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Description
Technical Field

[0001] The presentinvention lies in the field of medical
devices, in particular, in the field of surgical stapling in-
struments that are capable of applying lines of staples to
tissue while cutting the tissue between those staple lines
and, more particularly, to improvements relating to sta-
pler instruments and improvements in processes for
forming various components of such stapler instruments
that include an articulating shaft.

[0002] The device can be used, particularly, for sta-
pling and cutting tissue during endoscopic or laparoscop-
ic surgical procedures.

[0003] Endoscopic surgical instruments are often pre-
ferred over traditional open surgical devices because a
smaller incision tends to reduce the post-operative re-
covery time and complications. Consequently, significant
development has gone into a range of endoscopic sur-
gical instruments that are suitable for precise placement
of a distal end effector at a desired surgical site through
a cannula of a trocar. These distal end effectors engage
the tissue in a number of ways to achieve a diagnostic
or therapeutic effect (e.g., endocutter, grasper, cutter,
staplers, clip applier, access device, drug/gene therapy
delivery device, and energy device using ultrasound, RF,
laser, etc.).

[0004] Positioning the end effector is constrained by
the trocar. Generally, these endoscopic surgical instru-
ments include a long shaft between the end effector and
a handle portion manipulated by the clinician. This long
shaft enables insertion to a desired depth and-rotation
about the longitudinal axis of the shaft, thereby position-
ing the end effector to a degree. With judicious placement
of the trocar and use of graspers, for instance, through
another trocar, often this amount of positioning is suffi-
cient. Surgical stapling and severing instruments, such
as described in U.S. Pat. No. 5,465,895 to Knodel et al.,
are an example of an endoscopic surgical instrument that
successfully positions an end effector by insertion and
rotation.

[0005] One stapler manufactured by United States
Surgical Corporation and described in U.S. Patent Nos.
6,644,532 and 6,250,532 to Green et al. have an end
effector that pivotally moves along a single plane in steps
dependentupon activation of aleverthat correspondingly
moves along a single plane in similar steps. See FIGS.
31 and 32 therein. The U.S. Surgical Corp. stapler, how-
ever, is limited by the predetermined angles that it can
achieve and by the limited side to side pivoting (-45 de-
grees to +45 degrees) that requires two hands for oper-
ation.

[0006] Depending upon the nature of the operation, it
may be desirable to further adjust the positioning of the
end effector of an endoscopic surgical instrument rather
than being limited to insertion and rotation. In particular,
it is often desirable to orient the end effector at an axis
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transverse to the longitudinal axis of the shaft of the in-
strument. The transverse movement of the end effector
relative to the instrument shaft is conventionally referred
to as "articulation". This articulated positioning permits
the clinician to more easily engage tissue in some in-
stances. In addition, articulated positioning advanta-
geously allows an endoscope to be positioned behind
the end effector without being blocked by the instrument
shaft.

[0007] While the aforementioned non-articulating sta-
pling and severing instruments have great utility and may
be successfully employed in many surgical procedures,
it is desirable to enhance their operation with the ability
to articulate the end effector, thereby giving greater clin-
ical flexibility in theiruse. Articulating surgical instruments
generally use one or more firing bars that move longitu-
dinally within the instrument shaft and through the artic-
ulation joint to fire the staples from the cartridge and to
cut the tissue between the innermost staple lines. One
common problem with these surgical instruments is con-
trol of the firing bar through the articulation joint. At the
articulation joint, the end effector is longitudinally spaced
away from the shaft so that the edges of the shaft and
end effector do not collide during articulation. This gap
must be filled with support material or structure to prevent
the firing bar from buckling out of the joint when the single
or multiple firing bars is subjected to longitudinal firing
loads. What is needed is a support structure that guides
and supports the single or multiple firing bars through the
articulation joint and bends or curves as the end effector
is articulated.

[0008] U.S. Patent No. 4,950,273 to Briggs discloses
a device comprising a control end, a reaction end, and
an angle adjustment section connecting the control end
and the reaction end. The instrument may be bent into
an unlimited number of configurations.

[0009] U.S. Patent No. 5,348,259 to Blanco et al. dis-
closes a device having a central cable tensioning mem-
ber with a series of ball and socket members strung on
the cable forming articulable joints. Each socket member
has at least one conical opening with internal teeth en-
gagable with a ball which is made of an elastomeric pol-
ymer. When the cable is tensioned, the sockets move
toward each other and the balls are indented by the teeth
of the socket. The column thus becomes rigid. Releasing
the tension returns the column to the flexible state.
[0010] U.S.PatentNo. 6,767,153 to Holbrook disclos-
es a device having a spherical terminal rod, a plurality of
intermediate rods and a terminal housing rod connected
together by a spherical housing adjustably positioned
and locked by a spring-loaded piston shaft engaging a
sphere end retained within the housing, the piston shaft
lockingly engaging one of a multiplicity of grooved inden-
tations on the surface of the sphere end.

[0011] U.S.Patent No. 5,673,841 to Schulze et al. dis-
closes a method according to the preamble of claim 1.
In an embodiment, an instrument for endoscopic surgical
procedures includes aflexible articulation joint or "flexible
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neck" for articulating a surgical head assembly with re-
spect to the shaft of the instrument.

[0012] EP 0216 532 A1 discloses a device having an
articulated shaft assembly intermediate a proximal actu-
ator assembly and a distal fastener applying assembly.
The rotational axis of the articulation is transverse to the
proximal-distal axis of the shaftassembly. The apparatus
is fully operational at any rotational position of the artic-
ulation. A detent mechanism may be included to releas-
ably hold the articulation in any of its rotational positions.
A locking mechanism may also be provided for locking
the articulation in any of its rotational positions.

[0013] U.S. Patent No. 5,673,840 to Schulze et al. de-
scribes a flexible articulation joint that is formed from an
elastomeric or plastic material that bends at the flexible
joint or "flex neck". The firing bars are supported and
guided through a hollow tube within the flex neck. The
flex neck is a portion of the jaw closure mechanism and
moves longitudinally relative to the end effector, shaft,
and firing bars when the jaws are closed on tissue. The
firing bars then move longitudinally within the flex neck
as the staples are fired and tissue is cut.

[0014] U.S. Patent No. 5,797,537 to Oberlin et al.
(owned by Richard-Allan Medical Industries, Inc.) de-
scribes an articulation joint that pivots around a pin, rather
than bends around a flex joint. In this instrument, firing
bars are supported between a pair of spaced support
plates connected at one end to the shaft and at another
end to the end effector. Atleast one of those connections
is a slidable connection. The support plates extend
through the articulation joint adjacent to the flexible drive
member in the plane of articulation such that the support
plates bend through the gap in the plane of articulation
and the flexible firing bar bends against the support when
the tip is articulated in one direction from its aligned po-
sition. U.S. Patent No. 6,330,965 to Milliman et al from
U.S. Surgical teaches the use of support plates that are
fixedly attached to the shaft and slidably attached to the
end effector.

[0015] Although these known support plates guide a
firing bar through an articulation joint, it is believed that
performance may be enhanced. For instance, it is often
desirable for the firing bar to be rapidly accelerated during
firing to ensure sufficient momentum for severing tissue
effectively. Rigidly attached support plates may tend to’
dislodge in response, allowing the firing bar to blow out
from the articulation joint. As a further example, it is de-
sirable for the instrument to operate in the same manner
whether articulated or not.

[0016] Increased friction when articulated would be in-
convenient and distracting to the clinician if required to
exert a varying amount of firing force.

[0017] Consequently, a significant need exists for an
improved articulation mechanism for a surgical instru-
ment mechanism that provides enhanced support to a
firing bar through the articulation joint.
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Disclosure of Invention

[0018] It is accordingly an object of the invention to
provide a method for manufacturing a surgical instrument
which overcomes the aforementioned disadvantages.
[0019] According to the invention, a method for man-
ufacturing a surgical instrument as defined in independ-
ent claim 1 is provided. The dependent claims define
preferred and/or advantageous embodiments of the in-
vention.

[0020] An advantage of some embodiments of instru-
ments manufactured by the method according to the
present invention is that the movable distal end effector
is center-biased. This means that the distal end is, first,
freed from a stable position and is, then, passively moved
into its new position by pressing the end effector against
afeature of the environment, such as surrounding tissue.
[0021] The instrument manufactured by the method
according to the invention is a surgical instrument that
can be used, in particular, to staple sections of tissue
together and cuttissue when desired. In one embodiment
of the end effector, measures for carrying out both the
stapling and cutting functions can be entirely contained
within the distal end effector of the device.

[0022] Again, another advantage of some embodi-
ments of instruments manufactured by the method ac-
cording to the presentinvention is that the handle is elec-
tronically controlled, universal, and motorized. The han-
dle includes a microprocessor that is programmed for
multiple product configurations. For example, in the case
of a stapler, the handle is programmed for a 30 mm, a
45 mm, or a 60 mm staple cartridge. The distal shaft of
the stapler has a proximal end that plugs into the univer-
sal handle. The distal shaft includes an array of electrical
contacts that make corresponding contact with a mating
array in the handle at the connection location. The con-
tacts are unique for each of the different distal shafts and
the handle "recognizes" the shaft and runs the appropri-
ate program for it. The handle is programmed to include
logic for safety lockouts, speed of stapler delivery, dis-
tance of stroke, and the like. Such modularity allows man-
ufacture of one handle with multiple end effectors to mate
thereto.

[0023] Various types of actuated diagnostic or thera-
peutic end effectors may be incorporated into the artic-
ulating surgical instrument manufactured by the method
according to the present invention without buckling at the
articulation mechanism, even with high firing forces and
reduced component dimensions for endoscopic use.
[0024] A significant advantage of the instrument man-
ufactured by the method according to the present inven-
tion is that the movement of the end effector is passive
and lockable. In other words, the end effector can be
unlocked, subsequently moved into a desired position,
and, then, caused be retained in the new position - all
with a one-handed operation. Endoscopic and laparo-
scopic surgery- requires that the physician be able to use
both hands independently. Elimination of this require-
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ment makes such surgeries extremely difficult or not pos-
sible. The handle of the instrument manufactured by the
method according to the present invention has a move-
ment release/lock that can be actuated without the use
of a second other hand, enabling a true one-handed op-
eration of the device.

[0025] A further advantage of the instrument manufac-
tured by the method according to the present invention
is that the axial movement of the end effector is discrete
and manual. For example, the user can set the axial
movement by rotating the distal end effector about the
longitudinal axis of the device prior to insertion. This pre-
set positioning occurs by pulling the end effector away
from the shaft and, then, twisting the distal end effector
in the desired direction. This axial movement, in combi-
nation with the off-axis movement (side to side) creates
a compound angle at the distal end to aid in accurate
positioning of the end effector (or even a plurality of end
effectors). In another variant, the user can dynamically
rotate the distal end effector about the longitudinal axis
of the device at any time by providing a rotation device
that axially fixedly but rotationally freely connects the
handle to the distal components including the shaft, the
articulation mechanism, and the end effector. Rotation
of the distal components occurs by pulling the bell-
shaped rotation device in a direction away from the end
effector and, then, rotating the rotation device about the
longitudinal axis of the shaft in the desired direction. This
rotating movement, in combination with, the off-axis
movement of the end effector creates a compound angle
atthe distalend of the device to aid in accurate positioning
of the end effector (or even a plurality of end effectors).
[0026] Still another advantage of some instruments
manufactured by an alternative method not forming part
of the present invention is that the stapler/cutter can be
configured to mount to an end of a standard, flexible en-
doscope. The controls are back fed through the working
channel of the endoscope and mated to the control han-
dle or a control module.

[0027] Other features that are considered as charac-
teristic for the invention are set forth in the appended
claims.

[0028] Although the invention is illustrated and de-
scribed herein as embodied in a method for manufactur-
ing the device, it is, nevertheless, not intended to be lim-
ited to the details shown because various modifications
and structural changes may be made therein within the
scope of the claims.

[0029] The method for manufacturing of the invention,
however, together with additional objects and advantag-
es thereof, will be best understood from the following
description of specific embodiments when read in con-
nection with the accompanying drawings.

Brief Description of Drawings

[0030] Advantages of embodiments of the present in-
vention will be apparent from the following detailed de-
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scription of the preferred embodiments thereof, which
description should be considered in conjunction with the
accompanying drawings in which:

FIG. 1isan enlarged, fragmentary, perspective view
of a first example of a distal stapling and cutting end
effector and a portion of a shaft connected thereto
and manufactured according to the invention viewed
from a distal end thereof with a staple cartridge ap-
proximately pulled out half-way from a staple car-
tridge jaw of the end effector and with an anvil of the
stapler separated from a staple-actuating and tissue-
cutting slide;

FIG. 2 is an enlarged, fragmentary, side elevational
view of the end effector of FIG. 1 with the distal cowl-
ing, the proximal castellation axial movement part,
and the cartridge removed for clarity, and with the
anvil of the stapler connected to the slide;

FIG. 3 is an enlarged, fragmentary, perspective view
of the end effector of FIG. 1 with the staple-actuating
and tissue-cutting slide in a distal position but with
the anvil of the stapler separated from the slide;
FIG. 4 is an enlarged, fragmentary, perspective view
of the end effector of FIG. 1 with the staple cartridge
removed from the lower jaw/staple cartridge holder
and with the clevis rotated in an approximately 45
degree angle with respect to center;

FIG. 5 is an enlarged, fragmentary, wireframe side
elevational view of a distal portion of the end effector
of FIG. 1;

FIG. 6 is an enlarged, fragmentary, wireframe per-
spective view of a castellation axial movement as-
sembly of the end effector of FIG. 1 rotated approx-
imately 90 degrees and with an end effector lateral
movement locking pin and a proximal screw re-
moved for clarity;

FIG. 7 is an enlarged, fragmentary, wireframe per-
spective view of the end effector of FIG. 6 viewed
from a bottom thereof with an end effector lateral
movement locking pin engaging a tooth of the lateral
movement sprocket, and with springs and the prox-
imal screw removed for clarity;
FIG.8isanenlarged, fragmentary, wireframe bottom
plan view of the end effector of FIG. 7 with an end
effector lateral movement locking pin engaging a
tooth of the lateral movement sprocket;

FIG. 9 is an enlarged, fragmentary, longitudinal
cross-sectional view of the end effector of FIG. 8
viewed from a bottom thereof with the end effector
lateral movement locking pin engaging a tooth of the
lateral movement sprocket and with the springs re-
moved for clarity;

FIG. 10 is an enlarged, fragmentary, perspective
view of the end effector of FIG. 2 rotated about the
longitudinal axis with the clevis, the screw, and the
distal castellation sleeve axial movement and spring
parts removed for clarity;

FIG. 11 is an enlarged, fragmentary, bottom plan
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view of a distal portion of the end effector of FIG. 1
with the staple-actuating and tissue-cutting slide in
a proximal position;

FIG. 12 is an enlarged, fragmentary, bottom plan
view of the distal portion of the end effector of FIG.
11 with the staple-actuating and tissue-cutting slide
in an intermediate position;

FIG. 13 is an enlarged, fragmentary, radially cross-
sectional view through the stapling actuating and tis-
sue-cutting slide of the end effector of FIG. 2;

FIG. 14 is an enlarged, fragmentary, horizontal lon-
gitudinal cross-sectional view through a lower half
of the end effector of FIG. 1;

FIG. 15 is an enlarged, fragmentary, horizontal lon-
gitudinal cross-sectional view through an upper half
of a proximal portion of the end effector of FIG. 1;
FIG. 16 is an enlarged, fragmentary, vertical longi-
tudinal cross-sectional view approximately through
a longitudinal axis of a proximal portion of the end
effector of FIG. 1;

FIG. 17 is an enlarged, fragmentary, vertical longi-
tudinal cross-sectional view through a right half of
the proximal portion of the end effector of FIG. 1;
FIG. 18 is an illustration of a left side of the surgical
stapler according to the invention with the jaws of
the end effector open in an at-rest position of an ac-
tuator handle;

FIG. 19 is an illustration of a left side of the surgical
stapler of FIG. 18 with the jaws of the end effector
closed in an actuated position of a thumb trigger of
the actuator handle;

FIG. 20 is an illustration of a left side from above the
surgical stapler of FIG. 18 with the lateral movement
trigger depressed, with the distal end effector in a
laterally free movement state position-dependent
upon contact with the environment, such as a sur-
face, and with the jaws of the end effector open in
the at-rest position of the actuator handle and later-
ally positioned at an approximately 45 degree angle;
FIG. 21 is an illustration of a left side from above the
surgical stapler of FIG. 18 with the lateral movement
trigger in an at-rest state, with the distal end effector
in a laterally captured movement state, and with the
jaws of the end effector open in the at-rest position
of the actuator handle and laterally positioned at an
approximately 30 degree angle;

FIG. 22 is a fragmentary illustration of a left side of
the end effector of FIG. 18 with the jaws open in the
at-rest position and laterally positioned at an approx-
imately 75 degree angle;

FIG. 23 is a fragmentary illustration of a left side of
the end effectorof the stapler of FIG. 18 with the jaws
open in the at-rest position and in a rotated first axial
position;

FIG. 24 is a fragmentary illustration of a left side of
the end effector of FIG. 23 with the jaws open in the
at-restposition and in anormal position rotated coun-
ter-clockwise with respect to FIG. 23;

10

15

20

25

30

35

40

45

50

55

FIG. 25 is a perspective view from a distal end of a
second example of a surgical stapling device man-
ufactured according to the invention with a remova-
ble end effector having a self-contained stapling mo-
tor, with the stapling jaws in an at-rest open position
and at a right lateral position of approximately 45
degrees, with the ball release lever in an at-rest ball-
capture position, and with the motor actuator button
in an at-rest motor-off position;

FIG. 26 is an enlarged, perspective view of the re-
movable end effector of FIG. 25 with the jaws in an
at-rest open position and with the slide removed for
clarity;

FIG. 27 is a perspective view from a distal end of a
third example of a surgical stapling device manufac-
tured according to the invention with a removable
end effector having two ball- connection ends and a
self-contained stapling motor, with the stapling jaws
in an at-rest open position and at a right lateral po-
sition of approximately 45 degrees with staple jaws
reversed and facing proximally, with the ball release
lever in an actuated ball-released position, and with
the motor actuator button in an at-rest motor-off po-
sition;

FIG. 28 is. an enlarged, perspective view of the re-
movable end effector of FIG. 27 viewed from a right
side and a distal end thereof with the jaws in an at-
rest open position and with the slide removed for
clarity;

FIG. 29 is a fragmentary, enlarged side cross-sec-
tional wireframe view of a distal-most end of an ac-
tuating handle of the surgical stapling and cutting
device of FIGS. 25 and 26 and of a ball-joint of the
removable stapling end effector of FIGS. 25 and 26
in a captured and aligned state;

FIG. 30 is a fragmentary, enlarged side cross-sec-
tional view of a distal-most end of opposite side of
the actuating of FIG. 29 with the ball-joint in an un-
aligned and released state but still captured in be-
tween clamps of the actuating handle;

FIG. 31 is a perspective view from a proximal end of
the stapling and cutting device manufactured ac-
cording to the invention with an anvil removed;
FIG. 32 is a fragmentary, perspective view from a
proximal end of the device of FIG. 31 with the handle
removed to show a proximal portion of an articulation
release device with a pushrod therein;

FIG. 33 is an illustration an enlarged, exploded view
of parts of the proximal end of an inner tube of the
device of FIG. 31;

FIG. 34 is a fragmentary, perspective view from a
distal end of interior parts connecting the articulation
release device to the articulation joint of the end ef-
fector with an outer tube removed;

FIG. 35 is a fragmentary, enlarged, vertically longi-
tudinal cross-sectional view of the parts of FIG. 34;
FIG. 36 is a fragmentary, enlarged, perspective view
of a knife guide assembly of the device of FIG. 31
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from proximal of a knife guide to distal of a knife blade
with outer and inner tubes removed;

FIG. 37 is a fragmentary, enlarged, vertically longi-
tudinal cross-sectional view of a portion of the parts
of FIG. 35 at a proximal end of a pullband;

FIG. 38 is a fragmentary, enlarged, vertically longi-
tudinal cross-sectional view of a portion of the parts
of FIG. 35 at a distal end of the pullband;

FIG. 39 is a fragmentary, enlarged, side elevational
view of a stapler assembly, a drum sleeve, the artic-
ulation joint, and a clevis of the device of FIG. 31
with an anvil in an open position;

FIG. 40 is a fragmentary, enlarged, side elevational
view of the stapler assembly, the drum sleeve, the
articulation joint, and the clevis of the device of FIG.
31 moved distally with respect to FIG. 39 and with
the anvil in a closed, firing position;

FIG. 41 is a fragmentary, enlarged, perspective view
of a knife guide sub-assembly from proximal of the
knife guide to the knife blade with the knife guide,
the clevis, the left hammock, the drum sleeve, and
the cartridge holder removed;

FIG. 42 is a fragmentary, enlarged, vertically trans-
verse cross-sectional view of the knife-pushrod pin
joint of the device of FIG. 31;

FIG. 43 is a fragmentary, enlarged, vertically trans-
verse cross-sectional view of the pullband-aluminum
tube pin joint of the device of FIG. 31;

FIG. 44 is a fragmentary, enlarged, vertically trans-
verse cross-sectional view of a proximal face of the
clevis of the device of FIG. 31;

FIG. 45 is a fragmentary, enlarged, vertically trans-
verse cross-sectional view of plunger pin spring
pockets and an articulation release pin of the device
of FIG. 31;

FIG. 46 is a fragmentary, enlarged, vertically trans-
verse cross-sectional view of a plunger pin cam sur-
face and an articulation locking sprocket of the de-
vice of FIG. 31;

FIG. 47 is a fragmentary, enlarged, vertically trans-
verse cross-sectional view of the end effector artic-
ulation joint of the device of FIG. 31;

FIG. 48 is a fragmentary, enlarged, vertically trans-
verse cross-sectional view of a distal pullband pin
joint of the device of FIG. 31;

FIG. 49 is a fragmentary, enlarged, vertically trans-
verse cross-sectional view of an anvil/upper jaw pivot
slot of the device of FIG. 31;

FIG. 50 is a fragmentary, enlarged, horizontally lon-
gitudinal cross-sectional view of the articulation joint
portion of the device of FIG. 31 through spring rods;
FIG. 51 is anillustration of a test bed for knife guiding
blades and hammocks of the device of FIG. 31;
FIG. 52 is a fragmentary, enlarged, horizontally lon-
gitudinal cross-sectional view of the articulation joint
portion of the device of FIG. 31 through an articula-
tion lock release slide;

FIG. 53 is an exploded perspective view of distal
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components of the device of FIG. 31 viewed from
the distal end thereof and without the anvil;

FIG. 54 is a perspective view of an articulating distal
portion of a fourth example of the end effector man-
ufactured according to the invention with the inner
and outer tubes removed;

FIG. 55 is a fragmentary, enlarged, and exploded
perspective view of an articulating portion of the end
effector of FIG. 54 rotated with the top inward to-
wards the viewer with the outer tube removed;
FIG. 56 is a fragmentary, enlarged, bottom plan view
of the articulating portion of the end effector of FIG.
54 with the lower clevis and the closure ring removed;
FIG. 57 is a fragmentary, horizontally longitudinal,
cross-sectional view of the articulating portion of the
end effector of FIG. 54 through a lower end of the
dogbone guide;

FIG. 58 is a fragmentary, vertically longitudinal,
cross-sectional view of the articulating portion of the
end effector of FIG. 54 through the spring rods with
the inner tube and the pushrod-blade support re-
moved;

FIG.59is afragmentary, vertically transverse, cross-
sectional view of the articulating portion of the end
effector of FIG. 54 through a distal end of the dog-
bone guide;

FIG.60is afragmentary, vertically transverse, cross-
sectional view of the articulating portion of the end
effector of FIG. 54 through a proximal end of a dog-
bone guide chamber of the lower clevis with the dog-
bone guide removed;

FIG. 61 is a fragmentary, horizontally longitudinal,
cross-sectional view of the articulating portion of the
end effector of FIG. 54 through a low intermediate
portion of the dogbone guide;

FIG. 62 is a fragmentary, horizontally longitudinal,
cross-sectional view of the articulating portion of the
end effector of FIG. 54 through a high intermediate
portion of the dogbone guide;

FIG. 63 is a fragmentary, vertically longitudinal,
cross-sectional view of the articulating portion of the
end effector of FIG. 54 through a spring rod with the
inner tube, the pushrod-blade support, an anvil, and
a near half of the staple sled removed;

FIG. 64 is a fragmentary, vertically longitudinal,
cross-sectional view of the articulating portion of the
end effector of FIG. 54 through the dogbone guide
with a spring plate, the anvil, and the near half of the
staple sled removed;

FIG. 65 is a fragmentary, vertically longitudinal,
cross-sectional view of a distal end of the articulating
portion of the end effector of FIG. 54 with the inner
tube, the pushrod- blade support, the anvil, the clo-
sure ring, and the near half of the staple sled re-
moved;

FIG. 66 is a perspective view of the lower clevis, the
lower dogbone clevis, the dogbone guide, and three
adjacent knife blades of the end effector of FIG. 54;
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FIG. 67 is a fragmentary, wireframe, vertically trans-
verse cross-sectional view of the end effector of FIG.
54;

FIG. 68 is a fragmentary, wireframe, perspective
view of an alternative example of a distal connection
of the pullbands of the end effector of FIG. 54;

FIG. 69 is a fragmentary, vertically transverse cross-
sectional view of the distal connection of FIG. 68; and
FIG.70is afragmentary perspective view from below
of a portion of the distal connection of FIG. 68.

Best Mode for Carrying Out the Invention

[0031] Aspects of the invention are disclosed in the
following description and related drawings directed to
specific embodiments of the invention. Well-known ele-
ments of exemplary embodiments of the invention will
not be described in detail or will be omitted so as not to
obscure the relevant details of the invention.

[0032] Before the present invention is disclosed and
described, itis to be understood that the terminology used
herein is for the purpose of describing particular embod-
iments only and is not intended to be limiting. It must be
noted that, as used in the specification and the appended
claims, the singular forms "a," "an," and "the" include plu-
ral references unless the context clearly dictates other-
wise.

[0033] While the specification concludes with claims
defining the features of the invention that are regarded
as novel, it is believed that the invention will be better
understood from a consideration of the following descrip-
tion in conjunction with the drawing figures, in which like
reference numerals are carried forward. The figures of
the drawings are not drawn to scale.

[0034] Referring now to the figures of the drawings in
detail and first, particularly to FIG. 1 thereof, there is
shown a first example of a stapling and cutting end ef-
fector 1 manufactured by the method according to the
present invention. The major parts of the end effector 1
include a clevis 10, an anvil 20, a cartridge holder 30 for
receiving a staple cartridge 100, an adapter sleeve 40,
and a lateral translation or articulation device 50. FIG. 1
illustrates the removability of the staple cartridge 100
from the cartridge holder 30.

[0035] Connecting the anvil 20 to the cartridge holder
30 and the staple cartridge 100 is a staple-actuating and
tissue-cutting slide 60. This slide 60 operative engages
both the anvil 20 and the cartridge holder 30 to keep the
two parts 20, 30 in proper alignment so that the actuated
staplesinside the cartridge 100 hit their respective stapler
anvils within the anvil 20 and secure the staples around
tissue disposed between the anvil 20 and the cartridge
100. The distal facing surface of the slide 60 contains a
blade 62 for cutting the tissue disposed in the jaws 20,
30asthetissueisbeing stapled together. Proximal move-
ment of the slide is shown, diagrammatically, in FIGS. 1
to 3. So that the slide 60 can be seen in FIGS. 1 and 3,
the anvil 20 is uncoupled from the top end of the slide
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60. In operation, however, the slide 60 must be coupled
to the anvil 20 as shown in FIG. 2 and, especially, in FIG.
13.

[0036] FIG. 2 illustrates the end effector 1 with the
adapter sleeve 40 removed to make visible various fea-
tures of the translation therein.

[0037] A first of two primary parts of the lateral trans-
lation device 50 are apparentin FIGS. 1 to 3. A proximal
part52 includes a proximal sprocket 522, an intermediate
castellated connector 524, and a distal rod 526. In the
example, the intermediate castellated connector 524 has
fourdistally projecting teeth 5242, clearly shownin FIG. 2.
[0038] Also visible in FIG. 2 is a pull cable adapter 70.
The pull cable adapter 70 is connected to a pull cable
110 (dashed lines) at a proximal side and to the cartridge
holder 30 at a distal side thereof. The pull cable adapter
70, therefore, is used to pull or push the cartridge holder
30 with respect to the anvil 20 and, thereby, pivot the
anvil 20 from an open position to a closed position, or
vice-versa, dependent upon movement of the cartridge
holder 30. The proximal end of the anvil 20 has a cam
follower 22 on either side thereof. The proximal end of
the cartridge holder 30 defines two cam surfaces 32 on
either side thereof and aligned to receive a respective
one of the cam followers 22. Accordingly, movement of
the cartridge holder in adistal or proximal direction results
in a corresponding opening or closing pivoting movement
of the anvil 20.

[0039] FIG. 4 shows the lateral articulating movement
of the stapler 20, 30 with respect to the clevis 10.
[0040] In FIGS. 5 to 8, all parts, including the adapter
sleeve 40 and the clevis 10 are shown in wire frame,
thereby, revealing features therein. The clevis 10 con-
tains four lumens, two of which are shown in FIG. 5 and
all four are shown in FIGS. 6 and 7. A first 12 of the
lumens is formed to contain a non- illustrated shaft for
controlling distal and proximal movement of an end ef-
fector lateral movement locking pin 120, which pin 120
is first shown in FIGS. 8 and 9. The two lateral lumens
14 are shaped to receive the pull-wire that moves the pull
cable adapter 70 proximally (distal movement of the pull
cable adapter 70 is caused by a spring). The other of the
two lumens 14 is extra and can receive any number of
possible additional instrumentation. The drive cable lu-
men 16 is the last of the four lumens and is shaped to
receive the flexible drive cable that turns the drive screw
34 (see FIG. 1), which controls movement of the slide 60.
[0041] At the distal end of the drive cable lumen 16,
the clevis 20 defines an oblong cavity 18 for receiving
therein the lateral movement locking pin 120. FIGS. 6 to
9, in particular, show an exemplary shape of this cavity
18. Because the lateral movement locking pin 120 is ob-
long in circumferential shape, the pin 120 does not rotate
away from an aligned position with the teeth of the sprock-
et 522.

[0042] Also visible under the top side of the clevis 10
in FIG. 5 are two centering springs 130. These springs
130 are also shown in FIGS. 6 to 9 and, in particular,
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FIG. 10. To prevent undesired interaction between the
springs 130, a dividing plate 140 is sandwiched between
the springs 130. FIG. 10 illustrates the two springs 130
with the dividing plate 140 therebetween.

[0043] Thefeaturesunderneaththetransparentsleeve
40 are better explained with respect to FIGS. 7 to 10.
The sleeve 40 defines two exterior structures and two
internal bores. The first exterior structure is a proximal
cylinder 42. The proximal cylinder 42 defines castella-
tions 422 at a proximal end thereof. These castellations
422 match and interact with the intermediate castellated
connector 524 of the proximal part 52. The proximal cyl-
inder 42 also defines a first bore 44 that is shaped to
receive the distal rod 526 of the proximal part 52. There
is a cylindrical, tubular radial clearance between the rod
526 and the interior surface of the first bore 44 and a
longitudinal clearance between the proximal end of the
cable adapter 70 and the proximal inside surface of the
first bore 44. This tubular-shaped clearance can receive
a first tubular biasing device (e.g., a coil spring), which
is not illustrated for Clarity. The first biasing device is
positioned to apply a proximally directed force on the
proximal-most end of the adapter sleeve 40. In such a
configuration, the force applied by the first biasing device
presses the distal castellations 422 towards and against
the proximal castellations 5242.

[0044] The second exterior structure of the sleeve 40
is a distal cylinder 46. The distal cylinder 46 defines a
second bore 48 that is shaped to receive therein the pull
cable adapter 70.

[0045] The pull cable adapter 70 also defines an inte-
rior bore 72 that is shaped to receive the distal rod 526
of the proximal part 52. For clarity in the figures, the rod
526 is shown extending entirely into the interior bore 72
only by the dashed lines in FIG. 9. In operation, the rod
526 extends entirely into the interior bore 72. The interior
bore 72 is coaxial and, in an example, has the same
interior diameter of the first bore 44. Accordingly, there
exists a cylindrical, tubular radial clearance between the
rod 526 and the interior surface of the interior bore 72
and a longitudinal clearance between the distal surface
of the cable adapter 70 and the inside distal surface of
the interior bore 72 . This is because it is also shaped to
house a second tubular biasing device (e.g., a coiled
spring), also notillustrated for clarity. The second biasing
device is provided to impart a distally directed biasing
force against the pull cable adapter 70. Such a force
keeps the jaws 20, 30 in an open position. Accordingly,
the jaws 20, 30 have an at-rest open position.

[0046] Without providing an intermediate part, the two
non-illustrated biasing devices connect and, therefore,
form a single spring. However, it is desirable to not have
the two biasing devices interact because separation of
the castellated parts causes an unwanted force to be
applied to the cartridge holder 30 and movement of the
cartridge holder 30 may loosen the connection of the cas-
tellated parts. Accordingly, a non- illustrated washer is
disposed between the two biasing devices in the cylin-
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drical cavity 74 defined by the proximal end surface of
the pull cable adapter 70 and the distal end surface of
the second bore 48. FIG. 7 particularly illustrates the
proximal side for holding this washer, which is shaped to
only receive the distal rod 526 therethrough. Accordingly,
because the washer is trapped between the pull cable
adapter 70 and the sleeve 40, the two springs are de-
coupled and provide their respective biasing forces in-
dependent of one another.

[0047] Theunderside view of FIGS. 11 and 12illustrate
the drive shaft 34 of the slide 60 and the proximal idler
bushing 36 that holds the drive shaft 34 in place within
the cartridge holder 30. At the position of the idler bushing
36, the drive shaft 34 does not have threads. However,
distal to the idler bushing 36, the drive shaft 34 has
threads (which are not illustrated) extending towards the
distal end of the drive shaft 34. FIGS.

[0048] 11 and 12 do not show the thrust bearing 38 on
the opposite end of the drive shaft 34, but FIG. 1 clearly
illustrates this bearing 38. Also illustrated in FIGS. 11,
12, and 13 is the bottom of the slide 60 in the form of a
drive nut 64. In an example, this drive nut 64 is a part
that is separate from the blade 62 of the slide 60 but is
fixedly connected at the bottom of the blade 62. The il-
lustrated shape of the drive nut 64 has a dumbbell-
shaped cross-section to relieve some of the forces ex-
erted upon the threads. In FIG. 11, the drive nut 64 is in
a proximal position where the anvil 20 is in an opened
position. FIGS. 12 and 13, in contrast, show the drive nut
64 in intermediate positions where the anvil 20 is in a
partially closed position.

[0049] FIG. 13 is especially useful in illustrating the
shape and configuration of the slide 60, including the
blade 62 and the drive nut 64.

[0050] The horizontal cross-section along approxi-
mately the longitudinal axis of the end effector in FIGS.
14 and 15 is - particularly useful in viewing the bores
around the distal rod 526. Again, for clarity, the rod 526
is not shown extending all the way to the distal surface
of the bore 72 in the pull cable adapter 70. even though
it does extend all the way to this surface. Around the
proximal end of the rod 526 is the first bore 44 in the
adapter sleeve 46. Just distal of the first bore 44 is the
cavity 74 for receiving the washer therein and, just distal
of the cavity 74, is the interior bore 72 of the pull cable
adapter 70 for receiving the second biasing device.
[0051] The vertical cross-section along approximately
the longitudinal axis of the end effector in FIG. 16 is par-
ticularly useful in viewing the connection between the
drive nut 64 and the drive shaft 34. Again, for clarity, the
rod 526 is not shown extending all the way to the proximal
surface of the bore 72 in the pull cable adapter 70.
[0052] The vertical cross-section along approximately
the longitudinal axis of the end effector in FIG. 17 is par-
ticularly useful in viewing the connection between the
slide 60 and both the anvil 20 and the cartridge holder
30. Two upper wings 66 are disposed in a groove inside
the anvil 20 and two lower wings 68 form an upper holding
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surface of 'the I-shape formed by the lower wings 68 and
the drive nut 64.

[0053] FIGS. 18 to 24 are illustrations, of the entire
longitudinal extent of the stapling device according to the
invention with the distal end effector 1 and a first example
of the actuating handle 2. As shown in FIG. 60, the jaws
20, 30 are at rest in an open position.

[0054] The thumb trigger is connected to the proximal
end of the pull cable that ends at the pull cable adapter
70. Thus, when the thumb trigger 3 is actuated (see FIG.
19), the cartridge holder 30 is pulled in a proximal direc-
tion. Due to the shape of the cam surfaces 32, the cam
followers 22 are caused to move and, thereby, pivot the
anvil 20 approximately into its stapling position. As set
forth above, it is not the thumb trigger 3 that insures cor-
rect parallel orientation of the anvil 20 with respect to the
cartridge holder 30 and, thereby, the staple cartridge 100.
Rather, it is the slide 60 that insures the proper parallel
orientation.

[0055] FIGS. 20 to 22 illustrate how the end effector 1
is passively articulated in a lateral direction. When the
index finger trigger 4 is depressed, the lateral movement
locking pin 120 is moved rearward to disengage from the
sprocket 522. If no force is applied to the end effector 1,
then, due to the two centering springs 130, the end ef-
fector 1 remains in the axial aligned orientation shown in
FIGS. 18 and 19. However, when an external force is
applied to the end effector 1 (as shown in FIG. 20), the
laterally free end effector 1 can be moved about the axis
of the sprocket 522 into any position, e.g., an approxi-
mately 45 degree left position shown in FIG. 20, or into
any other orientation. See, e.g., FIG. 22. When the index
finger trigger 4 is released, the lateral movement is pre-
vented by returning the distal end of the locking pin 120
in between two teeth of the sprocket 522. Thus, as shown
for example in FIGS. 21 and 22, the end effector can be
locked into a significant number of laterally articulated
positions. It is noted that the staple cartridge 100 is not
illustrated in FIGS. 18 to 24 for clarity.

[0056] FIGS. 23 and 24 illustrate the axial rotational
control of the end effector. Such axial control is provided
by the two respective castellated features 422, 5242 of
the adapter sleeve 40 and the lateral translation device
50, respectively. In FIG. 23, the castellations are en-
gaged and the anvil is in the 90 degree position with re-
spect to the handle. To disengage the castellations, a
force sufficient to overcome the first biasing device is
exerted on the end effector 1 and the castellation features
422, 5242 separate. Then, the end effector 1 can be ro-
tated clockwise or counter-clockwise. FIG. 68 shows, for
example, the anvil 20 rotated counter-clockwise into an
approximately 9 o’clock position.

[0057] FIGS. 1 to 3 can be used to illustrate the oper-
ation of the motorized stapling function of the stapling
device manufactured by the method of the present in-
vention. In FIG. 1, the slide 60 is in a proximal position.
A reversible motor is housed inside the handle. A three-
way switch is connected to the motor. When in a middle
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position, for example, the motoris off. When in a proximal
position, the motor is turned on and will rotate the drive
shaft 34 so thatthe slide 60 moves in a proximal direction.
In contrast, when the switch is in a distal position, the
motor is turned on and will rotate the drive shaft 34 so
that the slide 60 moves in a distal direction. Of course,
the switch can be merely a two-way switch without an off
position.

[0058] FIGS. 25 and 26 illustrate a second example of
the stapling and cutting system 200 according to the in-
vention. This system 200 is different than the first exam-
ple in that the motorized stapling assembly is entirely
contained in the end effector 210. Therefore, the handle
220 only needs to have two actuating devices. The first
actuating device 222 is a ball joint releasing lever and
the second actuating device is the stapling/cutting motor
on/off button 224.

[0059] The end effector 210 is connected to the distal
end of the actuation shaft 226 of the handle 220 at a ball-
jointconnector 228. The end effector 210 has, atits distal-
most end, a ball joint 212. The ball joint 212 has two
opposing cup-shaped clamps 2122, 2124. The interior
surfaces of the clamps 2122, 2124 are shaped to corre-
spond to the outer shape of the ball joint 212. The clamps
2122, 2124 translate towards or away from one another
based upon an actuation of the lever 222.

[0060] The clamps 2122, 2124 are biased towards one
another in a closed position such that, when the ball joint
212isdisposed therein, the two clamps 2122, 2124 tightly
grip the ball joint 212. Actuation of the lever 222 causes
the clamps 2122, 2124 to separate and, thereby, allow
the ball joint 212 to rotate freely in between the two
clamps 2122,2124. Thus, when the lever 222 is actuated,
the end effector 210 is "free" to move based upon pres-
sure against structuresin the environment, such as tissue
near a stapling/cutting site. The lever 222 can be pushed
down sufficiently far to allow the ball joint 212 to move
entirely out of the clamps 2122, 2124. Therefore, if a first
end effector 210 is clamped at a first site and a second
end effector 210 is desired to clasp and cut a second
site, the first end effector 210 can be left clamped at the
first site, the shaft 226 can be removed from the body
and loaded with a second end effector 210, and the sec-
ond end effector 210 can be guided to the second site.

[0061] The second actuating device 224 is needed
when the user desires to effect the stapling and cutting
with the end effector 210. When, the end effector 210 is
at the desired position for stapling/cutting, the actuator
224 (e.g., button) is depressed. This actuation, prefera-
bly, completes (or interrupts) a circuit that connects pow-
er to the motor inside the end effector 210, thereby caus-
ing the slide 60 to move distally and effect the stapling
and cutting functions of the jaws.

[0062] FIG. 25illustrates the complete freedom for ori-
enting the end effector 210 in any position with respect
to the ball joint 212. In FIG. 25, the end effector 210 is
shown in a right lateral orientation of approximately 45
degrees and with an anvil orientation of approximately
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90 degrees.

[0063] FIGS. 27 and 28 illustrate a variation of the sec-
ond example of the end effector shown in FIGS. 25 and
26. In particular, the handle 220 is the same as in FIGS.
25 and 26. However, the end effector 310 is different.
Specifically, the end effector 310 has a proximal ball joint
312 similar to the ball joint 212 in FIGS. 25 and 26, but
also has a second, distal ball joint 314, having a shape
virtually identical to the proximal ball joint 312. Therefore,
when the lever 222 is pressed down to release the ball
joint 312, 314, the end effector 310 can be allowed to
rest within the body and the opposite end can be grasped
between the clamps 2122, 2124. In such an orientation,
shown in FIG. 27, the stapling/cutting can be actuated
when the jaw opening is facing the user.

[0064] Itisalso noted that placement of an end effector
210, 310 ata surgical site sometimes requires the access
to the surgical site to be rather small in comparison to
the opened jaws of the end effector 210, 310. With the
ability to reverse the end effector 310, some difficult-to-
reach sites may be accessed that are not reachable with
the single ball joint end effector 210.

[0065] FIGS. 29 and 30 show the clamps 2122, 2124
at the distal- most end of the actuating shaft 226 of the
surgical stapling and cutting device 200, 300 of FIGS. 25
to 28 holding a ball-joint 212, 312, 314 of the end effector
210, 310 of FIGS. 25 to 28. These figures illustrate that
the lever 222 is connected to a push rod 230 having at
its distal end a plunger 232. This plunger 232 has a cup-
shaped surface 234 at its distal-most end with a shape
corresponding to the outer shape of the ball joint 212,
312, 314. Thus, when the plunger 232 is in its distal-most
position in contact with the ball joint 212, 312, 314, the
ball is captured and does not move or rotate. In contrast,
when the plunger 232 is moved proximally as shown in
FIG. 30, the ball of the ball joint 212, 312, 314 is free to
rotate between the clamps 2122, 2124.

[0066] The endostapler illustrated in FIGS. 31 to 70
add various different alternative and/or additional fea-
tures to the endostapler illustrated in FIGS. 1 to 30.
[0067] Inallof FIGS. 31to 70, the top jaw or anvil 1020
is only shown in FIGS. 39 and 40 for the sake of clarity.
Further, the anvil 20 is described above in detail with
regard to FIGS. 1 to 30 and, therefore, any repetitive
description is avoided hereinafter.

[0068] The exemplary handle showninFIG. 31 is man-
ufactured by Ethicon Endo-Surgery, Inc., and can be
found, for example, on Ethicon’s linear cutter model ECH-
ELON 60 Endopath Stapler. Description of this handle
is, therefore, believed to be redundant as parts and func-
tional descriptions of this handle are published in the art.
As set forth above, the distal end of the endostapler man-
ufactured by the method of the present invention is con-
figured to house a standard staple cartridge 100. This
cartridge 100, too, is described in prior publications and
does not need to be repeated here. FIG. 31 illustrates
portions of an alternative example of the endostapler
1000 manufactured by the method of the present inven-
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tion. It is noted that two distal actuation levers on the
handle 1200 of the endostapler 1000 are hidden from
view in FIG. 31 for the sake of clarity.

[0069] The distal end of the handle 1200 includes a
bell-shaped actuator 1100, which provides two degrees
of control for the articulating portions of the endostapler
1000. First, the bell actuator 1100 freely rotates about
the central axis of the endostapler 1000 on distal end of
the handle 1200. Because the bell actuator 1100 is rota-
tionally fixedly connected to the outer tube 1110, when
the bell actuator 1100 is rotated clockwise or counter-
clockwise, the entire distal end of the endostapler 1000
rotates correspondingly. Second, the bell actuator 1100
can be displaced over a given distance in a proximal di-
rection on the distal end of the handle 1200. As will be
described below in further detail, proximal displacement
of the bell actuator 1100 causes a corresponding move-
ment of the articulation lock release slide 120, 1120 to
allow the distal end effector 1002 to articulate at the trans-
lation device 50, 1050. A non-illustrated bias device (i.e.,
a compression spring) located, for example, in the distal
portion of the bell actuator 1100 is used to bias the bell
actuator 1100 and the articulation lock release slide 1120
in a distal direction so that the articulation lock release
slide 120, 1120 remains in the actuated or locked position
while the bell actuator 1100 is in an un-actuated state.
See, i.e., FIGS. 8 and 9. This bias device is housed inside
the bell actuator 1100 but is not shown in FIG. 32 for
clarity. Also not shown is a snap ring that fits into a groove
1139 around the inner tube 1130. The bias device is de-
limited on the proximal side of the rod pullblock 1105 (see
FIG. 34) and the distal side of the snap ring. In such a
configuration, when the bell actuator 1100 is pulled prox-
imally, the actuator 1100 forces the rod pullblock 1105
proximally to, thereby, move the articulation lock release
slide 120, 1120 into an unlocked position. A keyhole on
the interior surface of the bell actuator 1100 form-lock-
ingly surrounds the rod pullblock 1105 so that rotation of
bell actuator 1100 about the longitudinal axis of the inner
tube 1130 forces the rod pullblock 1105 into a corre-
sponding rotation. A form-locking or form-fitting connec-
tion is one that connects two elements together due to
the shape of the elements themselves, as opposed to a
force-locking connection, which locks the elements to-
gether by force external to the elements. As such, the
inner tube and the entire distal assemblies of the device
1000 rotates as well. In an alternative configuration, the
longitudinal movement of the bell actuator 1100 can func-
tion similar to a standard ball point pen by a first actuation
placing the slide 120, 1120 in an unlocked state and a
second actuation placing the slide 120,1120 in a locked
state.

[0070] With the bell actuator 1100 manufactured by
the method of the present invention, a physician is able
to operate every function of the endostapler 1000 with
one hand.

[0071] FIG. 32 illustrates the proximal end of the en-
dostapler 1000 without the handle 1200. Coaxially dis-
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posed inside the bell actuator 1100 is a pushrod 1102
that will be used to move the cutting blade 1060 when
the stapler is in the firing orientation.

[0072] FIG. 33 is anillustration of the parts at the prox-
imal end of endostapler 1000 that axially fixedly and ro-
tationally freely connect the distal assembly to the bell
actuator 1100. More specifically, an inner tube 1130 (to
be disposed inside the outer tube 1110) has a proximal
extension 1132 defining an inner tube coupling chamber
1134. A clam-shell bushing 1131 has a length substan-
tially equal to the extension 1132 of the inner tube 1130
and a bushing coupling chamber 1133 corresponding to
the coupling chamber 1134 of the proximal extension
1132. A rotational couple 1141 has a distal T-shaped
rotation link 1143 having an outer shape corresponding
to both of the coupling chambers 1133 and 1134 so that,
when the link 1143 is disposed between the extension
1132 and the bushing 1131, the link 1143 is free to rotate
therein. This couple 1141 is fixed inside the handle 1200
through a proximal port 1145 on a proximal end of the
couple 1141.

[0073] When placed together, the inner tube 1130 is
axially held with respect to the couple 1141 but is rota-
tionally independent of the couple 1141. Because the
three coupling parts 1130, 1131, 1141 are sized to fit
inside the outer tube 1110, when the parts are placed
inside the outer tube 1110, the outer tube 1110 becomes
a form-locking connection that prevents any separation
of the inner tube 1130 and the bushing 1131 (so long as
the outer tube 1110 sufficiently covers this area). Thus,
when the bell actuator 1100 is rotated about the longitu-
dinal axis of the inner tube 1130, the inner and outer
tubes 1110, 1130 are able to rotate about the coaxial axis
of the tubes 1110, 1130 but remain longitudinally stable
with respect to the couple 1141, which is longitudinally
fixed inside the handle 1200.

[0074] FIG. 34 illustrates the proximal end of the en-
dostapler 1000 without the handle 1200, the bell actuator
1100, and the outer tube 1110. As can be seen, the inner
tube 1130 is hollow and receives therethrough the push-
rod 1102, which will be described in further detail below.
Also shown in these figures are the clevis 1010 and the
drum sleeve 1040, which, together, form the articulating
connection or joint 1050 of the endostapler 1000.
[0075] Itis noted at this point that the lower jaw/staple
cartridge holder 1030 is longitudinally fixed with respect
to the handle 1200. This fixation contrasts with the upper
anvil 1020, which can be pivoted and be moved some-
what longitudinally when sliding through the keyhole
shaped cam surfaces 32 to close and/or open the jaws
(described’ in further detail below/above with respect to
cam surfaces 1032).

[0076] To form the longitudinally fixed connection of
the staple cartridge holder 1030 and the handle 1200,
the inner tube 1130 must be connected to the staple car-
tridge holder 1030. But, at the same time, the staple car-
tridge holder 1030 must be able to articulate with respect
to the longitudinal extent of the inner tube 1130. Thus,
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an axially fixed but laterally articulating connection must
exist between the two parts 1030, 1130.

[0077] To provide such a connection, at least one pull-
band 1140 may be provided as shown, for example, in
FIGS. 35 to 38. In an exemplary configuration, multiple
pullbands 1140 are provided, one nextto the other. Three
or four bands form two possible configurations. With two
pullbands 1140 as opposed to one, the longitudinal
strength remains approximately the same but the force
needed to laterally bend the pullbands 1140 is reduced.
The same is true for three or four pullbands 1140. FIG.
37 illustrates the proximal end of the pullband 1140,
‘which is longitudinally pinned to the distal end of the
inner tube 1130 with a proximal pullband pin 1142.
[0078] To provide a strong connection between the
pullband 1140 and the inner tube 1130, a proximal guide
block 1150, for example, made of brass, is disposed be-
tween the distal end of the inner tube 1130 and the pull-
band 1140.

[0079] The pullband 1140 spans the entire extent of
the articulation joint 1050, as shown in FIG. 35, and is
connected, as shown in FIG. 38, to a distal guide block
1160. The distal guide block 1160 (also, e.g., made of
brass) has at least one projection that fits into at least
one recess on the proximal end of the staple cartridge
holder 1030. Later figures illustrate the measures by
which the distal guide block 1160 is connected to the
staple cartridge holder 1030 so that, finally, the staple
cartridge holder 1030 is axially fixedly connected to the
handle 1200 while being able to articulate with respect
to the inner tube 1130. As shown in FIG. 38, a distal
pullband pin 1144 axially locks the distal end of the pull-
band 1140 to the distal guide block 1160.

[0080] A first example of jaw 20, 30 movement is de-
scribed in the text above. There, the staple cartridge 30
moves axially and the anvil 20 is relatively stationary. In
the configuration of the endostapler 1000 shown in FIGS.
31 et seq., movement is operationally opposite.

[0081] Noting that the staple cartridge holder 1030 is
longitudinally fixed with respect to the handle 1200, there
still must be an assembly that permits closure of the two
jaws 20, 30; 1020, 1030. Closure is, therefore, accom-
plished by movement of the upper jaw/anvil 1020 as set
forth in the following text.

[0082] A firstof the two levers of the handle 1200 (e.g.,
a proximal handle) is operatively connected to the outer
tube 1110 to move the outer tube 1110 distally when the
first lever is compressed/actuated. Because the clevis
1010, the articulation joint 1050, and the drum sleeve
1040 are axially fixedly connected to the outer tube 1110
(and because the outer tube 1110 can slide longitudinally
along the inner tube 1130), an actuation of the first lever
moves the drum sleeve 1040 distally.

[0083] FIG. 39 illustrates the anvil 1020 in an open
state. As can be seen therein, agap 1031 exists between
the distal end of the drum sleeve 1040 and a proximal
shelf at the bottom of the staple cartridge holder 1030.
In such an orientation, the drum sleeve 1040, the clevis
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1010, and the outer tube 1110 are proximally disposed
at a distance from the shelf.

[0084] FIG. 40 illustrates the anvil 1020 in a closed
state. As can be seen therein, no gap 1031 exists be-
tween the distal end of the drum sleeve 1040 and the
proximal shelf of the staple cartridge holder 1030. In such
an orientation, the drum sleeve 1040, the clevis 1010,
and the outer tube 1110 are in a position where the drum
sleeve 1040 contacts the shelf.

[0085] In contrast to the axially fixed position of the
staple cartridge holder 1030 with respect to the handle
1200, and similar to the movement of the drum sleeve
1040, the knife 50, 1060 must translate with respect to
the handle 1200 along the longitudinal axis. FIGS. 35,
-36, and 38 to 41 illustrate the axially displaceable con-
nection of the knife 1050 to the knife-moving features of
the handle 1200.

[0086] Withregard to FIG. 35, a pushrod 1102 extends
from the handle 1200 and is connected to a second non-
illustrated lever (e.g., a distal lever) of the handle 1200.
The distal end of the pushrod 1102 is connected to at
least one flexible knife blade 1062 through a pushrod pin
1122. The distal end of the knife blade 1062 is connected
to the proximal side of the cutting blade 1060 such that
the cutting blade 1060 moves distally or proximally to
follow corresponding movement of the pushrod 1102. It
is noted that the knife blade 1062 has a proximal, up-
wardly extending flange 1064 that houses a bore for re-
ceiving the pushrod pin 1122. This off-axis connection
between the pushrod 1102 and the knife blade 1062
causes the distal end of the knife blade 1062 to be forced
downwardly when pushed in the distal direction and,
therefore, to stay in position inside a pushrod-blade sup-
port 1070 shown, for example, in FIGS. 36 and 42.
[0087] The knife blade 1062 is flexible enough to bend
in any way that the articulation joint 1050 bends. There-
fore, the knife blade 1062 is also flexible enough to pos-
sibly kink if it was not supported.Therefore, a pushrod-
blade support 1070, which is shown in FIGS. 36 and 42,
may be provided. Therein, the proximal end of the push-
rod-blade support 1070 clearly reveals the rectangular
blade channel 1072 for supporting slidably the rectangu-
lar knife blade 1062. Also shown therein is acurved push-
rod channel 1074 for supporting slidably the curved (e.g.,
cylindrical) exterior of the pushrod 1102. Thus, the push-
rod-blade support 1070 supports the pushrod 1102 at
locations where the pushrod 1102 is inside the support
1070 and also supports the knife blade 1062 where the
knife blade 1062 is inside the support 1070.

[0088] FIG. 36 shows the connection of the support
1070 and its relation to the proximal guide block 1150.
[0089] Like the pullbands 1140, more than one knife
blade 1062 can be next to one another. In such a con-
figuration, the multiple blades 1062 have the same lon-
gitudinal stiffness but provide greater flexibility when
there is a bend in the articulation joint 1050.

[0090] Revealed in FIG. 41 is the articulation lock re-
lease slide 1120 that locks the articulation of the jaws
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1020, 1030.

[0091] FIGS. 42to 50 llustrate a vertical cross-section
of the tube portion distal of the handle 1200 along planes
thatare orthogonal to the longitudinal axis of the endosta-
pler 1000.

[0092] FIG. 42 shows the cross-section of the connec-
tion junction of the knife blade 1062 and the pushrod pin
1122. The pushrod pin 1122 passes through the entirety
of two adjacent blades 1062 and the pushrod 1102 but
does not extend outside the pushrod’s outer surface. This
figure also illustrates the relationship of the inner and
outer tubes 1130, 1110 and the pushrod-blade support
1070. Also apparent in this figure is an unlock pullrod
1104 used for unlocking the lock release slide 1120. The
longitudinal extent of the unlock pullrod 1104 is first
shown in FIG. 35 and is also shown in FIGS. 36, 37, 41,
and 52 and 53. Most particularly, with exterior parts hid-
den, FIG. 41 shows how the pullrod 1104 connects the
bell actuator 1100 to the articulation lock release slide
1120. With the distal end of the pullrod 1104 passed
through and wrapped around the distal end of the artic-
ulation lock release slide 1120 as shown in FIG. 37, the
unlock pullrod 1104 establishes a longitudinally fixed
connection between the bell actuator 1100 and the artic-
ulation lock release slide 1120. As such, when the bell
actuator 1100 is moved proximally, the articulation lock
release slide 1120 moves in a corresponding proximal
direction to separate the distal teeth 1121 of the articu-
lation lock release slide 1120 and the spokes 1041 of the
sprocket 1522. See, in particular, FIGS. 46 and 52. It is
noted that the wrapped connection between the pullrod
1104 and the articulation lock release slide 1120 is only
an example. Other form-locking or force-locking connec-
tions are possible as well.

[0093] FIG. 43 shows the connection through the pull-
band 1140 and inner tube 1130 pin joint. As set forth
above, the proximal pullband pin 1142 passes entirely
through the blades 1062, the proximal guide block 1150,
and the inner tube 1130 but not through the outer tube
1110.

[0094] FIG. 44 shows the area immediately proximal
of the proximal end of the articulation lock release slide
1120. In this example, two pullbands 1140 are disposed
above two blades 1062. To provide support to at least
one of the pullbands 1140 and the blades 1062, a pair
of hammocks 1066 is placed along sides of the articulat-
ing portions of the pullbands 1140 and blades 1062. Each
of the hammocks 1066 has a U-shape {along a longitu-
dinal cross-section) so that the proximal arm of each
hammock 1066 bends around the proximal surface of
the clevis 1010 and the distal arm of each hammock 1066
bends around a catching surface within the drum sleeve
1040, as shown in FIG. 50, for example.

[0095] Inside the clevis 1010 are disposed two spring
rods 1012 about which are respective spring rod collars
1014, the function of which is to bias laterally the entire
assembly distal of the articulation joint 1050 towards and
along the longitudinal axis. The spring rods and collars
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1012, 1014 will be described in further detail below.
[0096] FIG. 45 illustrates the open area in the center
of the articulation lock release slide 1120 that receives
the bend portion of the pullrod 1104 {not illustrated in this
figure). Also shown are the cavities 1016 in which the
non-illustrated bias springs of the spring rods 1012 rest.
This cross-sectional area also includes portions of the
two pullbands 1140 disposed above the two knife blades
1062.

[0097] FIG. 46 illustrates the open area in which the
distal end of spring rods 1012 acts against cam surfaces
1018. It is noted that the cam surfaces 1018 are arcuate
in shape so that contact between the spring rods 1012
and the cam surfaces 1018 always act in an axial direc-
tion normal to the surface at the distal- most end of the
spring rods 1012. See, for example, FIG. 56.

[0098] In such a configuration, the force that is applied
by the spring rods 1012 against the cam surfaces 1018
to bias the distal articulating assembly (e.g., anvil 1020,
staple cartridge holder 1030, drum sleeve 1040) towards
the longitudinal axis of the inner and outer tubes 1130,
1110 is always at the same radius about the articulation
axis of the articulating staple cartridge holder 1030. One
advantage of such a configuration lies in the fact that the
spring rods 1012 are not forced laterally in any way, in
which case, the distal-most end of the spring rods 1012
could catch and lock on the cam surface 1018.

[0099] FIG. 47 illustrates, in cross-section, the area
within the endostapler articulation joint 1050. Again, this
area includes portions of the two pullbands 1140, of the
two blades 1062, and of the two hammocks 1066. Upper
and lower axle pucks 1152 are inserted in orifices 1042
above and below on surfaces of the drum sleeve 1040.
Connection of the clevis 1010 to the drum sleeve 1040
at the articulation joint 1050 is symmetrical on the top
and bottom. The pucks 1152 are inserted into the orifices
1042 in the top and bottom of the proximal end of the
drum sleeve 1040. In this orientation, the assembly is
inserted into the distal end of the clevis 1040 to align
screw holes 1011 with center threaded bores 1153 of the
pucks 1152. When aligned, screws 1013 are threaded
respectively into the pucks 1152 to axially secure the
drum sleeve 1040 into the clevis 1010 while allowing the
drum sleeve 1040 to articulate about the axis defined by
the longitudinal axis of the two screws 1013.

[0100] FIG.48llustrates the area of the distal pullband
pin joint. In this area, the distal ends of the pullbands
1140 are +, secured by the distal pullband pin 1144 dis-
posed inside the bore of the distal guide block 1160. The
distal guide block 1160 is disposed in the staple cartridge
holder 1030 and secured thereto as set forth above.
[0101] FIG. 49 illustrates the area just proximal of the
cutting blade 1060 and the fixed connection of the two
knife blades 1062 inside a proximal orifice of the cutting
blade 1060. This view also clearly shows the cam sur-
faces 1032 that allow the anvil 1020 to pivot and translate
with respect to the staple cartridge holder 1030.

[0102] FIG. 50 shows a longitudinal cross-section
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through the spring rods 1012. Visible in this view is the
entire longitudinal extent of the hammocks 1066. The
distal sections of the hammocks 1066 articulate about a
vertical axis near the distal end of the hammocks 1066.
In FIG. 50, there exists a substantial gap between the
spring rods 1012 and the hammocks 1066. If the ham-
mocks 1066 were not present, there exists the possibility
that the thin knife blades 1062 could bend and warp or
kink into these gaps. By placing the hammocks 1066 ther-
ebetween, any possibility ofimpermissible bending of the
knife blades 1062 is prevented. FIG. 51 is provided to
show the extreme bending extent of the hammocks 1066
and the blades 1062 therebetween in a test bed made
for such a purpose. It is noted that the upper hammock
1066 is not utilized in an upward bend with respect to
FIG. 51 because it tracks the inside surface of the curve
at the critical bending area. In contrast, the lower ham-
mock 1066 is utilized to substantially prevent the knife
blades 1062 therebetween (two in this example) from
impermissibly bending into the gap of the test bed. Be-
cause each hammock 1066 is held rigidly at either end
and is made out of a substantially non-elastic material
(e.g., of stainless steel), it forms a sling or "hammock"
that supports the bentknife blade (s) 1062 therebetween.
[0103] FIG. 52 illustrates a cross-section through the
articulation lock release slide 1120 and clearly shows the
distal connection bend of the unlock pullrod 1104 inside
the slide 1120. In such a configuration, proximal displace-
ment of the unlock pullrod 1104 causes a corresponding
proximal displacement of the slide 1120 to unlock the
teeth 1121 of the slide 1120 from between the corre-
sponding teeth 1041 on the proximal side of the drum
sleeve 1040. A distal bias is imparted upon the articula-
tion lock release slide 1120 by a non- illustrated bias de-
vice that resides in a hollow 1123 and presses against
the distal end of the hollow 1123 and a block 1124 that
is fixed with respect to the clevis 1010.

[0104] FIG. 35 shows the connection between the un-
lock pullrod 1104 and the handle 1200. A rod pullblock
1105 has a longitudinal bore 1107 for receiving therein
the pullrod 1104. The rod pullblock 1105 also has trans-
verse bores 1109 for receiving non-illustrated set screws
therein for securing the pullrod’ 1104 inside the rod pull-
block 1105. An interior portion of the bell actuator 1100
is shaped to engage the rod pullblock 1105 (for example,
in a form-fitting connection such as a keyhole) and dis-
place the rod pullblock 1105 proximally when the bell
actuator 1100 is moved proximally.

[0105] FIG. 53 is an exploded perspective view of the
distal parts of the endostapler as viewed from the distal
end thereof. It’ is noted that the clevis 1010 in FIGS. 34
to 53 is a one-piece part. Alternatively, the clevis 1010
can be molded in two halves. In such a case, the pucks
1152 can be eliminated and, instead, form parts of each
of the two clevis halves, thereby eliminating the need for
the screws 1013 because the outer tube 1110 will hold
the two halves together when attached to the proximal
end of the clevis 1010. Such a configuration is illustrated
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in the endostapler example of FIGS. 54 et seq.

[0106] FIG. 54 shows some internal parts of this fourth
example of the end effector. The anvil 1020 is disposed
opposite the staple cartridge holder 1030 and a closure
ring 1040 surrounds the proximal end of the staple car-
tridge holder 1030. The inner and outer tubes 1130, 1110
are removed so that the articulation lock release slide
1120, the pushrod 1102, and the pushrod-blade support
1070 can be seen clearly. A screen door 1103 is mounted
around the pushrod 1102 and inside the inner and outer
tubes 1130, 1110 and the bell actuator 1100. The handle
1200 and bell actuator 1100 are removed for clarity. The
screen door 1103 restricts movement of the pushrod
1102 to only one direction - distal - because the knife/cut-
ting blade 1060 only moves in the distal direction.
[0107] The two-part clevis is best illustrated in the
views of FIGS. 55 and 56. These figures show various
internal features of the end effector of FIG. 54 with the
outer tube 1110 removed. In the exploded view of FIG.
55, connection of the pullband(s) 1140 to the staple car-
tridge holder 1030 is apparent. A non- illustrated pin (see
also FIG. 59) passes through a first proximal flange of
the holder 1030, a first spacer 1170, a distal flange of the
pullband 1140, a second spacer 1170, and a second op-
posing proximal flange of the holder 1030, respectively.
The closure ring 1040, as shown in FIG. 59, holds the
pin therein to provide the longitudinal connection of these
components.

[0108] Various features of the knife/cutting blade 1060
are also revealed in FIG. 55. The blade 1060 has a prox-
imal recess 1061 for connecting a distal end of the knife
blade 1062 thereto. In the example, the recess 1061 and
distal end form a keyhole-shaped lock. The upper half of
the blade 1060 has two opposing guide wings 1063 hav-
ing an exterior shape that fits into a corresponding groove
inside the bottom surface of the upper anvil 1020. The
lower half of the blade 1060 also has two opposing guide
wings 1065. The holder 1030 has a groove inside the top
surface thereof for receiving the lower wings 1065 there-
in. These two pairs of wings 1063, 1065 ensure that the
anvil 1020 and the holder 1030 are at a fixed parallel
position when the blade 1060 is traversing therealong in
the cutting and stapling process. Also disposed on the
lower half of the blade 1060 is a proximally extending
flange 1067. A plate spring 1090 is attached to the staple
cartridge holder 1030 by rivets 1036. The plate spring
1090 and other features of the blade 1060 will be de-
scribed in greater detail below.

[0109] FIGS. 55 and 56 also show various portions of
the two-part clevis 2010, 2020. As can be seen in FIGS.
56 and 58, the interior surface of the upper clevis half
2010 defines two cavities 2011 that each house a re-
spective spring rod 1012 and the non-illustrated bias de-
vice for that spring rod 1012. In the example shown, the
upper clevis half 2010 defines the entire cavity 2011 for
the spring rods 1012 and the lower clevis half 2020 de-
fines the bottom cavity portion 2021 for accommodating
only the bias device. The clevis halves 2010, 2020 also
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define articulation ports 2012, 2022 for receiving therein
articulation bosses 2031, 2041 on each of the two dog-
bone clevis parts 2030, 2040.

[0110] FIGS. 56 and 57 illustrate the longitudinal con-
nectivity of the features within the outer tube 1110. The
pushrod-blade support 1070 is disposed inside a lower
channel of the inner tube 1130. This pushrod-blade sup-
port 1070 also has a distal extension 1071 with a narrow
proximal neck 1074 and a relatively wider distal head
1075. With a corresponding recess 2023 in the bottom
of the lower clevis half 2020, the distal extension 1071
can be longitudinally fixed to the clevis half 2020 and,
therefore, the remainder of the clevis.

[0111] The outer tube 1110 and the lower clevis half
2020 areremoved in FIG. 56 to illustrate the configuration
of the spring rods 1012 inside the spring rod cavities
2011. Again, the spring rod bias devices (e.g., coil
springs) are not shown in the cavities 2011 for clarity.
With various parts removed, the articulating extent of the
pullbands 1140 is clearly shown in FIG. 56. The support-
ing surfaces for the pullbands 1140 inside the upper cle-
vis half 2010 are visible at the cross-section plane of FIG.
58. The upper dogbone clevis 2030 has two opposing
supporting surfaces 2032 each at a similar acute angle
with respect to the centerline of the un-articulated pull-
bands 1140. Likewise, the upper clevis half 2010 has two
opposing supporting surfaces 2013 each at an acute an-
gle with respect to the centerline of the un-articulated
pullbands 1140.

[0112] The opposite viewing direction towards the in-
terior of the lower clevis half 2020 is illustrated in FIGS.
55 and 58. The articulation section for the knife blades
1062 is illustrated along with the supporting surfaces
2042 for the dogbone 1080 inside the lower-dogbone cle-
vis 2040 and the supporting surfaces 2024 for the dog-
bone 1080 inside the lower clevis half 2010.

[0113] Also visible in this orientation are guiding and
supporting surfaces for the dogbone guide 1080. In FIG.
57, itis seen that the lower dogbone clevis has a kidney-
shaped distal dogbone depression 2043 and the lower
clevis half 2010 has a kidney-shaped proximal dogbone
depression 2025. These depressions 2025, 2043 and
surfaces 2024, 2042 are also illustrated in FIG. 66 and
will be described in detail below. A further feature visible
in FIGS. 59, 62, and 66 is the interior passage of the
dogbone guide 1080 having left and right surfaces 1082
and. will be describe in further detail below.

[0114] The distal end of the dogbone guide 1080 is
shown in the vertical cross-section of FIG. 59. The distal
dogbone depression 2043 houses the distal end of the
dogbone guide 1080 and, when unarticulated, the dog-
bone guide 1080 does not touch the supporting surfaces
2042 of the lower dogbone clevis 2040.

[0115] The proximal housing for the distal end of the
dogbone guide 1080 is illustrated in FIG. 60. To better
reveal the features of the proximal dogbone depression
2025, the dogbone guide 1080 is removed from these
figures.
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[0116] Both of the depressions 2025, 2043 with the
lower extending portions of the dogbone guide 1080 dis-
posed therein are shown in horizontal, longitudinally
transverse cross-section of FIG. 57. Also shown therein
are the lower features of the pushrod-blade support 1070,
the cutting blade 1060, and the staple sled 102 (which is
a part of the removable staple cartridge 100). These fea-
tures are enlarged in FIGS. 61 and 62.

[0117] FIGS. 63, 64, and 65 illustrate the knife blade
1060 lockout feature. In other words, the safety that pre-
vents the knife blade 1060 from advancing when there
is no staple cartridge 100 or a previously fired staple car-
tridge 100 in the staple cartridge holder 1030. For ease
of understanding, the only part of the staple cartridge 100
shown in these figures is the staple sled 102.

[0118] Theknife blade 1060 should be allowed to move
distally only when the staple sled 102 is present at the
firing-ready position, i.e.-, when the sled 102 is in the
positionillustrated in FIG. 65. Ifthe sled 102 is not present
in this position, this can mean one of two things, either
there is no staple cartridge 100 in the holder 1030 or the
sled 102 has already been moved distally - in other words,
a partial or full firing has already occurred with the loaded
staple cartridge 100.

[0119] Thus, the blade 1060 should not be allowed to
move, or should be restricted in its movement. Accord-
ingly, the sled 102 is provided with a lock-out contact
surface 104 and the blade 1060 is provided with a cor-
respondingly shaped contact nose 1069. It is noted at
this point that, the lower guide wings 1065 do not rest
against a floor 1034 in the cartridge holder 1030 until the
blade 1060 has moved distally past an edge 1035. With
such a configuration, if the sled 102 is not present at the
distal end of the blade 1060 to prop up the nose 1069,
then the lower guide wings 1065 will follow the depression
1037 just proximal of the edge 1035 and, instead of ad-
vancing on the floor 1034, will hit the edge 1035 and stop
further forward movement of the blade 1060. To assist
with such contact when the sled 102 is not present, the
staple cartridge 1030 has a plate spring 1090 (attached
thereto by rivets 1036). With the plate spring 1090 flexed
upward and pressing downward against the flange 1067
(at least until the flange 1067 is distal of the distal end of
the plate spring 1090), a downwardly directed force is
imparted against the blade 1060 to press the wings 1065
down into the depression 1037. Thus, as the blade 1060
advances distally without the sled 102 being present, the
wings 1065 follow the lower curve of the depression 1037
and are stopped from further distal movement when the
distal edge of the wings 1065 hit the edge 1035. FIG. 63,
for example, shows the distal edge 1035 and two raised
bosses 1038 that extend the height of the edge 1035 to
insure that the wings 1065 cannot be forced over the
edge 1035 when the sled 102 is not present.

[0120] FIG. 66 illustrates an exemplary movement of
the dogbone 1080 within the lower clevis half 2020 and
the lower dogbone clevis 2040. In the fully left articulated
position of FIG. 66, the distal bottom projection of the
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dogbone 1080 is in a rotated position within the distal
dogbone depression 2043 and the proximal bottom pro-
jectionisin a rotated position within the proximal dogbone
depression 2025. Importantly, the left vertical surface of
the dogbone 1080 is almost fully supported on the left
dogbone supporting surfaces 2024, 2042. The shapes
of the depressions 2025, 2043 and the bottom projections
of the dogbone 1080 are selected such that there is no
elongation or compression of the dogbone 1080 but,
merely, a rocking left to right when articulation of the end
effector occurs.

[0121] Three side-by-side knife blades 1062 are dia-
grammatically illustrated in FIG. 66 within a left articulat-
ed position of the lower clevis halves 2020, 2040. When
bentto the left, the knife blades 1062 are pressed against
the right interior surface 1082 of the dogbone 1080. Ac-
cordingly, the interior surfaces 1082 are shaped depend-
ent upon the extent that the end effector will be articulat-
ed. Due to the limitations of drafting the features of the
invention, the blades 1062 are only shown in a diagram-
matic, approximate curved orientation.

[0122] To better understand some features of the knife
blades 1062, enlarged views of the proximal connection
to the pushrod 1102 and the pushrod-blade support 1070
are shown in FIG. 67.

[0123] While a configuration having co-axially aligned
knife blades 1062 and the pushrod 1102 is envisioned
and possible, an offset connection shown, for example,
in FIGS. 41 and 67, is used. As set forth above, the length
of the knife blades 1062 make it desirable for the knife
blades 1062 to be pressed down fully into the blade chan-
nel 1072 within the pushrod-blade support 1070. FIG. 41
shows a first example for an offset connection that biases
the blades 1062 into the channel 1072. FIG. 67 shows a
second example for this offset connection. In this second
example, the blades 1062 are not fixedly connected to
the pushrod 1102 as in the first example (connected by
transverse pushrod pin 1122). Instead, the pushrod 1102
is formed with a chamber 1108 into which is inserted the
proximal end of the blades 1062. By forming the chamber
1108 in a shape that axially longitudinally holds the
blades 1062 (e.g., with a transverse offset), there is no
need for a fixed connection. In this example, the chamber
1108 is approximately L-shaped in vertical cross-section
to provide such a transverse offset, but it can be any
number of different shapes.

[0124] The distal connection of the pullbands 1140 is
shown particularly well in FIG. 59. It is noted that, in such
a configuration, left or right articulation imparts a bend
on each of the two, three, four, or more adjacent pull-
bands 1140.

[0125] Because each pullband 1140 has afixed length,
and because the pullbands 1140 are stacked along side
one another, articulation in a given direction bends each
of the pullbands 1140 differently, even if the difference
is very slight. To compensate for such differences in
bending, an alternative example of the distal connection
is provided and is shown in FIGS. 68 to 70. For clarity
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and simplicity, only a portion of the upper dogbone clevis
2030 is shown diagrammatically in these figures.
[0126] This alternative example replaces the spacers
1170 in the first example. Here, five pullbands 1140 are
disposed along side one another. The upper dogbone
clevis 2030 defines an interior bore 2033 (e.g., a circular
bore) into which is inserted a piston 2050 having an ex-
terior shape corresponding to the interior shape of the
bore 2033. The bore 2033 has a proximal window 2034
through which the pullbands 1140 project into the bore
2033. The window 2034 has a width approximately equal
(but just slightly larger than) the total width of the pull-
bands 1140.

[0127] The piston 2050 has a transverse bore into
which is threaded a proximal pullband pin 2060 that func-
tions as an axle when threaded through the piston 2050
and through the distal pullband bore 1145 of each of the
pullbands 1140. See FIG. 70. The interior 2051 of the
piston 2050 does not have a shape corresponding to the
width of the stacked pullbands 1140.

[0128] Instead, the interior opening for receiving the
distal end of the pullbands 1140 has awinged horizontally
cross-sectional shape.

[0129] As the end effector articulates, the distal end of
the pullbands 1140 are bent into a curve. When adjacent
parallel plates such as the pullbands 1140 are bent to-
gether, the outside plates move differently than the mid-
dle or inner plates. This non-homogeneous movement
is compensated for by the winged opening 2051 and the
oval-shaped distal pullband bores 1145. As the end ef-
fector is articulated, the bending forces imparted upon
the pullbands 1140 cause the piston 2050 to rotate within
the bore 2033 of the upper dogbone clevis 2030. The
more that the end effector articulates, the more the piston
2050 rotates, until full articulation presses the outside
pullband 1140 against the inner surface of the winged
opening 2051. At this point, the proximal ends of each
pullband 1140 are aligned but the distal ends shown in
FIGS. 68 to 70 are not. The presence of the ovular open-
ings 1145 allow the pullbands 1140 to move slightly with
respect to one another.

[0130] The foregoing description and accompanying
drawings illustrate the principles, preferred embodiments
and modes of operation of the invention. However, the
invention should not be construed as being limited to the
particularembodiments discussed above. Additional var-
iations of the embodiments discussed above will be ap-
preciated by those skilled in the art.

[0131] Therefore, the above-described embodiments
should be regarded as illustrative rather than restrictive.
Accordingly, it should be appreciated that variations to
those embodiments can be made by those skilled in the
art without departing from the scope of the invention as
defined by the following claims.
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Claims

1. A method for manufacturing a surgical instrument,
which comprises: providing an endoscopic or lapar-
oscopic instrument shaft having a proximal end and
a distal end; connecting a control handle to the prox-
imal end of the instrument shaft; connecting a sur-
gical stapling end effector (1, 1002) to the distal end
of the instrument shaft with a passive articulation
joint (1050) that permits the end effector to be pas-
sively articulated solely by direct application of a
force external to the surgical instrument to the end
effector; providing the end effector with an articula-
tion lock that permits retaining the passive articula-
tionjointin a stable position; and providing the control
handle with an articulation joint actuator that has an
actuated state and an unactuated state and that,
when in the actuated state, actuates arelease of the
articulation lock to thereby permit passive articula-
tion motion of the end effector through the passive
articulation joint, characterized in that the surgical
instrument does not comprise any control means to
actively control the articulation motion of the end ef-
fector (1, 1002).

2. The method according to claim 1, wherein the pas-
sive articulation joint (1050) permits the end effector
(1, 1002) to be passively articulated into an articu-
lated position.

3. The method according to claim 1 or claim 2, wherein
the passive articulation joint (1050) permits the end
effector (1, 1002) to be passively articulated into an
articulated position in the event that a portion of the
end effector is pressed against a feature of the en-
vironment proximal the end effector.

4. The method according to any one of claims 1-3,
wherein the articulation lock permits retaining of the
passive articulation joint (1050,) in a locked state.

5. The method according to any one of claims 1-4,
wherein the articulation lock permits maintaining the
end effector (1, 1002) in an articulated position.

6. The method according to any one of claims 1-5,
wherein the end effector (1, 1002) is operable to ar-
ticulate with respect to the instrument shaft about an
articulation axis.

7. The method according to any one of claims 1-6 ,
wherein actuation of the release separates the artic-
ulation joint actuator from the articulation lock to free
the passive articulation joint (1050) from its stable
position.

8. The method according to any one of claims 1-7, fur-
ther comprising positioning the articulation joint ac-
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tuator to selectively connect with the articulation lock
and, when connected, retain the passive articulation
joint (1050) and the end effector (1, 1002) in a
present position.

The method according to any one of claims 4-8,
wherein, once the passive articulation joint (1050) is
unlocked from the stable position, the end effector
(1, 1002) will not articulate in the absence of a force
that is external to the instrument and is applied to
the end effector.

Patentanspriiche

Verfahren zur Herstellung eines chirurgischen In-
struments, welches umfasst:

- Bereitstellen eines endoskopischen oder lapa-
roskopischen Instrumentenschafts mit einem
nahen und einem fernen Ende;

- Verbinden eines Steuergriffs mit dem nahen
Ende des Instrumentenschafts;

- Verbinden eines chirurgischen Klammer-End-
effektors (1, 1002) mit dem fernen Ende des In-
strumentenschafts Uber eine passive Gelenk-
verbindung (1050), welche es dem Endeffektor
ermdglicht, allein durch direkte Ausiibung einer
beziiglich des chirurgischen Instruments exter-
nen Kraft auf den Endeffektor passiv ver-
schwenkt zu werden;

- Versehen des Endeffektors mit einer Gelenk-
sperre, welche es ermdglicht, die passive Ge-
lenkverbindung in einer stabilen Position zu hal-
ten; und

- Versehen des Steuergriffs mit einem Gelenk-
verbindungs-Betatigungselement, welches ei-
nen betatigten Zustand und einen unbetatigten
Zustand aufweist, und welches in einem beta-
tigten Zustand eine Freigabe der Gelenksperre
betatigt, um dadurch eine passive Verschwenk-
bewegung des Endeffektors durch die passive
Gelenkverbindung zu erméglichen,

dadurch gekennzeichnet, dass das chirurgische
Instrument keinerlei Steuermittel zum aktiven Steu-
ern der Verschwenkbewegung des Endeffektors (1,
1002) aufweist.

Verfahren nach Anspruch 1, wobei die passive Ge-
lenkverbindung (1050) dem Endeffektor (1, 1002) er-
moglicht, passiv in eine verschwenkte Position ver-
schwenkt zu werden.

Verfahren nach Anspruch 1 oder Anspruch 2, wobei
die passive Gelenkverbindung (1050) dem Endef-
fektor (1, 1002) ermdglicht, in dem Fall passiv in eine
verschwenkte Position verschwenkt zu werden, in
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dem ein Abschnitt des Endeffektors gegen ein Um-
gebungsmerkmal nahe dem Endeffektor gedriickt
wird.

Verfahren nach einem jeden der Anspriiche 1-3, wo-
bei die Gelenksperre ermdglicht, die passive Ge-
lenkverbindung (1050,) in einem gesperrten Zustand
zu halten.

Verfahren nach einem jeden der Anspriiche 1-4, wo-
bei die Gelenksperre ermdglicht, den Endeffektor (1,
1002) in einer verschwenkten Position zu halten.

Verfahren nach einem jeden der Anspriiche 1-5, wo-
bei der Endeffektor (1, 1002) dazu eingerichtet ist,
bezlglich des Instrumentenschafts um eine
Schwenkachse zu verschwenken.

Verfahren gemaf einem jeden der Anspriiche 1-6,
wobei ein Betatigen der Freigabe das Gelenkverbin-
dungs-Betatigungselement von der Gelenksperre
trennt, um die passive Gelenkverbindung aus seiner
stabilen Position freizugeben.

Verfahren nach einem jeden der Anspriiche 1-7, fer-
ner umfassend

- derartiges Positionieren des Gelenkverbin-
dungs-Betatigungselements, dass es sich se-
lektiv mit der Gelenksperre verbindet, und bei
Verbindung

- Festhalten der passiven Gelenkverbindung
(1050) und des Endeffektors (1, 1002) in einer
gegenwartigen Position.

Verfahren nach einem jeden der Anspriiche 4-8, wo-
beisobald die passive Gelenkverbindung (1050) aus
der stabilen Position entsperrt ist, der Endeffektor
(1, 1002) in Abwesenheit einer beziiglich des Instru-
ments externen und aufden Endeffektor ausgetibten
Kraft nicht verschwenken wird.

Revendications

Procédé de fabrication d’'un instrument chirurgical,
qui comprend les étapes consistant a : fournir une
tige d’instrument endoscopique ou laparoscopique
ayant une extrémité proximale et une extrémité
distale ; connecter une poignée de commande al'ex-
trémité proximale de la tige d’'instrument ; connecter
un effecteur terminal d’agrafage chirurgical (1, 1002)
a I'extrémité distale de la tige d’instrument avec un
raccord d’articulation passive (1050) qui permet a
I'effecteur terminal d’étre articulé passivement uni-
quement par application directe d’une force externe
al'instrument chirurgical sur I'effecteur terminal ; do-
ter I'effecteur terminal d’un verrou d’articulation qui
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permet de maintenir le raccord d’articulation passive
dans une position stable ; etdoterla poignée de com-
mande d’un actionneur de raccord d’articulation qui
a un état actionné et un état non actionné et qui,
lorsqu’il est dans I'état actionné, actionne une libé-
ration du verrou d’articulation afin de permettre ainsi
un mouvement d’articulation passive de I'effecteur
terminal a travers le raccord d’articulation passive,
caractérisé en ce que linstrument chirurgical ne
comprend aucun moyen de commande pour com-
mander activement le mouvement d’articulation de
I'effecteur terminal (1, 1002).

Procédé selon la revendication 1, danslequel le rac-
cord d’articulation passive (1050) permet a I'effec-
teurterminal (1, 1002) d’étre articulé de maniére pas-
sive dans une position articulée.

Procédé selon la revendication 1 ou la revendication
2, dans lequel le raccord d’articulation passive
(1050) permet a I'effecteur terminal (1, 1002) d’étre
articulé de maniére passive dans une position arti-
culée dansle cas ouune partie de I'effecteur terminal
est pressée contre une caractéristique de I'environ-
nement a proximité de I'effecteur terminal.

Procédé selon I'une quelconque des revendications
1 a 3, dans lequel le verrou d’articulation permet de
retenir le raccord d’articulation passive (1050) dans
un état verrouillé.

Procédé selon I'une quelconque des revendications
1 a4, dans lequel le verrou d’articulation permet de
maintenir I'effecteur terminal (1, 1002) dans une po-
sition articulée.

Procédé selon I'une quelconque des revendications
1 a 5, dans lequel I'effecteur d’extrémité (1, 1002)
est opérationnel pour étre articulé par rapport a la
tige d’'instrument autour d’'un axe d’articulation.

Procédé selon I'une quelconque des revendications
1 a6, dans lequel I'actionnement de la libération sé-
pare l'actionneur de raccord d’articulation du verrou
d’articulation pour libérer le raccord d’articulation
passive (1050) de sa position stable.

Procédé selon I'une quelconque des revendications
1 a 7, comprenant en outre le positionnement de
'actionneur de raccord d’articulation pour se con-
necter sélectivement au verrou d’articulation et, lors-
qu’il est connecté, pour retenir le raccord d’articula-
tion passive (1050) et I'effecteur terminal (1, 1002)
dans une position actuelle.

Procédé selon I'une quelconque des revendications
4 a 8, dans lequel, une fois que le raccord d’articu-
lation passive (1050) est déverrouillé depuis la po-
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sition stable, I'effecteur terminal (1, 1002) ne s’arti-
culera pas en I'absence d’'une force qui est externe
a l'instrument et est appliquée a I'effecteur terminal.
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