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CIRCULARNEEDLE DRIVER

BACKGROUND

The present invention relates in genceral to surgical devices and procedures, and more
particularly to surgical suturing.

Sutures are often used in a wide varicty of surgical procedurcs. Manual suturing is
typically accomplished by the surgeon using a fine pair of graspers to grab and hold a suture
needle, pierce the tissue with the needle, let go of the needle, and regrasp the needle to pull the
needle and accompanying suture thread through the tissues to be sutured. Such needles are
typically curved with the sutare attached to the trailing end of the needle. A variety of antomated
suturing devices have been attempted to speed the process of suturing and to facilitate fine
suturing or suturing during endoscopic, laparoscopic, or arthroscopic surgeries. While antomated
suturing devices are generally known, no one has previously made or used a sargical suturing

device in accordance with the present invention,

BRIEF DESCRIPTION OF DRAWINGS

While the specification concludes with claims which particularly point out and distinctly
claim the invention, it is belicved the nvention will be better understood from the following
description taken in conjunction with the accompanying drawings illustrating some non-limiting
examples of the invention. Unless otherwise indicated, the figures are not necessarily drawn to
scale, but rather to ithustrate the principles of the invention.

Fig. 1 depicts a side view of a surgical suturing device;

Fig. 2A depicts top perspective exploded view of a receiver;

Fig. 2B depicts bottom perspective exploded view of a receiver;

Fig. 3A depicts a top perspective view of a cartridge;

Fig. 3B depicts a bottom perspective view of a cartridge;

Fig. 4 depicts an exploded view of a cartridge;

Fig. 5A depicts a perspective view of a transmission for driving a needle at one end of its
stroke;

Fig. 5B depicts a perspective view of a transmission for driving a needle at mid-stroke;
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Fig. 5C depicts a perspective view of a transmission for driving a needie at the other end
of its stroke;
Fig. 6A depicts a side view of a receiver and a detached cartridge;
Fig. 6B depicts a side view of a recciver and an attached cartridge;
Fig. 6C depicts a side view of a recetver in its partially opened position;
Fig. 6D depicis a side view of a receiver in its fully opened position;
Fig. 7 depicts a side view of a handle actuator;
Fig. 8A depicts a ratchet mechanism;
Fig. 8B depicts a ratchet mechanismy;
Fig. 8C depicts a ratchet mechanism;
Fig. 8D depicts a raichet mechanism;
Fig. 9 depicts a top view of an articulation control;
Fig. 10 depicts a perspective view of an articulation control; and

Fig. 11 depicts a side view of an articulation rod and follower.

SUMMARY

In one embodiment, a surgical suturing device comprises a cartridge having a needle and
suture, an clongate shaft having a proximal end and a distal end, an actuator connected to the
proximal end of the clongate shaft, and a receiver connected to the distal end of the clongate
shaft. The recetver comprises a pair of jaws having a closed position adapted to receive and
retain the cartridge and an opened position adapted to release the cartridge.

The actuator may comprise a handle. The jaws may comprise a stationary jaw and a
pivoting jaw. The stationary jaw may comprise a rotary drive and the cartridge comprises a
rotary input adapted to engage the rotary drive. The stationary jaw may comprisc two
iongitudinal rails dimensioned and adapted to receive the cartridge and laterally retain the
cartridge. The pivoting jaw may comprise a rosiliently biased tooth oriented toward the
stationary jaw, the tooth being dimensioned and adapted to engage and distally retain the
cartridge. The surgical suturing device may further comprise a spring biasing the pivoting jaw
towards the closed position. The pivoting jaw may comprise a sccond opened position spaced
further from the stationary jaw than in the opencd position, wherein in the second opencd

position the spring docs not bias the pivoting jaw towards the closed position.



[N R VS ]

~J

<O

18
9

24

B2
A

b
(93]

WO 2015/187376 PCT/US2015/031883

The surgical suturing deviee may further comprise a button operative to move the jaws
from the closed position to the opened position. The button may be positioned adjacent the jaws.
The surgical suturing device may comprise a follower connccted to the button, the follower
moves in a cam slot, and wherein actuation of the button drives the follower along the cam slot
to open and closc the jaws. A spring may act on the button and bias the jaws closed.

In another embodiment, a surgical suturing device comprises a cartridge comprising a
needle and suture. An clongate shaft has a proximal end and a distal ecnd. An actuator is
connected to the proximal end of the clongate shaft, A pair of jaws 158 connected to the distal end
of the clongate shatt. The jaws have a closed position adapted to receive and retain the cartridge,
and wheren the jaws are latched i the closed position, a partially opened position adapted to
release the cartridge wherein the jaws are biased by a spring from the first opened position
towards the closed position, and a fully opened position spaced apart further than the partially
opened position, wherein spring does not bias the jaws towards the closed position.

The surgical sutaring device may further comprise a button adjacent the jaws operable to
pnlatch the jaws from the closed position. The jaws may comprise a stationary jaw and a
pivoting jaw that pivots about an axis. The surgical suturing device may further comprise a cam
slot on the pivoting jaw and a follower on the button, wherein the follower moves in the cam slot
between a first position, 8 second position, and a third position, the cam slot having a first cam
profile between the first and second positions and second cam profile between the second and
third posttions. In the first position the follower engages the cam slot so as to prevent the jaws
from opening thereby latching the jaws in the closed position. Actuation of the button moves the
follower along the first cam profile to unlatch the jaws and to move the jaws to the first opened
position. The second cam profife is substantially equidistant from the axis.

In another embodiment, a surgical suturing deviee compriscs a cartridge having a needle
and suture. An clongate shaft has a proximal end and a distal end. An actuator is connected to the
proximal end of the clongate shaft. A receiver is connected to the distal end of the clongate shaft.
The receiver comprises a means for retaining and releasing the cartridge.

In vet another embodiment, a surgical suturing device comprises an arced needle
comprises a length of suture. A needle driver is operable to engage and rotate the needle in a
circular path. The ncedle driver reciprocates between a drive stoke wherein the needle is rotated

and a return stroke, A trigger 18 operably connected to the needle driver, wherein moving the
o 2 -
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trigger in a first direction actuates the needle driver through its drive stroke, and moving the
trigger in a sccond direction actuates the needle driver through its return stroke. A ratchet
mechanism preventing the trigger from moving in the sccond direction until the needle driver has
been actuated through the drive stroke.

The drive stroke may rotate the needle through an angular arc. The angular arc may be
about 180 degrees. The needle may be restrained from rotating during the return stroke. The
ratchet mechanism may comprise a pawl and a rack, the rack comprising a first end, a sccond
end, and the length extending between the first and sccond ends. The rack may comprise a
plurality of tecth along the length. The pawl may pivots between a first trailing obligue angle
relative the rack in the first divection and a second trailing oblique angle relative the rack in the
second direction. The pawl may pivot between the first and second tratling oblique angles apon
reaching the first and second ends, respectively. The pawl may reset upon reaching the first and
seeond ends of the rack. The ratchet mechanism may be bi-directional preventing the trigger
from mwoving n the first direction until the needle driver has been actuated through the return
stroke,

In another embodiment, a surgical sutaring device comprises an arced needle comprises a
length of suture. A needle driver is operable to engage and rotate the needle in a circular path.
The needle driver reciprocates between a drive stoke wherein the needie is rotated about 180
degrees and return stroke where the needie is constrained from rotating., A trigger is operably
connected 1o the needle driver, wherein moving the trigger in a first direction actuates the needle
driver through its drive stroke, and moving the trigger in a second direction actuates the needle
driver through its return stroke. A bi-directional ratchet mechanism is connected to the trigger.
The bi-directional ratchet mechanism prevents the trigger from moving in the sccond direction
unti} the needle driver has been actuated through the drive stroke, and prevents the trigger from
moving in the first direction until the needle driver has been actuated through the return stroke.

The bi-directional ratchet mechanism may comprise a pawl and a rack, the rack having a
first end, a second end, and the fength extending between the first and second ends. The pawl
may reset upon reaching the first and second ends of the rack. The rack may comprise a plurality
of tecth along the length.

In yet another cmbodiment, a surgical suturing device comprises an arced ncedle

comprises a length of suture. An clongate shaft comprises a proximal end and a distal end. A
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needle driver is on the distal end of the elongate shaft operable to engage and rotate the needle in
a circular path. The needle driver reciprocates between a drive stroke wherein the needle is
rotated and a return stroke. A trigger is on the proximal end of the clongate shaft. A drive rod in
the clongate shaft operably connects the trigger and the needle driver. Moving the trigger in a
first direction actuates the ncedle driver through its drive stroke, and moving the trigger in a
sccond direction actuates the needle driver through is return stroke. A spring is operably
connected to the drive rod limiting a load transmitted through the drive rod. The spring may limit
the load transmitted through the drive rod when the trigger is moved in a first direction.

In another embodiment, a surgical suturing device comprises an arced necdle comprises a
iength of suture. An elongate shaft comprises a proximal end and a distal cnd. A needle daver is
on the distal end of the clongate shatt operable to cogage and rotate the needle in a circolar path.
The needle driver reciprocates between a drive stroke wherein the needle s rotated and a return
stroke. An actoator is on the proxaimal end of the clongate shaft, A drive rod is in the clongate
shaft operably connected to the needle driver. A mechanical linkage comprises a force limiting
spring conneets the actuator to the drive rod.

The surgical suturing device may further comprise a rack and pinion drive interposed
between the drive rod and the needle driver. The mechanical linkage may comprise a sled axially
traversable relative to the drive rod, and the spring is positioned around drive rod and within the
sted. The actuator may be a trigger, and the device may further comprise a Hink connecting the
trigger 1o the sled. The sled may have a distal end and a proximal end, and the drive rod may
have a flange, and the spring may be interposed between the flange and the distal end of the sled,
and the flange may directly engage the proximal end of the sled. A link may connect the sied to
the actuator.

In yet another embodiment, a surgical instrument comprises an elongate shaft having a
proximal end, a distal end, and an articulating portion. An end cffector is on the distal end and an
actuator is on the proximal end. A rod is in the shaft having a proximal end with a cam follower,
a distal end operably connccted to the articulation portion, and a longitudinal axis cxtending
between the proximal and distal ends. A disk is in the actuator rotatable in response to user input
in a planc substantially paralicl to the longitudinal axis of the rod. The disk has a cam slot
reeciving the cam follower such that rotation of the disk moves the rod longitudinally to

articulate the clongate shaft at the articulation portion.
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The end effector may comprise a circular needle applicr. The cam follower may be
oricnted substantially normal to the rod and normal to the disk. The cam slot may comprise a
iength having angular and radial components relative to the disk. The cam slot may comprisc a
tangent axis where the cam slot is cngaged by the cam follower, the tangent axis being
substantially normal to the longitudinal axis of the rod. The tangent axis may be substantially
normal to the longitudinal axis of the rod throughout the length of the cam slot. The cam
follower may be offsct from the longitadinal axis of the rod. The cam follower may be medial to
the longitudinal axis of the rod. The articulating portion may comprise an articulation joint. A
rotary input knob may be connected to the disk,

The surgical jnstrument may further comprise a second rod in the shaft having a proximal
end with a cam follower, a distal end operably connected to the articulation portion, and a
fongttudinal axis extending between the proximal and distal ends. A second cam slot on the disk
receives the second cam follower such that rotation of the disk moves the second rod
fongitudinally to articulate the elongate shaft at the articulation portion.

The surgical 1nstrument may further comprise at least one detent on the cam slot. The
cam follower may include a straight portion that closely fits in the cam slot and a radius portion
dimensioned to be recetved by the at least one detent. As the disk rotates the radius portion raises
and lowers into the at least one detent and the straight portion follows and remains engaged in
the cam slot.

In another embodiment, a suturing device comprises an clongate shaft having a proximal
end, a distal end, and an articulation joint. A circalar needle applier is on the distal end of the
clongate shaft. An actuator is on the proximal end of the clongate shaft. First and second rods are
in the clongate shaft cach having a proximal end with a cam follower, a distal end operably
connected to the articulation joint, and a longitudinal axis cxtending between the proximal and
distal ends. A disk is in the actuator rotatablie in response to user input in a planc substantially
paraliel to the longitudinal axes of the clongate shafts. The disk has first and second helical cam
stots receiving the first and cam followers, respectively. Clockwise rotation of the disk moves the
first rod distally and the sccond rod proximally to articulate the joint in a first dircction, and
counterclockwise rotation of the disk moves the first rod proximally and the sccond rod distally

to articulate the joint in a second dircction.
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The first and second cam slots cach may comprise a tangent axis where the cam slot is
engaged by the respective first and sccond cam followers, the tangent axes cach being
substantially normal to the longitudinal axis of the first and sccond rods. The cam followers may

be medial 1o the longitudingl axis of the respective rod. The actuator may comprise a handle,
3 F

DETAILED DESCRIPTION

Fig. 1 tllustrates an embodiment of a surgical suturing device. An clongate shaft (20} has
a proximal end (21), a distal end (22}, and a longitudinal axis extending thercbetween. An
actuator {10} is connected to the proximal end (21) of the shaft (20). In this embodiment the
actuator {10} 15 a manual pistol grip bandle; bowever, a variety of other manual actuators could
also be used, including a scissor grip handle, a syringe grip handle, endoscopic rotary knobs, and
the like. The actuator (10} could also take the form of a robotic interface, such as a DAVINCI
puck, or a housing comprising gears or pulleys, servomechanisms, and the like.

A circular needle applier (30) 1s connected to the distal end {22) of the shaft (20). The
circudar needle apphier (30) rotates an arced needle in a circolar path cnabling a surgeon to
selectively apply sutures. The circular necdle applier (30} may be integral with the shaft (20) and
actuator {10} as a unitary disposable instrument intended for a single surgical procedure. The
circular needle applier (3() may also be integral with the shaft (20) and actuator {10) as a
reusable instrument. Optionally, as illustrated here, the circular needle applier (30} may be
embodied in a disposable cartridge {90) and the shaft (20) may inchlude a receiver (50) to hold the
cartridge (90}, In such an embodiment, the shaft (20) and actuator (18} may also be disposable or
reusable. Embodiments with rousable components are intended to be cleaned, sterilized, and
reused for a multiple surgical procedures, and may include a flush port {1&) to facilitate cleaning.
The preferable life cycle of a reusable instrument s at least 50 operations, more preferably at
icast 150 operations, and most preferably at least 200 operations. Reusable components may be
built using materials that can withstand autoclave sterilization temperatures of at least 135
degrees Celsius, although low temperature materials can also used with low toemperature
sterilization technigues known in the art,

A first input (12}, shown herc as a trigger that pivots between opened and closed
positions, may be used to selectively actuate the circular needle applier (30). The trigger may be

spring biased to return the frigger to its open position. A sccond input (14), shown here as a
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rotary knob, may be used to sclectively articulate the shaft (20). A third input (16), shown here as
a rotary knob, may be used to sclectively rotate the circular needle applier {30 about the shaft
(20). Naturally, the number, type, configuration, and operation of the inputs (12, 14, and 16) may
vary.,

Examples of surgical suturing devices and subcomponents are disclosed in co-owned US
application number 13/832595 filed 15-Mar-2013 (docket number END7266USNP), the
disclosure of which is incorporated herein by reference. Many of the teachings disclosed in that
application arc applicable to the present disclosure.

Figs. 2A-B illustrate exploded views of an cmbodiment of a receiver (503, The shaft
distal end (22) comprises an articulation joint (23} and a rotational bearing (24). The joint (23)
includes a kouckle (23A) that receives pins (23B, C) connected to the bearing supports (248, C).
Thus, the pins (23B, C) define the pivoting axis for the joint (23) conabling the receiver (50} to
articulate left and right relative the shaft (20). Rods (274, B) are operably connected to the joint
{23). Tn this embodiment the rods (27A, B) exiend through the shaft (20), through the kouckie
{23A), and connect to pins (29A, B) on the bearing support (24C). The rods (27A, B) are
operatively connected to the second mput (14} to alternately push and pull the rods (27A, B).
Because the pins {29A, B) are laterally spaced from the pivoting axis, the push and pull action
will in firn articolate the receive (30} about the joint (23) relative the shaft 20).

The rotational bearing {(24) is positioned distal to the articulation joint (23). The bearing
(24) includes a circumferential flange (24A) captured between the bearing supports (24B, 24C)
such that the flange (24A) can rotate relative the bearing supports (248, 24C) and enabling
unbounded rotation of the receiver (50) relative the shaft (20). A drive rod (28) extends through
the shaft (20). In this embodiment the drive rod (28} comprises a proximal rigid portion (28A)
and a distal bendable portion (28B) fixedly connected to one another. The bendable portion
{2&B) extends through the joint (23} and through the bearing (24}, and the distal end (28C) is
fixedly connected to the mount (49} on the rack (45).

The rack {45) reciprocates longitudinally in the lower jaw {51) with the followers (45A,
B,  and D) constrained in tracks {55A, B, C, and D), respectively. The tracks (554, B, C, and
D} open through the lower jaw (51) providing fluid passages to the internal components within
the lower jaw (51), thus facilitating casier cleaning. A pinion {47} is mounted to the lower jaw

{51) by the pin (46} in the rack (45) such that longitudinal reciprocation of the rack (45} is
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translated to rotational reciprocation of the pinion (47}, The key (48} translates the reciprocating
rotation to the transmission in the cartridge (90), which in turn actuates the circular necdie
applicr {(30).

The drive rod (28} is operatively connected to the first input (12} and to the third input
{16). Actuation of the first input (12) will impart axial push and pull loads on the drive rod (28)
to longitudinally reciprocate the rack (45} and actuate the circular needle applicr (30). Actuation
of the third input {16} will impart a rotational load on the drive rod (28) thus rotating the receiver
{50) about the bearing (24) rclative to the shaft (20). Accordingly, a single drive rod (28)
operates to both actuate the circular needle applier (30) as well as control distal rotation. By
consolidating dual functions with a single drive rod (28}, the number of components is reduced,
and more space s provided 1o the shaft (20), making the device less expensive to manufacture
and casier to clean.

The receiver (50) is dimensioned and adapted to recetve and hold a disposable cartridge
{90). The receiver has upper and lower jaws (56, 51) having a closed position adapted to receive
and retain the cartridge {90) and an opened position adapted to release the cartridge. In this
embodiment, the lower jaw (51) 1s stationary and the upper jaw (56) pivols; however, the
arrangement could be reversed, or in an alternative embodiment both jaws (56, 51} could pivet.
The lower jaw {51) has two laterally offset longitudinal rails (52} dimensioned and adapted to
receive the cartridge (90). The rails (52} help longitudinally align the cartridge {90} in the
recciver (50} and laterally retain the cartridge (90} in the jaws (51, 536). The upper jaw (56) pivots
relative the lower jaw (51} about the pin (53} that is received in the holes (37). A tooth (59} s
resitiently oriented downward from the upper jaw (56} toward the lower jaw (51) with a ramped
distal face and a stepped proximal face. The tooth (59} is dimensioned and adapted to latch with
the cartridge (90} and longitudinally retain the cartridge in the jaws (51, 56). The tooth (59)
deflects by virtue of a resilient cantilevered arm extending proximally from the distal end of the
upper jaw {56). In this embodiment the tooth (59} and cantilevered arm are monolithic with the
upper jaw (56), thus reducing the number of components and moving picces, making the device
less expensive to manufacture and easier to clean.

The button (60) is used to open and close the jaws {51, 56). While the button (60) could
be place on or ncar the actuator (10}, in this embodiment the button (60) is positioned adjaccnt

the receiver (503, which climinates g linkage in the shaft (20) thus creating space in the shaft (20)
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and making the device less expensive and casier to clean. The action of the button (60} may vary,
but in this embodiment the button (60} pivots relative the lower jaw (51} about the pin {63) that
is received hole (61). The follower (62) is reccived by the cam slots (54, 58). Pivoting the button
{60) proximally will open the jaws (51, 56}, while pivoting the jaws distally will close the jaws
(51, 536). The spring (64) cngages and biases the button (60} distally. By pulling the button (60)
proximally, the follower (62) will drive the cam slot {538} to open the upper jaw (56). When the
button {60} is released, the spring (64) will bias the button (60) distally to close the upper jaw
{56).

Figs. 3A-B illustrate one embodiment of a disposable needle driver cartridge (90) adapted
to be attached to the receiver (50). The lower face (91) is adapted to engage the lower jaw (51)
and the upper face (96) to cogage the upper jaw (56). Features on the cartridge (90) prevent
improper insertion of the cartridge (90) into the receiver (50), but also contribute to the aesthetic
appearance of the cartridge (90). For instance, the lower face (91) has a pair of longitudinal
notched shoulders (92) dimensioned to interface and mate with the rais (52). In this
erobodiment, the notched shoulders (92) are shaped as a stepped rabbet, but a varicty of other
acsthetic shapes could also be employed such as chamfers and radit. Tn contrast, the upper face
{96} is asymmetrical relative the lower face (91} and lacks shoulder notches, so the upper face
(96) would interfere with the rails (52} if the cartridge was inserted upside~-down. In another
instance, the geometry of the proximal face (98} is vertically asymmetrical thus prevents the
cartridge {90} from being inserted upside-down between the jaws (§1, 56). In this embodiment,
the proximal face (98} comprises a curved surface that gently transition to the upper face (96),
which matches similar geometry in the receiver (58), while the transition to the lower face (91)
has a tighter radius. Naturaily, a varicty of other asymmctrical aesthetic geometrics could also be
employed that could contribute to the visual appearance of the cartridge (90).

The arms {934, B) define a gencrally U-shaped distal end on the cartridge (90}, The slot
(95} and rotary input (94} arc aligned and dimensioned to receive the key (48) while the cartridge
{90} is being slid into the recciver (50). When the cartridge (990} is fully scated into the receiver
(50}, the step (99} aligns with and reccives the tooth (89} to laich the cartridge (90) in the
recciver {50}, The key (48) also aligns with rotary input (94) thercby providing a torsional
interface that rotationally couples the pinion {47) and rotary input (94). In use, the needle (70)

cxits arm {93A} and enters arm (93B).
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Fig. 4 illustrates an cxample of a cartridge (90} comprising a lower body (81), an upper
body (82}, and a needle cover {¥3). The needie driver (86}, rotary input (94), and link (85) are
captured between the lower body {&1) and an upper body {82). The lower and upper bodies (81,
82) arc attached to one another using a variety of known techniques, including welds, pins,
adhesives, and the like to form the cartridge body. The ncedle (70) has a leading end (71) and a
iength of suture (73} extending from the trailing end (72). The needic (70} rotates in a circular
path defined by the needle track (84) and between the arms (93A, B). Features (74) may be
provided to facilitate the needle driver {(86) to engage and drive the needle (70).The needle (70)
is captured in the needle track (84) by the ncedle cover (83). The cage (87) slides over the
cartridge body to attach the needle cover (83) against the lower body (81).

Figs. SA-C dlustrate an cmbodiment of a drive stroke of the transmission in the cartridge
{90) for driving a needle (70} in a circular path. The needle driver (86) rides in the carrier track
{88} and extends into the needle track (84) to engage and drive the needle (70). A hink (R5)
conuects the rotary input {(94) to the needle driver (86). Fig. SA illustrates the needle driver (86)
positioned at one end of its stroke in the carier track (88). As shown in Fig. 5B,
counterclockwise rotation of the rotary input (94) will translate the needle driver (86) clockwise
along the carrier track (88) driving the needle (70} clockwise. As shown in Fig. 5C, continued
counterclockwise rotation of the rotary input {94) will continue to translate the needle driver (86)
and drive the needle (70) clockwise until it reaches the other end of its stroke in the carrier track
(88). In this embodiment, the drive stroke rotates the needle (70} in its circular path about 180
degrees. For the retirn stroke, the sequence can be reversed by rotating the rotary input (94)
clockwise, which will translate the needle driver (86) counterclockwise in the carrier track (8¥).
Thus, a sequence of drive and return strokes will rotate the needle {78} in a circular path.

Figs. 6A-D illustrate an cxample of the operation of a receiver {53}, The button (60)
drives the follower (62} along the cam slot (58} in the upper jaw (56}, The cam slot {58) includes
three profiles (58A-C). The first profile (58A) is used to assemble the receiver {50). The first
profile (S8A) transitions to the second profile (58B) that is used to move the upper jaw (56)
between its closed and partially opened positions. The second profile (58B) transitions to the
third profile {58C) that is uscd to move the upper jaw (56} between its partially opened and fully

opened positions,
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The cartridge (90) is loaded into the receiver (50} with the jaws (51, 56) in their closed
position. As shown in Figs 6A-B, in the closed position the jaws {51, 56} are parallel and spaced
apart from onc another to receive the cartridge (90). The follower {(62) is positioned at the
beginning of the second profile (58B) which prevents the upper jaws {56) from opening, thus
locking the jaws {51, 56} in their closed position. The cartridge (90} is shid proximally hetween
the jaws (51, 56). The tooth {59) engages with the siep {99) once the cartridge (90) is fully
inserted to latch the cartridge (90) into the receiver (50).

The cartridge (20) is released from the receiver (50} by opening the jaws (51, 56). As
shown in Fig. 6C, proximal movement of the button (60} will advance the follower (62) through
the second profile (538B) thus pivoting the upper jaw (56} about the pin (533) and moving the
upper jaw (56) to its partially opened position. The bution {(60) 1s biased distally by spring (64),
so when the button (60) 1s released the follower (62) will reverse through the second profile
{58B) and close the upper jaw (56). Thus, in the partially opened position, the upper jaw (56) is
biased closed by the spring {64).

As shown in Fig. 6D, the jaws (51, 56) can be moved to their {fully opened position by
puiling the upper jaw (56) upward away {rom the lower jaw (51). The follower (62) will advance
throngh the third profile (58C) which prevents the button (60} from pivoting and prevents the
spring (64) from moving the button (60} distally, so the button (60} remains in its proximal
position. Thus, the upper jaw (56) will remain in the fully opened position until the upper jaw
(56} 1s pushed downward and the follower (62} returns to the second profile (S8B}). Among other
advantages, the fully opened upper jaw (56} facilitates cleaning of the receiver (50).

Fig. 7 illustrates an embodiment of a manual actuator (10}, The trigger (12) pivots about
the pin (101) between an opened position {as shown here} and closed position towards the shroud
(11}. One pump of the trigger (12) from the opened to closed positions actuates needle driver
{&6) through its drive stroke. Moving the trigger (12) from the closed to opened positions
actuates the needle driver (86) through its return stroke. The spring (102} biases the trigger (12)
to its opened position. One end of the link (103) is connected to the trigger (12} intermediate the
pivot (101) and spring {102). The link (103) is connected at the other end to a sled (104}, In this
cmbodiment the sled (104} is gencrally aligned with the drive rod (28} and slides longitudinally
in the shroud (11) when the trigger (12) is actuated. A spring {(103) is interposed between the sled

{104) and a flange {106) on the drive rod (28). In this cmbodiment, the spring (105) is coaxially
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arranged around the driver rod {28} and is compressed between the flange (106) and the sled
{106). The spring {105) may be pre-loaded with a compressive force.

Closing the trigger (12) will drive the sled (104) proximally, thus compressing the spring
{105) against the flange (106) to impart a proximal force on the drive rod. The spring (105) acts
to limit the force that may be transmiticd to the needle applier (30}, If the resistive load
experienced by the needle applier (30) exceeds the compressive force of the spring (105), then
the spring (105) would compress further without defiecting the flange (106}, For instance, if the
surgeon attempts to pass needle (70) through hard tissuc, such as bone, the spring (105} would
deflect and prevent unduc loads being transmitied through the drive rod (28) that could otherwise
damage the needle applier (303 or bend the needle (70).

The rotary knob (16} is operable to selectively rotate the circular needle applier (30)
about the bearing (24). The drive rod (28) includes an axially sliding spline interface with the
rotary knob (16) providing torsional engagement while allowing relative longitudinal translation.
Thus, tfurning the rotary knob {16) will rotate the drive rod (28} which in turn rotates the receiver
{50) about the bearing (24).

The ratchet mechanism (110) prevents the trigger (12) from roving in the open direction
until the needle driver (86) has been actiated through the full drive stroke. Optionally, the ratchet
mechanism (110} may be bi-directional to prevent the trigger (12} from moving in the close
direction until the needle driver {86) has been actuated through the full return stroke.

Figs. 8A-D illustrate an example of a bi-directional ratchet mechanism (11{8) comprising
the rack (111) having a first end (111A)}, a second end (111B), and the length extending between
the first and second ends. The rack (111} is connected to the trigger (12} and may have a
plurality of teeth {112) along the length; however, toothless frictional racks may also be used to
avoid backlash or provide quicter action. A pawl {115) pivots about the pin (116}, The spring
{113} acts on the ball {114) to bias the pawl (115} to a resct position generally normal to the rack
(111}. The pawl has two edges (115A, B) adapted to engage the tecth (112).

As shown in Fig. 8A, when the trigger {12) is in the open position the pawl (15} is
positioned beyond the first end (111A} of the rack (111} and the spring (113} biases the pawl
{115) to its reset position. As shown in Fig. 8B, upon partially closing the trigger (112} the rack
{111} moves and pivots pawl (115} to a first trailing oblique angle relative the rack (111}, In this

position the edge (1158) of the pawl {115) engages the tecth (112} preventing the trigger (12)
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from opening. As shown in Fig. 8C, upon fully closing the trigger (112} the pawl (111} is
posttioned beyond the second end (111B) of the rack (111} and the spring (113) biases the pawl
{115} to tts reset position. Onee the pawl (115} is reset, the trigger (12) can now move in the
opposite direction. As shown in Fig. 8D, upon partially opening the trigger (12} the rack (11 1)
moves and pivots the pawl (115} to a sccond trailing oblique angle relative the rack (111). In this
position the edge (115A) of the pawl (115} engages the tecth (112) preventing the trigger (12)
from closing. Upon fully opening the trigger (112) the pawl {111} is positioned bevond the first
end {(111A} of the rack (111) and the spring {113} biascs the pawl (115) to its reset position, as
shown in Fig. 8A.

The length of the rack (111} may be calibrated such that the pawl (115} will not reset
while closing and opening of the trigger (12} until the needle driver (86) has been actuated
through its full drive and return strokes, respectively, This featore 1s beneficial in that it prevents
partial actuation of the circular needle apphier (30) and improves the surgeon’s awareness about
the angular location of the necdle (70) in the track (84).

The rotary knob (14} is operable to selectively articolate the joint (23). The rotary knob
{14) rotates in a plane spaced below and generally paralicl with the shaft (20). An axle (121)
connects the rotary knob (14} to a disk (120} in the shroud (11} that also rotates in a plane
generally parallel with the shaft (203, As shown in Fig. 9, the disk (120} comprises first and
second cam slots (1224, B) cach having a length with an angular and radial components. In this
embodiment, the cam slots {122A, B} are two identical spirals offset 180 degrees from one
another. Each cam slot (122A, B) has an angular span between about 220 degrees and about 300
degrees, with their angular spans overlapping one another. The cam slots {122A, B) also increase
their distance from the center in of the disk (120} in the same angular direction. Each cam slot
(122A, B} has a radial span of about (.100 inches and about 0.155 inches. Naturally, the
configuration and dimensions of the cam slots may also differ from the foregoing.

The cam slot (122A) receives the cam follower (124A) on the distal half of the disk
{1203, and cam slot {122B) receives the cam follower {1248} on the proximal half of the disk
(120}. The followers {124A, B} extend downward and generally normal from the rods {274, B},
respectively. In this embodiment, the followers (124A, B} arc medially offset from longitudinal
axes of the respective drive rod (27A, B). Rods (27A, B} arc constrained to slide axially, so

clockwise rotation of the disk (120} moves the rod (27B) distally and moves rod (27A)
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proximally, thereby articulating the joint (23) to the right. Similarly, counterclockwise rotation of
the disk {120} moves the rod (27B) proximally and moves the rod (27A) distally to articulate the
joint {23} to the left.

The cam slots (122A, B) cach comprise a tangent axis (1264, B) where the cam slots
{122A, B} is engaged by the respective cam followers (124 A, B). The tangent axcs {126A, B)
may be substantially normal to the longitudinal axes of the rods (27A, B) so axial push and pull
loads on the rods (274, B) introduced by side loads on the receiver {50} will not cause the disk
{120} to rotate. Accordingly, the joint {23} will remain locked at its articulated angle. Frictional
interfaces or detents may be added to further prevent unintentional articulation, such as between
the followers (124 A, B) and the cam slots (122A, B), between the disk (120} and the shroud (11},
between the axie (121) and the shroud (11), and the tike.

Fig. 10 llustrates an alternative embodiment of an articulation control. A plurality of
detents (125} are positioned along the cam slots (122A, B). In addition to preventing
unintentional articulation, the detents {(125) may provide feedback to the surgeon indicating
various angular positions of the circular needle apphier (30) relative the clongate shaft (20). The
detents (1253) may be indexed to correspond to one or more predetermined articulation angles,
such as O degrees, 15 degrees, 45 degrees, and the like, or the detents (125) may be equally
distributed along the cam slots {1224, B}. Larger detents (127} may be located at the ends of the
cam slots (1224, B},

The detents (125) open to the top surface of the disk (120}, but only partially extend into
the cam slots (1224, B). As shown in Fig. 11, the follower (124} extends downward from the
articulation rod {27}, The follower {124) includes a straight portion {124C) that closely fits in the
cam slots {122A, B) and a radius portion (124D} dimensioned to be received by the detents
(125}, As the disk (120} rotates, the radius portion (124D} will raise and lower into the detents
{125} but the straight portion (124C) will follow and remain engaged in the cam slots (1224, B).
Preferably, the rod (27) will be biased downward towards the disk (128} to provide a tactile
and/or audible “click™ as the radius portion (1243} engages the detents {125).

Having shown and described various combodiments and examples of the present
invention, further adaptations of the methods and devices described herein can be accomplished
by appropriate modifications by one of ordinary skill in the art without departing from the scope

of the present invention. Several of such potential modifications have been mentioned, and
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others will be apparent to those skilled in the art. For instance, the specific materials, dimensions,
and the scale of drawings will be understood to be non-limiting examples. Accordingly, the
scope of the present invention should be considered in terms of the following claims and is
understood not to be limited to the details of structure, materials, or acts shown and described in

the specification and drawings.
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CLAIMS

1. A surgical suturing device, comprising:
a cartridge having a ncedle and suture;
an clongate shaft having a proximal cnd and a distal end;
an actuator connected to the proximal end of the clongate shaft;
a receiver connected to the distal end of the clongate shaft, the recetver comprising a pair
of jaws having a closed position adapted to recetve and retain the cartridge and an

opened position adapted to release the cartridge.

2. The surgical suturing device of claim 1, wherein the jaws comprise a stationary jaw and a
pivoling jaw.
3. The surgical suturing device of claim 2, wherein the stationary jaw comprises a rotary

drive and the cartridge comprises a rotary input adapted to engage the rotary drive.

4, The surgical suturing device of claim 2, whergin the stationary jaw comprises two
longitudinal rails dimensioned and adapted to receive the cartridge and laterally retain the

cartridge.

5. The surgical suturing device of claim 2, wherein the pivoting jaw comprises a resiliently
biased tooth oriented toward the stationary jaw, the tooth being dimensioned and adapted to

engage and distally retain the cartridge.

6. The surgical suturing device of claim 2, further comprising a spring biasing the pivoting
jaw towards the closed position.

7 The surgical suturing device of claim 6, whercin the pivoting jaw comprises a second
opened position spaced further from the stationary jaw than in the opened position, wherein in

the second opened position the spring docs not bias the pivoting jaw towards the closed position.
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8. The surgical suturing device of claim 1, further comprising a button operative to move

the jaws from the closed postition to the opencd position.

9. The surgical suturing device of claim 8, wherein the button is positioned adjacent the
jaws,
10.  The surgical suturing device of claim &, further comprising a follower connected to the

button, the follower moves in a cam slot, and wherein actuation of the button drives the follower

along the cam slot to open and closc the jaws.

1. The surgical sutaring device of claim 10, further comprising a spring acting on the bution

and biasing the jaws closed.

12, The surgical suturing device of claim 1, wherein the actuator comprises a handle.
13. A surgical suturing device, comprising:

a cartridge comprising a needle and suture;

an elongate shaft having a proximal end and a distal end;

an actuator connected o the proximal end of the elongate shafy;

a pair of jaws connected to the distal end of the clongate shaft, the jaws having

a closed position adapted to receive and retain the cartridge, and wherein the jaws are
latched in the closed position;

a partially opencd position adapted to release the cartridge wherein the jaws are biased by
a spring from the first opened position towards the closed position; and

a fully opened position spaced apart further than the partially opened position, whercin

spring does not bias the jaws towards the closed position.

4. The surgical suturing device of claim 13, further comprising a button adjacent the jaws

operable to unlatch the jaws from the closed position.

18



WO 2015/187376 PCT/US2015/031883

Py ois The surgical suturing device of claim 14, wherein the jaws comprise a stationary jaw and
2 | apivoting jaw that pivots about an axis.
3
4 1 16, The surgical suturing device of claim 15, further comprising a cam slot on the pivoting
5 1 jaw and a follower on the button, the follower moves in the cam slot between a first position, a
6 | sccond position, and a third position, the cam slot having a first cam profile between the first and
7 i+ second positions and a second cam profile between the sccond and third positions; wherein
8 in the first position the follower cngages the cam slot so as to prevent the jaws from
g opening thereby latching the jaws in the closed position;
10 actuation of the button moves the follower along the first cam profile to uniaich the jaws
t and to move the jaws to the first opened position; and
i2 the second cam profile is substantially equidistant from the axis.
13
41 17 A surgical suturing device, comprising:
t5 a cartridge having a needle and suture;
i6 an clongate shaft having a proximal end and a distal end;
17 an actuator connected o the proximal end of the elongate shafy;
18 a receiver connected to the distal end of the clongate shaft, the receiver comprising a
9 means for retaining and releasing the cartridge.
24
21
22
23§ 18 A surgical suturing device, comprising:
24 an arced needle comprising a length of suture;
25 a needle driver operable to engage and rotate the needle in a circular path, the needle
26 driver reciprocating between a drive stoke wherein the needie is rotated and a
27 return stroke:
28 a trigger operably connected to the needle driver, whercin moving the trigger in a first
29 dircction actuates the needle driver through its drive stroke, and moving the
30 trigger in a seeond direction actuates the needle driver through its return stroke;
31 and
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a ratchet mechanism preventing the trigger from moving in the second direction until the

needle driver has been actuated through the drive stroke.

9. The surgical suturing device of claim 18, wherein the drive stroke rotates the needle

through an angular arc.

20. The surgical sutaring device of claim 19, wherein the angular arc is about 180 degrees.
21. The surgical suturing device of claim 18, wherein the needle is restrained from rotating

during the return stroke,

22, The surgical suturing device of claim 18, whercin the ratchet mechanism comprises a
pawl and a rack, the rack comprising a first end, a second end, and the length extending between
the first and second ends.

23, The surgical suturing device of claim 22, whercin the rack comprises a plurality of teeth

along the length.

24. The surgical suturing device of claim 22, wherein the pawl pivots between a first tratling
oblique angle relative the rack 1n the first direction and a second trailing oblique angle relative

the rack in the second direction.

25. The surgical suturing device of ¢laim 24, wherein the pawl pivots between the first and

sccond trailing obligue angles upon reaching the first and second ends, respectively.

26. The surgical suturing device of claim 22, whercin the pawl resets upon reaching the first

and second ends of the rack.
27.  Thesurgical suturing device of claim 18, wherein the ratchet mechanism is bi-dircctional

preventing the trigger from moving in the first direction until the needle driver has been actuated

through the return stroke.

20



SN s R VS ]

]

jela]

18
9

24

B2
A

b
(93]

WO 2015/187376 PCT/US2015/031883

28 A surgical suturing device, comprising:

an arced needle comprising a length of suture;

a needle driver operable to engage and rotate the needle in a circular path, the needle
driver reciprocating between a drive stoke whercin the needle is rotated about 180
degrees and return stroke where the needle is constrained from rotating;

a trigger operably connected to the needle driver, whercin moving the trigger in a first
dircction actuates the needle driver through its drive stroke, and moving the
trigger in a seeond direction actuates the needle driver through its return stroke;
and

a bi~directional ratchet mechanism connected to the trigger, the bi-directional ratchet
mechanism prevents the trigger from moving in the second direction until the
needle driver has been actuated through the drive stroke, and prevents the trigger
from moving in the first direction until the needie driver has been actuated

through the return stroke.

29. The surgical suturing device of claim 28, wherein the bi-directional ratchet mechanism
comprises a pawl and a rack, the rack comprising a first end, a second end, and the length

extending between the first and second ends.

30. The surgical suturing device of claim 29, wherein the pawl resets upon reaching the first

and second ends of the rack.

31. The surgical suturing deviee of claim 29, wherein the rack comprises a pharality of teeth

along the length.

32, A surgical suturing device, comprising:
an arced needle comprising a length of suture;

an clongate shaft comprising a proximal end and a distal end;
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a needie driver on the distal end of the e¢longate shaft, the needle driver being operable to
engage and rotate the needle in a circular path, the needle driver reciprocating
between a drive stroke wherein the needle 18 rotated and a retum stroke;

a trigger on the proximal end of the clongate shaft;

a drive rod in the clongate shaft, the drive rod operably conncecting the trigger and the
needle driver, wherein moving the trigger in a first direction actuates the needle
driver through its drive stroke, and moving the trigger in a second direction
actuates the needle driver through its return stroke;

a spring operably connected to the drive rod, the spring Hmiting a load transmitied

through the drive rod.

The surgical suturing device of claim 32, wherein the spring limits the load transmitied

through the drive rod when the trigger is moved in a first divection.

34.

A surgical sutoring device, comprising:

an arced needle comprising a length of suture;

an elongate shaft comprising a proximal end and a distal end;

a needle driver on the distal end of the clongate shaft, the needle driver being operable to
engage and rotate the needle in a circular path, the needle driver reciprocating
between a drive stroke wherein the needle is rotated and a return stroke;

an actuator on the proximal ¢nd of the elongate shaft;

a drive rod in the clongate shaft, the drive rod operably connected to the needle driver;

a mechanical linkage connecting the actuator to the drive rod, the mechanical linkage

comprising a force limiting spring.

The surgical suturing device of claim 34, further comprising a rack and pinion drive

interposed between the drive rod and the needle driver.

36.

sled axially traversable relative to the drive rod, and the spring is positioned around drive rod and

The surgical suturing device of claim 34, wherein the mechanical linkage comprises a

within the sled.
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37. The surgical suturing device of ¢laim 36, wherein the actuator is a trigger, the device
[} & o8 k

further comprising a link connecting the trigger to the sled.

38. The surgical suturing device of claim 36, wherein the sled has a distal end and a proximal
end, and the drive rod has a flange, the spring is interposed between the flange and the distal end

of the sled, and the flange directly cngages the proximal end of the sled.

39,  The surgical suturing device of claim 38, further comprising a link connocting the sled to

the actuator.

49, A surgical instrument, comprising:

an clongate shaft corprising a proximal end, a distal end, and an articulating portion;

an end effector on the distal end and an actuator on the proximal end;

a rod in the shaft, the rod comprising a proximal end comprising a cam follower, a distal
end operably connected to the articulation portion, and a longitadinal axis
extending between the proximal and distal ends; and

a disk in the actoator, the disk being rotatable in response to user input in a plang
substantially parallel to the longitudinal axis of the rod, the disk comprising a cam
slot recetving the cam follower such that rotation of the disk moves the rod

fongitudinally to articulate the clongate shatt at the articulation portion.

41, The surgical instrument of claim 40, wherein the end effector comprises a circular needle
applier.
42. The surgical instrument of claim 40, wherein the cam follower is oriented substantially

normal to the rod and normal to the disk,
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43. The surgical instrument of claim 40, wherein cam slot comprises a length having angular

and radial components relative to the disk.

44, The surgical instrument of claim 43, wherein the cam slot comprises a tangent axis where
the cam slot is cngaged by the cam follower, the tangent axis being substantially normal to the

iongitudinal axis of the rod.

45. The surgical instrument of claim 44, wherein the tangent axis is substantially normal to

the longitudinal axis of the rod throughout the length of the cam slot.

46, The surgical instrament of claim 40, wherein carn follower is offset from the longitudinal

axis of the rod.

47. The surgical instrument of claim 40, wherein cam follower 1s medial to the longitudinal

axis of the rod.

4K, The surgical instrament of claim 48, further comprising
a second rod in the shaft, the second rod comprising a proximal end comprising a cam
follower, a distal end operably connected to the articulation portion, and a
longitudinal axis extending between the proximal and distal ends; and
a second cam slot on the disk, the second cam slot receiving the second cam follower
such that rotation of the disk moves the second rod longitudinally to articulate the

clongate shaft at the articulation portion.

49. The surgical instrument of claim 40, wherein the articulating portion comprises an

articulation joint.

58 The surgical instrument of claim 44, further comprising a rotary input konob connected to

the disk.
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51, The surgical instrument of claim 44, further comprising at least one detent on the cam
stot.
52.  The surgical instrument of claim 51, wherein the cam follower includes a cylindrical

portion that closcly fits in the cam slot and a radius portion dimensioned to be received by the at
icast onc detent, wherein as the disk rotates the radius portion raises and lowers into the at lcast

ong detent and the cylindrical portion follows and remains engaged in the cam slot.

194
(W8]

A suturing device, comprising:

an clongate shaft comprising a proximal end, a distal end, and an articulation joing;

a circular needle applier on the distal end of the elongate shaft;

an actuator on the proximal end of the clongate shafi;

first and second rods in the elongate shaft, cach rod comprising a proximal end
comprising a cam follower, a distal end operably connected to the articulation
joint, and a longitudinal axis extending between the proximal and distal ends; and

a disk 1n the actuator, the disk being rotatable in response to user input in a plane
substantially parallel to the longitudinal axes of the clongate shafts, the disk
comprising first and second helical cam slots receiving the first and cam
followers, respectively;

whereby clockwise rotation of the disk moves the first rod distally and the second rod
proximally to articulate the joint in a first direction, and counterclockwise rotation
of the disk moves the first rod proximally and the second rod distally to articulate

the joint in a second direction.
34. The suturing device of claim 53, whercin the first and second cam slots cach comprise a
tangent axis where the cam siot is engaged by the respective first and second cam followers, the

tangent axes cach being substantially normal to the longitudinal axis of the first and second rods.

55. The suturing device of claim 53, wherein cam followers arc medial to the longitudinal

axis of the respective rod.
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56.
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The suturing device of claim 53, wherein the actuator compriscs a handic.
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This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-12, 17

A surgical suturing device, comprising:

a cartridge having a needle and suture,

an elongate shaft having a proximal and distal end,

an actuator connected to the proximal end of the elongate
shaft,

a receiver connected tot he distal end of the shaft and
means for retaining and releasing the cartridge.

2. claims: 13-16

A surgical suturing device, comprising:

a cartridge comprising a needle and suture;

an elongate shaft having a proximal end and a distal end;
an actuator connected to the proximal end of the elongate
shaft;

a pair of jaws connected to the distal end of the elongate
shaft, the jaws having a closed position adapted to receive
and retain the cartridge, and wherein the jaws are latched
in the closed position;

a partially opened position adapted to release the cartridge
wherein the jaws are biased by a spring from the first
opened position towards the closed position;

and a fully opened position spaced apart further than the
partially opened position, wherein spring does not bias the
jaws towards the closed position.

3. claims: 18-27

A surgical suturing device, comprising: an arced needle
comprising a length of suture;

a needle driver operable to engage and rotate the needle in
a circular path, the needle driver reciprocating between a
drive stoke wherein the needle is rotated and a return
stroke;

a trigger operably connected to the needle driver, wherein
moving the trigger in a first direction actuates the needle
driver through its drive stroke, and moving the trigger in a
second direction actuates the needle driver through its
return stroke; and

a ratchet mechanism preventing the trigger from moving in
the second direction until the needle driver has been
actuated through the drive stroke.

4. claims: 28-31

A surgical suturing device, comprising: an arced needle
comprising a length of suture;
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a needle driver operable to engage and rotate the needle in
a circular path, the needle

driver reciprocating between a drive stoke wherein the
needle is rotated about 180 degrees and return stroke where
the needle is constrained from rotating; a trigger operably
connected to the needle driver, wherein moving the trigger
in a first direction actuates the needle driver through its
drive stroke, and moving the trigger in a second direction
actuates the needle driver through its return stroke; and

a bi-directional ratchet mechanism connected to the trigger,
the bi-directional ratchet mechanism prevents die trigger
from moving in the second direction until the needle driver
has been actuated, through the drive stroke, and prevents
the trigger from moving in the first direction until the
needle driver has been actuated through the return stroke.

5. claims: 32-39

A surgical suturing device, comprising:

an arced needle comprising a length of suture,

an elongate shaft comprising a proximal end and a distal
end,

a needle driver on the distal end of the elongate shaft, the
needle driver being operable to engage and rotate the needle
in a circular path, the needle driver reciprocating between
a drive stroke wherein the needle is rotated and a return
stroke; a trigger on the proximal end of the elongate shaft;
a drive rod in the elongate shaft, the drive rod operably
connecting the trigger and the needle driver, wherein moving
flic trigger in a first direction actuates the needle driver
through its drive stroke, and moving the trigger in a second
direction actuates the needle driver through its return
stroke; a spring operably connected to the drive rod, the
spring Timiting a Toad transmitted through the drive rod.

6. claims: 40-56

A surgical instrument, comprising:

an elongate abaft comprising a proximal end, a distal end,
and an articulating portion;

an end effector on the distal end and an actuator on the
proximal end;

a rod in the shaft, the rod comprising & proximal end
comprising a cam follower,

a distal end operably connected to the articulation portion,
and a longitudinal axis extending between the proximal and
distal ends;

and a disk in the actuator, the disk being rotatable in
response to user input in a plane substantially parallel to
the longitudinal axis of the rod, the disk comprising a cam
slot receiving the cam follower such that rotation of the
disk moves the rod Tongitudinally to articulate the elongate
shaft at the articulation portion.
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