may be incorporated into

fnstrument {13) will be apparent to those of ordinary skill in the art.

1800103} A Exemplary  Articulation Joint with Complementary  Locking
Members
1800104} FIGS. 20-228 show an exemplary alternative articulation joint (1034} which may

be readily incorporated into shaft assembly (200). Articulation joint {1034) wutilizes
corresponding complementary locking members (1030, 1031} to lock and uvnlock
articulation of end effector (240} at articulation joint (1034}, In particular, FIG. 33 shows
a first locking member (1030} and a sccond locking member (1031). As can be seen,
locking members {1030, 1031) comprise a plurality of complementary interlocking
features (1022). In the present example, cach interlocking feature (1022) is generally
shaped as a triangular protrusion {1023}, Collectively, each interlocking feature {1022) is
arranged around a generally conical internal diameter of cach locking member (1030,
1031} to form a starburst pattern, with cach protrusion {1023) forming an adjacent
triangular trough (1024). In addition, cach interlocking feature (1022) on first locking
member {1038} is aligned to correspond to another interiocking feature (1022} on second
locking member (1031} such that the fivst locking member (1030} and second locking
meraber (1031) interlock with one another. In other words, for a given protrusion (1023)
of first locking member (1030), there is a corresponding trough (1024} of sccond locking
member (10313, Accordingly, when second locking member (1031} s inserted in first
locking member (1030), first locking member (1030) and second locking member (1031)
become interlocked such that they are rotationally fixed relative to cach other. Second

locking member (1031} is unitarily sccured to end cffector (240). Thus, when first
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locking member (1030} and second locking member (1031) are interlocked, the

articulation position of end effector (240) is fixed.

{600105] Although locking merobers (1030, 1031} are shown as having triangular
protrusions (1023}, it should be understood that any other suitable geometry roay be used.
For instance, in other examples, a square, curved, or wavy geometry may be used.
Additionally, although the present example is depicted as having a certain numwber of
protrusions (1023}, any suitable nomber of protrusions may be used. Of course, any other
configuration suitable to lock relative rotation between locking members (1030, 1031)
may be used as will be apparent to those of ordinary skill in the art in view of the

teachings hergin,

[600106] FIG. 21 shows a plan view of articulation joint (1034} with locking members
(1030, 1031} are incorporated therein. As can be seen, articulation joint {1034) comprises
a first arm {1042}, a sccond arm (1043}, a shaft (1025}, and locking members (1030,
1031}, Locking memwbers (1030, 1031) are coaxially disposed about shatt {1023), which
is oriented perpendicular to the longitndinal axis (LA} of shaft assembly (200). First
locking member (1030) is keyed to shaft (1025) such that first locking member (1030)
may translate along shaft (1025} but not rotate about shaft (1025). Second locking
member (1031) is coupled with shaft such that second locking member (1031} can rotate
about shaft (1025) but not translate along shaft (1025). Various ways in which these
relationships may be provided will be apparent to those of ordinary skili in the art in view
of the teachings hercin. In the present example, second locking member (1031} is shown
partially cut away so that the interaction between first arm (1042) and first locking
member (1030} is visible, As will be described in greater detail below, first arm (1042} is
operable to lock and unlock articulation of end cffector (240} at articulation joint (1034)
by disengaging (lock) or engaging (unlock} first locking member {1030}, In contrast,
second arm {1044} is sccured to sccond locking member (1031) and is operable to
articulate articulation joint (1034), as will be described in greater detail below. Thus,

when articulation joint (1034) is unlocked, second locking member (1031} is operable to



WO 2015/199958 PCT/US2015/034617

- 35 .

rotate about shaft (1025) thereby articulating end effector (240) relative to the

fongitudinal axis (LA} of shaft assembly (200).

{600107} FIGS. 22A-B show cross-sectional views of exemplary operational states of
articulation joint (1034). In particular, FIG. 22A shows articulation jomnt (1034} in a
locked state. In the locked state, first locking member (1030} is urged info engagement
with second locking member (103 1) by a conical spring washer {1026) positioned around
shaft (1025} and beneath first locking member (1030}, As described above, first locking
member {10380} 1s keved to shaft {1023) such that first locking memwber {1030} can
translate up and down relative to shaft (1025} but not rotate about shaft (1025).
Accordingly, when first locking member (1030} s urged into engagement with second
locking member (1031), first locking member (1030} prevents rotation of second locking
member (1031) relative to shaft (1025} thereby locking articulation of articulation joint

(1034). Shaft (1025) is shown as being fixed in place by a pair of retaining plates (1021},

{B30108] FIG. 22B shows articulation joint {1034} in an unlocked state. In the unlocked
state, first arm (1042) is actuated distally to engage first locking member {1030). First
arm {1042} comprises an obliquely angled distal end {1045} that engages first locking
member (1030), urging first locking member (1030) downwardly against the resilient
bias provided by conical spring washer (1026). With first locking member (1030} urged
downwardly, first locking member {1030} and seccond locking member (1031} become
disengaged, thereby frecing second locking member {1031} to rotate about shaft (1025).
With sccond locking member {(1031) freely rotatable about shaft (1025}, second arm
(1044) may be actuated distally or proximally to articulate articulation joint (1034)
counter clockwise or clockwise, respectively. Once a desired articulation angle is
achicved, first arm (1042) may be retracted proximally, Conical spring washer (1026)
returns first locking member (1030) to the upward position shown in FIG. 22A, thereby

locking end effector (240) at the desired articulation angle at articulation joint (1034).

(000109} It should be understood that sinee first arm (1042) and sccond arm (1044) perform

separate functions {e.g., locking/unlocking and rotating vs. only rotating), first arm
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{1042} and second arm (1044) may be actuated independently. As described above, this
may inclode articulation control knob (35) being configured to actuate first arm (1042)
and second arm (1044} independently. Alternatively, separate user input features may be

provided to control arms (1042, 1044) separately, as described above,

{600110} B. Exemplary Articulation Joint with Helical Cam Member
1000111} FIGS. 23-25 show an exemplary alternative articulation joint (1134} which may

be readily incorporated into shaft assembly (200). Articulation joint (1134) utilizes a
helical cam member (11380} to lock and unlock articulation of end effector (240) at
articulation joint (1134). As can be seen in FIG. 23, helical cam member (1130) is
configured to reccive a shaft (1131}, As will be described in greater detail below, shaft
(1131} 18 configured to translate about its longitudinal axis {but not rotate about its
fongitudinal axis) relative to helical cam member (1130} to lock and unlock articulation
of end effector (2403 at articulation joint (1134}, Helical cam member (1130) is generally
disk shaped, although helical cam member may be a varicty of differing shapes. Helical
cam mewber (1130) comprises a recessed hole (1122} through its center. On the
underside of cam member (1130), a frustoconical, inwardly extending starburst locking
feature {1129) is oriented around the outer edge of hole {1122). The inner diameter of
hole {(1122) has a plurality of helical camming features (1123). As can best be scon in
FiG. 24, cach helical camming feature (1123} comprises a ramped surface {1124} which
permits a key (1125} of shaft (1131} to travel along ramped surface (1124}, Inwardly
extending locking feature (1129} is similar to second locking member (1031} described
above and 15 likewise configured to engage with a complementary outwardly extending
starburst locking feature (1128) of a locking member (1162), as will be described in

greater detail below.,

{606112] Shaft {1131} is generally cylindrical in shape and includes an integral key (1125}
protruding radially outwardly from shaft (1131). The diameter of shaft generally
corresponds to the inner diameter of hole (1122) of helical cam member (1130). Koy

(1125} is likewise sized to fit within cach helical camming feature (1123} of helical cam
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member (1130). Thus, when shaft (1131 s inseried into hole {(1122) of helical cam
member {1130}, key (1123) operable to travel along a particular helical camming feature
(1123} of helical cam member (1130). Key (1125} may travel along helical camming
feature {1123} of helical cam wember (1130} as shaft (1131} is rotated relative to helical
cam member {11303}, Because helical camming featire (1123} is ramped, key (1125} is
operable to translate shaft (1131} along the longitudinal axis of shaft (1131} as helical
cam member {1130} is rotated about the longitudinal axis of shaft (1131} For instance,
when helical cam member (1130} is rotated i a counter clockwise motion, key (1025)
will progressively travel up helical camming feature (1123) translating key (1125} out of
opening (1122). Similarly, when helical cam member (1130} is rotated in a clockwise
motion, key {1125) will progressively travel down helical camming feature (1123)
translating key (1125) along with shaft (1131} further inside of opening {1122}, When
key {1125) reaches the bottom of helical camming feature (1123} {¢.g., when helical cam
member {(1130) is rotating with a counter clockwise motion), key (1125) may then travel
along the exterior of helical cam member (1130} until it reaches the next helical camming
feature (1123) where key (1125} may translate upwardly to the bottom of the next helical
caraming feature (1123). Likewise, when key (1125} reaches the top of helical camming
feature (1123) {c.g., when shaft (1131} s rotating with a counter clockwise motion), key

(1125) may prevent further clockwise rotation of helical carn member (1130).

1800113} FIG. 25A shows a cross-sectional view of articulation joint {1134). As can be
seen, shaft (1131) 1s positioned between two retaining plates (1121) which hold shaft
(1131} in position relative to shaft assembly (200). Retaining plates (1121) permit shaft
(1131) to translatc along the longitudinal axis of shaft (1131); yet prevent shaft (1131)
from rotating about the longitudinal axis of shaft (1131}, On the upper portion of the
bottom retaining plate (1121), a conical spring washer (1126} {¢.g., a Bellville washer) is
positioned around shatt (1131}, A locking member (1162} 15 positioned above spring
washer (1126}, At the proximal end of locking member (1162), the upper surface of
locking member (1162} comprises outwardly presented locking feature (1128). Locking

feature {1128) of locking member (1162) has a starburst configuration that complements
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the starburst configuration of locking feature (1129 of helical cam member (1130).
Although not shown in FIG. 254, the distal end of locking member {1162) is connected
1o end effector (240}, Accordingly, locking member (11623 may articulate end effector
{240} by pivoting about the longitadinal axis of shaft {1131). In some versions, locking
member (1162} is configured to translate relative to end effector {240) along the
fongitudinal axis of shaft (1131), vet end effector (240) still rotates unitarily with tocking
member (1162) about the longitudinal axis of shaft (1131). Various suitable relationships
that may be provided between locking member (1162} and end effector (240) will be

apparent to those of ordinary skill in the art in view of the teachings hercin.

1800114} Spring washer (1126} resiliently biases locking member (1162) upwardly so that
locking feature (1128} engages the complementary locking feature (1129) of helical cam
member {11303}, Thus, in the configuration shown in FIG. 25A, locking member (1162)
is in a locked position such that locking member {1162} and end effector (240 cannot
rotate relative to helical cam member (1130}, Helical cam member {(1130) is vertically
secured in position along the longitudinal axis of shaft (1131} such that helical cam
member (1130} may rotate about the longitudinal axis of shaft (1131} vet helical cam
member cannot translate along the longitudinal axis of shaft (1131). Various suitable
ways in which helical cam member (1130) may be secured will be apparent to those of
ordinary skill in the art in view of the teachings hercin.  In the present cxample,
articulation joint (1134} includes bushings (1127) on cach surface which contacts shaft
(1131). Bushings (1127) may be configured to reduce friction and increase the durability
of cach respective surface. Of course, bushings (1127} are entircly optional and may be

omitted in some examples.

[000115] As can he seen by comparing FIGS. 25A and 258, locking member (1162) may
be unlocked and thereby permitted to rotate about shaft (1131) by rotating helical cam
member (1130}, In particular, FIG. 25A shows a first arm (1142) in phantom. The first
arm (1142} may be attached to helical camn member (1130) and may be used to rotate

helical cam member (1130} about shaft (1131), between the positions shown in FIGS.
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25A and 25B. As can be seen in FIG. 258, when helical cam member (1130) 18 rotated
from the position shown in FIG. 25A to the position shown in FIG. 258, key (1125) of
shaft (1131} is driven downwardly by helical camming feature (1123} of helical cam
member (1130). Key (1125} correspondingly drives locking member (1162)
downwardly, such that locking featare {112&) of a locking member (1162} disengages
focking feature (11293 of helical cam member (1130}, With locking member (1162} out
of engagement with helical cam member {1130}, locking member (1162} may be rotated
about to shaft (1131} via a second arm (1144} attached thercto (shown in phantom in

FIG. 25A), to thereby articulate end effector {240).

[808116] Onece locking member (1162} 18 rotated to a desired position, articulation joint
{(1134) may be relocked by returning articulation joint (1134) to the position shown in
FIG. 25A. In particular, helical cam member (1130} may be rotationally advanced or
retracted via first arm (1142). For instance, if helical cam member {(1130) is rotationally
advanced, key {1125} may engage the next helical camming feature (1123}, thus shifting
to the top of the next helical camming feature (1123). Similarly, if helical cam member
{(1130) is rotationally retracted, key (1125) may slide up the ramped surface of the same
helical camming feature {1123) used to advance key {1125) outwardly. Although helical
cam member (1130} is shown as being used with conical starburst locking features
(1128, 1129), 1t should be understood that helical cam member (1130) may be used with
any suitable locking system utilizing a translating shaft as will be apparent to those of

ordinary skill in the art in view of the tecachings herein,

1000117} C. Exemplary Articulation Joint with Pivoting Locking Member
{608118] FIG. 26 depicts an cxemplary alternative articulation joint {1234} for usc with

shaft assembly (200} that utilizes a pivoting lock member {(1238) to lock and unlock a
single lock member (12313 In particular, articulation joint (1234} comprises lock
member (1231), pivoting lock member (1230), a first arm (1242}, and a sccond arm
(1244). Lock member (1231) comprises a plurality of holes (1225) which may be used to

lock articulation joint {1234} in a plurality of discrcte articulation positions, with cach
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articulation position having a specific angle (o) relative to the longitadinal axis (LA) of
shaft assembly {200). Sinular to articulation joint (234), articulation joint (1234} is
rotatable about a central shaft (1279} to achieve articulation. Central shaft (1279} extends
along an axis that is perpendicular to the longitudinal axis (LA) of shaft assembly (200}
Although not shown in FIG. 26, it should be understood that the distal end of lock
member (12313 may be vnitarily attached to end effector (2483, Thus, rotation of lock
member {1231) about ceuntral shaft (1279} causes end effector (240) to articulate about

the longitudinal axis of central shaft (1279} at articulation joint (1234).

[600119] Lock member {12303} is generally L-shaped with a pivot portion {1226} and a
tocking portion (1227}, Pivot portion (1226} is configured to pivot about a pivot shaft
{1228} to pivot locking portion (1227} into and out of engagement with lock member
{1231) thereby locking and unlocking lock member (1231}, respectively. Locking portion
(1227} is configured to fit within cach hole (1225} of lock member (1231}, Pivot shaft
(1228) is oriented along an axis that is substantially perpendicular the longitudinal axis of

central shaft {(1279).  The axis of pivot shaft (1228} is also perpendicuiar to the

longitudinal axis (LA} of shaft assembly (200}

{606126] In an cxemplary mode of opcration, articulation joint (1234) is operable to
articulate using independently actuated first arm (1242) and sccond arm (12443 For
instance, first arm (1242} is shown as being pivotaily attached to pivot portion {(1226) of
fock member (1230} via a pin (1229}, Accordingly, first arm (1242) may be actuated
distally to pivot locking portion {1227} of lock member (1230} into a hole {1225} of lock
member (1230), thereby locking articulation joint (1234). Likewise, first arm {1242} may
also be actuated proximally to pivot locking portion (1227} of lock member (1230) out of
a hole (1225} of lock member (1230) thereby unlocking articulation joint (1234). When
articulation joint (1234) is unlocked, sccond arm (1244}, which is attached to lock
member (1231), may be actuated to rotate lock member (1231) about contral shaft (1279)
thereby articulating articulation joint (1234). Sccond arm (1244} may be actuated

proximally or distally depending upon whether a clock wise or counter clockwise
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articulation is desired. Ounce a desired articulation position is reached, end effector (240)
may be relocked at the desired articulation position at articulation joint {1234) by
pivoting lock member (1230} into engagement with a new hole (1225) via distal

advancement of first arm (1242}

[600121} D. Exemplary Articulation Jomt with Translating Locking Member
[000132] FIGS. 27-28 depict an exeroplary alternative articulation joint (1334) for use with
shaft assembly (200) that utilizes a translating lock member {(1330) to lock and unlock a

single lock member (1331}, In particular, articulation joint (1334} comprises lock
member (1331), translating lock member (1330}, a first arm (1342}, and a second arm
{(1344). Lock member (1331) comprises a pharality of holes (1325) which may be used to
lock articulation joint {1334) in a plurality of discrete articulation positions, with cach
articulation posttion having a specific angle {0} relative to the longitudinal axis (LA) of
shaft assembly (200). Similar to articulation joint {234), articulation joint (1334} is
rotatable about a central shaft {1379) to achieve articulation. Central shaft (1379)
extends along an axis that is perpendicular to the longitudinal axis (LA) of shaft
assembly (200). Although not shown in FIG. 27, it should be understood that the distal
end of lock member (1331) may be unitarily attached to end effector (240). Thus,
rotation of lock member (1331) about contral shaft (1379) causes end effector (240) to

articulate about the longitudinal axis of central shatt (1379} at articulation joint (1334}

1600323} FIG. 28 shows a cross-sectional view of lock member {1330). As can be scen,
lock member (1330) comprises a translatable locking feature (1326}, a spring (1327), and
a casing (1328). Locking feature {1326) is generally cylindrical in shape such that
locking feature (1326} may translatc along an axis that is both perpendicular to the
fongitudinal axis (LA} of shaft assembly (200) and paralle!l to the longitudinal axis of
central shaft (1379). In particular, locking feature (1326} is operable to translate into and
out of a hole {1325) of lock member (1331}, Locking feature (1326) is resiliently biased
upwardly by spring (1327). Ablthough spring (1327} is shown as resiliently biasing

locking feature (1326), it should be understood that any suitable means may be used to
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resiliently bias locking feature (1326} upwardly. Casing (1328) 15 configured to surround
tocking feature {1326} such that locking feature (1326} may slidably engage with casing
(1328). Casing (1328} is shown as having a transverse bore {1329) which, as will be
described in greater detail below, permits first arm (1342} to translate into and out of
casing {1328) so that an obliquely angled distal end (1343) of first arm (1342} may

actuate locking feature (1326).

[606124] In an cxemplary mode of operation, articulation joint {1334) is operabie to
articulate using independently actuated first arm {1342) and sccond arm (13443, For
instance, first arm (1242} is shown as being translatable into and out of casing {132&) of
tock member (1330). In particular, as can be seen in FIG. 41, oblique distal end (1343} of
first arm {1342} is operable to drive locking feature (1326} of lock member (1330}
downwardly through a camming action when first arm (1342} 15 actuated distally. Thus,
distal actuation of first arm (1342} is operable to translate locking feature (1326)
downwardly into a hole (1325} of lock member (1321} to lock articulation joint (1334).
Likewise, first arm (1342) may also be actuated proximally to disengage locking feature
{1326) of lock member (1330} to permit spring to resiliently drive locking feature (1326)
upwardly and out of engagement with a hole (1325} of lock member (1330}, Thus,
proximal actuation of first arm (1342} will unlock articulation joint {1334). When
articulation joint (1334) is unlocked, second arm (1344}, which is attached to loc
member (1331), may be actuated to rotate lock member (1331) about central shaft (1379)
thereby articulating articulation joint (1334). Second arm (1344} may be actuated
proximally or distally depending upon whether a clock wise or counter clockwise
articulation is desived. Once a desired articulation position is reached, end effector (240)
may be relocked at the desired articulation position at articulation joint (1334) by
actuating locking feature (1326) into engagement with a new hole (1325} via distal

advanceraent of {irst arm (1342).
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(800125} IV, Miscellaneous
[600136] It should be understood that in the various examples described above, an

articulation joint is configured to permit an end effector to articulate along a first plane
and thereby deflect away from the longitudinal axis of a shaft assembly. A locking
assembly is operable to selectively lock the articulation joint. The locking assembly
includes a locking member that is movable along a second plane to selectively engage the
first locking member and thereby lock the articulation joint. The second plane 18 offset
from the first plane. The second plane is also non-parallel with the first plane. In some
instances, the sccond locking member is movable along a sccond axis that is
perpendicular to the longitudinal axis of the shaft assembly. An unlocking member may
selectively drive the locking member. The unlocking member may move along a third
plane, which may be offset from and/or in a non-parallel relationship with the first and/or
sccond plane{s). The unlocking member may move along a third axis, which may be

perpendicular to the longitudinal axis of the shaft assembly and/or the second axis.

16661271 it should be understood that any one or more of the teachings, expressions,
embodiments, cxamples, etc. described hercin may be combined with any one or more of
the other teachings, expressions, embodiments, examples, cte. that are described herein.
The above-described tecachings, expressions, embodiments, examples, etc. should
therefore not be viewed in isolation relative to cach other. Various suitable ways in
which the teachings hercin may be combined will be readily apparent to those of ordinary
skill in the art in view of the teachings hercin. Such modifications and variations are
intended to be included within the scope of the claims. It should also be understood that
the various teachings hercin may be readily combined with the teachings of the various
references that are cited herein, In addition, the various teachings herein may be readily
combincd with the tcachings of U.S. Pat. App. No. [Attorney Docket WNumber
END7431USNP.0614277], entitled “Method of Unlocking Articulation Joint in Surgical
Stapler,” filed on cven date herewith, the disclosure of which is incorporated by reference

herein; and/or the teachings of U.S. Pat. App. No. [Attorney Docket Number
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END7445USNP.06143585], entitled “Translatable Aritculation Joint Unlocking Feature
for Surgical Stapler,” filed on even date herewith, the disclosure of which 18 incorporated

by reference herein.

[000128] It should be appreciated that any patent, publication, or other disclosure material,
in whole or in part, that s 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 disclosure. As such,
and to the extent necessary, the disclosure as explicitly set forth herein supersedes any
conflicting material meorporated herein by reference. Any material, or portion thereof,
that is said to be incorporated by reference hercin, but which conflicts with existing
definitions, statements, or other disclosure material set forth herein will only be
incorporated to the extent that no conflict arises between that incorporated material and

the existing disclosure material.

[000129] 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 procedures. By way of cxample
only, various tcachings herein may be readily incorporated into a robotic surgical system
such as the DAVINCI™ gystem by Intuitive Surgical, Inc., of Sunnyvale, California.
Similarly, thosc 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, entitled “Articulated Surgical Instrument For Performing Minimally Invasive
Surgery With Enhanced Dexterity and Sensitivity,” issued August 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; U5, Pat. No. 5,875,193, entitied
“Automated Endoscope System for Optimal Positioning,” issucd March 2, 1999, the
disclosure of which is incorporated by reforence herein; U5, Pat. No. 6,231,565, entitled

“Robotic Arm DLUS for Performing Surgical Tasks,” issucd May 15, 2001, the
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disclosure of which s incorporated by reference hereing 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 is incorporated by reference herein; UK. Pat.
No. 6,364,888, entitled “Alignment of Master and Slave tn a Mmnimally Invasive Surgical
Apparatus,” issued April 2, 2002, the disclosure of which is incorporated by reference
herein; UK. Pat. No. 7,524,320, entitled “Mechanical Actuator Interface System for
Robotic Surgical Tools,” issued April 28, 2009, the disclosure of which i3 incorporated
by reference herein; U.S. Pat. No. 7,691,098, entitled “Platform Link Wrist Mechanism,”
issucd April 6, 2010, the disclosure of which is incorporated by reference herein; ULS.
Pat. No. 7,800,891, entitled “Repositioning and Reorientation of Master/Slave
Relationship in Minimally Invasive Telesurgery,” issued October 5, 20190, the disclosure
of which is incorporated by reference hercin, U.S. Pub. No. 2013/0812957, entitled
“Automated End Effector Component Reloading System for Use with a Robotic System,
published January 10, 2013, the disclosure of which is incorporated by reference herein;
U.S. Pub. No. 2012/0199630, entitled “Robotically-Controlled Surgical Instrument with
Force-Feedback Capabilitics,” published August 9, 2012, the disclosure of which is
incorporated by reference herein; US. Pub. No. 2012/0132450, entitied “Shiftable Drive
Interface for Robotically-Countrolled Surgical Tool,” published May 31, 2012, the
disclosure of which is incorporated by reference hercing U.S, Pub. No. 2012/0199633,
entitfed  “Surgical Stapling Instruments with  Cam-Driven  Staple  Deployment
Arrangements,” published August 9, 2012, the disclosure of which is incorporated by
reference herein; US. Pub. No. 2012/0199631, centitied “Robotically-Controlled
Motorized Surgical End Effector System with Rotary Actuated Closure Systerns Having
Variable Actuation Speeds,” puoblished August 8, 2012, the disclosure of which 1s
incorporated by refercnce hereing; UK, Pub. No. 2012/0199632, entitled “Robotically-
Controlled Surgical Tnstrument with Sclectively Articulatable End Effector,” published
August 9, 2012, the disclosare of which is incorporated by reference hereing U.S. Pab.
No. 2012/0203247, entitled “Robotically-Controlied Surgical End Effector System,”

published August 9, 2012, the disclosure of which is incorporated by reference herein;
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U.S. Pub. No. 20i2/0211546, entitled “Drive Interface for Operably Coupling a
Manipulatable Surgical Tool to a2 Robot,” published August 23, 2012; U.S. Pub. No.
2012/0138660, entitled “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-Controlied Surgical End
Effector System with Rotary Actuated Closure Systems,” published Aungust 16, 2012, the

disclosure of which is incorporated by reference herein.

18003136] Versions of the devices described above may be designed (o be disposed of after a
single use, or they can be designed to be used multiple times. Versions may, in either or
both ¢ases, 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
replacerment of particular pieces, and subsequent reassembly.  In particular, some
versions of the device may be disassembled, and any number of the particular picees or
parts of the device may be sclectively replaced or removed in any combination. Upon
cleaning and/or replacement of particular parts, some versions of the device may be
reassembled for subsegquent use cither at a reconditioning facility, or by a user
immediately prior to a procedure.  Those skilied in the art will appreciate that
reconditioning of a device may utilize a variety of techniques for disassembly,
cleaning/replacement, and reassembly.  Use of such techniques, and the resulting

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

{6006131] By way of cxample only, versions described herein may be sterilized before
and/or after a procedure. In one sterilization technigue, the device 18 placed i a closed
and scaled container, such as a plastic or TYVEK bag. The container and device may
then be placed in a ficld of radiation that can penetrate the container, such as gamma
radiation, x-rays, or high-energy ¢lectrons. 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 technique known in the art,

including but not limited to beta or gamma radiation, ethylene oxide, or steam,
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[600132} 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.  Scveral of such potential modifications have been
mentioned, and others will be apparent to those skilled in the art. For instance, the
examples, embodiments, geometrics, materials, dimensions, ratios, steps, and the like
discussed above are llustrative and are not required.  Accordingly, the scope of the
present invention should be considered in terms of the following claims and is
understood not to be limited to the detatls of structure and operation shown and described

in the specification and drawings.
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I. Awn apparatus cornprising:

{a)
{b)

{c)
{d}

)

a body;

a shaft assembly extending distally from the body, whercin the shaft

assembly defines a longiudinal axis, wherein the shaft assembly has a

distal end:

an end effector, wherein the end effector is operable to manipulate tissue;

an articulation joint coupling the end effector with the distal end of the

shaft assembly, wherein the articulation joint is configured to permit the
end effector to articulate along a first plane and thereby deflect away from
the longitudinal axis of the shaft assembly; and

a locking assembly operable to selectively lock the angular position of the

end cffector relative to the longitudinal axis of the shaft assembly, wherein

the locking assembly comprises:

(i) a first locking member unitarily secured to the end effector, such
that the first locking member is configured to move with the end
ctfector relative to the longitudinal axis of the shaft assembly, and

(it} a second locking member operable to sclectively engage the first
tocking member to thereby selectively lock the angular position of
the end effector relative to the longitudinal axis of the shaft
assembly,

wherein the second locking member is movable along a second plane to
selectively engage the first locking member, wherein the second
planc is offset from the first plane, and whercin the second plane is

non-parallel with the first plane.

2. The apparatus of clairo 1, wherewn the locking assembly further comprises an

unlocking feature, whercin the unlocking feature is operable to selectively disengage the second

locking mernber from the first locking member.
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3. The apparatus of claim 2, wherein the second locking member is movable along a
first axis, wherein the unlocking feature is operable to translate along a second axis to thereby

selectively disengage the second locking member from the first locking member.

4, The apparatus of claim 3, wherein the second axis is perpendicnlar to the first

5. The apparatus of claim 4, wherein the second axis is parallel with the longitudinal

axis of the shaft assembly.

. The apparatus of claim 3, wherein the unlocking feature includes a distal end
having a camming feature, wherein the camming feature is operable to drive the second locking
member along the sccond axis in response to transiation of the unlocking feature along the

second axis.

-~J

The apparatus of claim 2, wherein the unlocking feature is operable to rotate
about a first axis to thereby selectively disengage the second locking member from the first

iocking memboer.

8. The apparatus of claim 7, wherein the second locking member is movable along a

second axis, wherein the first axis and the second axis are coextensive with each other.

9. The apparatus of claim §, wherein the second locking member and the unlocking

feature are both coaxially disposed about the first and second axes.

10 The apparatus of claim 7, wherein the anlocking feature comprises a helical cam

feature operable to bear against the second locking member.
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I The apparatus of claim 10, wherein the second locking member comprises an

outwardly extending key configured to engage the helical cam of the unlocking feature.

12, The apparatus of claim 1, wherein the second locking feature is resiliontly biased

to engage the first locking feature.

3. The apparatus of claim 1, wherein the articulation joint is configured to permit the
end effector to pivot about a first axis to thereby permit the end effector to deflect away from the

iongitudinal axis of the shaft assembly.

14 The apparatus of claim 13, wherein the second locking member is movable along

a second axis, wherein the first axis and the second axis are coextensive with cach other.

is. The apparatus of claim |, wherein the first and second locking members comprise

complementary starburst foaturcs.

6. The apparatus of claim |, whercin the shaft assembly further comprises:
(i) g first translatable member, wherein the first translatable member
is operable to selectively drive the second locking member, and
(it} a sccond translatable member, wherein the second translatable
member 1s operable to selectively drive the end effector to deflect
the end effector from the longitudinal axis of the shaft assembly at

the articulation jont,

17.  The apparatus of claim 1, wherein the first locking member defines a plurality of
openings, cach opening being associated with a different angular position of the end effector
relative o the longitudinal axis of the shaft asserobly, wherein each opening is configured to
selectively receive a portion of the second locking member to thereby selectively lock the

angular position of the end effector relative to the longitudinal axis of the shaft assembly.
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The apparatus of claim 1, wherein the end effector comprises a stapling assembly

operable to drive staples into tissne.

19.

20.

An apparatis comprising:

{a}

/

{b)

(d)

(¢}

a body;

a shaft assernbly extending distally from the body, wherein the shaft

assembly defines a longitudinal axis, wherein the shaft assembly has a

distal end;

an end effector, wherein the end cffector is operabic to manipulate tissue,;

an articulation joint coupling the ond cffector with the distal end of the

shaft assembly, wherein the articulation joint is configured to permit the
end cffector to pivot about a pivot axis to thercby pivot away from the
longitudinal axis of the shaft assembly; and

a locking assembly operable to sclectively lock the angular position of the

end effector relative to the longitudinal axis of the shaft assembly, whercin

the locking assembly comprises:

(i) g first locking member unitarily secured to the end cffector, such
that the first locking member is configured to pivot with the end
effector about the pivot axis, and

{1i) a second locking member operable to selectively engage the first
locking member to thereby selectively lock the angular position of
the end effector relative to the longitudinal axis of the shaft

assembly,

wherein the second locking member is movable along the pivot axis to

selectively engage the first locking merber.

An apparatis comprising:

{a)

a body;
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a shaft asserobly exiending distally from the body, wherein the shaft
assembly defines a longitudinal axis, wherein the shaft assembly has a
distal end;

an end effector, wherein the end effector is operable to manipulate tissue;

an articulation joint coupling the end effector with the distal end of the

shaft assembly, wherein the articulation joint is configured to permit the
end effector to deflect away from the longitudinal axis of the shaft
assembly;

a locking assembly operable to selectively lock the angular position of the

end ¢ffector relative to the longitudinal axis of the shaft assembly, wherein

the locking assembly comprises:

(i} a first locking member unitarily sccured to the end cffector, such
that the first locking member is configured to move with the end
effector relative to the longitudinal axis of the shaft assembly, and

(i) a second locking member operable to selectively engage the first
locking member to thereby sclectively lock the angular position of
the cond effector relative to the longitudinal axis of the shaft
asscmbly,

wherein the sccond locking member is movable along a first axis to
sclectively engage the first locking member, wherein the first axis
is perpendicolar to the longitudinal axis of the shafi assembly; and

an unlocking asserobly operable to disengage the second locking member

from the first locking member, wherein the unlocking assembly coroprises

a rotary member operable to rotate about the first axis to thereby drive the

second locking member away from the first locking member along the

first axis.
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