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(104) configured to be releasably coupled to the trocar. The seal cartridge includes a
top cap that includes a main body and a latch ring. The latch ring is grounded to the
main body at a first angular position and has a latch (110) located at a second angular
position angularly offset from the first angular position. Applying a radial load on the
latch causes the latch ring to flex in torsion at an intermediate portion that angularly
interposes the first and second angular positions.
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SEAL CARTRIDGE LATCH DESIGN FOR TROCAR ASSEMBLIES

BACKGROUND

[0001] During laparoscopic surgery, one or more small incisions are formed
in a patient’s skin and a trocar assembly is inserted through the incision to provide
access to an internal body cavity, such as the patient’s abdomen. The trocar
assembly operates as a pathway that can be used to introduce various surgical
instruments and tools into the abdomen.

[0002] A trocar assembly generally includes a trocar and a seal assembly
operatively coupled to or forming part of the trocar. The trocar includes a trocar
housing and a cannula that extends distally from the trocar housing and provides the
pathway into the patient’s abdomen. The seal assembly includes one or more seals
that help maintain insufflation of the penetrated body cavity and also seal about
surgical tools extended through the trocar and into the patient’s abdomen.

[0003] In some applications, the seal assembly may comprise a seal
cartridge at least partially received within the trocar housing and releasably coupled
thereto. Due to minimal space constraints, it is desired to releasably couple the seal
cartridge to the trocar housing simply and efficiently. The seal cartridge may be
allowed to rotate continuously and freely within the trocar housing once releasably
coupled or may be allowed to rotate to discrete positions to allow for multiple

orientations of the insufflation valve relative to the remainder of the trocar housing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The following figures are included to illustrate certain aspects of the
present disclosure, and should not be viewed as exclusive embodiments. The subject
matter disclosed is capable of considerable modifications, alterations, combinations,
and equivalents in form and function, without departing from the scope of this
disclosure.

[0005] FIG. 1 is an isometric view of an example trocar assembly that may
incorporate the principles of the present disclosure.

[0006] FIG. 2 is an exploded view of the trocar assembly of FIG. 1.

[0007] FIGS. 3A and 3B are enlarged isometric and exploded views,
respectively, of the top cap of FIG. 2.
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[0008] FIGS. 4A and 4B are isometric views of the latch ring of FIGS. 3A-3B

depicting example actuation.

DETAILED DESCRIPTION

[0009] The present disclosure is related to trocar assemblies and, more
particularly, to a seal assembly with latches that flex in torsion to releasably couple
the seal assembly to a trocar.

[0010] The embodiments provided herein describe trocar assemblies that
include a trocar and a seal cartridge configured to be releasably coupled to the trocar.
The seal cartridge may include a top cap that may include a main body and a latch
ring. The latch ring may include a pair of latches and may be grounded to the main
body at angular positions angularly offset from the latch. Upon applying a radial load
on the latches, the latch ring may be configured to flex in torsion at intermediate
portions of the latch ring that angularly interpose latches and the angular positions
where the latch ring is grounded to the main body.

[0011] FIG. 1 is an isometric view of an example trocar assembly 100 that
may incorporate the principles of the present disclosure. The depicted trocar
assembly 100 is just one example of a trocar assembly that can suitably incorporate
the principles of the present disclosure. Those skilled in the art will readily appreciate
that many alternative designs and configurations of the trocar assembly 100 may be
employed or incorporated, without departing from the scope of this disclosure.

[0012] As illustrated, the trocar assembly 100 may include a trocar 102 and
a seal cartridge 104 that may be releasably coupled to the trocar 102. The trocar
102 includes a trocar housing 106 and a cannula 108 that extends distally from the
trocar housing 106. In some embodiments, the cannula 108 may comprise an
integral extension of the trocar housing 106. In other embodiments, the trocar
housing 106 and the cannula 108 may comprise two separate components that are
permanently or semi-permanently mated to one another. The trocar 102 may be
made of any rigid or semi-rigid material, such as a metal or a plastic.

[0013] The seal cartridge 104 may be at least partially received within the
trocar housing 106 and include one or more actuatable latches 110 (one shown and
one hidden) that releasably couple the seal cartridge 104 to the trocar 102. In the

illustrated embodiment, the seal cartridge 104 includes two latches 110 (alternately
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referred to as “touchpoints”) that are positioned radially (angularly) opposite each
other about the circumference (outer periphery) of the seal cartridge 104. In other
embodiments, more or less than two latches 110 may be employed. Moreover, the
latches 110 may be equidistantly or non-equidistantly spaced from each other,
without departing from the scope of the disclosure.

[0014] The trocar assembly 100 may also include an insufflation valve 112
(e.g., a stopcock valve) operable to regulate the influx of an insufflation fluid (e.g.
carbon dioxide) used to elevate the interior walls of an inner body cavity (e.g., the
abdomen) of a patient. In the illustrated embodiment, the insufflation valve 112 is
coupled to the seal cartridge 104 or otherwise forms an integral part thereof. In
other embodiments, however, the insufflation valve 112 may alternatively be coupled
to the trocar housing 106 or may form an integral part thereof.

[0015] In embodiments where the trocar assembly 100 is configured to be
used with a robotic system, the trocar 102 may further include a lug 114 that extends
radially outward from the trocar housing 106. The robot (not shown) may be
configured to latch onto the lug 114 to enable accurate insertion of surgical tools into
the trocar assembly 100. In non-robotic embodiments, however, the lug 114 may
be omitted, without departing from the scope of the disclosure.

[0016] FIG. 2 is a partial exploded view of the trocar assembly 100 of FIG.
1. More particularly, the seal cartridge 104 is shown exploded from the trocar 102.
To releasably couple the seal cartridge 104 to the trocar 102, the seal cartridge 104
may be introduced at least partially into the trocar housing 106 until the latches 110
(one shown) of the seal cartridge 104 engage and mate with the inner circumferential
surface of the trocar housing 106. More specifically, each latch 110 may provide or
otherwise define an outer lip 202 configured to mate with an opposing inner lip 204
defined on the inner circumferential surface of the trocar housing 106. In some
embodiments, the outer lip 202 and the inner lip 204 may be oppositely angled and
thereby complement one another to urge the latches 110 to flex radially inward as
the outer lip 202 engages the inner lip 204 in the distal direction. Once the outer lip
202 distally traverses the inner lip 204, the latches 110 are able to flex radially
outward and opposing flat surfaces of the outer lip 202 and the inner lip 204 engage

to help secure and maintain the seal cartridge 104 within the trocar housing 106. To
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remove the seal cartridge 104, the latches 110 may be flexed radially inward to
disengage the opposing flat surfaces and thereby enable to the outer lip 202 to
bypass the inner lip 204 as the seal cartridge 104 is moved proximally.

[0017] In some embodiments, the inner lip 204 may extend about the entire
inner circumference of the trocar housing 106. Consequently, the seal cartridge 104
may be releasably coupled to the trocar housing 106 by mating the outer lip 202 and
the inner lip 204 at virtually any angular direction.

[0018] In some embodiments, the trocar assembly 100 may include an anti-
rotation mechanism that helps prevent the seal cartridge 104 from rotating relative
to the trocar housing 106 once properly received therein. More particularly, as
illustrated, one or more protrusions 206 or “teeth” may be defined on the outer lip
202, and one or more indentations 208 may be defined on the inner lip 204. In the
illustrated embodiment, a plurality of protrusions 206 and indentations 208 are
defined in the outer lip 202 and the inner lip 204. Embodiments are contemplated
herein, however, wherein the outer lip 202 provides only one protrusion 206 and the
inner lip 204 provides only one indentation 208. In such embodiments, the seal
cartridge 104 may be rotationally secured relative to the trocar 102 in a single angular
orientation.

[0019] The relative spacing of the protrusions 206 may match the relative
spacing of the indentations 208 such that when the seal cartridge 104 is received
within the trocar housing 106 and the outer lip 202 mates with the inner lip 204, as
generally described above, the protrusions 206 may be able to angularly align with
and be received within the indentations 208. Receiving the protrusions 206 within
the indentations 208 may help restrain the seal cartridge 104 in a particular, discrete
angular orientation.

[0020] If adifferent angular orientation is desired, a load (e.g., a radial load)
may be applied to the latches 110 to flex the latches 110 radially inward and thereby
disengage the protrusions 206 from the opposing indentations 208. The seal
cartridge 104 may then be rotated in either angular direction (i.e., clockwise or
counter-clockwise) and the protrusions 206 will bypass the radially opposing
indentations 208 until a desired angular orientation is achieved, at which point the

load on the latches 110 may be released to allow the protrusions 206 to mate with
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opposing indentations 208 in the new angular orientation. Accordingly, in at least
one embodiment, the latches 110 may be dual-purpose; to hold the seal cartridge
104 within the trocar housing 106, and to prevent rotation of the seal cartridge 104
relative to the trocar 102.

[0021] In the illustrated embodiment, the indentations 208 are defined
about the entire inner circumference of the trocar housing 106 and equidistantly
spaced from each other. In other embodiments, however, the indentations 208 may
extend only partially about the inner circumference, without departing from the scope
of the disclosure. In yet other embodiments, the indentations 208 may be defined
in groups (clusters of indentations 208) arranged at predetermined intervals about
the inner circumference of the trocar housing 106. In such embodiments, the groups
of indentations may be equidistantly or non-equidistantly spaced from each other.

[0022] While the depicted embodiment shows the protrusions 206 being
defined on the latches 110 and the indentations 208 defined on the inner surface of
the trocar housing 106, an opposite configuration is contemplated herein. More
specifically, in another embodiment, the protrusions 206 may be defined on the inner
surface of the trocar housing 106 and the indentations 208 may be defined on the
latches 110, without departing from the scope of the disclosure. In such
embodiments, operation of the seal cartridge 104 with respect to the trocar 102 may
be the same as generally described above.

[0023] Furthermore, while the depicted embodiment shows the protrusions
206 and the indentations 208 as elongated features that extend longitudinally and
generally parallel to the centerline of the trocar assembly 100, it is contemplated
herein to employ protrusions 206 and indentations 208 of a variety of shapes, sizes,
and configurations. In some embodiments, for example, the protrusions 206 may
comprise circular or spherical buttons and the indentations 208 may define
corresponding circular or spherical cavities sized to receive the buttons. Those skilled
in the art will readily appreciate that several variations of design, size, and
configuration of the mating protrusions 206 and indentations 208 may be employed,
without departing from the scope of the disclosure.

[0024] In some embodiments, the defined edges of one or both of the

protrusions 206 and the indentations 208 may be angled or rounded. In such
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embodiments, as the seal cartridge 104 rotates relative to the trocar housing 106,

w

the seal cartridge 104 may be able to “ratchet” in the angular direction as the
protrusions 206 successively engage and disengage the angularly adjacent
indentations 208. Having angled or rounded edges may prove advantageous in
helping to facilitate easy disengagement and reengagement of the protrusions 206
with the indentations 208 during rotational movement. Moreover, in such
embodiments, it may not be necessary to apply a radial load on the latches 110 to
release the protrusions 206 from the opposing indentations 208. Rather, the
rotational force that moves the seal cartridge 104 relative to the trocar 102 may
provide sufficient force to urge the protrusions 206 to flex radially in and out of
engagement with successive and radially adjacent indentations 208.

[0025] In some embodiments, the seal cartridge 104 may include two or
more component parts. More particularly, the seal cartridge 104 may include a frame
210 and a top cap 212. The frame 210 may be configured to house and seat one or
more seals (not shown) used to help maintain insufflation and seal about surgical
tools extended longitudinally through the trocar assembly 100. The frame 210 may
also include an external seal 214 that provides a sealed interface against the inside
of the trocar 102 when the seal cartridge 104 is received within the trocar housing
106.

[0026] The top cap 212 may provide or otherwise define a central opening
216 that provides access into the seal cartridge 104. Surgical tools to be used in an
operation may be introduced into the trocar assembly 100 via the central opening
216 and extended distally through the cannula 108. In some embodiments, the top
cap 212 may be releasably coupled to the frame 210. In such embodiments, the top
cap 212 may be secured to the frame 210 using a mechanical coupling, such as one
or more press pins and corresponding pin cavities, one or more barbed latches and
corresponding latch cavities, an interference fit, or any combination thereof. In other
embodiments, the top cap 212 may be secured to the frame 210 using one or more
mechanical fasteners, such as screws or rivets.

[0027] In other embodiments, however, the top cap 212 may be
permanently coupled to the frame 210, such as through the use of an adhesive or

via a welding operation that permanently joins the top cap 212 to the frame 210.
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Example welding technologies that may be employed include, but are not limited to,
ultrasonic, heated tool, or any combination thereof. In yet other embodiments, the
top cap 212 may be permanently coupled to the frame 210 via an infrared laser
welding operation. In such embodiments, the frame 210 may be made of a material
that is transparent or translucent to the wavelength of the infrared source and
thereby allows the electromagnetic radiation of the infrared source to transmit
through the frame 210 material with little or no dissipation. Moreover, in such
embodiments, the top cap 212 may be made of a material that is opaque to and
otherwise absorbs the infrared energy at the wavelength of the infrared source, and
thereby absorbs or partially absorbs the electromagnetic radiation of the infrared
source. In such embodiments, the frame 210 and the top cap 212 may be positioned
in intimate contact with each other.

[0028] In example operation, a pulsed or continuous laser beam may be
directed through a portion of the frame 210 that interfaces an opposing portion of
the top cap 212, as indicated by the arrow A. In the illustrated embodiment, the
laser beam A is shown directed through a radial lip or protrusion 218 defined on the
frame 210, and the radial protrusion 218 interfaces with a bottom portion 220 of the
top cap 212. As will be appreciated by those skilled in the art, in other embodiments,
the laser beam A may be directed through other portions of the frame 210 that
interface other opposing portions of the top cap 212, without departing from the
scope of the disclosure.

[0029] The electromagnetic radiation of the laser transmits through the
radial protrusion 218 with little or no dissipation, but is absorbed by the opposing
material of the top cap 212 after transmitting through the frame 210 material.
Absorbing the electromagnetic radiation with the top cap 212 material dramatically
increases the temperature at the interface of the top cap 212 and the frame 210 at
that location, which heats both components by thermal conduction and results in a
welded interface between the two parts once cooled. This process may be repeated
multiple times at various locations about the circumference of the seal cartridge 104
to secure the top cap 212 to the frame 210.

[0030] Suitable materials for the frame 210 that are transparent or

translucent to the wavelength of the laser include, but are not limited to, any
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thermoplastic or thermoplastic composite that partially transmits infrared energy,
and any combination thereof. In some embodiments the material for the frame 210
may be visibly clear, such that visible electromagnetic radiation (e.g., natural or
artificial light) may pass therethrough relatively unobstructed. In other
embodiments, however, the material for the frame 210 may be not be visibly clear,
but instead only clear to the wavelength of the laser beam A.

[0031] Suitable materials for the top cap 212 that are generally opaque to
the wavelength of the laser include, but are not limited to, any thermoplastic or
thermoplastic composite that fully or partially absorbs infrared energy. Additives or
coatings can be utilized to enhance the absorption properties of the material, if
desired.

[0032] Itis noted that while theframe 210 is described above as being made
of a material that is transparent or translucent to the wavelength of the infrared
source, and the top cap 212 is described as being made of a material that is opaque
to and otherwise absorbs the infrared energy at the wavelength of the infrared
source, it is contemplated herein to swap and still achieve the same results. In such
embodiments, the top cap 212 may be made of the material that is transparent or
translucent to the wavelength of the infrared source, and the frame 210 may be made
of the material that is opaque to and otherwise absorbs the infrared energy at the
wavelength of the infrared source.

[0033] In some embodiments, the seal cartridge 104 may further include a
seal retainer 222 coupled to a distal end of the frame 210. Similar to the coupled
engagement between the top cap 212 and the frame 210, in some embodiments, the
seal retainer 222 may be releasably coupled to the frame 210, such as by using a
mechanical coupling or with one or more mechanical fasteners, as discussed herein.
The seal retainer 222 may alternatively be permanently coupled to the frame 210,
such as through the use of an adhesive, ultrasonic welding, or laser welding.

[0034] In embodiments where the seal retainer 222 is laser welded to the
frame 210, the frame 210 may be made of any of the materials mentioned herein
that are transparent or translucent to the wavelength of a laser, and the seal retainer
222 may be made of any of the materials mentioned herein that are opaque to the

wavelength of the laser. In example operation, a pulsed or continuous laser beam
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may be directed through a portion of the frame 210 that interfaces the seal retainer
222, as indicated by the arrow B. Similar to the process described above of laser
welding the top cap 212 to the frame 210, the electromagnetic radiation of the laser
B penetrates the frame 210 material with little or no dissipation, but is absorbed by
the seal retainer 222 material and causes one or both of the materials to melt and
provide a welded interface upon cooling. This process may be repeated multiple
times at various locations about the circumference of the seal retainer 222 to secure
the seal retainer 222 to the frame 210.

[0035] FIGS. 3A and 3B are enlarged isometric and exploded views,
respectively, of the top cap 212, according to one or more embodiments. In some
embodiments, as illustrated, the top cap 212 may include two or more component
parts. More particularly, the top cap 212 may comprise a main body 302 (alternately
referred to as an “upper seal retainer”) and a latch ring 304 that can be mounted to
the main body 302.

[0036] The main body 302 may comprise a generally cylindrical structure
that defines the central opening 216. In some embodiments, the main body 302 may
comprise a first portion 306a and a second portion 306b attached to or otherwise
extending from the first portion 306a. In such embodiments, the main body 302
may comprise a two-shot molded component where the second portion 306b may be
overmolded onto the first portion 306a, or vice versa. Moreover, in such
embodiments, the first and second portions 306a,b may be made of the same or
different materials. In other embodiments, however, the main body 302 may
comprise a monolithic structure manufactured in a single molding process or
fabricated from a single piece of material.

[0037] The main body 302 may also define slots 308 (only one visible) sized
and otherwise configured to receive the latches 110 when the latch ring 304 is
mounted to the main body 302. As will be appreciated, the number of slots 308 will
depend on the number of latches 110. Moreover, in some embodiments, the main
body 302 may further define a cutout 310 to accommodate the insufflation valve 112
(FIG. 1).

[0038] The latch ring 304 includes an annular body 312 and the latches 110

may extend distally from the annular body 312. In some embodiments, the latches
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110 extend substantially perpendicular to a horizontal plane in which the annular
body 312 resides. Alternatively, the latches 110 may extend at an angle offset from
perpendicular to the horizontal plane in which the annular body 312 resides. The
main body 302 may define an annular cutout or groove 314 sized to receive the
annular body 312 when the latch ring 304 is mounted to the main body 302.

[0039] The latch ring 304 may be grounded to the main body 302 at one or
more first angular (circumferential) positions 316. As used herein, the term
“ground,” “grounded,” or any variation thereof, refers to a coupled engagement
between the annular body 312 and the main body 302 that prevents the annular
body 312 from flexing or moving at the particular angular position. In contrast, the
latch ring 304 is not grounded to the main body 302 at one or more second angular
positions 318 angularly offset from the first angular positions 316, which allows the
annular body 312 to actuate at the second angular positions 318. The latches 110
and the second angular positions 318 may be considered a “rigid body” where their
material is not deformed when radially actuated.

[0040] In the illustrated embodiment, the latch ring 304 may be grounded
to the main body 302 at two first angular positions 316 arranged angularly opposite
each other (i.e., at or about 1800° offset). The latches 110 may be provided at the
second angular positions 318 and angularly interpose the first angular positions 316,
such as being 900 offset from the first angular positions 316. In other embodiments,
however, only one first angular position 316 and one second angular position 318
may be defined on the latch ring 304, without departing from the scope of the
disclosure.

[0041] The latch ring 304 may be grounded to the main body 302 at the
first angular positions 316 via a variety of means or processes. In some
embodiments, for example, the latch ring 304 may be permanently grounded to the
main body 302 at the first angular positions 316 using, for example, an adhesive,
ultrasonic welding, laser welding, one or more permanent mechanical attachment
features, or any combination thereof. In other embodiments, however, the latch ring
304 may be semi-permanently or releasably grounded to the main body 302 at the
first angular positions 316. In such embodiments, the latch ring 304 may be coupled

to the main body 302 using, for example, one or more mechanical fasteners (e.qg.,
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screws, rivets, pins, etc.), an interference fit, a shrink fit, a bayonet fitting, one or
more non-permanent mechanical fasteners (e.g., latches, snaps, etc.), or any
combination thereof.

[0042] In the illustrated embodiment, the latch ring 304 may be releasably
(or semi-permanently) coupled to the main body 302. More particularly, and with
reference to FIG. 3B, the latch ring 304 may provide or otherwise define one or more
press pins 320 that extend distally from the annular body 312, and the main body
302 may provide or otherwise define one or more corresponding apertures 322 sized
to receive the press pins 320. The latch ring 304 may be mounted to the main body
302 by angularly aligning the press pins 320 with the apertures 322 and receiving
the press pins 320 into the corresponding apertures 322 via, for example, an
interference fit.

[0043] In the illustrated embodiment, two groups (clusters) of press pins
320 are provided by the latch ring 304, and two corresponding groups (clusters) of
apertures 322 are provided by the main body 302. While two press pins 320 and two
corresponding apertures 322 are depicted in each group (cluster), it will be
appreciated that more or less than two press pins 320 and apertures 322 may be
employed, without departing from the scope of the disclosure.

[0044] The two groups are arranged angularly opposite each other at the
first angular positions 316, and the latches 110 interpose the two groups at the
second angular positions 318. Receiving the press pins 320 into the apertures 322
effectively grounds the latch ring 304 at the first angular positions 316 such that the
annular body 312 is unable to flex or move at those locations. In contrast, the latch
ring 304 is not grounded to the main body 302 at the second angular positions 318,
which allows the annular body 312 to actuate at those locations when the latches
110 are actuated.

[0045] The latches 110 may be actuated by applying a radial load to the
latches 110 in opposing radially inward directions toward the centerline. The radial
load may be applied manually by a user (e.g., pinching between the index finger and
the thumb) or by a robotic actuator. The radial load urges the latches 110 to rotate
radially inward relative to the main body 302 at the slots 308, which causes

intermediate portions 324 of the latch ring 304 to bend (flex) in torsion. The
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intermediate portions 324 comprise arcuate sections (segments) of the annular body
312 that angularly interpose the first and second angular positions 316, 318 and are,
therefore, located at intermediate angular positions on either angular side of the
latches 110.

[0046] The intermediate portions 324 may be characterized as “living
hinges” that flex in torsion when the latches 110 are actuated, and elastically return
to a relaxed state when the radial load on the latches 110 is removed. As illustrated,
the latches 110 may transition to the intermediate portions 324 at a radius 326
defined in the annular body 312 on either angular side of the latches 110. The radius
326 at each corner may prove advantageous in converting the radial load applied to
the latches 110 to a torsional load assumed at the intermediate portions 324.
Moreover, the radii 326 may also allow the intermediate portions 324 to twist without
binding against the main body 302.

[0047] The cross-sectional shape and area of the intermediate portions 324
may be varied and otherwise optimized to provide an ideal spring rate and touchpoint
tactile feedback for the latches 110. As will be appreciated, the cross-sectional shape
and area of the intermediate portions 324 may dictate the amount of torsion needed
to release the latches 110. In some embodiments, the cross-sectional shape and
area of the annular body 314 at the intermediate portions 324 may be different than
the cross-sectional shape and area of the annular body 314 at one or both of the first
and second angular positions 316, 318 to promote and control torsion through this
area.

[0048] FIGS. 4A and 4B are isometric views of the latch ring 304 of FIGS.
3A-3B depicting example actuation. More specifically, FIGS. 4A and 4B depict finite
element analysis (FEA) results from applying a radial load on one of the hinges 110,
as indicated by the arrow X (FIG. 4B). FIG. 4A shows the latch ring 304 in its relaxed
state and, thus, no FEA data is obtained. In contrast, FIG. 4B shows the latch ring
304 with the radial load X applied on the latch 110, and the FEA data shows strain
building in the intermediate portions 324 of the annular body 312. Pockets of strain
are especially evident at the radii 326, where the latch 110 joins the annular body
312 and structurally converts the radial load X to torsion loading assumed at the

intermediate portions 324. The FEA results indicate that the latch ring 304 twists
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about itself in torsion at the intermediate portions 324 as the latch 110 is being
depressed.

[0049] Conventional latches for seal cartridges typically operate as a
cantilever beam that bends linearly when a radial load is applied. In contrast, the
presently-described latch ring 304 does not bend linearly, but rather twists around
on itself to facilitate linear movement at the latch 110. The material of the latch ring
304 comes under torsion instead of under a bending strain. Due to the minimal space
required, the torsional actuation of the latch ring 304 may be advantageous over
conventional linearly bending latches that require more space or compromise in the
force to actuate at the latch 110.

[0050] Embodiments disclosed herein include:

[0051] A. A trocar assembly that includes a trocar, and a seal cartridge
configured to be releasably coupled to the trocar and including a top cap that includes
a main body and a latch ring, wherein the latch ring is grounded to the main body at
a first angular position and has a latch located at a second angular position angularly
offset from the first angular position, and wherein applying a radial load on the latch
causes the latch ring to flex in torsion at an intermediate portion that angularly
interposes the first and second angular positions.

[0052] B. A seal cartridge for a trocar assembly that includes a frame that
houses one or more seals, and a top cap coupled to the frame and including a main
body and a latch ring, wherein the latch ring is grounded to the main body at a first
angular position and has a latch located at a second angular position angularly offset
from the first angular position, and wherein applying a radial load on the latch causes
the latch ring to flex in torsion at an intermediate portion that angularly interposes
the first and second angular positions.

[0053] C. A method of using a trocar assembly that includes receiving a
seal cartridge at least partially into a trocar housing of a trocar, the seal cartridge
including a top cap that includes a main body and a latch ring, wherein the latch ring
is grounded to the main body at a first angular position and has a latch located at a
second angular position angularly offset from the first angular position, and applying
a radial load on the latch and thereby causing the latch ring to flex in torsion at an

intermediate portion that angularly interposes the first and second angular positions.
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[0054] Each of embodiments A, B, and C may have one or more of the
following additional elements in any combination: Element 1: wherein the latch
comprises a first latch and the latch ring is grounded to the main body at two first
angular positions located angularly opposite each other, the latch ring further
including a second latch located angularly opposite the first latch and the first and
second latches angularly interpose the two first angular positions. Element 2:
wherein the radial load is applied on the first and second latches simultaneously in
opposite radial directions. Element 3: wherein the latch transitions to the
intermediate portion at a radius defined in the latch ring. Element 4: wherein a cross-
sectional shape and area of the intermediate portion is different from a cross-
sectional shape and area of the latch ring at one or both of the first and second
angular positions to promote and control local torsion in the intermediate portion.
Element 5: wherein the latch ring is permanently grounded to the main body at the
first angular position. Element 6: wherein the latch ring is releasably grounded to
the main body at the first angular position. Element 7: wherein the trocar includes
a trocar housing and a cannula that extends distally from the trocar housing, the
trocar assembly further comprising an inner lip defined on an inner circumferential
surface of the trocar housing, an outer lip defined by the latch and matable with the
inner lip to releasably couple the seal cartridge to the trocar, one or more indentations
defined on one of the inner and outer lips, and one or more protrusions defined on
the other of the inner and outer lips, wherein the one or more protrusions are
receivable within the one or more indentations to prevent the seal cartridge from
rotating relative to the trocar housing. Element 8: wherein edges of one or both of
the one or more protrusions and the one or more indentations are angled or rounded.

[0055] Element 9: further comprising one or more press pins defined by the
latch ring at the first angular position, and one or more apertures defined by the main
body at the first angular position to receive the one or more press pins and thereby
ground the latch ring to the main body. Element 10: wherein the latch comprises a
first latch and the latch ring is grounded to the main body at two first angular
positions located angularly opposite each other, the latch ring further including a
second latch located angularly opposite the first latch and the first and second latches

angularly interpose the two first angular positions. Element 11: wherein the main
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body defines slots that receive the first and second latches when the latch ring is
mounted to the main body. Element 12: wherein the latch transitions to the
intermediate portion at a radius defined in the latch ring. Element 13: wherein a
cross-sectional shape and area of the intermediate portion is different from a cross-
sectional shape and area of the latch ring at one or both of the first and second
angular positions to promote and control local torsion in the intermediate portion.

[0056] Element 14: wherein the latch comprises a first latch and the latch
ring is grounded to the main body at two first angular positions located angularly
opposite each other, the latch ring further including a second latch located angularly
opposite the first latch such that the first and second latches angularly interpose the
two first angular positions, and wherein applying the radial load on the latch
comprises applying the radial load on the first and second latches simultaneously in
opposite radial directions, and causing the latch ring to flex in torsion at intermediate
portions that angularly interpose the first and second latches and the two first angular
positions. Element 15: further comprising converting the radial load to a torsional
load at a radius defined in the latch ring wherein the latch transitions to the
intermediate portion. Element 16: wherein an inner lip is defined on an inner
circumferential surface of the trocar housing and an outer lip is defined by the latch
and matable with the inner lip to releasably couple the seal cartridge to the trocar,
and wherein receiving the seal cartridge at least partially into the trocar housing
comprises mating one or more protrusions defined on one of the inner and outer lips
with one or more indentations defined on the other of the inner and outer lips, and
preventing the seal cartridge from rotating relative to the trocar housing when the
one or more protrusions are mated with the one or more indentations. Element 17:
wherein applying the radial load on the latch further comprises disengaging the one
or more protrusions from the one or more indentations, and rotating the seal
cartridge relative to the trocar housing.

[0057] By way of non-limiting example, exemplary combinations applicable
to A, B, and C include: Element 1 with Element 2; Element 7 with Element 8; Element
10 with Element 11; and Element 16 with Element 17.

[0058] Therefore, the disclosed systems and methods are well adapted to

attain the ends and advantages mentioned as well as those that are inherent therein.
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The particular embodiments disclosed above are illustrative only, as the teachings of
the present disclosure may be modified and practiced in different but equivalent
manners apparent to those skilled in the art having the benefit of the teachings
herein. Furthermore, no limitations are intended to the details of construction or
design herein shown, other than as described in the claims below. It is therefore
evident that the particular illustrative embodiments disclosed above may be altered,
combined, or modified and all such variations are considered within the scope of the
present disclosure. The systems and methods illustratively disclosed herein may
suitably be practiced in the absence of any element that is not specifically disclosed
herein and/or any optional element disclosed herein. While compositions and

F/AR\Y

methods are described in terms of “comprising,” “containing,” or “including” various
components or steps, the compositions and methods can also “consist essentially of”
or “consist of” the various components and steps. All numbers and ranges disclosed
above may vary by some amount. Whenever a numerical range with a lower limit
and an upper limit is disclosed, any number and any included range falling within the
range is specifically disclosed. In particular, every range of values (of the form, “from
about a to about b,” or, equivalently, “from approximately a to b,” or, equivalently,
“from approximately a-b”) disclosed herein is to be understood to set forth every
number and range encompassed within the broader range of values. Also, the terms
in the claims have their plain, ordinary meaning unless otherwise explicitly and clearly
defined by the patentee. Moreover, the indefinite articles “a” or “an,” as used in the
claims, are defined herein to mean one or more than one of the elements that it
introduces. If there is any conflict in the usages of a word or term in this specification
and one or more patent or other documents that may be incorporated herein by
reference, the definitions that are consistent with this specification should be
adopted.

[0059] The terms “proximal” and “distal” are defined herein relative to a
surgeon or robotic surgical system having an interface configured to mechanically
and electrically couple a surgical tool to a robotic manipulator. The term “proximal”
refers to the position of an element closer to the surgeon or the robotic manipulator
and the term “distal” refers to the position of an element further away from the

surgeon or the robotic manipulator. Moreover, the use of directional terms such as
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above, below, upper, lower, upward, downward, left, right, and the like are used in
relation to the illustrative embodiments as they are depicted in the figures, the
upward or upper direction being toward the top of the corresponding figure and the
downward or lower direction being toward the bottom of the corresponding figure.

[0060] As used herein, the phrase “at least one of” preceding a series of
items, with the terms “and” or “or” to separate any of the items, modifies the list as
a whole, rather than each member of the list (i.e., each item). The phrase “at least
one of” allows a meaning that includes at least one of any one of the items, and/or
at least one of any combination of the items, and/or at least one of each of the items.
By way of example, the phrases “at least one of A, B, and C” or “at least one of A, B,
or C” each refer to only A, only B, or only C; any combination of A, B, and C; and/or
at least one of each of A, B, and C.
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CLAIMS

What is claimed is:

1. A trocar assembly, comprising:

a trocar; and

a seal cartridge configured to be releasably coupled to the trocar and including
a top cap that includes a main body and a latch ring,

wherein the latch ring is grounded to the main body at a first angular position
and has a latch located at a second angular position angularly offset from the first
angular position, and

wherein applying a radial load on the latch causes the latch ring to flex in
torsion at an intermediate portion that angularly interposes the first and second

angular positions.

2. The trocar assembly of claim 1, wherein the latch comprises a first latch
and the latch ring is grounded to the main body at two first angular positions located
angularly opposite each other, the latch ring further including a second latch located
angularly opposite the first latch and the first and second latches angularly interpose

the two first angular positions.

3. The trocar assembly of claim 2, wherein the radial load is applied on the

first and second latches simultaneously in opposite radial directions.

4, The trocar assembly of claim 1, wherein the latch transitions to the

intermediate portion at a radius defined in the latch ring.

5. The trocar assembly of claim 1, wherein a cross-sectional shape and
area of the intermediate portion is different from a cross-sectional shape and area of
the latch ring at one or both of the first and second angular positions to promote and

control local torsion in the intermediate portion.

6. The trocar assembly of claim 1, wherein the latch ring is permanently

grounded to the main body at the first angular position.
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7. The trocar assembly of claim 1, wherein the latch ring is releasably

grounded to the main body at the first angular position.

8. The trocar assembly of claim 1, wherein the trocar includes a trocar
housing and a cannula that extends distally from the trocar housing, the trocar
assembly further comprising:

an inner lip defined on an inner circumferential surface of the trocar housing;

an outer lip defined by the latch and matable with the inner lip to releasably
couple the seal cartridge to the trocar;

one or more indentations defined on one of the inner and outer lips; and

one or more protrusions defined on the other of the inner and outer lips,
wherein the one or more protrusions are receivable within the one or more

indentations to prevent the seal cartridge from rotating relative to the trocar housing.

9. The trocar assembly of claim 8, wherein edges of one or both of the one

or more protrusions and the one or more indentations are angled or rounded.

10. A seal cartridge for a trocar assembly, comprising:

a frame that houses one or more seals; and

a top cap coupled to the frame and including a main body and a latch ring,

wherein the latch ring is grounded to the main body at a first angular position
and has a latch located at a second angular position angularly offset from the first
angular position, and

wherein applying a radial load on the latch causes the latch ring to flex in
torsion at an intermediate portion that angularly interposes the first and second

angular positions.
11. The seal cartridge of claim 10, further comprising:

one or more press pins defined by the latch ring at the first angular position;

and
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one or more apertures defined by the main body at the first angular position
to receive the one or more press pins and thereby ground the latch ring to the main
body.

12. The seal cartridge of claim 10, wherein the latch comprises a first latch
and the latch ring is grounded to the main body at two first angular positions located
angularly opposite each other, the latch ring further including a second latch located
angularly opposite the first latch and the first and second latches angularly interpose

the two first angular positions.

13. The seal cartridge of claim 12, wherein the main body defines slots that

receive the first and second latches when the latch ring is mounted to the main body.

14. The seal cartridge of claim 10, wherein the latch transitions to the

intermediate portion at a radius defined in the latch ring.

15. The seal cartridge of claim 10, wherein a cross-sectional shape and area
of the intermediate portion is different from a cross-sectional shape and area of the
latch ring at one or both of the first and second angular positions to promote and

control local torsion in the intermediate portion.

16. A method of using a trocar assembly, comprising:

receiving a seal cartridge at least partially into a trocar housing of a trocar, the
seal cartridge including a top cap that includes a main body and a latch ring, wherein
the latch ring is grounded to the main body at a first angular position and has a latch
located at a second angular position angularly offset from the first angular position;
and

applying a radial load on the latch and thereby causing the latch ring to flex in
torsion at an intermediate portion that angularly interposes the first and second

angular positions.

17. The method of claim 16, wherein the latch comprises a first latch and

the latch ring is grounded to the main body at two first angular positions located
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angularly opposite each other, the latch ring further including a second latch located
angularly opposite the first latch such that the first and second latches angularly
interpose the two first angular positions, and wherein applying the radial load on the
latch comprises:

applying the radial load on the first and second latches simultaneously in
opposite radial directions; and

causing the latch ring to flex in torsion at intermediate portions that angularly

interpose the first and second latches and the two first angular positions.

18. The method of claim 16, further comprising converting the radial load
to a torsional load at a radius defined in the latch ring wherein the latch transitions

to the intermediate portion.

19. The method of claim 16, wherein an inner lip is defined on an inner
circumferential surface of the trocar housing and an outer lip is defined by the latch
and matable with the inner lip to releasably couple the seal cartridge to the trocar,
and wherein receiving the seal cartridge at least partially into the trocar housing
comprises:

mating one or more protrusions defined on one of the inner and outer lips with
one or more indentations defined on the other of the inner and outer lips; and

preventing the seal cartridge from rotating relative to the trocar housing when

the one or more protrusions are mated with the one or more indentations.

20. The method of claim 19, wherein applying the radial load on the latch
further comprises:

disengaging the one or more protrusions from the one or more indentations;
and

rotating the seal cartridge relative to the trocar housing.
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