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TECHNICAL FIELD

The present inventive concepts generally relate to the field of surgical instruments,

and more particularly, to articulated probe assemblies.

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 that access

interior regions of the body via a body orifice such as the mouth.



SUMMARY

In one aspect, provided is an articulated probe assembly, comprising a base; an outer

support rod extending through the base; an articulating control portion at a proximal end of

the outer support rod; and a steerable portion comprising a plurality of outer links coupled to

a distal end of the outer support rod. The steerable portion is manipulated in response to the

articulating control portion.

In some embodiments, the articulating control portion is above the base and the

steerable portion is below the base.

In some embodiments, the articulating control portion comprises a plurality of second

outer links that articulate relative to each other for controlling an articulation of the outer

links of the steerable portion.

In some embodiments, the articulating control portion comprises a plurality of

channels, and the support rod comprises a plurality of channels that are aligned with the

channels of the control portion, each support rod channel and corresponding control portion

channel receiving a steering cable, the steering cables constructed and arranged to control a

motion of the steerable portion in response to an articulation of the second outer links relative

to each other.

In some embodiments, the articulating control portion comprises an articulating

element that articulates the steerable portion relative to the control portion according to at

least one degree of freedom.

In some embodiments, the articulating element includes at least one of a universal

joint, a ball joint, a spherical joint, or a hinged joint.

In some embodiments, the at least one degree of freedom includes an articulation

selected from the group consisting of: steering in a single plane; rotation about a single axis;

linear translation along a single axis; and combinations thereof.

In some embodiments, the articulated probe assembly further comprises an inner rod

that extends through at least a portion of the outer support rod and at least a portion of the

steerable portion.

In some embodiments, articulation of the steerable portion is controlled by a location

of the inner rod.

In some embodiments, when the inner rod is at its highest point, the steerable portion

has a greatest range of motion.



In some embodiments, the articulated probe assembly further comprises a translation

assembly that translates the inner rod, wherein the inner rod translates via the translation

assembly vertically within the outer support rod.

In some embodiments, when the translation assembly moves linearly along the outer

support rod, a number of outer links of the steerable portion that can articulate is changed.

In some embodiments, the base comprises a height adjustment gear and the outer

support rod comprises a linear gear that engages with the height adjustment gear for changing

a height of the outer support rod, which in turn changes a height of the steerable portion

relative to the base.

In some embodiments, the plurality of outer links of the steerable portion includes a

distal link, the distal link including at least one exit port from which a tool can extend for

insertion into a surrounding environment.

In some embodiments, the surrounding environment is selected from the group

consisting of: the esophagus, the gastrointestinal tract, the pericardial space, the peritoneal

space, or combinations thereof.

In some embodiments, the articulated probe assembly further comprises at least one

side channel coupled to the distal link for receiving one or more tools.

In some embodiments, the at least one side channel is configured to perform one or

more of: slidingly receiving a shaft of a tool, guiding the shaft of a tool, providing a

supporting force for a tool, or combinations thereof.

In some embodiments, the articulated probe assembly further comprises a handle that

articulates the control portion, which in turn articulates the steerable portion.

In some embodiments, the articulated probe assembly further comprises a plurality of

steering cables operably connected to the handle, wherein movement of the handle applies

tension to the steering cables which in turn articulates the steerable portion.

In some embodiments, the steering cables extend from channels in the control portion,

through matching channels in the support rod, through channels in the steerable portion, and

terminating at a distal link of the outer links.

In some embodiments, the articulated probe assembly further comprises a cable

tensioning assembly operably connecting the steering cables to the handle, wherein the cable

tensioning assembly is constructed and arranged to adjust the tension in one or more of the

steering cables.



In some embodiments, the cable tensioning assembly is constructed and arranged to

adjust tension in multiple cables to transition the steerable portion between an articulable

state and a locked state.

In some embodiments, the cable tensioning assembly is constructed and arranged to

increase the tension applied to each and all of the steering cables to cause the steerable

portion to transition from the articulable state to the locked state.

In some embodiments, the cable tensioning assembly is biased such that the steerable

portion is in the locked state.

In some embodiments, the cable tensioning assembly comprises a button constructed

and arranged to decrease the tension applied to at least one steering cable to cause the

steerable portion to transition from the locked state to the articulable state.

In some embodiments, the cable tensioning assembly includes a tensioning plate that

is slidingly received by a channel within the handle.

In some embodiments, the steering cables are attached to the tensioning plate via one

or more attachment screws, which can be individually adjusted for individual tensioning of

the steering cables with respect to the tensioning plate.

In some embodiments, the articulated probe assembly further comprises a tensioning

screw extending through the handle to the tensioning plate, the tensioning screw slidingly

receiving a spring, is slidingly received by the handle, and rotatably engages the tensioning

plate, wherein the tensioning screw is rotated to adjust a tension in the steering cables.

In some embodiments, a tightening of the tensioning screw compresses the spring and

applies a force to the tensioning plate, and in turn applies a locking force to the steering

cables.

In some embodiments, a depression of the tensioning screw further compresses the

spring, relieving tension on the steering cables, and allowing articulation of the control

portion and a manipulation of the steering portion.

In some embodiments, releasing the tensioning screw applies a spring force to the

tensioning plate, locking the articulated position.

In some embodiments, the base is coupled to a support arm.

In some embodiments, the support arm is coupled to at least one of a floor, a table, or

other supporting object.

In some embodiments, the articulated probe assembly further comprises an inner rod

slidingly positioned within the outer support rod and a translation assembly, wherein the



steerable portion comprises an articulation region, and wherein the translation assembly

translates the inner rod to adjust a range of motion of the articulation region of the steerable

portion.

In some embodiments, the translation assembly comprises a collar that is slidingly

received by the outer support rod.

In some embodiments, the transition assembly further comprises a gear and at least

one knob operably couples to the gear.

In some embodiments, the collar engages the gear with a linear gear of the outer

support rod.

In some embodiments, a rotation of the at least one knob translates the collar along

the outer support rod.

In some embodiments, the outer support rod comprises a slot and the translation

assembly comprises a connecting element that is fixedly attached to the collar and the inner

rod, passing through the slot, such that the inner rod translates with the collar.

In some embodiments, the outer support rod comprises a set of threads arranged in a

helical manner about the outer support rod, wherein the collar includes a set of inner threads

at a hole of the collar through which the outer support rod is positioned, and wherein the

inner threads of the collar communicate with the threads of the outer support rod such that a

rotation of the outer rod causes the outer rod to travel linearly.

In some embodiments, the articulated probe assembly further comprises a tool support

assembly, the tool support assembly comprising at least one support rod with a proximal end

into which a tool can be inserted.

In some embodiments, the at least one support rod is coupled to the base.

In some embodiments, the at least one support rod comprises two support rods and

wherein the articulated probe assembly comprises a dogbone connector coupled between the

two support rods.

In some embodiments, the articulated probe assembly further comprises at least one

flexible tube positioned in a side channel of a distal link of the outer links and extending

along the steerable portion, for guiding a tool extending from the proximal end of the outer

support rod to the distal link.

In some embodiments, the at least one support rod comprises a first support rod

having a proximal end and a second support rod having a proximal end, and wherein the at

least one flexible tube comprises a first flexible tube positioned on a first side channel of the



distal link and extending along the steerable portion, for guiding a first tool extending from

the first support rod proximal end, and a second flexible tube positioned on a second side

channel of the distal link and extending along the steerable portion, for guiding a second tool

extending from the second support rod proximal end.

In some embodiments, the outer support rod comprises a set of threads arranged in a

helical manner about the outer support rod, wherein the base includes a set of inner threads at

a hole of the base through which the outer support rod is positioned, and wherein the inner

threads of the base communicate with the threads of the outer support rod such that a rotation

of the outer support rod causes the outer support rod to travel linearly relative to the base.

In some embodiments, a method is provided for performing a medical procedure

using the articulated probe assembly.

In another aspect provided is an articulated probe assembly, comprising: a steerable

portion comprising a plurality of outer links for articulating relative to each other according

to a predetermined range of motion; and an advancement rod extending through at least a

portion of the steerable portion. The range of motion of the steerable portion is controlled by

a position of the advancement rod relative to the steerable portion.

In some embodiments, the articulated probe assembly further comprises a translation

assembly that translates the advancement rod, wherein the advancement rod controls a range

of motion of the steerable portion in response to a location of the translation assembly.

In some embodiments, when the advancement rod is at its highest point, the steerable

portion has a greatest range of motion.

In some embodiments, the articulated probe assembly further comprises a base and an

articulating control portion, wherein the articulating control portion is above the base and the

steerable portion is below the base.

In some embodiments, the articulating control portion comprises a plurality of second

outer links that articulate relative to each other for controlling an articulation of the outer

links of the steerable portion.

In some embodiments, the articulating control portion comprises an articulating

element that articulates the steerable portion relative to the control portion according to at

least one degree of freedom.

In some embodiments, the articulating element includes at least one of a universal

joint, a ball joint, a spherical joint, or a hinged joint.



In some embodiments, the at least one degree of freedom includes an articulation

selected from the group consisting of: steering in a single plane; rotation about a single axis;

linear translation along a single axis; and combinations thereof.

In some embodiments, the articulated probe assembly further comprises a handle that

articulates the control portion, which in turn articulates the steerable portion.

In some embodiments, the articulated probe assembly further comprises a plurality of

steering cables operably connected to the handle, wherein movement of the handle applies

tension to the steering cables which in turn articulates the steerable portion.

In some embodiments, the steering cables extend from channels in the control portion,

through matching channels in the support rod, through channels in the steerable portion, and

terminating at a distal link of the outer links.

In some embodiments, the articulated probe assembly further comprises a cable

tensioning assembly operably connecting the steering cables to the handle, wherein the cable

tensioning assembly is constructed and arranged to adjust the tension in one or more of the

steering cables.

In some embodiments, the cable tensioning assembly is constructed and arranged to

adjust tension in multiple cables to transition the steerable portion between an articulable

state and a locked state.

In some embodiments, the cable tensioning assembly includes a tensioning plate that

is slidingly received by a channel within the handle.

In some embodiments, the steering cables are attached to the tensioning plate via one

or more attachment screws, which can be individually adjusted for individual tensioning of

the steering cables with respect to the tensioning plate.

In some embodiments, the articulated probe assembly further comprises a translation

assembly that translates the advancement rod in a linear direction relative to a direction of

extension of the probe assembly, which in turn changes a number of outer links of the

steerable portion that can articulate.

In some embodiments, the articulated probe assembly further comprises a height

adjustment gear and an outer support rod that comprises a linear gear that engages with the

height adjustment gear for changing a height of the outer support rod, which in turn changes a

height of the steerable portion.



In some embodiments, the plurality of outer links of the steerable portion includes a

distal link, the distal link including at least one exit port from which a tool can extend for

insertion into a surrounding environment.

In some embodiments, the surrounding environment is selected from the group

consisting of: the esophagus, the gastrointestinal tract, the pericardial space, the peritoneal

space, or combinations thereof.

In some embodiments, the articulated probe assembly further comprises at least one

side channel coupled to the distal link for receiving one or more tools.

In some embodiments, the at least one side channel is configured to perform one or

more of: slidingly receiving a shaft of a tool, guiding the shaft of a tool, providing a

supporting force for a tool, or combinations thereof.

In some embodiments, the base is coupled to a support arm.

In some embodiments, the support arm is coupled to at least one of a floor, a table, or

other supporting object.

In some embodiments, the advancement rod is slidingly positioned within an outer

support rod and a translation assembly, wherein the steerable portion comprises an

articulation region, and wherein the translation assembly translates the advancement rod to

adjust a range of motion of the articulation region of the steerable portion.

In some embodiments, the translation assembly comprises a collar that is slidingly

received by the outer support rod.

In some embodiments, the transition assembly further comprises a gear and at least

one knob operably couples to the gear.

In some embodiments, a rotation of the at least one knob translates the collar along

the outer support rod.

In some embodiments, the outer support rod comprises a slot and the translation

assembly comprises a connecting element that is fixedly attached to the collar and the inner

rod, passing through the slot, such that the inner rod translates with the collar.

In some embodiments, the outer support rod comprises a set of threads arranged in a

helical manner about the outer support rod, wherein the collar includes a set of inner threads

at a hole of the collar through which the outer support rod is positioned, and wherein the

inner threads of the collar communicate with the threads of the outer support rod such that a

rotation of the outer rod causes the outer rod to travel linearly.



In some embodiments, the outer support rod comprises a set of threads arranged in a

helical manner about the outer support rod, wherein the base includes a set of inner threads at

a hole of the base through which the outer support rod is positioned, and wherein the inner

threads of the base communicate with the threads of the outer support rod such that a rotation

of the outer rod causes the outer rod to travel linearly relative to the base.

In some embodiments, the articulated probe assembly further comprises a tool support

assembly, the tool support assembly comprising at least one support rod with a proximal end

into which a tool can be inserted.

In some embodiments, the at least one support rod is coupled to the base.

In some embodiments, the at least one support rod comprises two support rods and

wherein the articulated probe assembly comprises a dogbone connector coupled between the

two support rods.

In some embodiments, the articulated probe assembly further comprises at least one

flexible tube positioned in a side channel of a distal link of the outer links and extending

along the steerable portion, for guiding a tool extending to the distal link.

In some embodiments, the at least one support rod comprises a first support rod

having a proximal end and a second support rod having a proximal end, and wherein the at

least one flexible tube comprises a first flexible tube positioned on a first side channel of the

distal link and extending along the steerable portion, for guiding a first tool extending from

the first support rod proximal end, and a second flexible tube positioned on a second side

channel of the distal link and extending along the steerable portion, for guiding a second tool

extending from the second support rod proximal end.

In some embodiments, a method is provided for performing a medical procedure

using the articulated probe assembly.

In some embodiments, a system is provided as described in reference to the figures.

In some embodiments, a method is provided for performing a medical procedure as

described in reference to the figures.

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 an isometric view of an articulated probe assembly, in accordance with

embodiments of the present inventive concepts;

FIG. 2 is a cutaway view of the articulated probe assembly of FIG. 1, in accordance

with embodiments of the present inventive concepts;

FIG. 3 is a close-up cutaway view of the probe assembly handle of FIGs. 1 and 2, in

accordance with embodiments of the present inventive concepts;

FIG. 4 is a close-up view of the articulated probe assembly of FIGs. 1-3, illustrating

interior elements of a translation assembly, in accordance with embodiments of the present

inventive concepts;

FIG. 5 is a cross-sectional view of an articulated probe assembly, in accordance with

embodiments of the present inventive concepts; and

FIG. 6 is an isometric view of an articulated probe assembly of FIGs. 1-5, including

arrows illustrating various articulations of the probe assembly, in accordance with

embodiments of the present inventive concepts.

DETAILED DESCRIPTION OF EMBODIMENTS

The terminology used herein is for the purpose of describing particular embodiments

and is 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

"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 an isometric view of an articulated probe assembly 100, in accordance with

embodiments of the present inventive concepts.

The probe assembly 100 comprises a base 110 and an outer support rod 120 that

extends through the base 10. The probe assembly 100 also comprises an articulating control

portion 140 at a proximal end of the outer support rod 1 0 and a steerable portion 130

coupled to a distal end of the outer support rod 0. The articulating control portion 140 is

above the base 110 and the steerable portion is below the base 10. The steerable portion 130

can be manipulated in response to an articulation of the control portion 140, described in

detail below.

The probe assembly 100 can comprise a handle 150 that articulates the control portion

140, which in turn articulates the steerable portion 130. The articulating control portion 140

can further comprise a plurality of outer links 44 that articulate relative to each other, for

example, in response to a movement of the handle 150, for controlling an articulation of one

or more outer links 134 of the steerable portion 130. The outer links 144 of the control

portion 140 can be configured similarly to the outer links 134 of the steerable portion 130.

The outer links 134, 144 can be made out of virtually any material, including plastic or other

magnetic resonance imaging compatible material. As described herein, a plurality of steering

cables can extend through the outer links 134, 144, which when pulled in response to a

movement of the handle 150 can permit the outer links 134 of the steerable portion to

articulate relative to each other.



As shown in FIG. 2, the base 0 can comprise a height adjustment gear 1 1. The

outer support rod 120 can comprise a linear gear 121, or ratchet gear, that engages with the

height adjustment gear 111. A height adjustment knob 112 can be directly or indirectly in

communication with the height adjustment gear 111. When the adjustment knob 112 is

turned, the height adjustment gear 111 rotates and in doing so engages with the linear gear

121 for changing a height of the outer support rod 120 in a linear direction with a single

degree of freedom, for example, in a direction C as shown in FIG. 6. A corresponding

movement of the outer support rod 120 in turn changes a height of the steerable portion 130

relative to the base 110, shown by arrow C in FIG. 6, for example, allowing the steering

portion 130 to move up and down with respect to base 110 (e.g. to allow steering portion 130

to move up and down with respect to a patient's mouth, throat, esophagus, or other orifice or

internal space).

The base 110 can be directly or indirectly coupled to a support arm (not shown), such

as via an adapter, which in turn can be coupled to a fixed object such as an operating table,

floor, or other supporting object. The support arm can be configured to provide a stabilizing

force for the probe assembly 100, such that the height adjustment knob 112 and adjustment

gear 111 can advance or retract a distal link 131 of the steerable outer links 134 with respect

to their positions relative to the base 110, and therefore accommodate a location of the

steerable portion 130 into or out of a patient orifice, e.g., deeper or shallower in the throat.

In another embodiment, the probe assembly 100 does not include a adjustment knob

112 and corresponding adjustment gear 111. Instead, the outer rod 120 comprises a set of

threads arranged in a helical manner about the outer rod 120. The base 10 includes a set of

inner threads at a hole of the base 1 0 through which the outer rod 20 is positioned. The

threads of the base 1 0 can mate or otherwise align with the threads of the outer rod 120 in a

manner such that a rotation of the outer rod 120 causes the outer rod 120 to travel linearly

relative to the base, for example, an up and down motion.

The distal link 131 can include at least one opening or exit port 133, as shown in Fig.

5 herebelow, from which a tool can slidingly extend for insertion into a surrounding

environment. The surrounding environment can include a region of a patient's body, such as

the esophagus, the gastrointestinal tract, the pericardial space, the peritoneal space, and/or

combinations thereof. At least one side channel 132, also referred to as a tool side port or tool

guide, can be coupled to, or integrally extend from, the distal link 3 , for example, formed

in a flange of the outer distal link 131 for receiving one or more tools. In particular, the side



channel 132 can be configured to slidingly receive a shaft of a tool, guide the shaft of a tool,

provide a supporting force for a tool, or combinations thereof. Examples of tools 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, a laser emitter, an energy delivery element such as a RF

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. Accordingly, a single operator can

operate one or more of the tools at the probe assembly 100, for example, from a single

operator location. Alternatively, one operator can operate one or more tools, and another

operator can operate the remaining tools at the probe assembly 100.

The probe assembly can further comprise a tool support assembly 180. The tool

support assembly 80 can comprise at least one support tube 82, also referred to as a tool

support or rod, which can be coupled to the base 110. Each tube 182 can include a proximal

end into which a tool can be inserted. A connector 181, commonly referred to as a "dogbone

connector", can be coupled between proximal ends of two support tubes 182, for example,

described with reference to U.S. Provisional Application No. PCT US13/54326, filed August

9, 2013, incorporated by reference above. The connector 181 can be constructed and arranged

to maintain a relative position between the support tubes 182. The connector 181 can be

removed from the support tubes 182 and replaced with a different connector having different

parameters, configuration, etc. Accordingly, in some embodiments, the tool support

assembly 180 is used with two or more different second assemblies, depending on the

medical procedure.

The connector 181 comprises a first opening 184a and a second opening 184b

(generally 184), each constructed and arranged to operably engage a tube 2 . At least one

of the first opening 184a or the second opening 184b can comprise a funnel-shaped opening.

An uninterrupted tool path can extend from an opening 184 through a tube 182, the base 110,

and at least one flexible guide tube 183 at an opposite side of the base 110 to a side channel

132 at a distal outer link 131 of the steerable portion 130. The guide tube 183 can extend

along a longitudinal axis of the steerable portion 130. The guide tube 183 is configured to

guide or otherwise provide a support for a tool, so that the tool can be guided from the

proximal end of the outer support rod 120 to the distal outer link 131, for example, into the

tool side channel 132 at the distal outer link 131. Thus, the probe assembly 100 can facilitate

the introduction of tools passed through the side channel 132 and/or working channels

extending through an interior of the outer links 144, for example, shown at FIG. 5. In some



embodiments, the support tubes 82 comprise a first support tube with a proximal end and a

second support tube with a proximal end. Here, the flexible guide tube 183 comprises a first

flexible tube positioned on a first side channel of the distal link 131 and extending along the

steerable portion, for guiding a first tool extending from the first support tube 182, and a

second flexible tube positioned on a second side channel of the distal link 13 and extending

along the steerable portion 130, for guiding a second tool extending from the second support

tube 182.

FIG. 3 is a close-up cutaway side view of the probe assembly handle 50 of FIGs. 1

and 2, in accordance with embodiments of the present inventive concepts.

A plurality of steering cables 151a-151c (generally, 151) are operably connected to

the handle 50, and are constructed and arranged to extend through the control portion 140,

the translation assembly 170, and the base 110, respectively, to the steerable portion 130. For

example, the steering cables 151 can extend from channels in the control portion 140, through

matching, or aligned, channels in the support rod 1 0, through support tube 82 in the

steerable portion 130 (see FIG. 5), and terminate at the distal link 131 of the outer links 134

of the steerable portion 130. Accordingly, a movement of the handle 150 applies tension to

one or more of the steering cables 151, which in turn articulates the steerable portion 130.

The steering cables 151 can be constructed and arranged to control a motion of the steerable

portion 130 in response to an articulation of the second outer links 144 of the control portion

140 relative to each other. For example, the steering cables 151 can articulate the outer links

134 relative to each other during manipulation of the handle 150. In another example, the

steering cables 151 can selectively apply tension to cause the steerable portion 130 to

transition between a locked state and an articulatable state.

A cable tensioning assembly 160 can be positioned at the handle 150 for operably

connecting the steering cables 151 to the handle 150. The cable tensioning assembly 160 can

be constructed and arranged to adjust the tension in one or more of the steering cables 151

individually. Additionally or alternatively, the cable tensioning assembly 60 can be

constructed and arranged to adjust tension in multiple steering cables 151 to transition the

steerable portion 130 between an articulable state and a locked state. For example, the cable

tensioning assembly 160 can be constructed and arranged to increase the tension applied to

each and all of the steering cables 151 to cause the steerable portion 130 to transition from

the articulable state to the locked state, whereby the steerable portion 130 is locked in a fixed

position so that some or all of the links of the steerable portion 130 do not articulate relative



to each other. The cable tensioning assembly 160 can be biased such that the steerable

portion 130 is in the locked state, such as via a spring 164.

The cable tensioning assembly 160 can include a tensioning plate 161 that is

positioned in the handle 150, more specifically, slidingly received by a channel within the

handle 150. The steering cables 151 can be attached to the tensioning plate 161 via one or

more attachment screws 162, which can be individually adjusted for individual tensioning of

the steering cables 1 1 with respect to the tensioning plate 161 (i.e. tension between

tensioning plate 161 and a region where the steering cables 151 terminate at distal link 131).

A tensioning screw 163 can extend through a surface of the handle 150 to the tensioning plate

161. The tensioning screw 163 can slidingly receive the spring 164. The tensioning screw

163 can be slidingly received by the handle 150, and rotatably engage, for example, screw

into, the tensioning plate 161. The tensioning screw 163 can be rotated to adjust a tension in

the steering cables 151 attached to the tensioning screw 163. A tightening of the tensioning

screw 163 compresses the spring 164 between at least a portion of handle 150 and at least a

portion of screw 163. Spring 164 applies a force to screw 163, and in turn to the tensioning

plate 161, and in turn applies a locking force to the steering cables 151. Spring 164 biases

probe assembly 100 in a locked or otherwise non articulable state. A depression of the

tensioning screw 63 against spring 164 linearly translates tensioning plate 161 thereby

relieving the locking tension on steering cables 151, and allowing an articulation of the

control portion 140 and a manipulation of the steering portion 130. Releasing the tensioning

screw 163 reapplies the spring force to the tensioning plate 161 thereby locking the

articulated position.

FIG. 4 is a close-up view of the articulated probe assembly 100 of FIGs. 1-3,

illustrating interior elements of a translation assembly 170, in accordance with embodiments

of the present inventive concepts.

As shown in FIG. 4, the probe assembly 100 can comprise an inner rod 171 slidingly

positioned within the outer support rod 120 and the translation assembly 170, that extends to

at least a portion of the steerable portion 130. The translation assembly 170 can translate the

inner rod 171 to adjust a range of motion of an articulation region of the steerable portion 130.

When the translation assembly 170 moves linearly along the outer support rod 20, a number

of outer links 134 of the steerable portion 130 that can articulate is changed, for example,

increased or decreased accordingly with an increased or decreased range of motion of the

steerable portion 130. Thus, an articulation of the steerable portion 130 is controlled by a



location of the inner rod 171. When the inner rod 171 is at its highest point along a direction

of extension of the probe assembly 100, the steerable portion 130 has a greatest range of

motion. Other the other hand, the range of motion becomes more restricted when the inner

rod 7 1 is at points lower than the highest point along the direction of extension of the probe

assembly 100.

The translation assembly 170 can comprise a collar 172 that is slidingly received by

the outer support rod 120. The transition assembly can further comprise at least one gear 173

and a knob 174 operably coupled to the gear 173. The collar 172 engages the gear 173 with

the linear gear 121 of the outer support rod 120. The outer support rod 120 can comprise a

slot or groove 122 that extends along a direction of extension of at least a portion of the outer

support rod 120 (also shown in Figs. 1 and 6). The translation assembly 170 can comprise a

connecting element 176 such as a pin or the like that engages the collar 172 with the inner rod

171. The connecting element 176 extends from the collar 172 to the slot, and can translate

linearly in the slot. Accordingly, the inner rod 171 translates with the collar 172 along the

outer support rod 120 when the knob 174 is rotated. Inner rod 7 1 is positioned within at least

a portion of steerable portion 130, and prevents the articulation of any surrounding links 34

with respect to each other. For example, when inner rod 17 1 is positioned approximately half

way within steerable portion 130, approximately one half of links 134 are prevented from

rotating with respect to each other, limiting the possible angle of articulation of steerable

portion 130 by approximately half. As shown in FIG. 2, translation assembly 170 is in its

highest location, such that inner rod 171 limits the articulation of portion 130 to a minimum

articulation or no articulation.

In an alternative embodiment, the translation assembly 70 does not include a knob

174 and corresponding gear 173. Instead, the outer rod 120 comprises a set of threads

arranged in a helical manner about the outer rod 120. The collar 172 includes a set of inner

threads at a hole of the collar 172 through which the outer rod 120 can be positioned. The

threads of the collar 172 can mate with the threads of the outer rod 120 in a manner such that

a rotation of the collar 172 causes the inner rod 7 1 to travel up and down.

FIG. 5 is another cross-sectional view of an articulated probe assembly 200, in

accordance with embodiments of the present inventive concepts. The probe assembly 200

can include elements that are the same as or similar to those of the articulated probe assembly

100 of FIGs. 1-4. Details of such elements are not repeated for brevity. The probe assembly

200 can include elements that are included in, but not described with respect to, FIGs. 1-4.



The probe assembly 200 can include a steering box 202, also referred to as an

articulating element, having at least one working channel 203 extending therethrough that

communicates with an inner core of the probe assembly 200. The inner core can include a

working channel 204 extending through an inner rod 171 and/or an outer support rod 120.

Each outer link 134, including the distal outer link 131, of the steerable portion 130 can

include a working channel 206, for receiving the inner rod 171 and any tool that may extend

through the working channel 204 extending through the inner rod 171. The steering box 202

can control the probe assembly 200. Steering box 202 can include but not be limited to at

least one of a universal joint, a ball joint, a spherical joint, or a hinged joint, and/or can

include one or more electromechanical mechanisms constructed and arranged to manipulate

the tension in steering cables 151. Steering box 202 can comprise a feeding mechanism

similar to the feeder mechanism in applicant's co-pending U.S. Patent Application No.

13/884,407, filed May 9, 2013, the contents of which is incorporated herein by reference in

its entirety.

In some embodiments, the articulating probe assembly 200 articulates the steerable

portion 130 with at least one degree of freedom. A degree of freedom can include but not be

limited to articulation in a single plane, rotation about an axis, linear translation along an axis,

and combinations of these.

The base 110 can comprise at least one working channel 205a, 205b (generally, 205),

which, like the working channel 203 of the steering box 202, can receive a tool. Each

working channel 205 of the base 110 can be aligned with a working channel 207 extending

through each steerable portion outer link 134 to the distal outer link 131, from where the tool

can exit.

FIG. 6 is an isometric view of an articulated probe assembly 100, including arrows

illustrating various articulations of the probe assembly, in accordance with embodiments of

the present inventive concepts.

As described herein, the handle 150 is constructed and arranged to allow operator

manipulation of the steerable portion 130. In doing so, the handle 150 can articulate in an A

direction and/or a B direction, resulting in a movement of the steerable portion 130 in a D

direction and/or E direction, and/or other curvilinear direction, which can include pivotal,

rotational, lateral, and/or other movements according to one or more degrees of freedom. As

also described herein, a movement of the translation assembly 170 linearly with respect to the



outer support rod 120 can result in a controlled articulation of the steerable portion 130 by

limiting the number of outer links 134 that can be articulated in the D and/or E directions.

In some embodiments, the articulated probe assembly 100 can be part of a system that

includes one or more human interface devices (HIDs) and/or a controller, for example,

described in PCT Application No. PCT US13/54326, filed August 9, 2013 incorporated by

reference above. The HIDs can be constructed and arranged to manipulate elements of the

articulated probe assembly 100, such as tool supports, tools extending through the tool

supports, one or more links, and so on. One or more operators may control the probe

assembly 100 via a HID to steer, advance, retract, or otherwise control the functions and

movement of the probe assembly 100 via commands sent to/from the controller. An HID

may include but not be limited to a haptic controller, joystick, track ball, mouse, and/or an

electromechanical device, and/or switches, buttons, or the like for applying forces related to

the movement of the probe assembly 100. In other embodiments, an HID can include force

sensors such as strain gauges, which can detect forces related to a connector, for example,

push, pull, and/or twist forces, for example, to steer the probe assembly 100.

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.



CLAIMS

An articulated probe assembly, comprising:

a base;

an outer support rod extending through the base;

an articulating control portion at a proximal end of the outer support rod; and

a steerable portion comprising a plurality of outer links coupled to a distal end of

the outer support rod, the steerable portion manipulated in response to the

articulating control portion.

The articulated probe assembly of claim 1, wherein the articulating control portion is

above the base and the steerable portion is below the base.

The articulated probe assembly of claim 1, wherein the articulating control portion

comprises a plurality of second outer links that articulate relative to each other for

controlling an articulation of the outer links of the steerable portion.

The articulated probe assembly of claim 3, wherein the articulating control

portion comprises a plurality of channels, and the support rod comprises a

plurality of channels that are aligned with the channels of the control portion,

each support rod channel and corresponding control portion channel receiving a

steering cable, the steering cables constructed and arranged to control a motion

of the steerable portion in response to an articulation of the second outer links

relative to each other.

The articulated probe assembly of claim 1, wherein the articulating control portion

comprises an articulating element that articulates the steerable portion relative to the

control portion according to at least one degree of freedom.

The articulated probe assembly of claim 5, wherein the articulating element

includes at least one of a universal joint, a ball joint, a spherical joint, or a hinged

joint.



The articulated probe assembly of claim 5, wherein the at least one degree of

freedom includes an articulation selected from the group consisting of: steering

in a single plane; rotation about a single axis; linear translation along a single

axis; and combinations thereof.

The articulated probe assembly of claim , further comprising an inner rod that extends

through at least a portion of the outer support rod and at least a portion of the steerable

portion.

The articulated probe assembly of claim 8, wherein articulation of the steerable

portion is controlled by a location of the inner rod.

The articulated probe assembly of claim 8, wherein when the inner rod is at its

highest point, the steerable portion has a greatest range of motion.

The articulated probe assembly of claim 8, further comprising a translation

assembly that translates the inner rod, wherein the inner rod translates via the

translation assembly vertically within the outer support rod.

The articulated probe assembly of claim 11, wherein when the translation

assembly moves linearly along the outer support rod, and a number of

outer links of the steerable portion that can articulate is changed.

The articulated probe assembly of claim 1, wherein the base comprises a height

adjustment gear and the outer support rod comprises a linear gear that engages with the

height adjustment gear for changing a height of the outer support rod, which in turn

changes a height of the steerable portion relative to the base.

The articulated probe assembly of claim , wherein the plurality of outer links of the

steerable portion includes a distal link, the distal link including at least one exit port

from which a tool can extend for insertion into a surrounding environment.

The articulated probe assembly of claim 14, wherein the surrounding

environment is selected from the group consisting of: the esophagus, the

gastrointestinal tract, the pericardial space, the peritoneal space, or combinations

thereof.

The articulated probe assembly of claim 14, further including at least one side

channel coupled to the distal link for receiving one or more tools.



17. The articulated probe assembly of claim 16, wherein the at least one side

channel is configured to perform one or more of: slidingly receiving a

shaft of a tool, guiding the shaft of a tool, providing a supporting force

for a tool, or combinations thereof.

18. The articulated probe assembly of claim 1, further comprising a handle that articulates

the control portion, which in turn articulates the steerable portion.

19. The articulated probe assembly of claim 1 , further comprising a plurality of

steering cables operably connected to the handle, wherein movement of the

handle applies tension to the steering cables which in turn articulates the

steerable portion.

20. The articulated probe assembly of claim , wherein the steering cables

extend from channels in the control portion, through matching channels

in the support rod, through channels in the steerable portion, and

terminating at a distal link of the outer links.

2 1. The articulated probe assembly of claim 19, further comprising a cable

tensioning assembly operably connecting the steering cables to the

handle, wherein the cable tensioning assembly is constructed and

arranged to adjust the tension in one or more of the steering cables.

22. The articulated probe assembly of claim 21, wherein the cable

tensioning assembly is constructed and arranged to adjust tension

in multiple cables to transition the steerable portion between an

articulable state and a locked state.

23. The articulated probe assembly of claim 22, wherein the

cable tensioning assembly is constructed and arranged to

increase the tension applied to each and all of the steering

cables to cause the steerable portion to transition from the

articulable state to the locked state.

24. The articulated probe assembly of claim 22, wherein the

cable tensioning assembly is biased such that the steerable

portion is in the locked state.



25. The articulated probe assembly of claim 22, wherein the

cable tensioning assembly comprises a button constructed

and arranged to decrease the tension applied to at least one

steering cable to cause the steerable portion to transition

from the locked state to the articulable state.

26. The articulated probe assembly of claim 22, wherein the

cable tensioning assembly includes a tensioning plate that

is slidingly received by a channel within the handle.

27. The articulated probe assembly of claim 26,

wherein the steering cables are attached to the

tensioning plate via one or more attachment

screws, which can be individually adjusted for

individual tensioning of the steering cables with

respect to the tensioning plate.

28. The articulated probe assembly of claim

27, further comprising a tensioning screw

extending through the handle to the

tensioning plate, the tensioning screw

slidingly receiving a spring, is slidingly

received by the handle, and rotatably

engages the tensioning plate, wherein the

tensioning screw is rotated to adjust a

tension in the steering cables.

29. The articulated probe assembly of

claim 28, wherein a tightening of

the tensioning screw compresses

the spring and applies a force to the

tensioning plate, and in turn applies

a locking force to the steering

cables.



The articulated probe assembly of

claim 28, wherein a depression of

the tensioning screw further

compresses the spring, relieving

tension on the steering cables, and

allowing articulation of the control

portion and a manipulation of the

steering portion.

The articulated probe assembly of

claim 28, wherein releasing the

tensioning screw applies a spring

force to the tensioning plate,

locking the articulated position.

32. The articulated probe assembly of claim , wherein the base is coupled to a support arm.

33. The articulated probe assembly of claim 32, wherein the support arm is coupled

to at least one of a floor, a table, or other supporting object.

34. The articulated probe assembly of claim 1, further comprising an inner rod slidingly

positioned within the outer support rod and a translation assembly, wherein the steerable

portion comprises an articulation region, and wherein the translation assembly translates

the inner rod to adjust a range of motion of the articulation region of the steerable

portion.

35. The articulated probe assembly of claim 34, wherein the translation assembly

comprises a collar that is slidingly received by the outer support rod.

36. The articulated probe assembly of claim 35, wherein the transition

assembly further comprises a gear and at least one knob operably couples

to the gear.

7. The articulated probe assembly of claim 36, wherein the collar

engages the gear with a linear gear of the outer support rod.



The articulated probe assembly of claim 36, wherein a rotation of

the at least one knob translates the collar along the outer support

rod.

The articulated probe assembly of claim 35, wherein the outer support

rod comprises a slot and the translation assembly comprises a connecting

element that is fixedly attached to the collar and the inner rod, passing

through the slot, such that the inner rod translates with the collar.

The articulated probe assembly of claim 35, wherein the outer support

rod comprises a set of threads arranged in a helical manner about the

outer support rod, wherein the collar includes a set of inner threads at a

hole of the collar through which the outer support rod is positioned, and

wherein the inner threads of the collar communicate with the threads of

the outer support rod such that a rotation of the outer rod causes the outer

rod to travel linearly.

4 1. The articulated probe assembly of claim 1, further comprising a tool support assembly,

the tool support assembly comprising at least one support rod with a proximal end into

which a tool can be inserted.

42. The articulated probe assembly of claim 41, wherein the at least one support rod

is coupled to the base.

43. The articulated probe assembly of claim 41, wherein the at least one support rod

comprises two support rods and wherein the articulated probe assembly

comprises a dogbone connector coupled between the two support rods.

44. The articulated probe assembly of claim 1, further comprising at least one flexible tube

positioned in a side channel of a distal link of the outer links and extending along the

steerable portion, for guiding a tool extending from the proximal end of the outer

support rod to the distal link.



The articulated probe assembly of claim 44, wherein the at least one support rod

comprises a first support rod having a proximal end and a second support rod

having a proximal end, and wherein the at least one flexible tube comprises a

first flexible tube positioned on a first side channel of the distal link and

extending along the steerable portion, for guiding a first tool extending from the

first support rod proximal end, and a second flexible tube positioned on a second

side channel of the distal link and extending along the steerable portion, for

guiding a second tool extending from the second support rod proximal end.

The articulated probe assembly of claim 1, wherein the outer support rod comprises a set

of threads arranged in a helical manner about the outer support rod, wherein the base

includes a set of inner threads at a hole of the base through which the outer support rod

is positioned, and wherein the inner threads of the base communicate with the threads of

the outer support rod such that a rotation of the outer support rod causes the outer

support rod to travel linearly relative to the base.

A method for performing a medical procedure using the articulated probe assembly of

claim 1.
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