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ARTICULATING SURGICAL INSTRUMENTS AND
METHODS OF DEPLOYING THE SAME
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TECHNICAL FIELD
The present inventive concepts generally relate to the field of surgical tools, and more
particularly, to articulating surgical tools, methods of deploying articulating surgical tools

and tool sheaths, and methods of forming the same.

BACKGROUND

As less invasive medical techniques and procedures become more widespread,
medical professionals, such as surgeons, may require articulating surgical tools, such as
endoscopes, to perform such less invasive medical techniques and procedures from outside
the human body. However, conventional articulating surgical tools, such as endoscopes and

other types of tools, are limited with respect to movement about various planes.

SUMMARY

In one aspect, provided is a surgical instrument comprising a steering mechanism. The
steering mechanism comprises a handle at a proximal end of the surgical instrument. The
handle includes a plurality of controls for controlling a movement of the surgical instrument.
The steering mechanism also comprises a hub that rotatably mates with the handle; and a
housing positioned about the hub. The handle, the housing, and the hub communicate with
each other to provide at least a first degree of freedom and a second degree of freedom. An
articulation region is at a distal end of the surgical instrument. A movement of the steering
mechanism handle in one and only one of the first or second degrees of freedom relative to at
least one of the housing or the hub translates to a movement of the articulation region in a

single plane of motion.
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In some embodiments, the steering mechanism further comprises a locking
mechanism controlled by at least one locking control of the plurality of controls of the handle,
the locking mechanism constructed and arranged to disable one of the first and second
degrees of freedom to limit a movement of the articulation region in the single plane of
motion,

In some embodiments, the locking mechanism comprises two locking mechanisms
controlled by the at least one locking control, and wherein the two locking mechanisms, when
activated, are constructed and arranged to disable one or both of the first and second degrees
of freedom to prevent steering of the articulation region.

In some embodiments, the locking mechanism includes a first lock that prevents the
steering mechanism from articulating with the first degree of freedom and a second lock that
prevents the steering mechanism from articulating with the second degree of freedom.

In some embodiments, the hub includes a first post and a second post along a first
articulating axis, and wherein the first lock includes a locking ring and a cam clamp that
applies a force to the locking ring, which prevents the housing from rotating about the first
articulating axis.

In some embodiments, the surgical instrument further comprises a set of
interdigitating teeth between the locking ring and the housing. The locking ring applies a
force at the interdigitating teeth to prevent a rotation of the housing about the first articulating
axis.

In some embodiments, the first articulating axis is a vertical axis, and wherein a
rotation of the hub about the vertical axis provides a horizontal control of the steerable
portion.

In some embodiments, the hub includes a third post and a fourth post along a second
articulating axis orthogonal to the first articulating axis, and wherein the second lock includes
a locking ring and a cam clamp that applies a force to the locking ring, which prevents the
housing from rotating about the second articulating axis.

In some embodiments, the surgical instrument further comprises a set of
interdigitating teeth between the locking ring and the housing. The locking ring applies a
force at the interdigitating teeth to prevent a rotation of the handle about the second

articulating axis.
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In some embodiments, the second articulating axis is a horizontal axis, and wherein a
rotation of the handle about the horizontal axis of the hub provides a vertical control of the
articulation region.

In some embodiments, an activation of either the first lock or the second lock limits
movement of the articulation region to the single plane of motion.

In some embodiments, an activation of both the first lock and the second lock
prevents steering of the instrument, and maintains a tool at a distal end of the instrument tool
in a current position.

In some embodiments, the first lock and the second lock are disengaged, and the
articulation region articulates in multiple planes of motion.

In some embodiments, the instrument comprises an end effector coupled to the
articulation region, and wherein an articulation of the handle in accordance with two degrees
of freedom permits the articulation region to be manipulated to reach anywhere on a surface
of at least a partial sphere.

In some embodiments, the plurality of controls at the handle includes a ratcheting
trigger for incrementally ratcheting the end effector at the distal end of the instrument.

In some embodiments, the plurality of controls at the handle includes a control in
communication with a power source.

In some embodiments, the power source includes an RF power source.

In some embodiments, the plurality of controls at the handle includes a control in
communication with a fluid source.

In some embodiments, the handle comprising one selected from the group consisting
of: a palm-held grip, a thumb/index/middle finger grip, a pistol grip, a reciprocating trigger,
and a scissor type.

In some embodiments, the surgical instrument further comprises a U-joint. The U-
joint provides the first and second degrees of freedom between a combination of the handle,
the hub, and the housing.

In some embodiments, the U-joint comprises a first hinge along a first axis, the first
hinge providing the first degree of freedom Between the handle and the housing about the
first axis.

In some embodiments, the U-joint comprises a second hinge along a second axis
orthogonal to the first axis, the second hinge providing the second degree of freedom between

the hub and the handle about the second axis.
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In some embodiments, surgical instrument further comprises a plurality of steering
cables coupled between the housing and the articulation region. An articulation of the handle
relative to the housing advances and retracts the plurality of steering cables, which move the
articulation region in the single plane of motion or in multiple planes of motion.

In some embodiments, the plurality of steering cables comprise first and second
steeﬂﬁg cables that extend from the handle to the articulation region, the first and second
steering cables constructed and arranged to move the articulation region relative to a first axis
about the single plane of motion when the handle articulates at the first degree of freedom
relative to the housing.

In some embodiments, the articulation region moves in the single plane of motion in
response to a movement of at least one of the first or second steering cables in an axial
direction between the handle and the articulation region.

In some embodiments, the movement of the at least one of the first or second steering
cables in the axial direction is in response to a movement by the handle relative to the
housing at the first degree of freedom.

In some embodiments, the hub includes first and second cable fastening locations that
couple proximal ends of the first and second steering cables to the hub.

In some embodiments, the surgical instrument further comprises third and fourth
steering cables that extend from the handle to the articulation region. The third and fourth
steering cables are constructed and arranged to move the articulation region about a second
axis orthogonal to the first axis. f

In some embodiments, the articulation region moves in the single plane of motion in
response to a movement of at least one of the third or fourth steering cables in an axial
direction between the handle and the articulation region.

In some embodiments, the movement of the at least one of the third or fourth steering
cables in the axial direction is in response to a movement by the handle relative to the hub in
the second degree of freedom orthogonal to the first degree of freedom.

In some embodiments, the hub includes first and second cable pass-through holes and
the handle includes first and second fastening locations, wherein the third and fourth steering
cables extend through the first and second pass-through holes, respectively, and wherein
proximal ends of the third and fourth steering cables are coupled to the handle.

In some embodiments, the handle includes a cable tensioning mechanism that adjusts

a tension of the third and fourth steering cables at the proximal ends.
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In some embodiments, the cable tensioning mechanism comprises a set screw
movably positioned in a threaded socket in the housing, the set screw including an opening
for receiving an end of at least one of the third or fourth steering cables, which is secured to
the set screw.

In some embodiments, the cable tensioning mechanism further comprises a tightening
tool that adjusts the position of the set screw relative to the socket to achieve a desired
tension of the at least one of the third or fourth steering cables.

In some embodiments, the surgical instrument further comprises a support element
having a proximal end coupled to the handle. A portion of the support element extends
through the articulation region. The support element is constructed and arranged to rotate
independently of the movement of the articulation region in the single plane of motion.

In some embodiments, the support element is constructed and arranged as a coil.

In some embodiments, the support element is constructed and arranged as a hollow
tube.

In some embodiments, the surgical instrument further comprises a clevis between an
end effector coupled to the articulation region and a distal end of the support element.

In some embodiments, the surgical instrument further comprises a longitudinal
clearance between the clevis and a distal link segment of the articulation region. The
longitudinal clearance is dimensioned in an axial direction of the surgical instrument to
prevent contact between the clevis and the distal end of the first assembly when the force is
imparted by the movement of an activation element coupled between the handle and an end
effector at a distal end of the instrument.

In some embodiments, the steering mechanism further comprises a ratchet mechanism,
a gearing mechanism, a trigger assembly, and a translating assembly, wherein the ratchet
mechanism is configured to maintain the translating assembly in a series of linear positions.

In some embodiments, the handle comprises a rotation knob, and wherein the
translation assembly is coupled to the rotation knob, the rotation knob attached to the support
element, and providing a rotational force to the support element.

In some embodiments, the support element is constructed and arranged to rotate a
functional element at a distal end of the support element.

In some embodiments, the rotation knob comprises a hole, and wherein the surgical

instrument further comprises an activation element that is coupled to the translating assembly,
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and extends through the rotation knob hole and the support element to the functional element
to activate a tool of the functional element.

In some embodiments, the activation element activates the tool by a handle control
advancing or retracting the activation wire.

In some embodiments, movement of the activation element is induced by the handle.

In some embodiments, the activation element is constructed and arranged as a wire.

In some embodiments, the activation element is constructed and arranged as a cable.

In some embodiments, the activation element is constructed and arranged as a fiber.

In some embodiments, the activation element is formed of Teflon or graphite.

In some embodiments, the trigger assembly is coupled to the gearing mechanism, and
wherein the translating assembly slides within the handle, and is translated via the gearing
mechanism.

In some embodiments, the trigger assembly comprises a trigger and a spring which is
biased to maintain the trigger in a position.

In some embodiments, wherein the trigger comprises an un-pulled position, such as in
a position in which a tool coupled to the articulation region is in an open or un-activated
position.

In some embodiments, the ratchet mechanism is constructed and arranged to resist the
force of the trigger spring.

In some embodiments, the ratchet mechanism is constructed and arranged to be
temporarily disengaged to release the translating assembly, or to be locked in a disengaged
position such that the trigger controls the translating assembly.

In some embodiments, the controls include a ratchet selector control that activates and
de-activates the ratchet mechanism.

In some embodiments, the translating assembly comprises a linear gear that mates
with the gearing mechanism to drive the translating assembly proximally and distally within
the handle.

In some embodiments, the ratchet mechanism comprises a ratchet lock, a release ramp,
and a ratchet selector configured to position the ratchet lock.

In some embodiments, the translating assembly comprises a plurality of teeth,
wherein in a first, engaged position, the ratchet lock engages the teeth, and wherein in a
second, disengaged position, the release ramp slides beneath the ratchet lock disengaging the

ratchet teeth, allowing the translating assembly to move freely.
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In some embodiments, the ratchet selector includes a first securing projection and a
second securing projection, wherein the handle includes a housing having a first notch and a
second notch that frictionally engages with the first and second securing projection,
respectively.

In some embodiments, the surgical instrument further comprises a rigid shaft coupled
to the housing and a flexible shaft coupled between the rigid shaft and the articulation region.
The rigid shaft surrounds the proximal end of the flexible shaft, the rigid shaft and the
flexible shaft extending along a same axial direction as the articulation region.

In some embodiments, the rigid shaft is configured to be slidingly received by a
separate support structure to support the instrument and to provide a resistive force during
articulation of the handle to enable steering.

In some embodiments, the flexible shaft follows a path through a working channel of
a robotic probe or through a supporting tool guide alongside a robotic probe.

In some embodiments, the articulation region comprises at least three segment links,
wherein each segment link has a single degree of freedom with respect to an adjacent
segment link, and wherein each of the at least three segment links is positioned along a
central axis.

In some embodiments, the at least three segment links include a first end link, a
second end link, and at least one central link between the first and second end links, the at
least three segment links constructed and arranged to articulate relative to each other based on
forces applied to a plurality of steering cables controlled by the handle.

In some embodiments, the plurality of steering cables extend from the handle to a
distal end of the articulation region.

In some embodiments, each of the least three segment links includes a central hole
positioned along the central axis and a plurality of holes positioned about a periphery of the
segment link and extending along an axis parallel to the central axis, each hole receiving a
steering cable of the plurality of steering cables.

In some embodiments, each steering cable has a distal end that extends through a hole
in the second end link at an outermost region of the articulation region.

In some embodiments, the distal end of the steering cable terminates at a recess of a
distal segment of the at least three segments.

In some embodiments, a first hole of the plurality of holes is positioned 90 degrees

from a second hole relative to the central axis.
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In some embodiments, a first hole of the plurality of holes is positioned 180 degrees
from a second hole relative to the central axis.

In some embodiments, the plurality of steering cables include a horizontal steering
cable extending through a first hole in at least one segment link, and a vertical steering cable
extending through a second hole in the at least one segment link that is positioned 90 degrees
from the first hole.

In some embodiments, the horizontal steering cable is constructed and arranged to
move the articulation region in along a horizontal plane or a plane tangential to the horizontal
plane, and wherein the vertical steering cable is constructed and arranged to move the
articulation region in along a vertical plane or a plane tangential to the vertical plane.

In some embodiments, three segment links of the at least three segment links are
constructed and arranged to have two degrees of freedom with respect to a movement.

In some embodiments, two segment links of the at least three segment links are
constructed and arranged to have a single degree of freedom with respect to a movement.

In some embodiments, wherein each of the at least three segment links comprises a
protrusion constructed and arranged to mate with a slot at an adjacent segment link of the at
least three segment links.

In some embodiments, the protrusion of the each of the at least three segment links is
orthogonal to a protrusion of the adjacent segment link.

In some embodiments, a protrusion of a first segment link of the at least three segment
links extends along a first axis and a protrusion of an adjacent second segment link of the at
least three segment links extends along a second axis orthogonal axis, wherein a slot in the
adjacent second segment link extends along the first axis, wherein the first protrusion is
mated with the slot, and wherein the second segment link at least partially rotates about the
first axis in a single degree of freedom.

In some embodiments, each of the at least three segment links comprises a first
protrusion and a second protrusion at 180 degrees relative to the first protrusion, each of the
first and second protrusions constructed and arranged to mate with a slot at an adjacent
segment link.

In some embodiments, the first and second protrusions are each orthogonal to a
protrusion of the adjacent segment link.

In some embodiments, a first segment link having a protrusion is positioned at a slot

of an adjacent second segment link, the slot having a length along which the protrusion
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moves, the protrusion centered at a first axis extending through the protrusion, and wherein at
least one of the first segment link or the second segment link rotates about the first axis
subject to the length of the slot.

In some embodiments, the slot of the second segment link is in a first surface, the
second segment link includes a protrusion that extends from a second surface opposite the
first surface, and the protrusion and the slot of the second segment are orthogonal to each
other.

In some embodiments, the surgical instrument further comprises a third segment link
having a slot that mates with the protrusion of the second segment link, the third segment
link slot having a length along which the second segment link protrusion moves, the second
segment link protrusion centered at a second axis orthogonal to the first axis and extending
through the second segment link protrusion, and wherein at least one of the second segment
link or the third segment link rotates about the second axis subject to the length of the slot.

In some embodiments, the surgical instrument further comprises an end effector
coupled to the articulation region at the distal end of the surgical instrument.

In some embodiments, the end effector includes a housing and at least one tool.

In some embodiments, the at least one tool comprises at least one of: a grasper; a
scissor; a cutter; a claw; or a knife.

In some embodiments, the at least one tool comprises at least one of: an ablator, a
drug delivery apparatus, a radiation source, an EKG electrode, a pressure sensor, a blood
sensor, a camera, a magnet, a heating element, an energy delivery element, and a cryogenic
element.

In some embodiments, the surgical instrument further comprises a support element
that extends along at least a portion of the instrument, through a central working channel of
the articulation region, and terminates at the end effector housing.

In some embodiments, a rotation of the support element causes the end effector to
rotate the orientation of the at least one tool.

In some embodiments, the rotation of the support element is independent of an
orientation of the articulation region.

In some embodiments, the support element comprises a torque cable configured to

avoid twisting during rotation.
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In some embodiments, the surgical instrument further comprises an activation element
coupled extending between the handle and the end effector, and further comprising a slide
positioned between the end effector and a distal segment of the articulation region.

In some embodiments, the end effector housing is positioned about at least a portion
of the slide.

In some embodiments, a force applied to the activation element retracts the slide into
a recess in the end effector housing.

In some embodiments, the at least one tool is in a closed position in response to the
retraction of the slide into the recess.

In some embodiments, a rotation of the support element translates to a rotation of the
end effector housing relative to the recess.

In some embodiments, a force applied to the activation element moves the activation
element in a distal direction towards the at least one tool.

In some embodiments, the at least one tool is in an open position in response to the
movement of the activation element in the distal direction.

In another aspect, provided is a method for performing a medical procedure using the
surgical instrument referred to herein.

In another aspect, provided is a system for performing a medical procedure
comprising: an articulating probe including inner and outer sleeves and a surgical instrument.
The surgical mstrument comprises a steering mechanism. The steering mechanism comprises
a handle at a proximal end of the surgical instrument. The handle includes a plurality of
controls for controlling a movement of the surgical instrument. The steering mechanism also
comprises a hub that rotatably mates with the handle; and a housing positioned about the hub.
The handle, the housing, and the hub communicate with each other to provide at least a first
degree of freedom and a second degree of freedom. An articulation region is at a distal end
of the surgical instrument. A movement of the steering mechanism handle in one and only
one of'the first or second degrees of freedom relative to at least one of the housing or the hub

translates to a movement of the articulation region in a single plane of motion.
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BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features and advantages of embodiments of the
present inventive concepts will be apparent from the more particular description of preferred
embodiments, as illustrated in the accompanying drawings in which like reference characters
refer to the same elements throughout the different views. The drawings are not necessarily
to scale, emphasis instead being placed upon illustrating the principles of the preferred
embodiments.

FIG. 1 is a perspective view of an articulating surgical instrument, in accordance with
embodiments of the present inventive concepts;

FIG. 2 is a cutaway side view of the surgical instrument of FIG. 1, in accordance
with embodiments of the present inventive concepts;

FIG. 3 is a close-up view of the ratchet mechanism and translating assembly of the
surgical instrument of FIGs. 1 and 2, in accordance with embodiments of the present
inventive concepts;

FIG. 4 is a cutaway close-up view of the locking mechanism and the U-joint of the
surgical instrument of FIGs. 1-3, in accordance with embodiments of the present inventive
concepts;

FIGs. 5A and 5B are cutaway side views of a cable tensioning mechanism, in
accordance with an embodiment;

FIG. 5C is a side view of a tool used for adjusting a cable tension, in accordance with
an embodiment;

FIGs. 6A and 6B are perspective views of a distal end of the surgical instrument of
FIGs. 1-5;

FIG. 6C is a close-up perspective view of articulation region of the surgical
instrument of FIGs. 1-6B,;

FIG. 6D is a close-up perspective view of two adjacent segment links of FIGs. 1-6C,
m accordance with an embodiment;

FIG. 7A — 7E are views of an articulating surgical instrument in various positions, in
accordance with an embodiment; and

FIG. 8 is a cutaway side view of a distal end of a surgical instrument, in accordance

with an embodiment.
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DETAILED DESCRIPTION OF EMBODIMENTS

The terminology used herein is for the purpose of describing particular embodiments
and 1s not intended to be limiting of the inventive concepts. As used herein, the singular
forms “a,” “an” and “the” are intended to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood that the terms “comprises,”
“comprising,” “includes” and/or “including,” when used herein, specify the presence of stated
features, integers, steps, operations, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers, steps, operations, elements,
components, and/or groups thereof.

It will be understood that, although the terms first, second, third etc. may be used
herein to describe various limitations, elements, components, regions, layers and/or sections,
these limitations, elements, components, regions, layers and/or sections should not be limited
by these terms. These terms are only used to distinguish one limitation, element, component,
region, layer or section from another limitation, element, component, region, layer or section.
Thus, a first limitation, element, component, region, layer or section discussed below could
be termed a second limitation, element, component, region, layer or section without departing
from the teachings of the present application.

It will be further understood that when an element is referred to as being “on” or
“connected” or “coupled” to another element, it can be directly on or above, or connected or
coupled to, the other element or intervening elements can be present. In contrast, when an
element is referred to as being “directly on” or “directly connected” or “directly coupled” to
another element, there are no intervening elements present. Other words used to describe the
relationship between elements should be interpreted in a like fashion (e.g., “between” versus

2 <c

“directly between,” “adjacent” versus “directly adjacent,” etc.). When an element is referred
to herein as being “over” another element, it can be over or under the other element, and
either directly coupled to the other element, or intervening elements may be present, or the

elements may be spaced apart by a void or gap.

FIG. 1 is a perspective view of an articulating surgical instrument 200, in accordance
with embodiments of the present inventive concepts. The surgical instrument 200, also
referred to as a surgical tool, can be part of a system for performing a medical procedure,
such as a transoral robotic surgery procedure or the like. For example, the instrument 200

can be provided with an articulating robotic probe, for example, slidably positioned within a
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working channel of the probe and/or a side port or guide hole of an articulating probe, such as
the probe described in U.S. Provisional Patent Application No. 61/656,600, now PCT
Application No. PCT/US13/43858, filed June 3, 2013, incorporated herein by reference. An
operator, such as a medical professional, may manipulate or otherwise control the functions
and movement of the surgical instrument 200.

In an embodiment, the surgical instrument 200 includes a handle 205, a housing 210,
and an articulation region 235, also referred to as a steerable portion. The surgical instrument
200 can also include a surgical tool shaft that includes a rigid portion 215 and a flexible
portion 220, also referred to as flexible tool shaft 220. A proximal end of the rigid portion
215, also referred to as a rigid tool shaft, can be coupled to the tool handle 205, for example,
via housing 210 and/or a hub such as the hub 212 shown in FIG. 2. A distal end of the rigid
tool shaft 215 can be coupled to a proximal end of the flexible portion 220 of the tool shaft.

A distal end of the flexible tool shaft 220 can be directly or indirectly coupled to the
articulation region 235. The rigid shaft 215 and the flexible shaft 220 can extend along a
same axial direction as the articulation region 235, or a different direction, for example,
during movement of the articulation region 235.

The handle 205 is at a proximal end of the surgical instrument 200, and can be
constructed and arranged to control one or more movements of the instrument 200. The
handle 205 can be constructed and arranged to include a palm-held grip, a scissors handle, a
thumb/index/middle finger grip, a pistol grip, or a reciprocating trigger. The handle 205
includes a plurality of controls that control a movement of the surgical instrumént 200, for
example, controlling the steering of the articulation region 235, rotating and/or articulating an
end effector 250 at a distal end of the surgical instrument 200, and so on. For example, one
of the controls at the handle 205 can include a trigger 208 that serves as a ratcheting trigger
with respect to the end effector 250, described below. Another control communicates with a
power source such as an RF power source via a power source connector 224 as shown in FIG.
2. Another control at the handle can include a control (not shown) in communication with a
fluid source, for example, a source of a cooling or washing fluid.

In some embodiments, the rigid portion 215 of the tool shaft includes a rigid tube that
is coupled to the housing 210. The rigid tube 215 can surround the proximal end of the
flexible shaft 220. The rigid tube 215 can be configured to be slidingly received by a
separate support structure to support the instrument 200 and to provide a resistive force

during articulation of the handle 205 to enable steering. In some embodiments, the flexible
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shaft 220 1s constructed and arranged to follow a path, for example, a tortuous path, through a
working channel of a robotic probe or through a supporting tool guide alongside a robotic
probe. These embodiments can be similar to those described in Applicant’s co-pending U.S.
Non-Provisional Application Serial Number 13/812,324, filed January 25, 2013.

The housing 210 includes a hub 212 (see FIG. 2) that rotatably mates with the handle
205. The handle 205, the housing 210, and the hub 212 communicate with each other in a
manner that permits the instrument 200 to provide at least one or two degrees of freedom, for
example, to move up and down and/or left to right.

The articulation region 235 is at a distal end of the surgical instrument 200. In other
embodiments, the articulation region 235 can be provided at any position between the end
effector 250 and the housing 210.

A movement of the handle 205 can provide tension or slack on one or more steering
cables, such as steering cables 410 of FIG. 2, thereby adjusting an articulation state of an
articulation region 235. An articulation of the handle 205 in accordance with a single degree
of freedom can cause the articulation region 235 to move in a single plane or along a single
pathway of motion. An articulation of the handle 205 in accordance with two degrees of
freedom can permit the articulation region 235 to be manipulated to reach anywhere on a
surface of at least a partial sphere. The handle 205 can include locking mechanisms 207
and/or 209, described in detail in FIG. 2 herein and configured to prevent an articulation of
the handle in at least one direction. The end effector 250 at the distal end of the surgical
mstrument 200 can include one or more tools at least partially positioned in a housing. A tool
can include but not be limited to a claw, scissors, a cutter, a knife, an ablator, a cauterizer, a
drug delivery apparatus, a radiation source such as a laser emitter, an energy delivery element
such as a RF or EKG electrode, a sensor such as a pressure sensor or a blood sensor, a camera,
a magnet, a heating element, a cryogenic element, or a combination thereof. The end effector
250 can relate to the functional elements described with reference at least to PCT Application
No. PCT/US12/32279 filed April 5, 2012 and U.S. Provisional Application No. 61/656,600
filed June 7, 2012, now PCT Application No. PCT/US13/43858, filed June 3, 2013, the
contents of each being incorporated herein by reference in its entirety. The end effector 250
can be constructed and arranged to articulate between 0° and 180°, or more, with respect to
an axis of extension of the tool shaft 215, 220.

FIG. 2 is a side view of the surgical instrument 200 of FIG. 1 with a portion of the

handle 205 removed to illustrate inner components. The surgical instrument 200 comprises a
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U-joint 252 that includes elements of the handle 205, the hub 212, and the housing 210, for
providing one or two degrees of freedom between a combination of the handle, the hub, and
the housing. Handle 205 is shown in a neutral position (i.e. relative to housing 210), such as
a neutral position including a neutral horizontal position and a neutral vertical position such
that the articulation region 235 is in a relatively straight orientation (such as is shown in Fig.
6A herebelow). The U-joint includes a first hinge portion 253a at region of the U-joint 252
where a bottom region of the hub 212 is positioned in the housing 210. The U-joint 252
further includes a second hinge portion 253b at a region on the U-joint 252 where a top
region of the hub 212 is positioned in the housing 210. The first and second hinge portions
253a and 253b extend within the housing 210 and thus are not shown in FIG.2, but
constructed and arranged to form the first hinge 253. The first hinge 253 can be positioned
along the vertical articulating axis A. Accordingly, the first hinge 253 provides a first degree
of freedom between the handle 205 and the housing 210, such that the handle 205 can move
relative to the housing 210 about the vertical articulating axis A when the vertical locking
mechanism 209 is disengaged. For example, the handle 205 can move left and right resulting
in a horizontal sweeping motion of the articulation region 235.

The U-joint 252 includes a second hinge 255 along the horizontal articulating axis B,
comprising a first hinge portion 255a (shown) and a second hinge portion 255b (not shown).
First hinge portion 255a and second hinge portion 255b can have similar construction and
arrangement to first and second hinge portions 253a and 253b (both not shown) of hinge 253.
The first hinge portion 255a 1s located at a region on the U-joint 252 where a side region of
the hub 212 is positioned within a region of the handle 205 (region of the handle 205
removed to illustrate other instrument 200 components). The second hinge portion 255b (not
shown but opposite the first hinge portion 255a) is located at a region on the U-joint 252
where a side region of the hub 212 is positioned within a region of the handle 205. The
second hinge 255 is rotatably attached to the handle 205 to provide a first degree of freedom
between the hub 212 and the handle 205 such that the handle 205 can move relative to the
hub 212 about the horizontal articulating axis B when the horizontal locking mechanism 207
1s disengaged. This first degree of freedom between the hub 212 and the handle 205 provides
a second degree of freedom between the handle 205 and the housing 210. For example, the
handle 205 can move up and down with respect to both the hub 212 and the housing 210,
resulting in a vertical motion of the articulation region 235. The U-joint 252 in combination

with the locking mechanisms 207 and/or 209 can therefore cause articulation of the handle
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205 (e.g. with respect to the housing 210) to occur in any of the four following states:
articulation with a single degree of freedom about axis A (i.e. when horizontal locking
mechanism 207 is engaged); articulation with a single degree of freedom about axis B (i.e.
when vertical locking mechanism 209 is engaged); articulation with two degrees of freedom
about axis A and axis B (when neither locking mechanism 207 nor 209 is engaged); and in a
locked mode (i.e. prevention of articulation when both locking mechanisms 207 and 209 are
engaged). Restricted articulation of the handle 205 causes a corresponding restricted
articulation of the articulation region 235. Engagement of the locking mechanisms 207
and/or 209 can therefore permit articulation of the articulation region 235 to occur with either
one or two degrees of freedom as described immediately hereabove. Similarly, engagement
of the locking mechanisms 207 and 209 can also prevent articulation of the articulation
region 235, such as to lock the region 235 in a particular articulated orientation.

When handle 205 is in a vertically neutral position (as shown in FIG. 2) and
horizontal locking mechanism 207 is engaged, handle 205 can be articulated in a single plane
about axis A, and articulation region 235 will subsequently articulate in a single plane. When
handle 205 is in a horizontally neutral position (also as shown in FIG. 2) and vertical locking
mechanism 209 is engaged, handle 205 can be articulated in a single plane about axis B, and
articulation region 235 will subsequently articulate in a single plane.

The controls in the handle 205 can advance and/or retract a plurality of steering cables
410a-410d (generally, 410), also referred to as articulation cables, coupled between a
proximal portion of the tool 200 and the distal end of the articulation region 235. Articulation
region 235 can articulate in either a single degree of freedom steering mode or a multiple
degree of freedom steering mode as described hereabove. One or more steering cables 410
can extend from the U-joint 252 through a path extending through the housing 210 and the
tool shaft 215, 220 to the distal end of articulation region 235. Steering cables 410a, 410b
can be constructed and arranged as horizontal steering cables, which extend from the hub 212
to the articulation region 235, and when activated move the articulation region 235 with a
single degree of freedom (e.g. in a single plane when handle 205 is in the vertically neutral
position shown or otherwise along a single pathway). The steering cables 410a, 410b can
fixedly attach to the hub 212 at attachment points 501a, 501b, respectively. Attachment
points 501a, 501b can be positioned along axis B, within the hub 212, such that articulation
of the hub 212 with respect to the housing 210 (i.e. via horizontal articulation of the handle
205) causes a movement of the cables 410a, 410b.  Articulation of the handle 205 to the left
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causes hub 212 to articulate counter clockwise about axis A, “pulling” cable 410a, and
allowing cable 410b to “feed” into the housing 210. This motion of the cables 410a, 410b
causes the articulation region 235 to articulate to the left, as described in FIGs. 6 and 7
herebelow.

Steering cables 410c¢ and 410d can be constructed and arranged as vertical steering
cables, which extend from the handle 205 to the articulation region 235, and when activated
move the articulation region 235 with a single degree of freedom (e.g. in a single plane when
handle 205 is in a horizontally neutral position shown or otherwise along a single pathway).
The steering cables 410c, 410d can fixedly attach to the handle 205 at attachment points 501c,
5014, respectively. When U-joint 252 is in a relatively neutral orientation, attachment points
501c, 501d can be positioned within the handle 205 such that steering cables 410c, 410d are
aligned with through-holes, for example through-holes 443b, 443a detailed in FIG. 4,
respectively. Articulation of the handle 205 with respect to the hub 212 (i.e. via vertical
articulation of the handle‘205) causes a movement of the cables 410c¢, 410d. For example,
articulation of the handle 205 in an upward direction causes the handle 205 to articulate
counter clockwise about axis B, “pulling” the cable 410c, and allowing the cable 410d to
“feed” into the housing 210 via the through-hole 443a. This motion of the cables 410c, 410d
causes the articulation region 235 to articulate downwards, as described in FIGs. 6 and 7
herebelow.

The handie 205 and/or hub 212 can include a cable tensioning mechanism 502 that
secures the proximal ends of the steering cables 410. The cable tensioning mechanism 502
allows for the manufacture and adjustment of the tension within the cable system, described
further in FIG. 5 herebelow.

The articulation region 235 can move in a single plane of motion, for example, a
vertical plane, in response to a movement of at least one of the steering cables 410c, 410d in a
direction between the handle 205 and the distal end of articulation region 235. A movement
of the at least one of the steering cables 410c, 410d along a plane relative to the horizontal
axis B can occur in response to a movement by the handle 205 relative to the housing 210 in
a second degree of freedom that is different than, for example, orthogonal to, the first degree
of freedom, and that can be provided between the hub 212 and the handle 205 at the second
hinge 255 of the U-joint 252. The articulation region 235 can move in the single plane of
motion in response to a movement of at least one of the third or fourth steering cables 410c, d

in an axial direction between the handle 205 and the articulation region 235.
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The surgical mstrument 200 can include a support element 231 having a proximal end
coupled to the handle 205 and a distal end coupled to a housing (e.g. a clevis) or related
device at or proximal to the end effector 250. The support element 231 can be constructed
and arranged to rotate independently of the movement of the articulation region 235 with a
single degree of freedom (e.g. to cause an axial rotation of end effector 250). The support
element 231 can include elastic bending and/or plastic deformation characteristics, and can
therefore flex or bend in response to a flexing or bending of the shaft 220 and/or the
articulation region 235. The support element 231 can be constructed and arranged as a coil,
rod, hollow tube, or related structure. The support element 231 can have a cross-section of
any well-known suitable shape, including but not limited to a circle, oval, polygon, square,
triangle, or a rectangle. The support element 231 includes a lumen that extends along a
direction of extension of the support element 231. One or more devices can be advanced
through the lumen of support element 231, such as a laser fiber, tip-electrode device or other
flexible device that can be subsequently positioned and/or manipulated by tool 200. In some
embodiments, the inserted tool is an electrically powered device that is electrically isolated
from support element 231 and/or other components of tool 200. Alternatively, an activation
element 420 can be positioned in the lumen, and can move relative to the support element
231, for example, along the direction of extension of the support element 231. A proximal
end of the activation element 420 can be coupled to a translating assembly 258. A distal end
of the activation element 420 can be coupled to the end effector 250 to activate the end
effector 250. Accordingly, a movement of the activation element 420 can be induced at the
handle 205. The activation element 420 can be constructed and arranged as a metal cable, a
plastic cable, a sold wire cable, a braided cable, a stainless steel wire braided cable, an
electrical conduit, or the like.

Forces related to tension, slack, and the like can be applied by the activation element
420 in response to a movement of a component of the handle 205, for example, squeezing the
trigger 208. In one embodiment, the activation element 420 moves freely within the support
element 231. In another embodiment, the activation element 420 can move freely proximal
to an outer surface of the support element 231. The activation element 420 can be coupled to
the trigger 208 via the translating assembly 258. The trigger 208 can be spring-loaded, for
example, including a spring assembly. The trigger 208 when pulled or otherwise activated
can induce a motion of the activation element 420. In particular, the activation element 420

can move in a direction towards the handle assembly 205. A release of the trigger 208 by an
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operator causes the trigger 208 to reset in turn allowing the activation element 420 to move in
an opposite direction, for example, toward the end effector 250.

For example, the end effector 250 can include an actuating piston or the like (not
shown) coupled between claw members or grasper members of the end effector 250 which
open and close in response to a tension applied to an actuating element 420 coupled to the
actuating piston. In some embodiments, the actuating piston can comprise an actuating
piston as described in U.S. Provisional Application No. 61/656,600, filed June 7, 2012, now
PCT Application No. PCT/US13/43858, filed June 3, 2013, the content of each being
incorporated herein by reference in its entirety.

The handle 205 includes the horizontal locking mechanism 207 and/or the vertical
locking mechanism 209, each for enabling and disabling a degree of freedom in motion of
handle 205 and a corresponding degree of freedom in motion of articulation region 235.
Each locking mechanism 207 and 209 can be controlled by one or more locking controls (e.g.
a locking cam). The horizontal locking mechanism 207 and/or vertical locking mechanism
209, when activated, can prevent the steering mechanism from articulating with one or two
degrees of freedom, which in tum can limit the articulation region 235 to movement with a
single degree of freedom (when one of locking mechanism 207 or 209 is activated), or
prevent any articulation of the articulation region 235 (when both locking mechanisms 207
and 209 are activated). For example, the vertical lock 209, when engaged, can limit the U-
joint 252 to prevent a first degree of motion, (e.g. left/right motion) of the articulation region
235. Here, the housing 210 and shaft 215, 220 are prevented from rotating about a vertical
articulating axis A relative to the hub 212 and the handle 205. Although the articulating axis
A 1s referred to as a vertical articulating axis, in other embodiments, the articulating axis A
extends in a direction other than a vertical axis. As a result, when the vertical lock 209 is
engaged, and the horizontal lock 207 1s disengaged, the articulation region 235 can articulate
with a single degree of freedom, for example, up and down.

The horizontal lock 207, when engaged, can disable a second degree of motion (e.g.
up/down motion) of the articulation region 235. Here, the handle 205 is prevented from
rotating about a horizontal articulating axis B relative to the hub 212, the housing 210, and
shaft 215, 220. Although the articulating axis B is referred to as a vertical articulating axis, in
other embodiments, the articulating axis B extends in a direction other than a horizontal axis.
As a result, the articulation region 235 can articulate with a single degree of freedom, for

example, left to right. The motion permitted when the horizontal lock 207 is disabled can be
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orthogonal to the motion permitted when the vertical lock 209 is disabled (e.g. two
orthogonal planes of motion). When both the horizontal lock 207 and the vertical lock 209
are disengaged, the articulation region 235 can articulate with multiple degrees of freedom
(e.g. in multiple planes of motion). Here, when neither locking mechanism 207, 209 is
engaged, an articulation of the handle 205 in accordance with two degrees of freedom can
permit the articulation region 235 to be manipulated to reach anywhere on a surface of at
least a partial sphere.

Tool 200 can be constructed and arranged such that handle 205 is articulated away
from a neutral position, after which one of locking mechanisms 207, 209 are engaged (i.e.
articulation region 235 is locked in a curvilinear orientation). Subsequent articulation of
handle 205 relative to housing 210 causes articulation region 235 to travel along a curvilinear
path with a single degree of freedom (e.g. each segment of articulation 235 sweeps along an
arc).

The ratchet mechanism 257 in the handle 205 can be constructed and arranged to
maintain the translating assembly 258 in a series of linear positions. In doing so, the
translating assembly 258 can slide back and forth in the handle 205, and can advance and
retract the activation element 420 with respect to the support element 231. The translating
assembly 258 can be controlled by the trigger assembly 256, for example, by squeezing the
trigger 208, causing the linear translation of the translating assembly 258, which in turn
applies a force at the activation element 420.

The ratchet mechanism 257 can be configured to, when engaged in a step-wise
mcremental fashion, resist the force of a trigger spring 264, and maintain the translating
assembly 258 in a series of linear positions. The ratchet mechanism 257 includes a ratchet
selector 271 that is constructed to be temporarily disengaged, for example, by an operator, to
release the translating assembly 258, or to be locked in a disengaged position such that the
trigger 208 only (i.e. no ratcheting) controls the translating assembly 258. Activation and de-
activation of the ratchet mechanism 257 is achieved by moving the ratchet selector 271, as is

described 1n detail in reference to FIG. 3 herebelow.

FIG. 3 is a close-up view of the ratcheting mechanism 257 and translating assembly
258 of the surgical instrument 200 of FIGs. 1 and 2, in accordance with embodiments of the
present inventive concepts. The activation element 420 has been removed for illustrative

clarity.
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The ratchet mechanism 257 can comprise a ratchet lock 301, a release ramp 302, and

the ratchet selector 271 configured to move the ratchet lock 301 to a position for engaging or

disengaging with the translating assembly 258.

The translating assembly 258 comprises a plurality of ratchet teeth 303. In a first,
engaged position, the ratchet lock 301 can sequentially engage, e.g., through flexing such as
when comprising a flexible plastic material or thin metal, the ratchet teeth 303 of the
translating assembly 258 as it moves proximally. A distal movement of the translating
assembly 258 is prevented while the ratchet lock 301 is engaged with the ratchet teeth 303,
Sizing of the ratchet teeth 303 can be established to determine a “step size” of lockable
movement. In a second, disengaged position, the release ramp 302 slides beneath the ratchet
lock 301 and disengages the lock 301 from the ratchet teeth 303, allowing the translating
assembly 258 to move freely.

As shown, the translating assembly 258 can be at distal-most position, and the ratchet
selector 271 can be at an intermediate “open” position, i.e. not yet engaged or disengaged.
The ratchet selector 271 can include a first securing projection 311 and a second securing
projection 312. The handle 205 includes a housing having a first notch 315 and a second
notch 314 that frictionally engages with the first 311 and second securing projection 312,
respectively.

When the ratchet selector 271 is slid distally, the first securing projection 311 can
frictionally engage the first notch 315 in the handle housing, thereby locking the ratchet
selector 271 in the “engaged on” position so that the ratchet is engaged. When the selector
271 is slid proximally, the second securing projection 312 frictionally engages the second
notch 314 in the handle housing, thereby locking the ratchet selector 271 in a “disengaged
off” position. In the disengaged off position, the release ramp 302 slides beneath the ratchet
lock 301, hifting the lock 301 off the ratchet teeth 303 of the translating assembly 258,
thereby releasing the ratchet and allowing the translating assembly 258 to move freely, e.g.
not in discrete steps, in proximal or distal directions as determined by the position of the
trigger 208.

Returning to FIG. 2, the translating assembly 258 is translated via the gearing
mechanism 254 attached to the trigger assembly 256. The translating assembly 258
comprises a linear gear 262 that mates with the gearing mechanism 254, such that gearing
mechanism 254 can drive the translating assembly 258 proximally and distally within the

handle 205. As described herein, the translating assembly 258 can advance and retract the
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activation element 420. The gearing mechanism 254 can be configured to provide a division
of travel distance between the translating assembly 258, which can allow for finer control, or
less movement per trigger travel, of the end effector 250 and/or an application of higher force.
Alternatively, the gearing mechanism 254 can be configured to increase a travel distance, for
example,l a multiplication of travel distance, for gross control, or more movement per trigger
travel, of the end effector 250 and/or an application of lower force, e.g. to limit forces applied
by the end effector 250.

The handle 205 can further comprise a rotation knob 261 coupled to the support
element 231, and that provides a rotational force to the support element 231, which in turn
can rotate the end effector 250 coupled to the distal end of the support element 231.

The trigger assembly 256 comprises a trigger 208 and a spring 264 which is biased to
maintain the trigger 208 in a position. The trigger 208 can be in an un-pulled position, such as
in a position in which the end effector 250 is in an open or un-activated position. The ratchet
mechanism 257 can be constructed and arranged to resist the force of the trigger spring 264.
As described herein, the ratchet mechanism 257 can be constructed to be temporarily
disengaged to release the translating assembly 258, or to be locked in a disengaged position
such that the trigger 208 controls the translating assembly 258. As also described herein, the
ratchet selector control 271 can be moved to a position for activating and/or de-activating the
ratchet mechanism 257.

FIG. 4 is a cutaway close-up view of the locking mechanisms 207 and 209 and the U-
joint 252 of the surgical instrument 200, in accordance with embodiments of the present
inventive concepts. The handle 205 has been removed for illustrative clarity.

The hub 212 includes a first clamp post 402. The first clamp post 402 extends
vertically from the hinge portion 253b (not shown but opposite the hinge portion 253a)
through an opening (not shown) in a portion of the housing 210 along vertical axis A.

The vertical lock 209 can include a clamping mechanism comprising a locking ring
411 and a cam clamp 412 in communication with the first clamp post 402. The cam clamp
412 is positioned on the first clamp post 402. The locking ring 411 is slidingly received by
the clamp post 402, via an opening, configured such that the locking ring 411 cannot rotate
about the clamp post 402. The locking ring 411 can include a set of interdigitating teeth 414.
During a locking operation, the cam clamp 412 can apply a force to the locking ring 411 and
therefore press the locking ring 411 towards the housing 210, locking the teeth 414, for

example, so that the teeth 414 are pressed against an opposing set of teeth coupled to a
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surface 211 of the housing 210, to prevent a rotation of the housing 210 with respect to the
hub 212 about the vertical articulating axis A.

When the hub 212 is locked in this manner, the housing 210 and a shaft region
coupled between the housing 210 and the articulation region 235 are locked in a fixed
orientation, such that horizontal steering cables 410a, 410b are locked in a fixed orientation
with respect to articulation region 235, locking the horizontal articulation position of
articulation region 235. Accordingly, an isolated vertical control of the articulation region
235 can be achieved, or a control of an articulation comprising only a change to the vertical
component of the position of the distal tip of the articulation region 235. In a released
position, the mating force between the teeth 414 of the locking ring 411 and the teeth of the
surface 211 is removed, allowing the teeth 414 to rotatably slide with respect to the opposing
teeth or otherwise preventing locking.

The hub 212 includes a second clamp post 422. The second clamp post 422 extends
horizontally from hinge portion 255b through an opening (not shown) in a portion of the
housing 210 along horizontal axis B. The horizontal lock 207 can include a clamping
mechanism comprising a locking ring 430 and a cam clamp 432 in communication with the
second clamp post 422. The cam clamp 432 is positioned on the second clamp post 422. The
locking ring 430 is slidingly received by the clamp post 422, via a shaped opening, such that
the locking ring 430 cannot rotate about the clamp post 422. The locking ring 430 can
include a set of interdigitating teeth 434. During a locking operation, the cam clamp 432 can
apply a force to the locking ring 430 and therefore press the locking ring 430 towards the
handle 205, locking the teeth 434, for example, so that the teeth 434 are pressed against an
opposing set of teeth (not shown) coupled to the handle 205, to prevent a rotation of the
handle 205 about the horizontal articulating axis B.

When the hub 212 is locked in this manner, the handle 205 (not shown) and the hub
212 are locked in a fixed orientation, such that the vertical steering cables 410c, 410d are
locked in a fixed orientation with respect to articulation region 235, thus locking the vertical
articulation position of the articulation region 235. Accordingly, an isolated horizontal
control of the articulation region 235 can be achieved, or a control of an articulation
comprising only a change to the horizontal component of the position of the distal tip of the
articulation region 235. In a released position, the mating force between the teeth 434 of the
locking ring 430 and the handle is removed, allowing the teeth 434 to rotatably slide with

respect to the opposing teeth or otherwise prevent locking.
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Accordingly, activation of either the vertical lock 209 or the horizontal lock 207 limits
movement of the articulation region 235 to a single degree of freedom motion (e.g. motion in
a single plane). Also, activation of both the vertical lock 209 and the horizontal lock 207
prevents steering of the instrument 200, and maintains an end effector at a distal end of the
instrument tool 200, in particular, at the end of the articulation region 235, in a current
position.

The hub 212 can include cable fastening locations 442a, 442b that couple proximal
ends of the horizontal steering cables 410a, 410b, respectively, to the hub 212. Steering
cables 410c, 410d shown in FIG. 2 can be constructed and arranged as vertical steering cables.
Proximal ends of the steering cables 410c, 410d extend through the pass-through holes 443a,
443D, respectively, in the hub 212 to the handle 205.

The position of fastening locations 442a, 442b relative to axis A provide a mechanical
advantage that determines the scale and/or fidelity of the motion of cables 410a, 410b,
respectively, corresponding to articulation of hub 212 relative to housing 210. In other words,
the greater the distance from axis A to fastening locations 442a, 442b, the greater the motion
of cables 410a, 410b per angular displacement of hub 212 relative to housing 210.
Correspondingly, a decrease in the distance from axis A to fastening locations 442a, 442b,
results in finer control of (and increase force applied to) cables 410a, 410b. Similarly, as
depicted in Fig. 2, locations of attachment of cables 410c, 410d can be manipulated to adjust
scale, fidelity and applied force that occurs during articulation of handle 205 relative to hub

212.

FIGs. 5A and 5B are cutaway side views of a cable tensioning mechanism 504, in
accordance with an embodiment. FIG. 5C is a side view of a tool 510 used for adjusting a
cable tension, in accordance with an embodiment.

As shown in FIGs. 2 and 4, the proximal ends of the vertical steering cables 410c,
410d can extend through pass through holes 443a, 443b, respectively, in the hub 212 to a
region of the handle 205 proximal to the hub 212. The proximal ends of the horizontal
steering cables 410a, 410b terminate at cable fastening locations 442a, 442b, respectively, at
the hub 212. The handle 205 and/or hub 212 can include a cable tensioning mechanism 502
that secures the proximal ends of the steering cables 410. The cable tensioning mechanism
502 allows for the manufacture and adjustment of the tension within the cable system, such as

to increase the sensitivity of motion of articulation region 235, such as an increase in the
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initial articulation from a linear configuration. The tensioning mechanism 502 can comprise
set screws or the like configured to slidingly receive the proximal end 505 of the cable 410,
which can be secured to the set screw via a knot, crimp, or other means of insuring the cable
does not release from the distal opening of the set screw (knot shown). The set screws or the
like can be threaded in sockets 506 in the handle 205 and/or the hub 212 to adjust the tension.
FIG. 5A illustrates a steering cable 410 coupled to a cable tensioning mechanism 502 prior to
tightening (e.g. threading into the handle 205 or hub 212), and FIG. 5B illustrates the steering
cable 410 after tightening. The steering cables 410 are configured to rotate freely within the
tensioning mechanisms 502 such that the cables 410 do not twist or wind up as tensioning
mechanisms 502 are secured into the sockets 506. A tool 510, such as an allen wrench, can be
used to tighten the tensioning mechanisms 502 via proximal access to the sockets 506. The
tensioning mechanisms 502 can be tightened until the proper tension is achieved in each
steering cable 410. This can be performed with a torque or a slip wrench, as to eliminate

human or user error from the manufacture or adjustment process.

FIGs. 6A and 6B are perspective views of a distal end of the surgical instrument 200
of FIGs. 1-5. FIG. 6C is a close-up perspective view of an articulation region 235 of the
surgical instrument 200 of FIGs. 1-6B. FIG. 6D is a close-up perspective view of two
adjacent segment links 236, 237 of F1Gs. 1-6C, in accordance with an embodiment.

Articulation region 235 is shown in a relatively straight orientation, such as when
handle 205 is in a neutral position relative to housing 210, such as a neutral position
including a neutral horizontal position and a neutral vertical position of handle 205 relative to
housing 210. The articulation region 235 can include a proximal segment 602, a distal
segment 604, and at least three segment links 236, 237 between the proximal segment 602
and the distal segment 604.

The proximal segment 602 is positioned between the flexible shaft 220 and a first end
link 237a of the segment links 236, 237. At least a portion of the flexible shaft 220 is directly

or indirectly coupled at the proximal segment 602. The proximal segment 602 can include a

' cable transitioning segment, which distributes one or more actuating cables and/or one or

more articulation cables, from the tool shaft 215, 220 to through channels 226 of the segment
links 236, 237, respectively.

The distal segment 604 is positioned between the end effector 250 and a second end
link 237b of the segment links 236, 237. The distal segment 604 can be coupled to the end
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effector 250. For example, the distal segment 604 can be coupled to a housing 251 of the end
effector 250. Distal segment 604 can be configured to slidingly receive the housing 251 such
that the end effector 250 can freely rotate with respect to the distal segment 604, and thus the
articulation region 235. In other embodiments, as described above, the articulation region
235 1s provided at any position between the end effector 250 and a proximal end of the tool
shaft 215, 220. For example, a first segment link 236, 237 can be coupled directly or
indirectly to a first region of the tool shaft 215, 220, and a second segment link 236, 237 can
be coupled directly or indirectly to a second region of the tool shaft 215, 220.

The steering cables 410 can extend through a lumen in the flexible shaft 220, along
with the support element 231. FIG. 6B illustrates the steering cables 410 and the support
element 231 by the removal of the outer tubular portion of the flexible shaft 220 and the
proximal segment 602. At the proximal segment 602, the steering cables 410 are directed
into channels 226, or thru holes, of the first end link 237a, thru holes 226 of one or more
segment links 236, and/or thru holes 226 of the second end link 237b. The steering cables
410 can terminate at the distal segment 604 (also removed for illustrative purposes). In some
embodiments, a single physical cable can be employed to provide two steering cables 410, for
example, two adjacent steering cables 90 degrees apart, wherein the cable is looped around a
portion of the second end link 237b and/or distal segment 604, and at least secured on both
cable ends positioned within the proximal end of the tool (i.e. the cables 410a and 410b of
FIG. 2 can comprise a single, looped cable).

The support element 231 can extend along a length of the flexible shaft 220, through a
central working channel 318 formed by one or more holes or through a central region of each
link 236, 237 of the articulation region 235, and can terminate at a housing 251 of the end
effector 250. Rotation of the support element 231, for example, by rotation of the knob 261,
can cause the end effector 250 to rotate. A rotation in this manner can be achieved
independently of an orientation of the articulation region 235.

The segment links include a first end link 237a, a second end link 237b, and at least
one central link 236 between the first end link 237a and the second end link 237b. The
segment links 236, 237 are constructed and arranged to articulate relative to each other based
on forces applied to the steering cables 410, for example, which are controlled by the handle
205 and articulate the articulation region 235 in response to the forces. Each segment link

236,237 has a single degree of freedom with respect to each adjacent segment link 236, 237.
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The segment links 236, 237 can each be unitary in form, or can each be constructed of
multiple portions of material that are bonded or coupled together. Each segment link 236, |
237 mcludes a central hole, working channel 318 positioned along a central axis C and a
plurality of holes 226, or cable channels, positioned about a periphery of the segment link
236 and extending along an axis parallel to the central axis. The holes 226 can include four
holes that are 90 degrees apart from each other about the central axis C. In another
embodiment, the holes 226 include two holes that are 180 degrees apart from each other. The
central axis C of the segment links 236, 327 can be the same, as shown in FIG. 6C. As
shown in FIGs. 7A-7E, the central axes C, C’, C”, and so on of the segment links 236, 237
can be different. When the articulation region 235 articulates with a single degree of freedom
(e.g. in a single plane of motion), each pair P1-P4 of adjacent links 236, 237 can extend along
a different central axis, while each link 236, 237 in a pair P1-P4 can extend along a same
central axis. A steering cable 410 can extend through each periphery hole 226. Each steering
cable 410 has a distal end that terminates at the second end link 237b, or other distal segment
236.

The steering cables 410 include at least one horizontal steering cable extending
through a first hole 226 in one or more segment links 236, 237, and at least one vertical
steering cable extending through a second hole 226 in one or more segment links 236, 237.
The horizontal cable 410 can be constructed and arranged to move the articulation region 235
in along a horizontal plane. The vertical cable can be constructed and arranged to move the
articulation region 235 in along a vertical plane.

As described herein, three segment links 236, 237 adjacent to each other are
constructed and arranged to have two degrees of freedom, and any two adjacent segment
links 236, 237 are constructed and arranged to have a single degree of freedom, which can
translate to a movement of the articulation region 235 in a single degree of freedom steering
mode or a multiple degree of freedom steering mode, depending on the configuration of the
handle controls, for example, which can lock the steering mechanism in one or more steering
modes.

A segment link 236 has a projection, protrusion 322, extending from one side of the
segment link 236 and a slot 323 at an opposite side of the segment link 236, and orthogonal
to the protrusion 322. Either or both sides of the segment link 236 can be convex, concave,
semi-ellipsoidal, semi-spherical, or related configuration. To provide one or two degrees of

freedom described herein, the protrusion 322 of the segment link 236 is orgothonal to a
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protrusion 322 of an adjacent segment link 236 or end link 237, and the slot 323 of the
segment link 236 is orgothonal to a slot 323 of an adjacent segment link 236 or end link 237.

The first end link 237a has a protrusion 322 and no slot. The second end link 237b
has a slot 323 and no protrusion.

As illustrated in FIG. 6C, the articulation region 235 can include a protrusion 322a of
a first link, for example, end link 237a or a segment link 236, which extends along a first axis
E, and the protrusion 322b of a second link 236a adjacent the first link 237a, which extends
along a second axis D that is orthogonal to the first axis E. In this configuration the slot 323b
in the second link 236a also extends along the first axis E for mating with the protrusion 322a
of the first link 237a. The second link 236a can have a protrusion 322b which mates with a
slot 323c of an adjacent third link 236b along the second axis D. The slots 323 of the links
236 each have a length along which a protrusion 322 can be positioned, and can slidingly
engage with a slot 323 along its length during rotation about an axis E or D. A link 236, 237
can rotate about an axis E or D subject to the length of the slot 323 of the adjacent link 236,
237 in which the protrusion 322 of the rotating link is positioned. An angle of articulation
between adjacent links 236, 237 can be determined, for example, restricted, by the length of
the slot 323 and/or width of the protrusion 322 mating with the slot 323. Each link 236, 237
only moves with a single degree of freedom with respect to each adjacent link 236, 237 to
prevent an undesired rotation of the links 236, 237 (e.g. about central axis C).

The three segment links, e.g., first link 237a, second link 236a, and third link 236D,
are constructed and arranged to have two degrees of freedom with respect to a movement.
Any adjacent pair of segment links, for example, first link 237a and a second link 236a, or
second link 236b and a third link 236b, are constructed and arranged to have a single degree
of freedom with respect to a movement. In doing so, one segment link, for example, second
link 236a at least partially rotates about the first axis E. Here, the slot 323b of the second link
236a and the mating protrusion 322a of the first end link 237a move relative to each other to
provide a single degree of freedom. Also, the protrusion 322b of the second link 236a and
the slot 323¢ of the third link 236b move relative to each other to provide a single degree of
freedom. Alternating segment links, for example, links 237a and 236b shown in FIG. 6C,
each have protrusions, for example, 322a and 322c, respectively, that extend along a same
axis, and/or slots that extend along a same axis, which is orthogonal to the axis along which
their protrusions extend. The combination of these movements of the first link 237a, second

link 2364, and third link 236b can therefore provide two degrees of freedom.
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As shown in FIG. 6D, each segment link 236 and the first end link 237a can include a
first protrusion 322-1 and a second protrusion 322-2 at 180 degrees relative to the first
protrusion 322-1, and extending along a first axis A orthogonal to the links’ central axis C.
The segment links 236 and the second end link 237b (see FIG. 6C) can include a first slot
323-1 and a second slot 323-2 at 180 degrees relative to the first slot 323-1, and extending
along a second axis B orthogonal to the first axis A. Each slot 323-1, 323-2 is positioned 90
degrees from each protrusion 322-1, 322-2. Each protrusion 322-1, 322-2 is constructed and
arranged to mate with a slot 323-1, 323-2 at an adjacent segment link 236, 237b to provide a
first degree of freedom about the first axis A. The slots 323-1, 323-2 are opposite and
perpendicular to the protrusions 323-1, 323-2 of the link 236, such that the protrusions of
another link 236 or 237b (not shown) éan be positioned in the slots 323-1, 323-2, such that
the other link (not shown) must be rotated 90 degrees in order to mate with the first link 236,
and will rotate about the second axis B perpendicular to the first axis A. Multiple links

connected in this fashion allow the articulation region 235 to have 2 degrees of freedom.

FIG. 7A — 7E are views of an articulating surgical instrument 200 in various positions,
in accordance with an embodiment. Tension or slack provided to one or more steering cables
410a-d (generally, 410) can permit an operator to change the articulation state of the surgical
instrument 200.

As shown in FIG. 7A, tension can be applied to a first steering cable 410a, for
example, a horizontal steering cable or a vertical steering cable described herein. Here, an
operator can apply a force F1, i.e., tension, to a second steering cable 410b to bend the
articulation region 235 to a desired angle of articulation. A force F2, for example, slack, can
be applied to a first steering cable 410a. The operator can maintain the angle of articulation
until a different force is applied to the articulation cables 410. Continuing with this example,
the operator can independently apply tension or slack to an actuation cable described herein
(not shown), for example, to open and close a grasper at a functional element (not shown) at a
distal end of the articulation region 235, while the tool shaft is maintained at the angle of
articulation. The operator can alternatively open and close the grasper while also bending the
surgical instrument 200,

As shown in FIGs. 7B-7D, the articulation region 235 can be moved in an upward
direction by applying tension F3 to the first steering cable 410a, and providing slack F4 to the

second steering cable 410b. In doing so, one or more pairs P1-P4 of adjacent links can move
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according to a single degree of freedom due to the relationship between protrusions 322 and
slots 323 of the paired links 236, resulting in the articulation region 235 to move in a single

plane of motion, for example, in an up direction.

FIG. 8 is a cutaway side view of a distal end of a surgical instrument 200, in
accordance with an embodiment, which can include an end effector 250, such as a grasper,
and a portion of the articulation region 235. The end effector 250 is constructed and arranged
to rotate with respect to a distal segment 604 of the articulating region 235, for example as
has been described herein.

A slide 801 can be positioned between the end effector 250 and the distal segment
604. An end effector housing 251 can be positioned about some or all of the slides 801.

Distal ends of the steering cables 410 can be secured with an outer sleeve 804
positioned over a portion of the distal segment 604. More specifically, the distal ends of the
steering cables 410 are positioned in a cable notch 812 at the distal segment 604, secured
within the outer sleeve 804.

The end effector 250 is fixedly attached to the support element 231, which runs the
length of the instrument 200 from a rotation knob in the handle (not shown) of the instrument
200. An activation element 420 extends through the support element 231 runs a length of the
instrument 200 from a translating assembly (not shown) in the handle. A translation of the
activation element 420 controls the movement of the end effector 250, for example,
permitting a tool such as a grasper of the end effector 250 to open and close.

A tension applied to the activation element 420 retracts the slide 801 into a recess 805
at the functional element housing 251. This slide 801 operates a mechanism which closes the
end effector 250 about a hinge point 807. A pushing force on the activation element 420
moves the slide 801 distally, thereby opening the end effector 250. The housing 251 is
slidingly received by a recess 809 in the distal segment 604. The housing 251 can be coupled
to the distal end of the support element 231, for example, using an adhesive, or by welding,
swaging, threading, pinning, snap-fitting, press-fitting, or coupling together in a well-known
manner to those of ordinary skill in the art. The housing 251 is configured to freely rotate
within this recess 809, such that rotation of the support element 231 in turn rotates the
effector housing 251. A longitudinal clearance 839 is dimensioned in an axial direction of the
surgical instrument, and can provide for play, or “wiggle room” between the housing 251 and

the distal segment 604 to prevent contact between the housing 251 and a distal end of the
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articulation region 235, for example, the distal segment 604, when a force is imparted by the
movement of the activation element 420.

While the present inventive concepts have been particularly shown and described
above with reference to exemplary embodiments thereof, it will be understood by those of
ordinary skill in the art, that various changes in form and detail can be made without
departing from the spirit and scope of the present inventive concepts described and defined

by the following at least one of the preceding claims.
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CLAIMS

What is claimed 1s:

1. A surgical instrument comprising;:
a steering mechanism, comprising:
a handle at a proximal end of the surgical instrument, the handle
including a plurality of controls for controlling a movement of the
surgical instrument;
a hub that rotatably mates with the handle; and
a housing positioned about the hub, wherein the handle, the housing, and the
hub communicate with each other to provide at least a first degree of freedom
and a second degree of freedom, the surgical instrument further comprising an
articulation region at a distal end of the surgical instrument, wherein a
movement of the steering mechanism handle in one and only one of the first or
second degrees of freedom relative to at least one of the housing or the hub

translates to a movement of the articulation region in a single plane of motion.

2. The surgical instrument of claim 1, wherein the steering mechanism further comprises
a locking mechanism controlled by at least one locking control of the plurality of controls of
the handle, the locking mechanism constructed and arranged to disable one of the first and
second degrees of freedom to limit a movement of the articulation region in the single plane

of motion.

3. The surgical instrument of claim 2, wherein the locking mechanism comprises two
locking mechanisms controlled by the at least one locking control, and wherein the two
locking mechanisms, when activated, are constructed and arranged to disable one or both of

the first and second degrees of freedom to prevent steering of the articulation region.

4, The surgical instrument of claim 2, wherein the locking mechanism includes a first
lock that prevents the steering mechanism from articulating with the first degree of freedom
and a second lock that prevents the steering mechanism from articulating with the second

degree of freedom.
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5. The surgical instrument of claim 4, wherein the hub includes a first post and a second
post along a first articulating axis, and wherein the first lock includes a locking ring and a
cam clamp that applies a force to the locking ring, which prevents the housing from rotating

about the first articulating axis.

6. The surgical instrument of claim 5, further comprising a set of interdigitating teeth
between the locking ring and the housing, wherein the locking ring applies a force at the

interdigitating teeth to prevent a rotation of the housing about the first articulating axis.

7. The surgical instrument of claim 5, wherein the first articulating axis is a vertical axis,
and wherein a rotation of the hub about the vertical axis provides a horizontal control of the

steerable portion.

8. The surgical instrument of claim 5, wherein the hub includes a third post and a fourth
post along a second articulating axis orthogonal to the first articulating axis, and wherein the
second lock includes a locking ring and a cam clamp that applies a force to the locking ring,

which prevents the housing from rotating about the second articulating axis.

9. The surgical instrument of claim 8, further comprising a set of interdigitating teeth
between the locking ring and the housing, wherein the locking ring applies a force at the

interdigitating teeth to prevent a rotation of the handle about the second articulating axis.

10. The surgical instrument of claim 8, wherein the second articulating axis is a horizontal
axis, and wherein a rotation of the handle about the horizontal axis of the hub provides a

vertical control of the articulation region.

11. The surgical instrument of claim 4, wherein an activation of either the first lock or the

second lock limits movement of the articulation region to the single plane of motion. ‘

12. The surgical instrument of claim 4, wherein an activation of both the first lock and the
second lock prevents steering of the instrument, and maintains a tool at a distal end of the

instrument tool in a current position.
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13. The surgical instrument of claim 4, wherein the first lock and the second lock are

disengaged, and the articulation region articulates in multiple planes of motion.

14.  The surgical instrument of claim 1, wherein the instrument comprises an end effector
coupled to the articulation region, and wherein an articulation of the handle in accordance
with two degrees of freedom permits the articulation region to be manipulated to reach

anywhere on a surface of at least a partial sphere.

15. The surgical nstrument of claim 14, wherein the plurality of controls at the handle
includes a ratcheting trigger for incrementally ratcheting the end effector at the distal end of

the instrument.

16.  The surgical instrument of claim 1, the plurality of controls at the handle includes a

control in communication with a power source.

17.  The surgical instrument of claim 16, wherein the power source includes an RF power
source.
18. The surgical instrument of claim 1, wherein fhe plurality of controls at the handle

includes a control in communication with a fluid source.

19. The surgical instrument of claim 1, wherein the handle comprising one selected from
the group consisting of: a palm-held grip, a thumb/index/middle finger grip, a pistol grip, a

reciprocating trigger, and a scissor type.

20.  The surgical instrument of claim 1, further comprising a U-joint, the U-joint providing
the first and second degrees of freedom between a combination of the handle, the hub, and

the housing.

21.  The surgical instrument of claim 20, wherein the U-joint comprises a first hinge along
a first axis, the first hinge providing the first degree of freedom between the handle and the

housing about the first axis.
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22. The surgical instrument of claim 21, wherein the U-joint comprises a second hinge
along a second axis orthogonal to the first axis, the second hinge providing the second degree

of freedom between the hub and the handle about the second axis.

23. The surgical instrument of claim 1, further comprising a plurality of steering cables
coupled between the housing and the articulation region, wherein articulation of the handle
relative to the housing advances and retracts the plurality of steering cables, which move the

articulation region in the single plane of motion or in multiple planes of motion.

24, The surgical instrument of claim 23, wherein the plurality of steering cables comprise
first and second steering cables that extend from the handle to the articulation region, the first
and second steering cables constructed and arranged to move the articulation region relative
to a first axis about the single plane of motion when the handle articulates at the first degree

of freedom relative to the housing.

25. The surgical instrument of claim 24, wherein the articulation region moves in the
single plane of motion in response to a movement of at least one of the first or second

steering cables in an axial direction between the handle and the articulation region.

26. The surgical instrument of claim 25, wherein the movement of the at least one of the
first or second steering cables in the axial direction is in response to a movement by the

handle relative to the housing at the first degree of freedom.

27. The surgical instrument of claim 24, wherein the hub includes first and second cable
fastening locations that couple proximal ends of the first and second steering cables to the

hub.

28. The surgical instrument of claim 24, further comprising third and fourth steering
cables that extend from the handle to the articulation region, the third and fourth steering
cables constructed and arranged to move the articulation region about a second axis

orthogonal to the first axis.
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29.  The surgical instrument of claim 28, wherein the articulation region moves in the
single plane of motion in response to a movement of at least one of the third or fourth

steering cables in an axial direction between the handle and the articulation region.

30. The surgical instrument of claim 29, wherein the movement of the at least one of the
third or fourth steering cables in the axial direction is in response to a movement by the
handle relative to the hub in the second degree of freedom orthogonal to the first degree of

freedom.

31.  The surgical instrument of claim 28, wherein the hub includes first and second cable
pass-through holes and the handle includes first and second fastening locations, wherein the
third and fourth steering cables extend through the first and second pass-through holes,
respectively, and wherein proximal ends of the third and fourth steering cables are coupled to

the handle.

32. The surgical instrument of claim 28, wherein the handle includes a cable tensioning

mechanism that adjusts a tension of the third and fourth steering cables at the proximal ends.

33. The surgical instrument of claim 32, wherein the cable tensioning mechanism
comprises a set screw movably positioned in a threaded socket in the housing, the set screw
including an opening for receiving an end of at least one of the third or fourth steering cables,

which is secured to the set screw.

34,  The surgical instrument of claim 33, wherein the cable tensioning mechanism further
comprising a tightening tool that adjusts the position of the set screw relative to the socket to

achieve a desired tension of the at least one of the third or fourth steering cables.

35.  The surgical instrument of claim 1, further comprising a support element having a
proximal end coupled to the handle, a portion of the support element extending through the
articulation region, the support element constructed and arranged to rotate independently of

the movement of the articulation region in the single plane of motion.
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36.  The surgical instrument of claim 35, wherein the support element is constructed and

arranged as a coil.

37.  The surgical instrument of claim 35, wherein the support element is constructed and

arranged as a hollow tube.

38.  The surgical instrument of claim 35, further comprising a clevis between an end

effector coupled to the articulation region and a distal end of the support element.

39.  The surgical instrument of claim 38, further comprising a longitudinal clearance
between the clevis and a distal link segment of the articulation region, wherein the
longitudinal clearance is dimensioned in an axial direction of the surgical instrument to
prevent contact between the clevis and the distal end of the first assembly when the force is
imparted by the movement of an activation element coupled between the handle and an end

effector at a distal end of the instrument.

40.  The surgical instrument of claim 1, wherein the steering mechanism further comprises
a ratchet mechanism, a gearing mechanism, a trigger assembly, and a translating assembly,
wherein the ratchet mechanism is configured to maintain the translating assembly in a series

of linear positions.

41. The surgical instrument of claim 40, wherein the handle comprises a rotation knob,
and wherein the translation assembly is coupled to the rotation knob, the rotation knob

attached to the support element, and providing a rotational force to the support element.

42. The surgical instrument of claim 41, wherein the support element is constructed and

arranged to rotate a functional element at a distal end of the support element.

43.  The surgical instrument of claim 41, wherein the rotation knob comprises a hole, and
wherein the surgical instrument further comprises an activation element that is coupled to the
translating assembly, and extends through the rotation knob hole and the support element to

the functional element to activate a tool of the functional element.
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44, The surgical instrument of claim 43, wherein the activation element activates the tool

by a handle control advancing or retracting the activation wire.

45. The surgical instrument of claim 43, wherein movement of the activation element is
induced by the handle.
46, The surgical instrument of claim 43, wherein the activation element is constructed and

arranged as a wire.

47. The surgical instrument of claim 43, wherein the activation element is constructed and

arranged as a cable.

48.  The surgical instrument of claim 43, wherein the activation element is constructed and

arranged as a fiber.

49.  The surgical instrument of claim 43, wherein the activation element is formed of

Teflon or graphite.

50.  The surgical instrument of claim 40, wherein the trigger assembly is coupled to the
gearing mechanism, and wherein the translating assembly slides within the handle, and is

translated via the gearing mechanism.

51. The surgical instrument of claim 50, wherein the trigger assembly comprises a trigger

and a spring which is biased to maintain the trigger in a position.
52.  The surgical instrument of claim 51, wherein the trigger comprises an un-pulled
position, such as in a position in which a tool coupled to the articulation region is in an open

or un-activated position.

53.  The surgical instrument of claim 51, wherein the ratchet mechanism is constructed

and arranged to resist the force of the trigger spring.
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54, The surgical instrument of claim 50, wherein the ratchet mechanism is constructed
and arranged to be temporarily disengaged to release the translating assembly, or to be locked

in a disengaged position such that the trigger controls the translating assembly.

55.  The surgical instrument of claim 50, wherein the controls include a ratchet selector

control that activates and de-activates the ratchet mechanism.

56. The surgical instrument of claim 40, wherein the translating assembly comprises a
linear gear that mates with the gearing mechanism to drive the translating assembly

proximally and distally within the handle.

57.  The surgical instrument of claim 40, wherein the ratchet mechanism comprises a

ratchet lock, a release ramp, and a ratchet selector configured to position the ratchet lock.

58.  The surgical instrument of claim 57, wherein the translating assembly comprises a
plurality of teeth, wherein in a first, engaged position, the ratchet lock engages the teeth, and
wherein in a second, disengaged position, the release ramp slides beneath the ratchet lock

disengaging the ratchet teeth, allowing the translating assembly to move freely.

59. The surgical instrument of claim 57, wherein the ratchet selector includes a first
securing projection and a second securing projection, wherein the handle includes a housing
having a first notch and a second notch that frictionally engages with the first and second

securing projection, respectively.

60. The surgical instrument of claim 1, further comprising a rigid shaft coupled to the
housing and a flexible shaft coupled between the rigid shaft and the articulation region, the
rigid shaft surrounding the proximal end of the flexible shaft, the rigid shaft and the flexible

shaft extending along a same axial direction as the articulation region.
61.  The surgical instrument of claim 60, wherein the rigid shaft is configured to be

slidingly received by a separate support structure to support the instrument and to provide a

resistive force during articulation of the handle to enable steering.
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62.  The surgical instrument of claim 60, wherein the flexible shaft follows a path through
a working channel of a robotic probe or through a supporting tool guide alongside a robotic

probe.

63.  The surgical instrument of claim 1, wherein the articulation region comprises at least
three segment links, wherein each segment link has a single degree of freedom with respect to
an adjacent segment link, and wherein each of the at least three segment links 1s positioned

along a central axis.

64. The surgical instrument of claim 63, wherein the at least three segment links include a
first end link, a second end link, and at least one central link between the first and second end
links, the at least three segment links constructed and arranged to articulate relative to each

other based on forces applied to a plurality of steering cables controlled by the handle.

65.  The surgical instrument of claim 64, wherein the plurality of steering cables extend

from the handle to a distal end of the articulation region.

66. The surgical instrument of claim 64, wherein each of the least three segment links
includes a central hole positioned along the central axis and a plurality of holes positioned
about a periphery of the segment link and extending along an axis parallel to the central axis,

each hole receiving a steering cable of the plurality of steering cables.

67.  The surgical instrument of claim 64, wherein each steering cable has a distal end that

extends through a hole in the second end link at an outermost region of the articulation region.

68.  The surgical instrument of claim 67, wherein the distal end of the steering cable

terminates at a recess of a distal segment of the at least three segments.

69.  The surgical instrument of claim 67, wherein a first hole of the plurality of holes is

positioned 90 degrees from a second hole relative to the central axis.

70.  The surgical instrument of claim 67, wherein a first hole of the plurality of holes is

positioned 180 degrees from a second hole relative to the central axis.
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71.  The surgical instrument of claim 63, wherein the plurality of steering cables include a
horizontal steering cable extending through a first hole in at least one segment link, and a
vertical steering cable extending through a second hole in the at least one segment link that is

positioned 90 degrees from the first hole.

72.  The surgical instrument of claim 71, wherein the horizontal steering cable is
constructed and arranged to move the articulation region in along a horizontal plane or a
plane tangential to the horizontal plane, and wherein the vertical steering cable is constructed
and arranged to move the articulation region in along a vertical plane or a plane tangential to

the vertical plane.

73.  The surgical instrument of claim 63, wherein three segment links of the at least three
segment links are constructed and arranged to have two degrees of freedom with respect to a

movement,

74. The surgical instrument of claim 63, wherein two segment links of the at least three
segment links are constructed and arranged to have a single degree of freedom with respect to

a movement.

75.  The surgical instrument of claim 63, wherein each of the at least three segment links
comprises a protrusion constructed and arranged to mate with a slot at an adjacent segment

link of the at least three segment links.

76.  The surgical instrument of claim 75, wherein the protrusion of the each of the at least

three segment links is orthogonal to a protrusion of the adjacent segment link.

77.  The surgical instrument of claim 63, wherein a protrusion of a first segment link of
the at least three segment links extends along a first axis and a protrusion of an adjacent
second segment link of the at least three segment links extends along a second axis
orthogonal axis, wherein a slot in the adjacent second segment link extends along the first
axis, wherein the first protrusion is mated with the slot, and wherein the second segment link

at least partially rotates about the first axis in a single degree of freedom.
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78.  The surgical instrument of claim 63, wherein each of the at least three segment links
comprises a first protrusion and a second protrusion at 180 degrees relative to the first
protrusion, each of the first and second protrusions constructed and arranged to mate with a

slot at an adjacent segment link.

79.  The surgical instrument of claim 78, wherein the first and second protrusions are each

orthogonal to a protrusion of the adjacent segment link.

80.  The surgical instrument of claim 63, wherein a first segment link having a protrusion
is positioned at a slot of an adjacent second segment link, the slot having a length along
which the protrusion moves, the protrusion centered at a first axis extending through the
protrusion, and wherein at least one of the first segment link or the second segment link

rotates about the first axis subject to the length of the slot.

81.  The surgical instrument of claim 80, wherein the slot of the second segment link is in
a first surface, the second segment link includes a protrusion that extends from a second
surface opposite the first surface, and the protrusion and the slot of the second segmént are

orthogonal to each other.

82.  The surgical instrument of claim 81, further comprising a third segment link having a
slot that mates with the protrusion of the second segment link, the third segment link slot
having a length along which the second segment link protrusion moves, the second segment
link protrusion centered at a second axis orthogonal to the first axis and extending through
the second segment link protrusion, and wherein at least one of the second segment link or

the third segment link rotates about the second axis subject to the length of the slot.

83.  The surgical instrument of claim 1, further comprising an end effector coupled to the

articulation region at the distal end of the surgical instrument.

84.  The surgical instrument of claim 83, wherein the end effector includes a housing and

at least one tool.
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85.  The surgical instrument of claim 84, wherein the at least one tool comprises at least

one of: a grasper; a scissor; a cutter; a claw; or a knife.

86.  The surgical instrument of claim 84, wherein the at least one tool comprises at least
one of: an ablator, a drug delivery apparatus, a radiation source, an EKG electrode, a pressure
sensor, a blood sensor, a camera, a magnet, a heating element, an energy delivery element,

and a cryogenic element.

87.  The surgical instrument of claim 84, further comprising a support element that
extends along at least a portion of the instrument, through a central working channel of the

articulation region, and terminates at the end effector housing.

88.  The surgical instrument of claim 87, wherein a rotation of the support element causes

the end effector to rotate the orientation of the at least one tool.

89.  The surgical instrument of claim 87, wherein the rotation of the support element is

independent of an orientation of the articulation region.

90.  The surgical instrument of claim 87 wherein the support element comprises a torque

cable configured to avoid twisting during rotation.

91.  The surgical instrument of claim 83, further comprising an activation element coupled
extending between the handle and the end effector, and further comprising a slide positioned

between the end effector and a distal segment of the articulation region.

92. The surgical instrument of claim 91, wherein the end effector housing is positioned

about at least a portion of the slide.

93.  The surgical instrument of claim 92, wherein a force applied to the activation element

retracts the slide into a recess in the end effector housing.

94, The surgical instrument of claim 93, wherein the at least one tool is in a closed

position in response to the retraction of the slide into the recess.
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95.  The surgical instrument of claim 93, wherein a rotation of the support element

translates to a rotation of the end effector housing relative to the recess.

96.  The surgical instrument of claim 93, wherein a force applied to the activation element

moves the activation element in a distal direction towards the at least one tool.

97.  The surgical instrument of claim 96, wherein the at least one tool is in an open

position in response to the movement of the activation element in the distal direction.

98. A method for performing a medical procedure using the surgical instrument of
claim 1.
99. A surgical instrument comprising:

a steering mechanism, comprising:

a handle at a proximal end of the surgical instrument, the handle

including a plurality of controls for controlling a movement of the surgical

mnstrument;

a hub that rotatably mates with the handle; and
a housing positioned about the hub, wherein the handle, the housing,
and the hub communicate with each other to provide at least a first
degree of freedom and a second degree of freedom, the surgical
instrument further comprising an articulation region at a distal end of
the surgical instrument, wherein a movement of the steering
mechanism handle in one and only one of the first or second degrees of
freedom relative to at least one of the housing or the hub translates to a

movement of the articulation region in a single plane of motion.

100.  The surgical instrument of at least one of the preceding claims, wherein the steering
mechanism further comprises a locking mechanism controlled by at least one locking control
of the plurality of controls of the handle, the locking mechanism constructed and arranged to
disable one of the first and second degrees of freedom to limit a movement of the articulation

region in the single plane of motion.
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101.  The surgical instrument of at least one of the preceding claims, wherein the locking
mechanism comprises two locking mechanisms controlled by the at least one locking control,
and wherein the two locking mechanisms, when activated, are constructed and arranged to
disable one or both of the first and second degrees of freedom to prevent steering of the

articulation region.

102.  The surgical instrument of at least one of the preceding claims, wherein the locking
mechanism includes a first lock that the prevents the steering mechanism from articulating
with the first degree of freedom and a second lock that prevents the steering mechanism from

aﬂicuiating with the second degree of freedom.

103. The surgical instrument of at least one of the preceding claims, wherein the hub
includes a first post and a second post along a first articulating axis, and wherein the first lock
includes a locking ring and a cam clamp that applies a force to the locking ring, which

prevents the housing from rotating about the first articulating axis.

104.  The surgical instrument of at least one of the preceding claims, further comprising a
set of interdigitating teeth between the locking ring and the housing, wherein the locking ring
applies a force at the interdigitating teeth to prevent a rotation of the housing about the first

articulating axis.

105. The surgical instrument of at least one of the preceding claims, wherein the first
articulating axis is a vertical axis, and wherein a rotation of the hub about the vertical axis

provides a horizontal control of the steerable portion.

106.  The surgical instrument of at least one of the preceding claims, wherein the hub
includes a third post and a fourth post along a second articulating axis orthogonal to the first
articulating axis, and wherein the second lock includes a locking ring and a cam clamp that
applies a force to the locking ring, which prevents the housing from rotating about the second

articulating axis.
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107.  The surgical instrument of at least one of the preceding claims, further comprising a
set of interdigitating teeth between the locking ring and the housing, wherein the locking ring
applies a force at the interdigitating teeth to prevent a rotation of the handle about the second

articulating axis.

108.  The surgical instrument of at least one of the preceding claims, wherein the second
articulating axis is a horizontal axis, and wherein a rotation of the handle about the horizontal

axis of the hub provides a vertical control of the articulation region.

109.  The surgical instrument of at least one of the preceding claims, wherein an activation
of either the first lock or the second lock limits movement of the articulation region to the

single plane of motion.

110. The surgical instrument of at least one of the preceding claims, wherein an activation
of both the first lock and the second lock prevents steering of the instrument, and maintains a

tool at a distal end of the instrument tool in a current position.

111.  The surgical instrument of at least one of the preceding claims, wherein the first lock
and the second lock are disengaged, and the articulation region articulates in multiple planes

of motion.

112, The surgical instrument of at least one of the preceding claims, wherein the
instrument comprises an end effector coupled to the articulation region, and wherein an
articulation of the handle in accordance with two degrees of freedom permits the articulation

region to be manipulated to reach anywhere on a surface of at least a partial sphere.
113.  The surgical instrument of at least one of the preceding claims, wherein the plurality
of controls at the handle includes a ratcheting trigger for incrementally ratcheting the end

effector at the distal end of the instrument.

114.  The surgical instrument of at least one of the preceding claims, wherein the plurality

of controls at the handle includes a control in communication with a power source.
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115. The surgical instrument of at least one of the preceding claims, wherein the power

source includes an RF power source.

116.  The surgical instrument of at least one of the preceding claims, wherein the plurality

of controls at the handle includes a control in communication with a fluid source.

117.  The surgical instrument of at least one of the preceding claims, wherein the handle
comprising one selected from the group consisting of: a palm-held grip, a

thumb/index/middle finger grip, a pistol grip, a reciprocating trigger, and a scissor type.

118.  The surgical instrument of at least one of the preceding claims, further comprising a
U-joint, the U-joint providing the first and second degrees of freedom between a combination

of the handle, the hub, and the housing.

119.  The surgical instrument of at least one of the preceding claims, wherein the U-joint
comprises a first hinge along a first axis, the first hinge providing the first degree of freedom

between the handle and the housing about the first axis.

120. The surgical instrument of at least one of the preceding claims, wherein the U-joint
comprises a second hinge along a second axis orthogonal to the first axis, the second hinge
providing the second degree of freedom between the hub and the handle about the second

axis.

121.  The surgical instrument of at least one of the preceding claims, further comprising a
plurality of steering cables coupled between the housing and the articulation region, wherein
articulation of the handle relative to the housing advances and retracts the plurality of steering
cables, which move the articulation region in the single plane of motion or in multiple planes

of motion.
122.  The surgical instrument of at least one of the preceding claims, wherein the plurality

of steering cables comprise first and second steering cables that extend from the handle to the

articulation region, the first and second steering cables constructed and arranged to move the
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articulation region relative to a first axis about the single plane of motion when the handle

articulates at the first degree of freedom relative to the housing.

123.  The surgical instrument of at least one of the preceding claims, wherein the
articulation region moves in the single plane of motion in response to a movement of at least
one of the first or second steering cables in an axial direction between the handle and the

articulation region.

124.  The surgical instrument of at least one of the preceding claims, wherein the movement
of the at least one of the first or second steering cables in the axial direction is in response to

a movement by the handle relative to the housing at the first degree of freedom.

125.  The surgical instrument of at least one of the preceding claims, wherein the hub
includes first and second cable fastening locations that couple proximal ends of the first and

second steering cables to the hub.

126.  The surgical instrument of at least one of the preceding claims, further comprising
third and fourth steering cables that extend from the handle to the articulation region, the
third and fourth steering cables constructed and arranged to move the articulation region

about a second axis orthogonal to the first axis.

127.  The surgical instrument of at least one of the preceding claims, wherein the
articulation region moves in the single plane of motion in response to a movement of at least
one of the third or fourth steering cables in an axial direction between the handle and the

articulation region.

128.  The surgical instrument of at least one of the preceding claims, wherein the movement
of the at least one of the third or fourth steering cables in the axial direction is in response to a
movement by the handle relative to the hub in the second degree of freedom orthogonal to the

first degree of freedom.

129.  The surgical instrument of at least one of the preceding claims, wherein the hub

includes first and second cable pass-through holes and the handle includes first and second
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fastening locations, wherein the third and fourth steering cables extend through the first and
second pass-through holes, respectively, and wherein proximal ends of the third and fourth

steering cables are coupled to the handle.

130.  The surgical instrument of at least one of the preceding claims, wherein the handle
includes a cable tensioning mechanism that adjusts a tension of the third and fourth steering

cables at the proximal ends.

131.  The surgical instrument of at least one of the preceding claims, wherein the cable
tensioning mechanism comprises a set screw movably positioned in a threaded socket in the
housing, the set screw including an opening for receiving an end of at least one of the third or

fourth steering cables, which is secured to the set screw.

132.  The surgical instrument of at least one of the preceding claims, wherein the cable
tensioning mechanism further comprising a tightening tool that adjusts the position of the set
screw relative to the socket to achieve a desired tension of the at least one of the third or

fourth steering cables.

133.  The surgical instrument of at least one of the preceding claims, further comprising a
support element having a proximal end coupled to the handle, a portion of the support
element extending through the articulation region, the support element constructed and
arranged to rotate independently of the movement of the articulation region in the single

plane of motion.

134.  The surgical instrument of at least one of the preceding claims, wherein the support

element is constructed and arranged as a coil.

135.  The surgical instrument of at least one of the preceding claims, wherein the support

element is constructed and arranged as a hollow tube.

136.  The surgical instrument of at least one of the preceding claims, further comprising a
clevis between an end effector coupled to the articulation region and a distal end of the

support element.
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137. The éurgical instrument of at least one of the preceding claims, further comprising a
longitudinal clearance between the clevis and a distal link segment of the articulation region,
wherein the longitudinal clearance is dimensioned in an axial direction of the surgical
instrument to prevent contact between the clevis and the distal end of the first assembly when
the force is imparted by the movement of an activation element coupled between the handle

and an end effector at a distal end of the instrument.

138.  The surgical instrument of at least one of the preceding claims, wherein the steering
mechanism further comprises a ratchet mechanism, a gearing mechanism, a trigger assembly,
and a translating assembly, wherein the ratchet mechanism is configured to maintain the

translating assembly in a series of linear positions.

139.  The surgical instrument of at least one of the preceding claims, wherein the handle
comprises a rotation knob, and wherein the translation assembly is coupled to the rotation
knob, the rotation knob attached to the support element, and providing a rotational force to

the support element.

140. The surgical instrument of at least one of the preceding claims, wherein the support
element is constructed and arranged to rotate a functional element at a distal end of the

support element.

141.  The surgical instrument of at least one of the preceding claims, wherein the rotation
knob comprises a hole, and wherein the surgical instrument further comprises an activation
element that is coupled to the translating assembly, and extends through the rotation knob
hole and the support element to the functional element to activate a tool of the functional

element.

142.  The surgical instrument of at least one of the preceding claims, wherein the activation

element activates the tool by a handle control advancing or retracting the activation wire.

143.  The surgical instrument of at least one of the preceding claims, wherein movement of

the activation element is induced by the handle.
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144.  The surgical instrument of at least one of the preceding claims, wherein the activation

element is constructed and arranged as a wire.

145.  The surgical instrument of at least one of the preceding claims, wherein the activation

element is constructed and arranged as a cable.

146. The surgical instrument of at least one of the preceding claims, wherein the activation

element is constructed and arranged as a fiber.

147.  The surgical instrument of at least one of the preceding claims, wherein the activation

element is formed of Teflon or graphite.

148. The surgical instrument of at least one of the preceding claims, wherein the trigger
assembly is coupled to the gearing mechanism, and wherein the translating assembly slides

within the handle, and is translated via the gearing mechanism.

149.  The surgical instrument of at least one of the preceding claims, wherein the trigger

assembly comprises a trigger and a spring which is biased to maintain the trigger in a position.

150. The surgical instrument of at least one of the preceding claims, wherein the trigger
comprises an un-pulled position, such as in a position in which a tool coupled to the

articulation region is in an open or un-activated position.

151. The surgical instrument of at least one of the preceding claims, wherein the ratchet

mechanism is constructed and arranged to resist the force of the trigger spring.

152. The surgical instrument of at least one of the preceding claims, wherein the ratchet
mechanism is constructed and arranged to be temporarily disengaged to release the
translating assembly, or to be locked in a disengaged position such that the trigger controls

the translating assembly.
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153.  The surgical instrument of at least one of the preceding claims, wherein the controls

include a ratchet selector control that activates and de-activates the ratchet mechanism.

154. The surgical instrument of at least one of the preceding claims, wherein the translating
assembly comprises a linear gear that mates with the gearing mechanism to drive the

translating assembly proximally and distally within the handle.

155.  The surgical instrument of at least one of the preceding claims, wherein the ratchet
mechanism comprises a ratchet lock, a release ramp, and a ratchet selector configured to

position the ratchet lock.

156.  The surgical instrument of at least one of the preceding claims, wherein the translating
assembly comprises a plurality of teeth, wherein in a first, engaged position, the ratchet lock
engages the teeth, and wherein in a second, disengaged position, the release ramp slides
beneath the ratchet lock disengaging the ratchet teeth, allowing the translating assembly to

move freely.

157.  The surgical instrument of at least one of the preceding claims, wherein the ratchet
selector includes a first securing projection and a second securing projection, wherein the
handle includes a housing having a first notch and a second notch that frictionally engages

with the first and second securing projection, respectively.

158.  The surgical instrument of at least one of the preceding claims, further comprising a
rigid shaft coupled to the housing and a flexible shaft coupled between the rigid shaft and the
articulation region, the rigid shaft surrounding the proximal end of the flexible shaft, the rigid

shaft and the flexible shaft extending along a same axial direction as the articulation region.
159.  The surgical instrument of at least one of the preceding claims, wherein the rigid shaft

is configured to be slidingly received by a separate support structure to support the instrument

and to provide a resistive force during articulation of the handle to enable steering.
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160. The surgical instrument of at least one of the preceding claims, wherein the flexible
shaft follows a path through a working channel of a robotic probe or through a supporting

tool guide alongside a robotic probe.

161. The surgical instrument of at least one of the preceding claims, wherein the
articulation region comprises at least three segment links, wherein each segment link has a
single degree of freedom with respect to an adjacent segment link, and wherein each of the at

least three segment links is positioned along a central axis.

162.  The surgical instrument of at least one of the preceding claims, wherein the at least
three segment links include a first end link, a second end link, and at least one central link
between the first and second end links, the at least three segment links constructed and
arranged to articulate relative to each other based on forces applied to a plurality of steering

cables controlled by the handle.

163. The surgical instrument of at least one of the preceding claims, wherein the plurality

of steering cables extend from the handle to a distal end of the articulation region.

164. The surgical instrument of at least one of the preceding claims, wherein each of the
least three segment links includes a central hole positioned along the central axis and a
plurality of holes positioned about a periphery of the segment link and extending along an
axis parallel to the central axis, each hole receiving a steering cable of the plurality of

steering cables.

165. The surgical instrument of at least one of the preceding claims, wherein each steering
cable has a distal end that extends through a hole in the second end link at an outermost

region of the articulation region.

166. The surgical instrument of at least one of the preceding claims, wherein the distal end

of the steering cable terminates at a recess of a distal segment of the at least three segments.

167. The surgical instrument of at least one of the preceding claims, wherein a first hole of

the plurality of holes is positioned 90 degrees from a second hole relative to the central axis.
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168.  The surgical instrument of at least one of the preceding claims, wherein a first hole of

the plurality of holes is positioned 180 degrees from a second hole relative to the central axis.

169.  The surgical instrument of at least one of the preceding claims, wherein the plurality
of steering cables include a horizontal steering cable extending through a first hole in at least
one segment link, and a vertical steering cable extending through a second hole in the at least

one segment link that is positioned 90 degrees from the first hole.

170.  The surgical instrument of at least one of the preceding claims, wherein the horizontal
steering cable is constructed and arranged to move the articulation region in along a
horizontal plane or a plane tangential to the horizontal plane, and wherein the vertical
steering cable is constructed and arranged to move the articulation region in along a vertical

plane or a plane tangential to the vertical plane.

171.  The surgical instrument of at least one of the preceding claims, wherein three segment
links of the at least three segment links are constructed and arranged to have two degrees of

freedom with respect to a movement.

172.  The surgical instrument of at least one of the preceding claims, wherein two segment
links of the at least three segment links are constructed and arranged to have a single degree

of freedom with respect to a movement.

173.  The surgical instrument of at least one of the preceding claims, wherein each of the at
least three segment links comprises a protrusion constructed and arranged to mate with a slot

at an adjacent segment link of the at least three segment links.

174.  The surgical instrument of at least one of the preceding claims, wherein the protrusion
of the each of the at least three segment links is orthogonal to a protrusion of the adjacent

segment link.

175.  The surgical instrument of at least one of the preceding claims, wherein a protrusion

of a first segment link of the at least three segment links extends along a first axis and a
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protrusion of an adjacent second segment link of the at least three segment links extends
along a second axis orthogonal axis, wherein a slot in the adjacent second segment link
extends along the first axis, wherein the first protrusion is mated with the slot, and wherein
the second segment link at least partially rotates about the first axis in a single degree of

freedom.

176.  The surgical instrument of at least one of the preceding claims, wherein each of the at
least three segment links comprises a first protrusion and a second protrusion at 180 degrees
relative to the first protrusion, each of the first and second protrusions constructed and

arranged to mate with a slot at an adjacent segment link.

177.  The surgical instrument of at least one of the preceding claims, wherein the first and

second protrusions are each orthogonal to a protrusion of the adjacent segment link.

178.  The surgical instrument of at least one of the preceding claims, wherein a first
segment link having a protrusion is positioned at a slot of an adjacent second segment link,
the slot having a length along which the protrusion moves, the protrusion centered at a first
axis extending through the protrusion, and wherein at least one of the first segment link or the

second segment link rotates about the first axis subject to the length of the slot.

179.  The surgical instrument of at least one of the preceding claims, wherein the slot of the
second segment link is in a first surface, the second segment link includes a protrusion that
extends from a second surface opposite the first surface, and the protrusion and the slot of the

second segment are orthogonal to each other.

180. The surgical instrument of at least one of the preceding claims, further comprising a
third segment link having a slot that mates with the protrusion of the second segment link,
the third segment link slot having a length along which the second segment link protrusion
moves, the second segment link protrusion centered at a second axis orthogonal to the first
axis and extending through the second segment link protrusion, and wherein at least one of
the second segment link or the third segment link rotates about the second axis subject to the
length of the slot.
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181.  The surgical instrument of at least one of the preceding claims, further comprising an

end effector coupled to the articulation region at the distal end of the surgical instrument.

182.  The surgical instrument of at least one of the preceding claims, wherein the end

effector includes a housing and at least one tool.

183.  The surgical instrument of at least one of the preceding claims, wherein the at least

one tool comprises at least one of: a grasper; a scissor; a cutter; a claw; or a knife.

184.  The surgical instrument of at least one of the preceding claims, wherein the at least
one tool comprises at least one of: an ablator, a drug delivery apparatus, a radiation source, an
EKG electrode, a pressure sensor, a blood sensor, a camera, a magnet, a heating element, an

energy delivery element, and a cryogenic element.

185. The surgical instrument of at least one of the preceding claims, further comprising a
support element that extends along at least a portion of the instrument, through a central

working channel of the articulation region, and terminates at the end effector housing.

186.  The surgical instrument of at least one of the preceding claims, wherein a rotation of

the support element causes the end effector to rotate the orientation of the at least one tool.

187.  The surgical instrument of at least one of the preceding claims, wherein the rotation of

the support element is independent of an orientation of the articulation region.

188.  The surgical instrument of at least one of the preceding claims wherein the support

element comprises a torque cable configured to avoid twisting during rotation.

189.  The surgical instrument of at least one of the preceding claims, further comprising an
activation element coupled extending between the handle and the end effector, and further
comprising a slide positioned between the end effector and a distal segment of the articulation

region.
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190.  The surgical instrument of at least one of the preceding claims, wherein the end

effector housing is positioned about at least a portion of the slide.

191.  The surgical instrument of at least one of the preceding claims, wherein a force

applied to the activation element retracts the slide into a recess in the end effector housing.

192.  The surgical instrument of at least one of the preceding claims, wherein the at least

one tool is in a closed position in response to the retraction of the slide into the recess.

193.  The surgical instrument of at least one of the preceding claims, wherein a rotation of

the support element translates to a rotation of the end effector housing relative to the recess.

194. The surgical instrument of at least one of the preceding claims, wherein a force
applied to the activation element moves the activation element in a distal direction towards

the at least one tool.

195.  The surgical instrument of at least one of the preceding claims, wherein the at least
one tool is in an open position in response to the movement of the activation element in the

distal direction.

196. A system for performing a medical procedure comprising:

an articulating probe including inner and outer sleeves; and

a surgical instrument, comprising:

a steering mechanism, comprising:
a handle at a proximal end of the surgical instrument, the handle including a plurality of
controls for controlling a movement of the surgical instrument;
a hub that rotatably mates with the handle; and

a housing positioned about the hub, wherein the handle, the housing, and the hub
communicate with each other to provide at least a first degree of freedom and a second
degree of freedom, the surgical instrument further comprising an articulation region at a distal
end of the surgical instrument, wherein a movement of the steering mechanism handle in one
and only one of the first or second degrees of freedom relative to at least one of the housing

or the hub translates to a movement of the articulation region in a single plane of motion.
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197. A system as described in reference to the figures.

198. A method of performing a medical procedure as described in reference to

the figures.
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