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(57) ABSTRACT

An apparatus comprises a shaft, a needle throwing arm, and a
needle receiving arm. The arms are movable asynchronously
along planes that are substantially parallel to a longitudinal
axis defined by the shaft. The arms selectively engage a
surgical needle, such that the throwing arm may pass the
surgical needle through tissue for receipt by the receiving
arm, and the receiving arm may then pass the surgical needle
back to the throwing arm for additional stitching. The arms
may pivot about a common pivot. Such versions may include
a single actuator for both arms or separate actuators for the
arms. The arms may also pivot about their own respective
axles, which may facilitate a forward reset motion for a
needle, allowing the needle to continue travelling along a
circular path in a single direction to create several stitches.
The apparatus may also convert reciprocating movement of
actuators into rotational motion.
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LAPAROSCOPIC SUTURE DEVICE WITH
ASYNCHRONOUS IN-LINE NEEDLE
MOVEMENT

PRIORITY

[0001] This application claims priority to U.S. Provisional
Application Ser. No. 61/355,832, filed Jun. 17, 2010, entitled
“Laparoscopic Suture Device,” the disclosure of which is
incorporated by reference herein.

BACKGROUND

[0002] In some settings it may be desirable to perform a
surgical procedure in a minimally invasive manner, such as
through a trocar or other type of access cannula. Examples of
trocars include the various ENDOPATH® EXCEL™ prod-
ucts by Ethicon Endo-Surgery, Inc. of Cincinnati, Ohio. Such
trocars may present different inner diameters, such as those
ranging from approximately 4.7 mm to approximately 12.9
mm, allowing a surgeon to choose a particular trocar based on
abalance of considerations such as access needs and incision
size. In some minimally invasive surgical procedures, at least
two trocars may be inserted through the abdominal wall of the
patient. An imaging device such as an endoscope may be
inserted through one of the trocars to provide visualization of
the surgical site. A surgical instrument may be inserted
through another one of the trocars to perform surgery at the
site. In procedures performed within the abdominal cavity,
the cavity may be insufflated with pressurized carbon dioxide
to provide more room for visualization and manipulation of
instruments. In some settings, additional trocars may be used
to provide access for additional surgical instruments. Mini-
mally invasive surgery may also be performed through access
portals such as the Single Site Laparoscopy Access System by
Ethicon Endo-Surgery, Inc. of Cincinnati, Ohio, which pro-
vides ports for more than one surgical instrument through a
single incision in a patient.

[0003] Itmay also be desirable to use sutures during some
minimally invasive surgical procedures, such as to close an
opening, to secure two layers of tissue together, to provide an
anastomosis, etc. Such use of sutures may be in addition to or
in lieu of using other devices and techniques such as clips,
staples, electrosurgical sealing, etc. Performing suturing
through trocars or other minimally invasive access ports may
be more difficult than suturing in an open surgical procedure.
For instance, manipulating a needle and suture with conven-
tional tissue graspers through trocars may be relatively diffi-
cult for many surgeons. Thus, improved laparascopic surgical
instruments may make suturing procedures performed
through trocars relatively easier. Examples of surgical instru-
ments configured to facilitate suturing through trocars
include the LAPRA-TY® Suture Clip Applier, the Suture
Assistant, and the ENDOPATH® Needle Holder, all of which
are by Ethicon Endo-Surgery, Inc. of Cincinnati, Ohio. Addi-
tional suturing instruments are disclosed in U.S. Pat. No.
7,628,796, entitled “Surgical Suturing Apparatus with Anti-
Backup System,” issued Dec. 8, 2009, the disclosure of which
is incorporated by reference herein; and U.S. Pat. No. 6,071,
289, entitled “Surgical Device for Suturing Tissue.” issued
Jun. 6, 2000, the disclosure of which is incorporated by ref-
erence herein.
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[0004] While a variety of devices and methods have been
made and used for suturing tissue, it is believed that no one
prior to the inventor(s) has made or used the technology
described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] While the specification concludes with claims
which particularly point out and distinctly claim this technol-
ogy, it is believed this technology will be better understood
from the following description of certain examples taken in
conjunction with the accompanying drawings, in which like
reference numerals identify the same elements and in which:
[0006] FIG. 1 depicts a side elevational view of an exem-
plary laparoscopic suturing device, in a first operational con-
figuration;

[0007] FIG. 2 depicts a side elevational view of the suturing
deice of FIG. 1, in a second operational configuration;
[0008] FIG. 3 depicts a perspective view of the suturing
deice of FIG. 1, in a third operational configuration;

[0009] FIG. 4 depicts a partial, cross-sectional side view of
an exemplary alternative end effector for a laparoscopic
suturing device, in a first operational configuration;

[0010] FIG. 5 depicts a partial, cross-sectional side view of
the end effector of FIG. 4, in a second operational configura-
tion;

[0011] FIG. 6 depicts a partial, cross-sectional side view of
the end effector of FIG. 4, in a third operational configuration;
[0012] FIG. 7 depicts a partial, cross-sectional side view of
the end effector of FIG. 4, in a fourth operational configura-
tion;

[0013] FIG. 8 depicts a partial, cross-sectional side view of
the end effector of FIG. 4, in a fifth operational configuration;
[0014] FIG. 9 depicts a partial, cross-sectional side view of
the end effector of F1G. 4, in a sixth operational configuration;
[0015] FIG. 10 depicts a partial, cross-sectional side view
of the end effector of FIG. 4, in a seventh operational con-
figuration;

[0016] FIG. 11 depicts a partial, cross-sectional side view
of the end effector of FIG. 4, in a eighth operational configu-
ration,;

[0017] FIG. 12 depicts a partial, cross-sectional side view
of another exemplary alternative end effector for a laparo-
scopic suturing device, in a first operational configuration;
[0018] FIG. 13 depicts a partial, cross-sectional side view
of the end effector of FIG. 12, in a second operational con-
figuration;

[0019] FIG. 14 depicts a partial, cross-sectional side view
of the end effector of FIG. 12, in a third operational configu-
ration,

[0020] FIG. 15 depicts a partial, cross-sectional side view
of the end effector of FIG. 12, in a fourth operational con-
figuration;

[0021] FIG. 16 depicts a perspective view of an exemplary
alternative end effector for a laparoscopic suturing device, in
a first operational configuration;

[0022] FIG. 17 depicts another perspective view of the end
effector of FIG. 16, in the first operational configuration;

[0023] FIG. 18 depicts an exploded view of the end effector
of FIG. 16;
[0024] FIG. 19 depicts a perspective view of an actuating

member of the end effector of FIG. 16;

[0025] FIG. 20 depicts a partial, cross-sectional side view
of the end effector of FIG. 16, in the first operational configu-
ration,
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[0026] FIG. 21 depicts a partial, cross-sectional side view
of the end effector of FIG. 16, in a second operational con-
figuration;

[0027] FIG. 22 depicts a partial, cross-sectional side view
of the end effector of FIG. 16, in a third operational configu-
ration,

[0028] FIG. 23 A depicts a partial perspective view of the
end effector of FIG. 16, in a fourth operational configuration;
[0029] FIG. 23B depicts a partial, bottom plan view of the
end effector of FIG. 16, in the fourth operational configura-
tion;

[0030] FIG. 24 depicts a partial, cross-sectional side view
of the end effector of FIG. 16, in a fifth operational configu-
ration,

[0031] FIG. 25 depicts a partial, cross-sectional side view
of the end effector of FIG. 16, in a sixth operational configu-
ration;

[0032] FIG. 26 depicts a partial, cross-sectional side view
of the end effector of FIG. 16, in a seventh operational con-
figuration;

[0033] FIG. 27 depicts a perspective view of the end effec-
tor of FIG. 16, in an eighth operational configuration;
[0034] FIG. 28 depicts a perspective view of the end effec-
tor of FIG. 16, in a ninth operational configuration;

[0035] FIG. 29 depicts a partial, cross-sectional side view
of an exemplary alternative end effector for a laparoscopic
suturing device, in a first operational configuration;

[0036] FIG. 30 depicts a partial, cross-sectional side view
of the end effector of FIG. 29, in a second operational con-
figuration;

[0037] FIG. 31 depicts a partial, cross-sectional side view
of the end effector of FIG. 29, in a third operational configu-
ration,;

[0038] FIG. 32 depicts a partial, cross-sectional side view
of the end effector of FIG. 29, in a fourth operational con-
figuration;

[0039] FIG. 33 depicts a partial, cross-sectional side view
of the end effector of FIG. 29, in a fifth operational configu-
ration,;

[0040] FIG. 34 depicts a partial, cross-sectional side view
of the end effector of FIG. 29, in a sixth operational configu-
ration,

[0041] FIG. 35 depicts a partial, cross-sectional side view
of the end effector of FIG. 29, in a seventh operational con-
figuration;

[0042] FIG. 36 depicts a partial, cross-sectional side view
of the end effector of FIG. 29, in an eighth operational con-
figuration;

[0043] FIG. 37 depicts a partial, cross-sectional side view
of another exemplary alternative end effector for a laparo-
scopic suturing device, in a first operational configuration;
[0044] FIG. 38 depicts a partial, cross-sectional side view
of the end effector of FIG. 37, in a second operational con-
figuration;

[0045] FIG. 39 depicts a partial, cross-sectional side view
of the end effector of FIG. 37, in a third operational configu-
ration,;

[0046] FIG. 40 depicts a partial, cross-sectional side view
of the end effector of FIG. 37, in a fourth operational con-
figuration; and

[0047] FIG. 41 depicts a partial, cross-sectional top view of
the end effector of FIG. 37, in the first operational configu-
ration
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[0048] The drawings are not intended to be limiting in any
way, and it is contemplated that various embodiments of the
technology may be carried out in a variety of other ways,
including those not necessarily depicted in the drawings. The
accompanying drawings incorporated inand forming a part of
the specification illustrate several aspects of the present tech-
nology, and together with the description serve to explain the
principles of the technology; it being understood, however,
that this technology is not limited to the precise arrangements
shown.

DETAILED DESCRIPTION

[0049] The following description of certain examples of the
technology should not be used to limit its scope. Other
examples, features, aspects, embodiments, and advantages of
the technology will become apparent to those skilled in the art
from the following description, which is by way of illustra-
tion, one of the best modes contemplated for carrying out the
technology. As will be realized, the technology described
herein is capable of other different and obvious aspects, all
without departing from the technology. Accordingly, the
drawings and descriptions should be regarded as illustrative
in nature and not restrictive.

[0050] It should therefore be understood that any one or
more of the teachings, expressions, embodiments, examples,
etc. described herein may be combined with any one or more
of the other teachings, expressions, embodiments, examples,
etc. that are described herein. The following-described teach-
ings, expressions, embodiments, examples, etc. should there-
fore not be viewed in isolation relative to each other. Various
suitable ways in which the teachings herein may be combined
will be readily apparent to those of ordinary skill in the art in
view of the teachings herein. Such modifications and varia-
tions are intended to be included within the scope of the
claims.

[0051] I. Overview

[0052] FIGS.1-3 show an exemplary laparoscopic suturing
instrument (10). Instrument (10) of this example includes a
handle portion (20), a shaft (30) extending distally from
handle portion (20), and an end effector (40) at the distal end
of shaft (30). Handle portion (20) includes a fixed grip (22), a
pivoting grip (24), and a button (26). Pivoting grip (24) and
button (26) are each resiliently biased to the positions shown
in FIG. 1, such as by one or more springs, etc. Pivoting grip
(24) and button (26) may each be pushed toward fixed grip
(22) to actuate features of end effector (40) as will be
described in greater detail below. Various other suitable com-
ponents, features, and configurations for handle portion (20)
will be apparent to those of ordinary skill in the art in view of
the teachings herein.

[0053] Shaft (30) of the present example has an outer diam-
eter sized to permit shaft (30) to be inserted through a con-
ventional trocar (not shown). Shaft (30) also has a length
sized to permit end effector (40) to be positioned at a surgical
site within a patient while also allowing handle portion (20) to
be manipulated by a user (e.g., a surgeon) from a location
outside the patient when shaft (30) is disposed in a trocar. In
some versions, shaft (30) includes one or more articulating
features, allowing end effector (40) to be articulated to vari-
ous angles and positions relative to the longitudinal axis
defined by shaft (30). Merely illustrative examples of such
articulation are taught in U.S. Provisional Application Ser.
No. 61/355,832, the disclosure of which is incorporated by
reference herein. Various other suitable ways in which articu-



US 2011/0313433 Al

lation may be provided will be apparent to those of ordinary
skill in the art in view of the teachings herein. In addition or in
the alternative, shaft (30) may be rotatable about the longitu-
dinal axis, relative to handle portion (20), to selectively posi-
tion end effector (40) at various angular orientations about the
longitudinal axis.

[0054] End effector (40) of the present example includes a
first arm (42) and a second arm (44). Arms (42, 44) are
configured to alternatingly throw and catch a curved suturing
needle (50) along a path that is substantially parallel to the
longitudinal axis defined by shaft (30). Alternatively, arms
(42, 44) may be configured to alternatingly throw and catch
needle (50) along a path that is substantially perpendicular to
the longitudinal axis defined by shaft (30); or along some
other path. In addition, arms (42, 44) of the present example
pass needle (50) back and forth from arm (42) to arm (44) and
from arm (44) to arm (42) in an oscillating motion (i.e., back
and forth in opposite directions), such that needle (50) does
not traverse a circular path as needle (50) is being passed
between arms (42, 44). Such action of needle (50) may be
referredto as a “reversereset.”” In some other versions, such as
those described below in section IIL., needle (50) may be
passed between arms along a circular path in a single direc-
tion. Such action of needle (50) may be referred to as a
“forward reset.” When separated as shown in FIG. 1, arms
(42, 44) may together define an angle of approximately 90°.
Alternatively, arms (42, 44) may together define an angle of
up to approximately 270°, or even greater than approximately
270°. Arms (42, 44) are operatively coupled with pivoting
grip (24) and button (26). In particular, pivoting grip (24) is
operable to move arms (42, 44) toward each other when
pivoting grip (24) is squeezed toward fixed grip (22). as
shown in FIG. 2. In some versions, handle portion (20)
includes a rack and pinion configuration, with a translating
member moving within shaft (30), and a camming feature at
end effector (40) to provide such movement of arms (42, 44)
in response to actuation of pivoting grip (24). Merely illus-
trative examples of such features are taught in U.S. Provi-
sional Application Ser. No. 61/355,832, the disclosure of
which is incorporated by reference herein. Various other suit-
able ways in which movement of arms (42, 44) may be pro-
vided in response to actuation of pivoting grip (24) will be
apparent to those of ordinary skill in the art in view of the
teachings herein. As noted above, pivoting grip (24) is resil-
iently biased to the position shown in FIG. 1. Pivoting grip
(24) and fixed grip (22) include complementary latching fea-
tures (28a, 28b) that are operable to selectively lock pivoting
grip (24) to the actuated position shown in FIG. 2, resisting
that resilient bias. As with other features described herein,
latching features (284, 280) are merely optional and may be
modified, substituted, supplemented, or omitted as desired.

[0055] In the present example, as arms (42, 44) throw and
catch needle (50) to each other, arms (42, 44) move toward
and away from each other (and toward and away from the
longitudinal axis defined by shaft (30)) in a synchronous
manner. For instance, the transition from FIG. 1 to FIG. 2
shows arms (42, 44) moving toward each other, with arm (42)
throwing needle (50) to arm (44). The transition from FIG. 2
to FIG. 3 shows arms (42, 44) moving away from each other,
with arm (44) having caught needle (50). In the present
example, button (26) is used to actuate features in arms (42,
44) to selectively grip and release needle (50). For instance,
when arms (42, 44) are approximated as shown in FIG. 2, with
arm (42) throwing needle (50) to arm (44), button (26) may be
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actuated to simultaneously release needle (50) from arm (42)
and grip needle (50) with arm (44). Examples of various
suitable components, features, and configurations that may be
used to provide such selective gripping of needle (50) by arms
(42, 44) are taught in U.S. Provisional Application Ser. No.
61/355,832, the disclosure of which is incorporated by refer-
ence herein. Still other suitable components, features, and
configurations that may be used to provide selective gripping
of needle (50) by arms (42, 44) will be apparent to those of
ordinary skill in the art in view of the teachings herein. It
should also be understood that needle (50) may also include
features to facilitate selective gripping, including but not lim-
ited to one or more notches, etc.

[0056] In some other versions, arms (42, 44) move toward
and away from each other (and toward and away from the
longitudinal axis defined by shaft (30)) in an asynchronous
manner. For instance, in some versions of asynchronous
movement, arm (42) may first move toward the longitudinal
axis while arm (44) stays stationary; then arm (44) moves
toward the longitudinal axis while arm (42) stays stationary,
with arm (44) catching needle (50); then arm (42) moves
away from the longitudinal axis while arm (44) stays station-
ary; then arm (44) moves away from the longitudinal axis
while arm (42) stays stationary. As another merely illustrative
example of asynchronous movement, arm (42) may first
move toward the longitudinal axis while arm (44) stays sta-
tionary; then arm (44) moves toward the longitudinal axis
while arm (42) stays stationary, with arm (44) catching needle
(50); then arms (42, 44) move simultaneously away from the
longitudinal axis. Various examples of components and con-
figurations that may be used to provide asynchronous move-
ment will be described in greater detail below, while other
examples will be apparent to those of ordinary skill in the art
in view of the teachings herein. Regardless of whether arms
(42, 44) move synchronously or asynchronously, arms (42,
44) may be configured to grip and/or compress tissue that is
positioned between arms (42, 44) when arms are in approxi-
mated positions, which may facilitate passage of needle (50)
through the tissue.

[0057] Insome versions, needle (50) has a sharp tip at one
end of needle (50) and a suture (not shown) secured to the
opposite end of needle (50). In a merely illustrative example
of how instrument (10) may be used with such a needle (50),
a user may actuate pivoting grip (24) to throw needle (50)
from arm (42) to arm (44), passing needle (50) through tissue.
The user may actuate button (26) to release needle (50) from
arm (42) and grip needle (50) with arm (44). After releasing
pivoting grip (24) to move arms (42, 44) away from the
longitudinal axis, the user may then pull instrument (10) away
from the surgical site to tighten the suture. Next, with arms
(42, 44) positioned away from the surgical site, the user may
again actuate pivoting grip (24) to pass needle (50) back to
arm (42). Arms (42, 44) may then be positioned back at the
surgical site, and the above process may be repeated until the
desired number of stitches have been placed at the surgical
site. The free end of the suture may then be knotted, clipped,
or otherwise secured. In this example, arm (42) serves a
dedicated role as the throwing arm each time needle (50)
passes through tissue; while arm (44) serves a dedicated role
as the catching arm each time needle (50) passes through
tissue. In some such versions, the rotational position of shaft
(30) may be substantially fixed relative to the surgical site,
such that shaft (30) is simply moved along the region to be
stitched. The suture may ultimately define a generally helical
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path in some such versions. In some other variations, shaft
(30) is rotated 180° about its longitudinal axis before each
time arm (42) drives needle (50) through tissue, such that the
suture defines a path resembling a square wave. It should also
be understood that, in some versions where the suture is
secured to one end of needle (50) instead of being secured to
the middle of needle (50), arms (42, 44) may alternate roles as
throwing arm and catching arm. Other suitable ways in which
instrument (10) may be used with such a needle (50) will be
apparent to those of ordinary skill in the art in view of the
teachings herein.

[0058] In some other versions, both ends of needle (50)
include sharp tips and a suture is secured to the middle region
of needle (50), between the sharp tips. In a merely illustrative
example of how instrument (10) may be used with such a
needle (50), a user may actuate pivoting grip (24) to throw
needle (50) from arm (42) to arm (44), passing needle (50)
through tissue. The user may actuate button (26) to release
needle (50) from arm (42) and grip needle (50) with arm (44).
After releasing pivoting grip (24) to move arms (42, 44) away
from the longitudinal axis, the user may then pull instrument
(10) away from the surgical site to tighten the suture. Next, the
user may position arms (42, 44) back at the surgical site, and
the user may actuate pivoting grip (24) to throw needle (50)
from arm (44) back to arm (42), passing needle (50) through
tissue. This process may be repeated until the desired number
of stitches have been placed at the surgical site. The free end
of the suture may then be knotted, clipped, or otherwise
secured. In this example, arms (42, 44) alternate between
roles as throwing arm and catching arm each time needle (50)
passes through tissue. In some such versions, the rotational
position of shaft (30) may be substantially fixed relative to the
surgical site, such that shaft (30) is simply moved along the
region to be stitched. The suture may ultimately define a path
resembling a square wave. In some other variations, shaft (30)
is rotated 180° about its longitudinal axis before each time
arm (42) drives needle (50) through tissue, such that the
suture defines a generally helical path. Other suitable ways in
which instrument (10) may be used with such a needle (50)
will be apparent to those of ordinary skill in the art in view of
the teachings herein.

[0059] II. Exemplary Suture Device with Single Fixed Axle
Drive Assembly

[0060] A. Exemplary Drive Assembly with Single Fixed
Axle and Single Actuator

[0061] FIGS. 4-11 depict an exemplary end effector (100)
that may be incorporated into instrument (10) as an alterna-
tive to end effector (40) described above. It should also be
understood that end effector (100) may be incorporated into
various other instruments, such that end effector (100) is not
limited to instrument (10). End effector (100) of this example
is disposed at the distal end of a shaft (130) and includes a pair
of arms (142, 144) that selectively throw and catch a needle
(150). In particular, arms (142, 144) pivot about a pin (110) in
an asynchronous fashion. In some settings, asynchronous
movement of arms (142, 144) will provide a surgeon with
greater visibility, more flexibility, and/or better maneuver-
ability while suturing. In addition or in the alternative, asyn-
chronous movement of arms (142, 144) may facilitate use of
arms (142, 144) to provide traction or apply an opposing force
to tissue prior to entry by a needle (150). For instance, the arm
(142, 144) that is serving the role of catching arm may move
to engage tissue to provide such fraction and opposition
before the other arm (144, 142) moves to throw needle (150)
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through the tissue. Of course, asynchronous movement of
arms (142, 144) may provide other results, in addition to or as
an alternative to the results noted above.

[0062] Pin (110)is secured to a clevis feature (132) of shaft
(130), such that the longitudinal position of pin (110) is fixed
relative to shaft (130). A block (160) is slidably disposed in
shaft (130), and is pivotally coupled with arms (142, 144) by
respective links (172, 174). In particular, link (172) is pivot-
ally coupled with a proximal end (146) of arm (142) and is
also pivotally coupled with block (160). Link (174) is pivot-
ally coupled with a proximal end (148) of arm (144) and is
also pivotally coupled with block (160). Block (160) includes
an elongate slot (162) associated with link (172). In particu-
lar, link (172) includes a transverse pin (176) that is slidably
disposed in slot (162). This relationship between link (172)
and block (160) allows block (160) move relative to link (172)
during part of the longitudinal range of motion of block (160);
while also allowing block (160) to move link (172) during
other parts of the longitudinal range of motion of block (160).
In other words, slot (162) provides some degree oflost motion
as will be described in greater detail below. Block (160) is
further coupled with a linear actuator (not shown) disposed
along the length of shaft. The linear actuator is selectively
activated by pivoting grip (24).

[0063] Needle (150) of this example includes a sharp tip
(152) at one end and a suture (154) secured to the other end.
Alternatively, both ends of needle (150) may include sharp
tips, with suture (154) being secured in a middle region of
needle (150) between the sharp tips. While needle (150) is
curved in this example, some other versions may include use
of a straight needle, an angled needle, or any other suitable
type of needle.

[0064] In an exemplary method of operation, end effector
(100) is positioned near two layers (190, 192) of tissue, as
shown in FIG. 4. Then, pivoting grip (24) is actuated to move
block (160) proximally to the position shown in FIG. 5. This
proximal movement of block (160) causes link (174) to pull
proximal end (148) of arm (144), which in turn pivots the
distal end (149) of arm (144) into engagement with lower
layer (192) of tissue. Transverse pin (176) slides along the
length of slot (162) in block (160) during this stage, such that
block (160) does not move link (172). Arm (142) thus remains
substantially stationary during this stage. With arm (144)
engaging lower layer (192) of tissue, pivoting grip (24) is
actuated further to continue moving block (160) proximally
to the position shown in FIG. 6. This further proximal move-
ment of block (160) causes link (174) to continue pulling on
proximal end (148) of arm (144), which in turn continues to
pivot arm (144) into further engagement with lower layer
(192) of tissue. In addition, this further proximal movement
of block (160) causes link (172) to pull proximal end (146) of
arm (142), which in turn pivots the distal end (147) of arm
(142) toward upper layer (190) of tissue, thereby driving
needle (150) through both layers (190, 192) of tissue. In some
other versions, end effector (100) is configured such that arm
(144) does not continue pivoting in the transition from the
configuration shown in FIG. 5 to the configuration shown in
FIG. 6. For instance, block (160) may include an additional
slot that provides lost motion for link (174) as block (160)
moves from the position shown in FIG. 5 to the position
shown in FIG. 6.

[0065] With arms (142, 144) in the positions shown in FIG.
6, the user may then actuate button (26) or some other feature
to release needle (150) from arm (142) and grip needle (150)
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with arm (144). Examples of various suitable components,
features, and configurations that may be used to provide such
selective gripping of needle (150) by arms (142, 144) are
taught in U.S. Provisional Application Ser. No. 61/355,832,
the disclosure of which is incorporated by reference herein.
Still other suitable components, features, and configurations
that may be used to provide selective gripping of needle (150)
by arms (142, 144) will be apparent to those of ordinary skill
in the art in view of the teachings herein. It should also be
understood that needle (150) may also include features to
facilitate selective gripping, including but not limited to one
or more notches, etc.

[0066] With needle (150) having been thrown by arm (142)
through both layers (190, 192) of tissue, and with needle
(150) having been caught by arm (144), the user may then
release pivoting grip (24). A resilient bias may then advance
block (160) distally, thereby pivoting arms (142, 144) back to
their previous positions, as shown in FIG. 7. This additional
movement of arm (144) away from the layers (190, 192) of
tissue pulls needle (150) and suture (154) through both layers
(190, 192) oftissue. The user may then pull end effector (100)
away from layers (190, 192), to pull an additional length of
suture (154) through layers (190,192) and/or to tighten suture
(154), if desired. Next, with arms (142, 144) positioned away
from the surgical site, the user may again actuate pivoting grip
(24) to pass needle (150) back to arm (142) ina “reverse reset”
action as referred to above. Arms (142, 144) may then be
positioned back at the surgical site, and the above process
may be repeated until the desired number of stitches have
been placed at the surgical site. The free end of the suture may
then be knotted, clipped, or otherwise secured. In this
example, arm (142) serves a dedicated role as the throwing
arm each time needle (150) passes through layers (190, 192)
of tissue; while arm (144) serves a dedicated role as the
catching arm each time needle (150) passes through layers
(190, 192) of tissue. In some such versions, shaft (130) is
rotated 180° about its longitudinal axis before each time arm
(142) drives needle (150) through tissue. It should also be
understood that, in some versions where suture (154) is
secured to one end of needle (150) as well as some versions
where suture (154) 1s secured to the middle of needle (150),
arms (142, 144) may alternate roles as throwing arm and
catching arm. Other suitable ways in which end effector (100)
may be used with such needles (150) will be apparent to those
of ordinary skill in the art in view of the teachings herein.

[0067] In the present example, pivoting grip (24) actuates
arms (142, 144) through the full range of motion depicted in
the transition from FIGS. 4-6 with just a single act of squeez-
ing pivoting grip (24) toward fixed grip (22). In some such
versions, handle portion (20) may provide audible feedback
and/or tactile feedback to the user to indicate that arms (142,
144) have reached the stage shown in FIG. 5 and/or the stage
shown in FIG. 6. In some other versions, pivoting grip (24)
must be fully actuated once to transition arms (142, 144) from
the configuration shown in FI1G. 4 to the configuration shown
in FIG. 5, then be released, then be fully actuated again to
transition arms (142, 144) from the configuration shown in
FIG. 5 to the configuration shown in FIG. 6. Various suitable
components, features, and configurations that may be used to
provide such multi-stroke actuation will be apparent to those
of ordinary skill in the art in view of the teachings herein.
Similarly, various other suitable ways in which arms (142,
144) may be actuated will be apparent to those of ordinary
skill in the art in view of the teachings herein. It should also be
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understood that block (160) need not necessarily be resil-
iently biased to a distal position. For instance, block (160)
may require some feature of handle portion (20) to be pushed,
rotated, and/or otherwise manipulated in order to drive block
(160) distally.

[0068] FIGS. 8-11 depict exemplary stages of use where
the roles of arms (142) are reversed (144). In particular, while
FIGS. 4-7 show arm (142) serving the role as a throwing arm
and arm (144) serving the role as a catching arm; FIGS. 8-11
show arm (144) serving the role as a throwing arm and arm
(142) serving the role as a catching arm. Thus, as pivoting grip
(24) is actuated to move block (160) proximally to the posi-
tion shown in FIG. 9, this proximal movement of block (160)
causes link (174) to pull proximal end (148) of arm (144),
which in turn pivots the distal end (149) of arm (144) to drive
needle (150) through (190, 192) layers of tissue. Again, trans-
verse pin (176) slides along the length of slot (162) in block
(160) during this stage, such that block (160) does not move
link (172). Arm (142) thus remains substantially stationary
during this stage. With needle (150) disposed through layers
(190, 192) of tissue, pivoting grip (24) is actuated further to
continue moving block (160) proximally to the position
shown in FIG. 10. This further proximal movement of block
(160) causes link (174) to continue pulling on proximal end
(148) of arm (144), which in turn continues to pivot arm (144)
into further engagement with lower layer (192) of tissue. In
addition, this further proximal movement of block (160)
causes link (172) to pull proximal end (146) of arm (142),
which in turn pivots the distal end (147) of arm (142) toward
upper layer (190) of tissue. With arms (142, 144) in the
positions shown in FIG. 10, the user may then actuate button
(26) or some other feature to release needle (150) from arm
(144) and grip needle (150) with arm (142). With needle (150)
having been thrown by arm (144) through both layers of
tissue (190, 192), and with needle (150) having been caught
by arm (142), the user may then release pivoting grip (24). A
resilient bias may then advance block (160) distally, thereby
pivoting arms (142, 144) back to their previous positions, as
shown in FIG. 11. This additional movement of arm (142)
away from the layers of tissue (190, 192) pulls needle (150)
and suture (154) through both layers (190, 192) of tissue.

[0069] B. Exemplary Drive Assembly with Single Fixed
Axle and Dual Actuators

[0070] FIGS. 12-15 depict another exemplary end effector
(200) that may be incorporated into instrument (10) as an
alternative to end effector (40) described above. It should also
be understood that end effector (200) may be incorporated
into various other instruments, such that end effector (200) is
not limited to instrument (10). End effector (200) of this
example is disposed at the distal end of a shaft (230) and
includes a pair of arms (242, 244) that selectively throw and
catch a needle (250). In particular, arms (242, 244) pivot
about a pin (210) in an asynchronous fashion. Pin (210) is
secured to a clevis feature (232) of shaft (230), such that the
longitudinal position of pin (210) is fixed relative to shaft
(230). A pair of linear actuators (262, 264) are slidably dis-
posed in shaft (230), and are pivotally coupled with arms
(242, 244) by respective links (272, 274). In particular, link
(272) is pivotally coupled with a proximal end (246) of arm
(242) and is also pivotally coupled with linear actuator (262).
Link (274) is pivotally coupled with a proximal end (248) of
arm (244) and is also pivotally coupled with linear actuator
(264). Linear actuators (262, 264) extend along the length of
shaft (230) and are selectively translated by one or more
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features at handle portion (20). For instance, each linear
actuator (262, 264) may be associated with a respective piv-
oting grip (24) via rack and pinion configurations, camming
features, etc. Alternatively, linear actuators (262, 264) may be
operated by sliders, motors, solenoids, or any other suitable
driving components as will be apparent to those of ordinary
skill in the artin view of the teachings herein. Tt should also be
understood that actuators (262, 264) are operable indepen-
dently relative to each other in the present example.

[0071] Needle (250) of this example includes a sharp tip
(252) at one end and a suture (254) secured to the other end.
Alternatively, both ends of needle (250) may include sharp
tips, with suture (254) being secured in a middle region of
needle (250) between the sharp tips. While needle (250) is
curved in this example, some other versions may include use
of a straight needle, an angled needle, or any other suitable
type of needle.

[0072] In an exemplary method of operation, end effector
(200) is positioned near two layers (190, 192) of tissue, as
shown in FIG. 12. The user may move the entire shaft (230)
and end effector (200) together to begin piercing the layers
(290,292) of tissue with sharp tip (252) of needle (250). Then,
actuator (262) is retracted proximally to the position shown in
FIG. 13. This proximal movement of actuator (262) causes
link (272) to pull proximal end (246) of arm (242), which in
turn pivots the distal end (247) of arm (244) into engagement
with lower layer (292) of tissue and also drives needle (250)
through both layers (290, 292) of tissue. Arm (244) remains
substantially stationary during this stage since actuator (264)
and link (274) are independent from actuator (262) and link
(272). With arm (244) engaging lower layer (292) of tissue,
actuator (264) is retracted proximally to the position shown in
FIG. 14. This proximal movement of actuator (264) causes
link (274) to pull proximal end (248) of arm (244), which in
turn pivots the distal end (249) of arm (244) toward upper
layer (290) of tissue.

[0073] With arms (242, 244) in the positions shown in FIG.
14, the user may then actuate button (26) or some other
feature to release needle (250) from arm (242) and grip needle
(250) with arm (244). Examples of various suitable compo-
nents, features, and configurations that may be used to pro-
vide such selective gripping of needle (250) by arms (242,
244) are taught in U.S. Provisional Application Ser. No.
61/355,832, the disclosure of which is incorporated by refer-
ence herein. Still other suitable components, features, and
configurations that may be used to provide selective gripping
of needle (250) by arms (242, 244) will be apparent to those
of ordinary skill in the art in view of the teachings herein. It
should also be understood that needle (250) may also include
features to facilitate selective gripping, including but not lim-
ited to one or more notches, etc.

[0074] With needle (250) having been thrown by arm (242)
through both layers (290, 292) of tissue, and with needle
(250) having been caught by arm (244), the user may then
release whatever features were used to translate actuators
(262, 264) proximally. A resilient bias may then advance
actuators (262, 264) distally, thereby pivoting arms (242, 244)
back to their previous positions, as shown in FIG. 15. Alter-
natively, actuators (262, 264) may be actively advanced dis-
tally by the user (e.g., by pushing on a feature in handle
portion (20), etc.). The movement of arm (244) away from the
layers (290, 292) of tissue pulls needle (250) and suture (254)
through both layers (290, 292) of tissue. The user may then
pull end effector (200) away from layers (290, 292), to pull an
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additional length of suture (254) through layers (290, 292)
and/or to tighten suture (254), if desired. Next, with arms
(242, 244) positioned away from the surgical site, the user
may again actuate actuators (262, 264) to pass needle (250)
back to arm (242) in a “reverse reset” action as referred to
above. Arms (242, 244) may then be positioned back at the
surgical site, and the above process may be repeated until the
desired number of stitches have been placed at the surgical
site. The free end of the suture may then be knotted, clipped,
or otherwise secured. In this example, arm (242) serves a
dedicated role as the throwing arm each time needle (250)
passes through layers (290, 292) of tissue; while arm (244)
serves a dedicated role as the catching arm each time needle
(250) passes through layers (290, 292) of tissue. In some such
versions, shaft (230) s rotated 180° about its longitudinal axis
before each time arm (242) drives needle (250) through tis-
sue. It should also be understood that, in some versions where
suture (254) is secured to one end of needle (250) as well as
some versions where suture (254) is secured to the middle of
needle (250), arms (242, 244) may alternate roles as throwing
arm and catching arm. Other suitable ways in which end
effector (200) may be used with such needles (250) will be
apparent to those of ordinary skill in the art in view of the
teachings herein.

[0075] While the series depicted in FIGS. 12-15 shows arm
(242) contacting tissue before arm (244), it should be under-
stood that a user may wish to contact tissue with arm (244)
before contacting tissue with arm (244). For instance, the user
may wish to use arm (244) to provide traction or an opposing
force when needle (250) is driven through layers (290, 292) of
tissue. With actuators (262, 264) being movable indepen-
dently relative to each other, the user may actuate actuators
(262, 264) and thus arms (242, 244) in any desired sequence
or timing.

[0076] III. Exemplary Suture Device with Dual Axle Drive
Assembly
[0077] A. Exemplary Drive Assembly with Oscillating

Arms and Forward Needle Reset

[0078] FIGS. 16-28 depict another exemplary end effector
(300) that may be incorporated into instrument (10) as an
alternative to end effector (40) described above. It should also
be understood that end effector (300) may be incorporated
into various other instruments, such that end effector (300) is
not limited to instrument (10). End effector (300) of this
example is disposed at the distal end of a shaft (302) and
includes a pair of arms (320, 350) that selectively throw and
catch a needle (390). Each arm (320, 350) is secured to a
respective axle (304, 306), and each arm (320, 350) pivotally
rocks or oscillates about its respective axle (304, 306) as will
be described in greater detail below. While axles (304, 306)
are aligned along a common axis, axles (304, 306) are sepa-
rate from each other such that a gap is defined between axles
(304, 306), with that gap also lying along the common axis.
Axles (304, 3006) are pivotally secured to shaft (302). The axis
along which axles (304, 306) are aligned and oscillate is
perpendicular to a longitudinal axis defined by shaft (302).
Thus, arms (320, 350) oscillate along respective planes that
are parallel to the longitudinal axis defined by shaft (302) and
that are parallel to each other. In the present example, arms
(320, 350) also move asynchronously, such that one arm (320,
350) may remain stationary as the other arm (350, 320) is
moving.

[0079] A pair of arm rotation actuators (308, 310) are slid-
ably disposed in shaft (302) and are laterally separated by
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spacer blocks (312). As best seen in FIG. 18, each arm rota-
tion actuator (308, 310) includes a respective integral distal
rack portion (314, 316). Each axle (304, 306) includes a
respective integral pinion portion (305). While only pinion
portion (305) of axle (304) is shown in FIG. 18, it should be
understood that axle (306) has a similar pinion portion in the
present example. Rack portions (314, 316) are engaged with
pinion portions (305). Thus, longitudinal movement of arm
rotation actuators (308, 310) provides corresponding rotation
of pinion portions (305). Since pinion portions (305) are
unitary with arms (320, 350), the rotational motion of pinion
portions (305) provides corresponding rotation of arms (320,
350). In the present example, arms (320, 350) do not rotate
through full revolutions, so rotation ofarms (320, 350) will be
described herein using terms such as “rocking” or “oscilla-
tion” and the like. It should be understood, however, that one
or both of arms (320, 350) may rotate through full revolutions
in some other versions. It should also be understood that arm
rotation actuators (308, 310) may be driven in any suitable
fashion, including but not limited to being driven by sliders,
motors, solenoids, or any other suitable driving components
as will be apparent to those of ordinary skill in the art in view
of the teachings herein. Furthermore, it should be understood
that arm rotation actuators (308, 310) are operable indepen-
dently relative to each other in the present example.

[0080] Arm (320) of the present example includes a first
frame member (322), a second frame member (330), and a
needle gripping member (340). First frame member (322) is
unitary with axle (304) and pinion portion (305). First frame
member (322) includes a pair of transversely extending
needle gripping pegs (324). Each needle gripping peg (324)
includes a respective notch (326) that is configured to receive
part of needle (390) as first frame member (322) cooperates
with needle gripping member (340) to selectively grip needle
(390). Notches (326) are configured to assist in properly
aligning needle (390) as needle (390) is being gripped by arm
(320), such as iff'when needle (390) twists or otherwise
changes orientation as needle (390) is being passed through
tissue.

[0081] Second frame member (330) is fixedly secured to
first frame member (322). Second frame member (330)
includes an angled surface (332) and a transversely extending
deflection peg (334). An engagement surface (335) is adja-
cent to angled surface (332). As will be described in greater
detail below, deflection peg (334) may be pushed during
operation of end effector (300), to push angled surface (332)
and engagement surface (335) away from first frame member
(322). Second frame member (330) is resilient and thus flexes
to permit such deflection in the present example. However,
second frame member (330) is resiliently biased to maintain
a substantially straight orientation that is parallel to first
frame member (322).

[0082] Needle gripping member (340) is sandwiched
between first frame member (322) and second frame member
(330). Needle gripping member (340) is also slidable between
first frame member (322) and second frame member (330), as
will be described in greater detail below. Needle gripping
member (340) comprises a transversely extending cam peg
(342), a transversely extending needle gripping peg (344), a
pair of angled surfaces (346), and a flex portion (348). A pair
of engagement surfaces (347) are adjacent to angled surfaces
(346). Cam peg (342) is disposed through a slot (323) formed
in first frame member (322). Needle gripping peg (344)
includes a notch (345) that is configured to receive part of
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needle (390) as first frame member (322) cooperates with
needle gripping member (340) to selectively grip needle
(390). Notches (345, 326) cooperate to properly align needle
(390) as needle (390) is being gripped by arm (320), such as
if/fwhen needle (390) twists or otherwise changes orientation
as needle (390) is being passed through tissue. Flex portion
(348) allows needle gripping member (340) to compress
along a longitudinal axis defined by needle gripping member
(340); yet flex portion (348) resiliently biases needle gripping
member (340) to the longitudinally extended position shown
in FIGS. 16-18, 20-22, and 28.

[0083] A cam actuator (380) is slidably disposed in shaft
(302) and includes a chamfered distal end portion (382) that
is operable to selectively engage cam peg (342). Chamfered
distal end portion (382) of cam actuator (380) is also operable
to selectively engage deflection peg (334). For instance, as
shown in FIGS. 23A-23B and as will be described in greater
detail below, cam actuator (380) may push on cam peg (342)
when cam actuator (380) is driven to a distal position with arm
(320) at a particular distal rotational position, thereby sliding
needle gripping member (340) to a needle gripping position
and configuration. In addition, as shown in FIGS. 27-28 and
as will be described in greater detail below, cam actuator
(380) may push on deflection peg (334) when cam actuator
(380) is driven to a distal position with arm (320) at a particu-
lar proximal rotational position, thereby allowing needle
gripping member (340) to transition from a needle gripping
position and configuration to a needle releasing position and
configuration. Cam actuator (380) may be driven manually by
a slider, may be driven by a motor or solenoid, or may be
driven in any other suitable fashion as will be apparent to
those of ordinary skill in the art in view of the teachings
herein. It should also be understood that cam actuator (380)
may be driven independently relative to arm rotation actuator
(308).

[0084] Arm (350) of the present example includes a first
frame member (352), a second frame member (360), and a
needle gripping member (370). First frame member (352) is
unitary with axle (306) and pinion portion (not shown). First
frame member (352) includes a pair of transversely extending
needle gripping pegs (354). Each needle gripping peg (354)
includes a respective notch (356) that is configured to receive
part of needle (390) as first frame member (362) cooperates
with needle gripping member (370) to selectively grip needle
(390). Notches (356) are configured to assist in properly
aligning needle (390) as needle (390) is being gripped by arm
(350), such as iff'when needle (390) twists or otherwise
changes orientation as needle (390) is being passed through
tissue.

[0085] Second frame member (360) is fixedly secured to
first frame member (352). Second frame member (360)
includes an angled surface (362) and a transversely extending
deflection peg (364). An engagement surface (365) is adja-
cent to angled surface (362). As will be described in greater
detail below, deflection peg (364) may be pushed during
operation of end effector (300), to push angled surface (362)
and engagement surface (365) away from first frame member
(352). Second frame member (360) is resilient and thus flexes
to permit such deflection in the present example. However,
second frame member (360) is resiliently biased to maintain
a substantially straight orientation that is parallel to first
frame member (352).

[0086] Needle gripping member (370) is sandwiched
between first frame member (352) and second frame member
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(360). Needle gripping member (370) is also slidable between
first frame member (352) and second frame member (360), as
will be described in greater detail below. Needle gripping
member (370) comprises a transversely extending cam peg
(372), a transversely extending needle gripping peg (374), a
pair of angled surfaces (376), and a flex portion (378). A pair
of engagement surfaces (377) are adjacent to angled surfaces
(376). Cam peg (372) is disposed through a slot (353) formed
in first frame member (352). Needle gripping peg (374)
includes a notch (not shown) that is configured to receive part
of needle (390) as first frame member (352) cooperates with
needle gripping member (370) to selectively grip needle
(390). This notch of needle gripping peg (374) cooperates
with (356) of first frame member (352) to properly align
needle (390) as needle (390) is being gripped by arm (350),
such as if/when needle (390) twists or otherwise changes
orientation as needle (390) is being passed through tissue.
Flex portion (378) allows needle gripping member (370) to
compress along a longitudinal axis defined by needle grip-
ping member (370), yet flex portion (378) resiliently biases
needle gripping member (370) to the longitudinally extended
position shown in FIGS. 24-25.

[0087] A cam actuator (381) is slidably disposed in shaft
(302). As best seen in FIG. 19, cam actuator (381) of this
example includes a lateral notch (383) and a distal recess
(385). Distal recess (385) is defined by an angled lateral
surface (387) and a proximal surface (389). Lateral notch
(383) is configured to selectively engage cam peg (372). In
particular, as shown in FIG. 20 and as will be described in
greater detail below, lateral notch (383) receives cam peg
(372) during proximal rotation of arm (350) and thereby
assists in arresting further proximal rotation of arm (350).
Distal recess (385) is configured to selectively engage deflec-
tion peg (364). In particular, as shown in FIG. 22 and as will
be described in greater detail below, proximal surface (389)
engages deflection peg (364) during distal rotation of arm
(350) and thereby assists in arresting further distal rotation of
arm (350). Furthermore, as shown in FIGS. 23A-23B and as
will also be described in greater detail below, angled lateral
surface (387) may push on deflection peg (334) when actuator
(381) is retracted to a proximal position with arm (350) at a
particular distal rotational position, thereby allowing needle
gripping member (370) to transition from a needle gripping
position and configuration to a needle releasing position and
configuration.

[0088] Needle (390) of this example includes a sharp tip
(392) at one end and a suture (394) secured to the other end.
Alternatively, both ends of needle (390) may include sharp
tips, with suture (394) being secured in a middle region of
needle (390) between the sharp tips. While needle (390) is
curved in this example, some other versions may include use
of a straight needle, an angled needle, or any other suitable
type of needle.

[0089] In an exemplary method of operation, end effector
(300) is positioned near two layers (396, 398) of tissue, as
shown in FIG. 20. At this stage, needle (390) is gripped by
pegs (354, 374) of arm (350). In particular, needle gripping
member (370) is positioned such that engagement surfaces
(377) of gripping member (370) are engaged with engage-
ment surface (365) of second frame member (360). This
relationship holds gripping member (370) in a position rela-
tive to frame members (352, 362) whereby needle gripping
peg (374) is positioned near needle gripping pegs (354). In
addition, flex portion (378) is compressed and provides a
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resilient bias to needle gripping peg (374), such that needle
(390) remains held by pegs (354,374) until gripping member
(370) is slid relative to frame members (352, 360) during
subsequent operation of end effector (300) as will be
described in greater detail below.

[0090] With end effector (300) positioned near layers (396,
398) of tissue, and with needle (390) being held by pegs (354,
374) of arm (350), the user may translate actuator (310)
distally as shown in FIG. 21. This distal motion of actuator
(310) causes arm (350) to rotate forward, due to engagement
between rack portion (316) of actuator (310) and pinion por-
tion (305) of arm (350). The forward rotation of arm (350)
causes sharp tip (392) of needle (390) to pierce and penetrate
both layers (396, 398) of tissue. As also shown in FIG. 21,
actuator (381) is translated proximally, positioning recess
(385) to receive deflection peg (364). Thus, proximal surface
(389)inrecess (385) helps arrest further distal rotation of arm
(350) by engaging peg (364). Arm (320) remains substan-
tially stationary at this stage. Needle gripping pegs (324, 344)
of arm (320) are positioned apart at this stage, such that arm
(320) may freely receive needle (390). In some versions, arm
(320) may be rotated to engage lower layer (398) of tissue to
assist in clamping or providing ground against the tissue as
needle (390) is inserted through layers (396, 398) of tissue at
this stage. For instance, arm (320) may be rotated to the
position shown in FIG. 22 as described in greater detail below,
before arm (350) is rotated to the position shown in FIG. 21 as
described above.

[0091] With needle (390) disposed in layers (396, 398) of
tissue, and with needle (390) still being held by pegs (354,
374) of arm (350), the user may translate actuator (308)
proximally to rotate arm (320) as shown in FIG. 22. Again,
this translation of actuator (310) results in rotation of arm
(320) through interaction between rack portion (314) of
actuator (308) and pinion portion (305) of arm (320). Arm
(320) is engaged against lower layer (398) of tissue, such that
both layers (396, 398) of tissue are compressed between arms
(320, 350) at this stage. In addition, needle gripping pegs
(324, 344) of arm (320) remain positioned apart at this stage,
such that arm (320) freely receives needle (390).

[0092] With needle (390) still disposed in layers (396, 398)
of tissue, and with arm (320) in a position to receive needle
(390), actuators (380, 381) are translated to transfer control of
needle (390) from arm (350) to arm (320) as shown in FIGS.
23A-23B. In particular, as shown in FIG. 23 A, actuator (380)
is translated distally. This drives distal end portion (382) of
actuator (380) into cam peg (342). Such pushing of cam peg
(342) slides needle gripping member (340) relative to frame
members (322, 330) of arm (320), bringing needle gripping
peg (344) closer to needle gripping pegs (324) such that
needle (390) is received in notches (326, 345) of pegs (324,
344). In addition, this sliding of needle gripping member
(340) causes engagement surface (347) to snap into place in
contact with engagement surface (335) of frame member
(330). With engagement surfaces (335, 347) in contact with
each other, needle gripping member (340) is held in the posi-
tion shown in FIG. 23A. In this position, flex portion (348) is
compressed, providing a resilient bias to needle gripping peg
(344). This resilient bias helps to keep needle (390) gripped
by pegs (324, 344) until gripping member (340) is slid relative
to frame members (322, 330) during subsequent operation of
end effector (300) as will be described in greater detail below.
[0093] As noted above, actuator (381) is translated proxi-
mally to release needle (390) from arm (350). In particular,
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when actuator (381) is translated proximally with arm (350)
in the rotational position shown in FIGS. 23A-23B, angled
lateral surface (387) of distal recess (385) pushes against
deflection peg (364). This pushing against deflection peg
(364) deforms frame member (360) to a point where engage-
ment surface (377) clears engagement surface (365). Once
engagement surface (377) clears engagement surface (365),
the resilient bias of flex portion (378) causes gripping mem-
ber (370) to extend in length. This extension in length helps
cause gripping member (370) to slide relative to frame mem-
bers (352, 360). In addition, angled surface (362) of frame
member (360) interacts with angled surface (376) of gripping
member (370) to further cause gripping member (370) to
slide relative to frame members (352). With gripping member
(370) being slid to the position shown in FIG. 23B, peg (374)
has substantially separated from pegs (354), such that arm
(350) has released needle (390).

[0094] In the present example, arm (350) does not release
needle (390) until arm (320) has grasped needle (390). In
other words, actuator (380) is translated distally first, then
actuator (381) is translated proximally in the stages shown in
FIGS. 23A-23B. In some other versions, arm (350) releases
needle (390) simultaneously as arm (320) grasps needle
(390), such that actuators (380, 381) are translated simulta-
neously.

[0095] With arm (320) having grasped needle (390) and
with arm (350) having released needle (390), arm (322) is
further rotated proximally to pull needle (390) free of layers
(396, 398) of tissue and to pull suture (394) through layers
(396, 398) of tissue as shown in FIG. 24. This is accomplished
by translating actuator (308) distally. In addition, as also
shown in FIG. 24, actuator (310) is translated proximally to
rotate arm (350) proximally. While arms (320, 350) rotate
simultaneously at this stage in the present example, it should
be understood that arms (320, 350) may instead rotate in a
staggered fashion or otherwise. Actuator (381) is also trans-
lated proximally at this stage in the present example. This
proximal movement of actuator (381) allows cam peg (372) to
clear actuator (381) as arm (350) continues to rotate proxi-
mally during subsequent stages of operation of end effector
(300) as will be described in greater detail below.

[0096] As shown in FIG. 25, end effector (300) is then
moved away from layers (396, 398) of tissue to tension suture
(394); and arms (320, 350) are rotatably positioned to transfer
needle (390) from arm (320) back to arm (350). In particular,
actuator (310) is translated further proximally in order to
rotate arm (350) to the position shown in FIG. 25. Actuator
(308) is translated further distally in order to rotate arm (320)
to the position shown in FIG. 25. Actuator (381) is translated
distally to position lateral notch (383) at a location where it
receives cam peg (372) to arrest further rotation of arm (350).
At this stage, needle gripping pegs (324, 344) of arm (320)
continue to grip needle (390); while needle gripping pegs
(354, 374) of arm (350) are positioned apart to freely receive
needle (390). It should be understood that, in the present
example, arms (320, 350) move past each other during the
transition between the configuration shownin FIG. 24 and the
configuration shown in FIG. 25. In some instances, one or
more pegs (354, 374) of arm (350) deflect relative one or more
corresponding pegs (324, 344) of arm (350), such that pegs
(324, 344, 354, 374) to not create a mechanical interference
when arms (320, 350) move past each other during the tran-
sition between the configuration shown in FIG. 24 and the
configuration shown in FIG. 25. Various other suitable ways
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of avoiding interferences will be apparent to those of ordinary
skill in the art in view of the teachings herein.

[0097] Next, actuator (381) is translated proximally as
shown in FIG. 26. With cam peg (372) positioned in lateral
notch (383), this proximal movement of actuator (381) causes
gripping member (370) to slide relative to frame members
(352,360). This sliding of gripping member (370) brings peg
(374) closer to pegs (354), such that pegs (354, 374) cooper-
ate to grip needle (390). In addition, this sliding of gripping
member (370) causes engagement surfaces (377) of gripping
member (370) to move into engagement with engagement
surface (365) of second frame member (360). This relation-
ship between engagement surfaces (365, 377) holds gripping
member (370) in the position relative to frame members (352,
362) where flex portion (378) is compressed to provide a
resilient bias to needle gripping peg (374). Thus, needle (390)
remains held by pegs (354, 374) until engagement surfaces
(377) are released from engagement with engagement surface
(365), as described above, during a subsequent cycle of arms
(320, 350).

[0098] With arm (350) now gripping needle (390) as
described above, actuator (380) is translated distally as shown
in FIGS. 27-28, to release needle (390) from arm (320). In
particular, chamfered distal end portion (382) pushes against
deflection peg (334). This pushing against deflection peg
(334) deforms frame member (330) to a point where engage-
ment surface (347) clears engagement surface (335) as shown
in FIG. 27. Once engagement surface (347) clears engage-
ment surface (335), the resilient bias of flex portion (348)
causes gripping member (340)to extend in length. This exten-
sion in length helps cause gripping member (340) to slide
relative to frame members (322, 330). In addition, angled
surface (332) of frame member (330) interacts with angled
surface (346) of gripping member (340) to further cause
gripping member (340) to slide relative to frame members
(322). With gripping member (340) being slid to the position
shown in FIG. 28, peg (344) has substantially separated from
pegs (324), such that arm (320) has released needle (390).
[0099] In the present example, arm (320) does not release
needle (390) until arm (350) has grasped needle (390). In
other words, actuator (381) is translated proximally first, then
actuator (380) is translated distally in the stages shown in
FIGS. 26-27. In some other versions, arm (320) releases
needle (390) simultaneously as arm (350) grasps needle
(390), such that actuators (380, 381) are translated simulta-
neously.

[0100] It should be understood that in the stage shown in
FIG. 28, arm (350) is gripping needle (390) and is positioned
at the same angular position shown in FIG. 20. If the user
wishes to make an additional pass through layers (396, 398)
of tissue to create an additional stitch, the user may simply
advance actuator (308) distally to rotate arm (320) back to the
position shown in FIG. 20, then move end effector (300)
relative to layers (396, 398) of tissue to the desired position.
The user may then repeat the above process to repeatedly pass
needle (390) and suture (394) through layers (396, 398) of
tissue until the desired number of stitches have been placed at
the surgical site. The free end of suture (394) may then be
knotted, clipped, or otherwise secured. In this example, arm
(350) serves a dedicated role as the throwing arm each time
needle (390) passes through layers (396, 398) of tissue; while
arm (320) serves a dedicated role as the catching arm each
time needle (390) passes through layers (396, 398) of tissue.
It should be understood that needle (390) rotates in just one
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forward direction as needle (390) is passed from arm (320) to
arm (350) and back to arm (320), such that arms (320, 350)
provide a “forward reset” action as referred to above. In other
words, while arms (320, 350) do not move through full revo-
lutions in this example, needle (390) does move through full
revolutions in this example. It should be understood that end
effector (300) may alternatively be used to move needle (390)
in a “reverse reset” action as referred to above, if desired.
Other suitable ways in which end effector (300) may be used
with various kinds of needles will be apparent to those of
ordinary skill in the art in view of the teachings herein. Simi-
larly, various other suitable modifications for end effector
(300) will be apparent to those of ordinary skill in the art in
view of the teachings herein. By way of example only, arms
(320, 350) may alternatively selectively grip needle (390) in
accordance with any other suitable teachings of U.S. Provi-
sional Application Ser. No. 61/355,832, the disclosure of
which is incorporated by reference herein.

[0101] In some versions, actuators (308, 310) are together
driven by pivoting grip (24) while actuators (380, 381) are
driven by button (26). Alternatively, actuators (308, 310) may
be associated with their own respective pivoting grips (24)
and/or actuators (380, 381) may be associated with their own
respective buttons (26). It should also be understood that one
or more pivoting grips (24) may actuate arms (320, 350)
through the full range of motion depicted in the transition
from FIG. 20 to FIG. 28 with just a single act of squeezing
pivoting grip (24) toward fixed grip (22). In some such ver-
sions, handle portion (20) may provide audible feedback and/
or tactile feedback to the user to indicate that arms (320, 350)
have reached any one or more of the stages shown in FIGS.
20-28. In some other versions, pivoting grip (24) must be fully
actuated once to transition arms (320, 350) from one of the
configurations shown in FIGS. 20-28 to another one of the
configurations shown in FIGS. 20-28, then be released, then
be fully actuated again to transition arms (320, 350) from that
other configuration shown in FIGS. 20-28 to yet another one
of the configurations shown in FIGS. 20-28. Various suitable
components, features, and configurations that may be used to
provide such multi-stroke actuation will be apparent to those
of ordinary skill in the art in view of the teachings herein.
Similarly, various other suitable ways in which arms (320,
350) may be actuated will be apparent to those of ordinary
skill in the art in view of the teachings herein.

[0102] B. Exemplary Drive Assembly with Rotating Arms
and Forward Needle Reset
[0103] FIGS. 29-36 depict yet another exemplary end

effector (400) that may be incorporated into instrument (10)
as an alternative to end effector (40) described above. It
should also be understood that end effector (400) may be
incorporated into various other instruments, such that end
effector (400) is not limited to instrument (10). End effector
(400) of this example is disposed at the distal end of a shaft
(402) and includes a pair of arms (420, 450) that selectively
throw and catch a needle (490). Each arm (420, 450) is
secured to a respective axle (404) (only one axle (404) is
shown in FIGS. 29-36), and each arm (420, 450) rotates about
its respective axle (404) as will be described in greater detail
below. While axles (404) are aligned along a commnion axis,
axles (404) are separate from each other such that a gap is
defined between axles (404), with that gap also lying along
the common axis. Axles (304) are pivotally secured to shaft
(402). The axis along which axles (404) are aligned and
oscillate is perpendicular to a longitudinal axis defined by
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shaft (402). Thus, arms (420, 450) oscillate along respective
planes that are parallel to the longitudinal axis defined by
shaft (402) and that are parallel to each other. In the present
example, arms (420, 450) also move asynchronously, such
that one arm (420, 450) may remain stationary as the other
arm (450, 420) is moving.

[0104] Arms(420,450)of the present example are substan-
tially identical to arms (320, 350) described above. Therefore,
the following description will simply discuss the differences
between arms (420, 450) and arms (320, 350). It may be
assumed that the remaining details of arms (420, 450) are the
same as the remaining details of arms (320, 350). Of course,
arms (420, 450) may alternatively have various other differ-
ences with arms (320, 350), if desired. One notable difference
between arms (420, 450) of the present example and arms
(320, 350) described above is that a pulley (not shown) is
coaxially disposed about each axle (404), in the same location
where pinion portion (305) is located in arms (320, 350). In
addition, a continuous loop cable, belt, or chain (not shown)
is wrapped around each pulley, such that pulling/pushing on
each cable, belt, or chain will cause the corresponding arm
(420, 450) to rotate. In other words, longitudinal movement of
each cable, belt, or chain provides corresponding rotation of
the associated pulley. Since each pulley is unitary with a
respective arm (420, 450) via the corresponding axle (404),
the rotational motion of each pulley provides corresponding
rotation of the respective arm (420, 450). It should therefore
be understood that such a cable, belt, or chain may be viewed
as a substitute for arm rotation actuators (308, 310) and rack
portions (314, 316) from end effector (300). Another notable
difference between arms (420, 450) of the present example
and arms (320, 350) described above is that arms (420, 450)
rotate through full revolutions during operation of end effec-
tor (400) in this example as will be described in greater detail
below; whereas arms (320, 350) merely rock or oscillate
during operation of end effector (300) as described above. Of
course, end effector (400) may alternatively be operated in a
manner whereby arms (420, 450) merely rock, oscillate, or
otherwise fail to complete full revolutions during operation of
end effector (400).

[0105] Itshouldalso be understood that the cables, belts, or
chains that provide rotation of arms (420, 450) may be driven
in numerous different ways. By way of example only, the
cables, belts, or chains may be manually driven by one or
more knobs or other features. As another merely illustrative
example, the cables, belts, or chains may be driven by one or
more motors. Other suitable components and features that
may be used to drive the cables, belts, or chains will be
apparent to those of ordinary skill in the art in view of the
teachings herein. Similarly, other suitable components and
features that may be used in lieu of or in addition to cables,
belts, or chains will be apparent to those of ordinary skill in
the art. By way of example only, each axle (404) may include
an integral bevel gear that is driven by a complementary bevel
gear disposed at the distal end of a rotatable drive shaft that is
disposed within shaft (402).

[0106] Needle (490) of this example includes a sharp tip
(492) at one end and a suture (494) secured to the other end.
Alternatively, both ends of needle (490) may include sharp
tips, with suture (494) being secured in a middle region of
needle (490) between the sharp tips. While needle (490) is
curved in this example, some other versions may include use
of a straight needle, an angled needle, or any other suitable
type of needle.
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[0107] In an exemplary method of operation, end effector
(400) is positioned near two layers (496, 498) of tissue, as
shown in FIG. 29. At this stage, needle (490) is gripped by
pegs (not shown) of arm (450). In particular, aneedle gripping
member of arm (450) is positioned such that engagement
surfaces (477) of the gripping member are engaged with an
engagement surface (465) of a second frame member of arm
(450). This relationship holds the gripping member in a posi-
tion relative to frame members of arm (450) whereby a flex
portion of the needle gripping member is compressed and
provides a resilient bias to a needle gripping peg, such that
needle (490) remains held by pegs of arm (450) until the
gripping member is slid relative to the frame members of arm
(450) during subsequent operation of end effector (400) as
will be described in greater detail below.

[0108] With end effector (400) positioned near layers (496,
498) of tissue, and with needle (490) being held by pegs of
arm (450), the user may actuate a cable, belt, or chain to rotate
arm (450) forward as shown in FIG. 30. The forward rotation
of arm (450) causes sharp tip (492) of needle (490) to pierce
and penetrate both layers (496, 498) of tissue. As also shown
in FIG. 30, actuator (481) is translated proximally, position-
ing a recess (485) of actuator (481) to receive deflection peg
(464) of arm (450). A proximal surface in recess (485) helps
arrest further distal rotation of arm (450) by engaging peg
(464). Arm (420) remains substantially stationary at this
stage. Needle gripping pegs (424, 444) of arm (420) are
positioned apart at this stage, such that arm (420) may freely
receive needle (490). In some versions, arm (420) may be
rotated to engage lower layer (498) of tissue to assist in
clamping or providing ground against the tissue as needle
(490) is inserted through layers (496, 498) of tissue at this
stage. For instance, arm (420) may be rotated to the position
shown in FIG. 31 as described in greater detail below, before
arm (450) is rotated to the position shown in FIG. 30 as
described above.

[0109] With needle (490) disposed in layers (496, 498) of
tissue, and with needle (490) still being held by pegs of arm
(450), the user may actuate a cable, belt, or chain to rotate arm
(420) as shown in FIG. 31. Arm (420) is engaged against
lower layer (498) of tissue, such that both layers (496, 498) of
tissue are compressed between arms (420, 450) at this stage.
In addition, needle gripping pegs (424, 444) of arm (320) are
actuated to grip needle (490). In particular, actuator (480) of
translated distally. This drives a distal end portion of actuator
(480) into a cam peg of arm (420). Such pushing of the cam
peg slides a needle gripping member of arm (420) relative to
frame members of arm (420), bringing needle gripping peg
(444) closer to needle gripping pegs (424) such that needle
(490) is received in notches of pegs (424, 444). In addition,
this sliding of the needle gripping member causes engage-
ment surface (447) to snap into place in contact with an
engagement surface of a frame member of arm (420). With
these engagement surfaces in contact with each other, the
needle gripping member is held in the position shown in FIG.
31. In this position, a flex portion of the needle gripping
member of arm (420) is compressed, providing a resilient bias
to needle gripping peg (444). This resilient bias helps to keep
needle (490) gripped by pegs (424, 444) until the gripping
member of arm (420) is slid relative to the frame members of
arm (420) during subsequent operation of end effector (400)
as will be described in greater detail below.

[0110] With arm (420) gripping needle (490), actuator
(481) is translated proximally to release needle (490) from

Dec. 22,2011

arm (450) as shown in FIG. 32. In particular, when actuator
(481) is translated proximally with arm (450) in the rotational
position shown in FIGS. 30-31, angled lateral surface (487) of
distal recess (485) pushes against deflection peg (464). This
pushing against deflection peg (464) deforms a frame mem-
ber of arm (450) to a point where engagement surface (477)
clears engagement surface (465). Once engagement surface
(477) clears engagement surface (465), the resilient bias of
the flex portion of arm (450) causes the gripping member of
arm (450) to extend in length. This extension in length helps
cause the gripping member of arm (450) to slide relative to the
frame members of arm (450). In addition, an angled surface of
one of the frame member of arm (450) interacts with an
angled surface of the gripping member of arm (450) to further
cause the gripping member of arm (450) to slide relative to the
frame members of arm (450). With the gripping member of
arm (450) being slid to the position shown in FIG. 32, needle
gripping pegs of arm (450) have substantially separated, such
that arm (450) has released needle (490).

[0111] In the present example, arm (450) does not release
needle (490) until arm (420) has grasped needle (490). In
other words, actuator (480) is translated distally first, then
actuator (481) is translated proximally in the stages shown in
FIGS. 31-32. In some other versions, arm (450) releases
needle (490) simultaneously as arm (420) grasps needle
(490), such that actuators (480, 481) are translated simulta-
neously.

[0112] With arm (420) having grasped needle (490) and
with arm (450) having released needle (490), arm (422) is
further rotated proximally to pull needle (490) free of layers
(496, 498) of tissue and to pull suture (494) through layers
(496, 498) of tissue as shown in FIG. 33. This is accomplished
by actuating the cable, belt, or chain that rotatably drives arm
(420). Arm (450) remains substantially stationary at this
stage.

[0113] As shown in FIG. 34, end effector (400) is then
moved away from layers (496, 498) of tissue to tension suture
(494); and arms (420, 450) are rotatably positioned to transfer
needle (490) from arm (420) back to arm (450). In particular,
a cable, belt, or chain associated with arm (450) is actuated to
rotate arm (450) to the position shown in FIG. 34. At this
stage, needle gripping pegs (424, 444) of arm (420) continue
to grip needle (490); while needle gripping pegs of arm (450)
are positioned apart to freely receive needle (490).

[0114] Next, actuator (381) is translated distally and then
arm (450) is rotated back distally, as shown in FIG. 35. These
motions position cam peg (472) in lateral notch (483) of
actuator (481). Arm (420) remains stationary at this stage, and
continues to grip needle (420). To transfer control of needle
(490) from arm (420) back to arm (450), actuator (481) is
translated proximally and actuator (480) is translated distally,
as shown in FIG. 36. With cam peg (472) in lateral notch
(483), this proximal movement of arm (481) causes the grip-
ping member of arm (450) to slide relative to the frame
members of arm (450), which brings needle gripping pegs of
arm (450) closer together to grip needle (490). In addition, the
sliding of the gripping member of arm (450) causes engage-
ment surfaces (477) to move into engagement with engage-
ment surface (465), thereby holding the gripping member of
arm (450) in a position where a flex portion is compressed to
provide a resilient bias to one of the needle gripping pegs.
Thus, needle (490) will remain held by the needle gripping
pegs of arm (450) until engagement surfaces (477) are
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released from engagement with engagement surface (465), as
described above, during a subsequent cycle of arms (420,
450).

[0115] As is also shown in FIG. 36 and as noted above,
actuator (480) is translated distally at this stage in order to
release needle (490) from arm (420). Due to a camming
engagement between part of actuator (480) and arm (420),
this distal movement of actuator causes arm (420) to release
needle (490) in a manner similar to that described above with
reference to FIGS. 27-28. In the present example, arm (420)
releases needle (490) at substantially the same time that arm
(450) grasps needle. In some other versions, arm (420) does
not release needle (490) until arm (450) has grasped needle
(490).

[0116] It should be understood that in the stage shown in
FIG. 36, arm (450) is gripping needle (490) and is positioned
at the same angular position shown in FIG. 29. If the user
wishes to make an additional pass through layers (496, 498)
oftissueto create an additional stitch, the user may actuate the
cable, belt, or chain associated with arm (420) to rotate arm
(420) back to the position shown in FIG. 29 (e.g., in a clock-
wise direction in the view shown in FIGS. 29-36), then move
end effector (400) relative to layers (496, 498) of tissue to the
desired position. The user may then repeat the above process
to repeatedly pass needle (490) and suture (494) through
layers (496, 498) of tissue until the desired number of stitches
have been placed at the surgical site. The free end of suture
(494) may then be knotted, clipped, or otherwise secured. In
this example, arm (450) serves a dedicated role as the throw-
ing arm each time needle (490) passes through layers (496,
498) of tissue; while arm (420) serves a dedicated role as the
catching arm each time needle (490) passes through layers
(496, 498) of tissue. It should be understood that needle (490)
rotates in just one forward direction as needle (490) is passed
from arm (420) to arm (450) and back to arm (420), such that
arms (420, 450) provide a “forward reset” action as referred to
above. In other words, needle (490) moves through full revo-
lutions in this example. Other suitable ways in which end
effector (400) may be used with various kinds of needles will
be apparent to those of ordinary skill in the art in view of the
teachings herein. Similarly, various other suitable modifica-
tions for end effector (400) will be apparent to those of ordi-
nary skill in the art in view of the teachings herein. By way of
example only, arms (420, 450) may alternatively selectively
grip needle (490) in accordance with any other suitable teach-
ings of U.S. Provisional Application Ser. No. 61/355,832, the
disclosure of which is incorporated by reference herein.

[0117] In some versions, the cables, belts, chains, bevel
gears, etc. that respectively rotate arms (420, 450) are
together driven by pivoting grip (24) while actuators (480,
481) are driven by button (26). Alternatively, the cables, belts,
chains, bevel gears, etc. that respectively rotate arms (420,
450) may be associated with their own respective pivoting
grips (24) and/or actuators (480, 481) may be associated with
their own respective buttons (26). It should also be under-
stood that one or more pivoting grips (24) may actuate arms
(420, 450) through the full range of motion depicted in the
transition from FIG. 29 to FIG. 36 with just a single act of
squeezing pivoting grip (24) toward fixed grip (22). In some
such versions, handle portion (20) may provide audible feed-
back and/or tactile feedback to the user to indicate that arms
(420, 450) have reached any one or more of the stages shown
in FIGS. 29-36. In some other versions, pivoting grip (24)
must be fully actuated once to transition arms (420, 450) from
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one of the configurations shown in FIGS. 29-36 to another
one of the configurations shown in FIGS. 29-36, then be
released, then be fully actuated again to transition arms (420,
450) from that other configuration shown in FIGS. 29-36 to
yet another one of the configurations shown in FIGS. 29-36.
Various suitable components, features, and configurations
that may be used to provide such multi-stroke actuation will
be apparent to those of ordinary skill in the art in view of the
teachings herein. Similarly, various other suitable ways in
which arms (420, 450) may be actuated will be apparent to
those of ordinary skill in the art in view of the teachings
herein.

[0118] IV. Exemplary Suture Device with Drive Assembly
having Virtual Pivot

[0119] FIGS. 37-41 depict still another exemplary end
effector (500) that may be incorporated into instrument (10)
as an alternative to end effector (40) described above. It
should also be understood that end effector (500) may be
incorporated into various other instruments, such that end
effector (500) is not limited to instrument (10). End effector
(500) of this example is disposed at the distal end of a shaft
(502) and includes a pair of arms (520, 550) that selectively
throw and catch a needle (590). As will be described in greater
detail below, arms (520, 550) move in an asynchronous fash-
ionin the present example. In addition, needle (590) rotates in
just one forward direction as needle (590) is passed from arm
(520)to arm (550) and back to arm (520), such that arms (520,
550) provide a “forward reset” action as referred to above. In
other words, needle (590) moves through full revolutions in
this example.

[0120] Needle (590) of this example includes a sharp tip
(592) at one end and a suture (594) secured to the other end.
Alternatively, both ends of needle (590) may include sharp
tips, with suture (594) being secured in a middle region of
needle (590) between the sharp tips. While needle (590) is
curved in this example, some other versions may include use
of a straight needle, an angled needle, or any other suitable
type of needle.

[0121] Arm (520) of the present example includes a needle
gripping feature (522). Needle gripping feature (522) may be
configured and operable in accordance with at least some of
the teachings of U.S. Provisional Application Ser. No.
61/355,832, the disclosure of which is incorporated by refer-
ence herein. Alternatively, needle gripping feature (522) may
have any other suitable components, features, configurations,
or operability, etc. Arm (520) is driven by an actuator (524),
which reciprocates within shaft (502) in the present example.
A link (530) provides a pivotal coupling between arm (520)
and actuator (524). In particular, link (530) is pivotally
coupled with arm (520) by a pivot pin (532); while link (530)
is pivotally coupled with actuator (524) by a pivot pin (534).
In addition, a pin (540) is disposed through a middle region of
arm (520), such that arm (520) is pivotable about pin (540). Of
course, pins (532, 534, 540) may comprise rivets, screws,
and/or any other structural features that allow pivoting.
[0122] While pin (540) is in the middle region of arm (520)
in this example, pin (540) is not centered along the length of
arm (520). It should be understood that pin (540) may be
located at any suitable position along the length of arm (520).
Pin (540) is slidably disposed in a slot (504) that is formed in
an integral portion of shaft (502). Thus, pin (540) may recip-
rocate relative to shaft (502), along slot (504). As can be seen
from viewing FIGS. 37-40 in a series, pin (540) reciprocates
in slot (504) as actuator (524) reciprocates in shaft (502). As
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can also be seen from viewing FIGS. 37-40 and as will be
described in greater detail below, this reciprocation results in
needle gripping feature (522) moving along a circular path.
Thus, actuator (524), link (530), pivots (532, 534, 540), slot
(540), and arm (520) all cooperate such that actuator (524)
drives needle gripping feature (522) in a manner similar to
that found in a locomotive drive for a steam engine train, etc.
While needle gripping feature (522) is moved along a circular
path in the present example, in some other versions needle
gripping feature (522) may be moved along an ovular path, an
elliptical path, an octagonal path, or some other path that is
substantially circular. Alternatively, needle gripping feature
may move along some other type of path.

[0123] As best seen in FIGS. 40-41, arm (550) of the
present example includes a needle gripping feature (552).
Needle gripping feature (552) may be configured and oper-
able in accordance with at least some of the teachings of U.S.
Provisional Application Ser. No. 61/355,832, the disclosure
of which is incorporated by reference herein. Alternatively,
needle gripping feature (552) may have any other suitable
components, features, configurations, or operability, etc. Arm
(550) is driven by an actuator (554), which reciprocates
within shaft (502) in the present example. A link (560) pro-
vides a pivotal coupling between arm (550) and actuator
(554). In particular, link (560) is pivotally coupled with arm
(550) by a pivot pin (562); while link (560) is pivotally
coupled with actuator (554) by a pivot pin (564). In addition,
apin (570) is disposed through a middle region of arm (550),
such that arm (550) is pivotable about pin (570). Of course,
pins (562, 564, 570) may comprise rivets, screws, and/or any
other structural features that allow pivoting.

[0124] While pin (570) is in the middle region of arm (550)
in this example, pin (570) is not centered along the length of
arm (550). It should be understood that pin (570) may be
located at any suitable position along the length of arm (550).
Pin (570) is slidably disposed in a slot (506) that is formed in
an integral portion of shaft (502). Thus, pin (570) may recip-
rocate relative to shaft (502), along slot (506). Pin (570)
reciprocates in slot (506) as actuator (554) reciprocates in
shaft (502). As will be described in greater detail below, this
reciprocation results in needle gripping feature (552) moving
along a circular path. Thus, actuator (554), link (560), pins
(562, 564, 570), slot (570), and arm (550) all cooperate such
that actuator (554) drives needle gripping feature (552) in a
manner similar to that found in a locomotive drive for a steam
engine train, etc. While needle gripping feature (552) is
moved along a circular path in the present example, in some
other versions needle gripping feature (552) may be moved
along an ovular path, an elliptical path, an octagonal path, or
some other path that is substantially circular. Alternatively,
needle gripping feature may move along some other type of
path.

[0125] In an exemplary method of operation, end effector
(500) is positioned near two layers (596, 598) of tissue, with
sharp tip (592) of needle (590) being positioned just below
layer (596) as shown in FIG. 37. Then, actuator (524) is
retracted proximally to the position shown in FIG. 38. This
proximal movement of actuator (524) causes link (530) to
pull and pivot arm (520), which in turn rotates needle (590) to
drive tip (592) into layers (596, 598) of tissue. Arm (550)
remains substantially stationary during this stage since actua-
tor (554) and link (560) are independent from actuator (524)
and link (530). As can also be seen in F1G. 38, actuator (524),
link (530), arm (520), and pins (532, 534, 540) are all sub-
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stantially aligned with each other at this stage. Pin (540) has
moved from a distal end of slot (504) to a proximal end of slot
(504).

[0126] Next, actuator (524) is advanced distally to the posi-
tion shown inFIG. 39. This distal movement of actuator (524)
causes link (530) to push and pivot arm (520), which in turn
continues to rotate needle (590) in the same direction as
previously, to drive needle (590) further through layers (596,
598) of tissue. It should be noted that needle (590) has moved
through an angular range of approximately 180° along a
circular path in the transition from the position shown in FIG.
37 to the position shown in FIG. 39. With needle (590) so
positioned, actuator (554) is advanced distally to the position
shown in FIG. 40. This distal movement of actuator (524)
causes link (560) to push and pivot arm (550), which in turn
positions needle gripping feature (552) about needle (590).
Arm (520) remains substantially stationary at this stage. With
arm (550) being positioned as shown in FIG. 40, arm needle
gripping feature (552) grasps needle (590) and needle grip-
ping feature (522) releases needle (590). In some versions,
needle gripping feature (522) does not release needle (590)
until needle gripping feature (552) has grasped needle (590).
In some other versions, needle gripping feature (522) releases
needle (590) simultaneously as needle gripping feature (552)
grasps needle (590).

[0127] With needle gripping feature (552) grasping needle
(590) and with needle gripping feature (522) having released
needle (590), actuator (554) is then retracted proximally to
cause link (560) to pull and pivot arm (550), which in turn
rotates needle (590) further along a circular path to pull
needle (590) free of layers (596, 598) and to pull suture (594)
through layers (596, 598). For instance, at this stage (not
depicted) actuator (554), link (560), arm (550), and pins (562,
564, 570) may be substantially aligned with each other, with
pin (570) being positioned at the proximal end of slot (506).
Actuator (554) may then be advanced distally to cause link
(560) to push and pivot arm (550), which in turn continues to
rotate needle (590) further along a circular path to a position
similar to that shown in FIG. 37. The user may then pull end
effector (500) further away from layers (596, 598) to tension
suture (594), and may then re-position end effector (500) to
perform another stitch. At this stage (or before end effector
(500) is moved and/or re-positioned), actuator (524) may be
reciprocated to locate needle gripping feature (522) at the
position shown in FIG. 37; and to transfer control of needle
(590) from arm (550) back to arm (520). Once control of
needle (590) has been transferred from arm (550) back to arm
(520), actuator (554) may be retracted proximally to locate
needle gripping feature (552) at the position shown in FIG.
37. The user may then repeat the above process to repeatedly
pass needle (590) and suture (594) through layers (596, 598)
of tissue until the desired number of stitches have been placed
at the surgical site. The free end of suture (594) may then be
knotted, clipped, or otherwise secured. In this example, arm
(520) serves a dedicated role as the throwing arm each time
needle (590) passes through layers (596, 598) of tissue; while
arm (550) serves a dedicated role as the catching arm each
time needle (590) passes through layers (596, 598) of tissue.
Other suitable ways in which end effector (500) may be used
with various kinds of needles will be apparent to those of
ordinary skill in the art in view of the teachings herein.

[0128] Actuators (524, 554) extend along the length of
shaft (502) and are selectively translated by one or more
features at handle portion (20) in the present example. For
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instance, each actuator (524, 554) may be associated with a
respective pivoting grip (24) via rack and pinion configura-
tions, camming features, etc. Alternatively, actuators (524,
554) may be operated by sliders, motors, solenoids, or any
other suitable driving components as will be apparent to those
of ordinary skill in the art in view of the teachings herein. It
should also be understood that actuators (524, 554) are oper-
able independently relative to each other in the present
example. Actuators (524, 554) may be associated with their
own respective pivoting grips (24) and/or needle gripping
features (522, 552) may be associated with their own respec-
tive buttons (26). It should also be understood that one or
more pivoting grips (24) may actuate arms (520, 550) through
the full range of motion depicted in the transition from FIG.
37 to FIG. 40 with just a single act of squeezing pivoting grip
(24) toward fixed grip (22). In some such versions, handle
portion (20) may provide audible feedback and/or tactile
feedback to the user to indicate that arms (520, 550) have
reached any one or more of the stages shown in FIGS. 37-40.
In some other versions, pivoting grip (24) must be fully actu-
ated once to transition arms (520, 550) from one of the con-
figurations shown in FIGS. 37-40 to another one of the con-
figurations shown in FIGS. 37-40, then be released, then be
fully actuated again to transition arms (520, 550) from that
other configuration shown in FIGS. 37-40 to yet another one
of the configurations shown in FIGS. 37-40. Various suitable
components, features, and configurations that may be used to
provide such multi-stroke actuation will be apparent to those
of ordinary skill in the art in view of the teachings herein.
Similarly, various other suitable ways in which arms (520,
550) may be actuated will be apparent to those of ordinary
skill in the art in view of the teachings herein. Similarly,
various other suitable components, features, and configura-
tions for end effector (500) will be apparent to those of ordi-
nary skill in the art in view of the teachings herein.

[0129] It should be understood that any one or more of the
teachings, expressions, embodiments, examples, etc.
described herein may be combined with any one or more of
the other teachings, expressions, embodiments, examples,
etc. that are described herein. The following-described teach-
ings, expressions, embodiments, examples, etc. should there-
fore not be viewed in isolation relative to each other. Various
suitable ways in which the teachings herein may be combined
will be readily apparent to those of ordinary skill in the art in
view of the teachings herein. Such modifications and varia-
tions are intended to be included within the scope of the
claims.

[0130] Versions of the devices described above may have
application in conventional medical treatments and proce-
dures conducted by a medical professional, as well as appli-
cation in robotic-assisted medical treatments and procedures.

[0131] Versions of described above may be designed to be
disposed of after a single use, or they can be designed to be
used multiple times. Versions may, in either or both cases, be
reconditioned for reuse after at least one use. Reconditioning
may include any combination of the steps of disassembly of
the device, followed by cleaning or replacement of particular
pieces, and subsequent reassembly. In particular, some ver-
sions of the device may be disassembled, and any number of
the particular pieces or parts of the device may be selectively
replaced or removed inany combination. Upon cleaning and/
or replacement of particular parts, some versions of the device
may be reassembled for subsequent use either at a recondi-
tioning facility, or by a user immediately prior to a procedure.
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Those skilled in the art will appreciate that reconditioning of
a device may utilize a variety of techniques for disassembly,
cleaning/replacement, and reassembly. Use of such tech-
niques, and the resulting reconditioned device, are all within
the scope of the present application.

[0132] By way of example only, versions described herein
may be sterilized before and/or after a procedure. In one
sterilization technique, the device is placed in a closed and
sealed container, such as a plastic or TYVEK bag. The con-
tainer and device may then be placed in a field of radiation that
can penetrate the container, such as gamma radiation, x-rays,
or high-energy electrons. The radiation may kill bacteria on
the device and in the container. The sterilized device may then
be stored in the sterile container for later use. A device may
also be sterilized using any other technique known in the art,
including but not limited to beta or gamma radiation, ethylene
oxide, or steam.

[0133] Having shown and described various versions in the
present disclosure, further adaptations of the methods and
systems described herein may be accomplished by appropri-
ate modifications by one of ordinary skill in the art without
departing from the scope of the present invention. Several of
such potential modifications have been mentioned, and others
will be apparent to those skilled in the art. For instance, the
examples, versions, geometries, materials, dimensions,
ratios, steps, and the like discussed above are illustrative and
are not required. Accordingly, the scope of the present inven-
tion should be considered in terms of the following claims and
is understood not to be limited to the details of structure and
operation shown and described in the specification and draw-
ings.

I/we claim:

1. An apparatus, comprising:

(a) a shaft, wherein the shaft defines a longitudinal axis;

and

(b) an end effector, wherein the end effector comprises:

(1) a needle throwing arm, wherein the needle throwing
arm is operable to selectively engage a surgical
needle, wherein the needle throwing arm is movable
along a plane that is substantially parallel to the lon-
gitudinal axis of the shaft, and

(ii) a needle receiving arm, wherein the needle receiving
arm is operable to selectively engage a surgical needle
transferred from the needle throwing arm, wherein the
needle receiving arm is movable along a plane that is
substantially parallel to the longitudinal axis of the
shaft,

wherein the end effector is operable to move the needle
throwing arm and the needle receiving arm in an asyn-
chronous fashion to repeatedly pass a surgical needle
from the needle throwing arm to the needle receiving
arm and back to the needle throwing arm along a plane
that is substantially parallel to the longitudinal axis of
the shaft.

2. The apparatus of claim 1, wherein the end effector
includes a pivot, wherein the pivot is fixed relative to the shaft,
wherein the needle throwing arm is pivotable about the pivot,
wherein the needle receiving arm is also pivotable about the
pivot.

3. The apparatus of claim 2, further comprising:

(a) an actuator, wherein the actuator is translatable relative

to the shaft;

(b) a first link, wherein the first link pivotally couples the

actuator with the needle throwing arm; and
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(¢)a second link, wherein the second link pivotally couples
the actuator with the needle receiving arm.

4. The apparatus of claim 3, wherein the actuator is oper-
able to rotate the needle receiving arm about the pivotina first
rotational direction via the second link upon proximal move-
ment of the actuator from a first longitudinal position to a
second longitudinal position.

5. The apparatus of claim 4, wherein the actuator is oper-
able to rotate the needle throwing arm about the pivot in a
second rotational direction via the first link upon proximal
movement of the actuator from the second longitudinal posi-
tion to a third longitudinal position.

6. The apparatus of claim 5, wherein the needle throwing
arm is configured to remain stationary as the actuator is
moved proximally from the first longitudinal position to the
second longitudinal position.

7. The apparatus of claim 6, wherein the actuator includes
a slot, wherein the first link includes a pivot pin disposed in
the slot, wherein the pivot pin is configured to translate along
the slot as the actuator is moved proximally from the first
longitudinal position to the second longitudinal position.

8. The apparatus of claim 4, wherein the actuator is opet-
able to rotate the needle receiving arm about the pivot in a
second rotational direction via the second link upon distal
movement of the actuator from the second longitudinal posi-
tion to the first longitudinal position.

9. The apparatus of claim 2, further comprising:

() a first actuator, wherein the first actuator is translatable

relative to the shaft;

(b) a second actuator, wherein the second actuator is trans-
latable relative to the shaft, independent of the first
actuator;

(¢) a first link, wherein the first link pivotally couples the
first actuator with the needle throwing arm; and

(d)a second link, wherein the second link pivotally couples
the second actuator with the needle receiving arm.

10. The apparatus of claim 9, wherein the first actuator is
operable to rotate the needle throwing arm about the pivot in
a first rotational direction via the first link upon proximal
movement of the first actuator from a first longitudinal posi-
tion to a second longitudinal position.

11. The apparatus of claim 10, wherein the second actuator
is operable to rotate the needle receiving arm about the pivot
in a second rotational direction via the second link upon
proximal movement of the second actuator from a first lon-
gitudinal position to a second longitudinal position.

12. The apparatus of claim 10, wherein the first actuator is
operable to rotate the needle throwing arm about the pivot in
a second rotational direction via the first link upon distal
movement of the first actuator from the second longitudinal
position to the first longitudinal position.

13. The apparatus of claim 1, wherein the end effector
further comprises:

(1) afirst axle, wherein the needle throwing arm is pivotable

about the first axle, and

(i) a second axle, wherein the needle receiving arm is
pivotable about the second axle,

wherein the first axle is separate from the second axle such
thata gap is defined between the first axle and the second
axle.

14. The apparatus of claim 13, wherein the first axle is

aligned with the second axle.
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15. The apparatus of claim 13, further comprising:

(a) a first actuator extending along the shaft, wherein the
first actuator includes a first rack, wherein the needle
throwing arm includes an integral pinion, wherein the
first rack is engaged with the pinion of the needle throw-
ingarm such that the first actuator is operable to pivot the
needle throwing arm upon longitudinal movement of the
first actuator; and

(b) asecond actuator extending along the shaft, wherein the
second actuator includes a second rack, wherein the
needle receiving arm includes an integral pinion,
wherein the second rack is engaged with the pinion of
the needle receiving arm such that the second actuator is
operable to pivot the needle receiving arm upon longi-
tudinal movement of the second actuator.

16. An apparatus, comprising:

(a) a shaft, wherein the shaft defines a longitudinal axis;
and

(b) an end effector, wherein the end effector comprises:
(i) a needle throwing arm, wherein the needle throwing

arm is operable to selectively engage a surgical
needle,

(ii) a first axle, wherein the needle throwing arm is
pivotable about the first axle along a plane that is
substantially parallel to the longitudinal axis of the
shaft,

(iil) a needle receiving arm, wherein the needle receiving
arm is operable to selectively engage a surgical needle
transferred from the needle throwing arm, and

(iv) a second axle, wherein the needle receiving arm is
pivotable about the second axle along a plane that is
substantially parallel to the longitudinal axis of the
shaft,

wherein the first axle is aligned with the second axle.

17. The apparatus of claim 16, wherein the end effector is
operable to repeatedly pass a surgical needle from the needle
throwing arm to the needle receiving arm and back to the
needle throwing arm by moving the needle along a circular
path in a single angular direction.

18. The apparatus of claim 16, wherein the end effector is
operable to repeatedly pass a surgical needle from the needle
throwing arm to the needle receiving arm and back to the
needle throwing arm by rotating the needle throwing arm in
full revolutions and by rotating the needle receiving arm in
full revolutions.

19. An apparatus, comprising:

(a) a shaft, wherein the shaft defines a longitudinal axis;

(b) an end effector, wherein the end effector comprises:
(i) a needle throwing arm, wherein the needle throwing

arm includes a needle grasping feature operable to
selectively engage a surgical needle, and

(i1) a needle receiving arm, wherein the needle receiving
arm includes a needle grasping feature operable to
selectively engage a surgical needle transferred from
the needle grasping feature of the needle throwing
arm;

(c) a first actuator, wherein the first actuator is operable to
move the needle grasping feature of the needle throwing
arm along a substantially circular path in a single direc-
tion upon reciprocation of the first actuator relative to the
shaft; and

(d) a second actuator, wherein the second actuator is oper-
able to move the needle grasping feature of the needle
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16
receiving arm along a substantially circular path in a (b) a second link, wherein the second link is pivotally
single direction upon reciprocation of the second actua- coupled with the second actuator, wherein the second
tor relative to the shaft. link is further pivotally coupled with the needle receiv-
20. The apparatus of claim 19, further comprising: ing arm.

(a) a firstlink wherein the first link is pivotally coupled with
the first actuator, wherein the first link is further pivot-
ally coupled with the needle throwing arn1; and
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