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(57) Abstract: A device for performing a procedure may include an elongate tube having a proximal end and a distal end and an
adapted link having a proximal end and a distal end. The distal end may include a first mating surface, where the proximal end
may be configured to attach to the distal end of the elongate tube. The device may also include a rotating link having a second
mating surface configured to rotatably interface with the adapted link first mating surface.
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Al TITLE -~ MULTI-LINKED ENDOSCOPIC DEVICE WITH SPHERICAL DISTAL ASSEMBLY

B. CROSS REFERENCE TO RELATED APPLICATIONS

[o001] This application claims the benefit of the filing date of Provisional Patent
Apphcation No. 61/4094,606 filed September §, 2008. This application is related to ULS.
Patent Application Nos. 11/630,279; 11/838,519; 11/876,304; 11/923.246; 12/038,560;

12/038,691; 12/038,279 and PCT/US09/40548.

C.-E. Not Applicable

F. BACKGROUND

{0002] This application discloses an invention that s related, generally and 1o various
embodiments, to a multi-linked or continuum device, and other devices having a rotatable
distal assembly. Typically, most medical probes and/or multi-huked devices can only “see
forward”, that is, the onentation of the leading, or distal end, s parallel to the direction of
movenent of the probe or malti-hinked device. In order to look or aim i any non-moving
direction, the probe or device must bend or flex in the desired viewing divection, which
occupies volume, In certain applications, the volume required for bending the probe 1o view

pther divections 1s limited, or in extreme situations, non-existent.

G. SUMMARY

[0003] Before the present methods arve deseribed, it i to be understood that this
mvention ¢ not lumited to the particular systews, methodologies or protocols described, as

these may vary. It 1s also to be understood that the ternunology used herein is for the purpose
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of describing particular embodiments ouly, and 1s not intended to Limit the scope of the
present disclosure which will be limited only by the appended claims.

j0904] It must be noted that as used hevein and in the appended clatms, the smgular
forms “a,” “an,” and “the” include plural reference unless the context clearly dictates
otherwise. Unless defined otherwise, all technical and scientific terms used herein have the
sgme meanings as commonly understood by one of ordinary skill in the art. As used herein,
the term “comprising” means “including, but not hmited to0.”

{00051 In an embodiment, a device for performung a procedure may include an
efongate tube having a proximal end and a distal end and an adapted link having a proximal
end and a distal end. The distal end may include a first mating surface, where the proximal
end may be configared to attach to the distal end of the elongate tibe. The device may also
inchude a rotating link having a second mating surface configured to rotatably intertace with
the adapted link first matng surface.

[0006] In an embodiment, a method of parforming a procedure may clede
selecting a device and rotating a rotating link of the device.

{00071  In an embodiment, a steerable nulti-linked device may mclude a first link
and a plurality of intermediate tinks. A first one of the intermediate links may be movably
coupled to the first link. The device may glso include an adgpted Hnk movably coupled to one
of the intermediate links at a first end and baving a concave surface at the second end and a
spherical link fitted in said concave surface of said adapted tink.

{0808]  In an embodiment, a steerable multi-Hnked device may inchude a first mult-
linked mechanism and a second multi-linked mechanism. The second multi-linked
mechanism may tnclude a first tink, a plurality of miermediate links, an adapted link movably

coupled 1o one of the intermediate Hnks at a first end and having a concave surface at the
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second end and a spherical link fitted in the concave surface of the adapted link. A first one

of the tmermediate Hinks may be movably coupled to the first link,

H. BRIEF DESCRIPTION OF DRAWINGS

10009 Various embodiments of the invention are described herein by way of example
1 conjunction with the following figures.

j0018] FIGS. 1A and 1B illustrate vanous embodiments of a steevable wulti-hnked
device;

[0011] FIG. 2 illustrates various embodiments of a core mechanism of the device of
FIG i

10012] FIGS. 3A-3C dlustrate various embodiments of a proximal link of the core
mechanism;

{0013] FIGS. 4A-4C illustrate various embodiments of an intermediate link of the
core mechanisin;

0014} FIGS. SA-5C iHlustrate vatious embodiments of a distal hink of the core
mechanism,
FIG 1

{016} FIGS. 7A-7C dlustrate various embodiments of a proximal link of the sleeve
mechanism;

j0817] FIGS. 8A-8C illustrate various embodiments of an intermediate link of the
sleeve mechanisim;

[0018] FIGS. 9A-9D illustrate various embodiments of a distal link of the sleeve

mechanism;
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[0019] FIG. 10 iltustrates various embodiments of a motion sequence of the device of
FIG. §;

{0020] FIG. 11 illustrates various embodiments of a steerable multi-linked device
traversing a path having tight curvatures;

{0211 FIG. 12 tlustrates various embodiments of a steerable multi-linked device
having a spherical distal assembly;

j0022] FIGS. 13A-13D dlustrates various embodiments of individoal links of the
steerable multi-hinked device of FIG. 12

j0023] FIG. 14 illustrates an additional embodiment of a spherical distal link cup as
described in FIG. 13C.

{0024] FIG. 15 iHlustrates varions embodiments of a catheter device with a rotatable
distal assembly comprising a hinge pin attachment between an adapted link and a rotating
fink.

j0025] FIGS. 15A-B tustrate magnified views of the distal end of the catheter device
of FIG, 15,

[0926] FIG. 16 dlustrates various embodiments of a faparoscopic device including a
scissor assembly inserted through a rotatable distal assembly.

10027] FIG. 17 illustrates various embodiments of a device including g rotatable distal
assembly comprising a spherical adapted link and a cup shaped rotatable link.

[0028] FIG. 18A iHlustrates various embodiments of a cup assembly mcloding a
curvilinear groove.

[0029] FIG. 18B illustrates varions embodiments of g device including a rotatable
distal assembly comprising the cup assembly of FIG. 18A and a mating rotating sphere.

{0030] FIG. 19 tustrates varions embodiments of a device including a rotatable distal

assembly comprising a mechanical advantage element.
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[0031] FIG. 20 ittustrates various embodiments a device including a first rotating
cable and second rotating cable that provide different rotational performance.
0932 FIG. 21 Hustrates various embodiments of a device including wultiple

rotating spheres.

L DETAILED DESCRIPTION

{0033} It is to be understood that at least some of the figures and descriptions of the
mvention have been simplified to focus on elements that are relevant for a clear
understanding of the invention, while eluninating, for purposes of clarity, other elements that
those of ordinary skill in the art will appreciate may also comprise a portion of the invention.
However, because such elements are well known in the art, and because they do not
necessarily facilitate a better understanding of the nvention, a description of such elements i
not provided herei.

j0034] According to various embodiments, the invention described herein may be
utilized 1o controt movement of a multi-linked device such as the steerable multi-linked
device described herein. For ease of explanation purposes, the invention will be described in
the context of its use with various embodiments of the steerable multi-linked device
deseribed herein. However, one skitled wn the art will appreciate that the faveation may be
atilized with other types of multi-linked devices.

[8835] FIGS. 1A and IB illustrate various embodiments of a steerable multi-linked
device 18, According to various embodiments, the steerable multi-linked device may bea
satake robot, a coutintun robot or the ke, Vartous embodiments of the device 10 may be
utilized for medical procedures {e.g., as a robotic bore, posttioning device, ablation tool,

=

camera or instrument support, or guidance system for minimatly invasive procedures), for
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surveillance applications, for mspection applications, for search and rescue applications, ete.
For purposes of clarity only, the utility of the device 10 will be described heretnbelow in the
context of s apphicability to medical procedures. However, a person skilled in the art will
appreciate that the device 10 can be utilized i a variety of different applications.

[0036] The device 18 comprises a first mechanism 12 and a second mechanism 14,
According to various emubodiments, a mechamsm may be a snake robot, a contimuum robot or
the like. According to various embodiments, the second mechanism 14 i structared and
arranged 1o receive and surround the first mechanism 12 ag shown m FIG. 1B, Thus, the first
mechanism and second mechanism may be concentric. For such embodiments, the first
mechanism 12 may be considered the inner mechanism or the core mechanism, and the
second mechanism 14 may be considered the onter mechanism or the sleeve mechanism.
According to other embodiments, the first and second mechanisms 12, 14 may be structured
and arranged to have a relationship other than a concentric relationship. For example, one
skilled in the art will appreciate that, according to varions embodiments, the first and second
mechanisms 12, 14 may be structwred and arvanged to operate in a side-by-side arrangement,
where the first mechanism 12 operates adjacent to the second mechanism ¥4, According to
various embodiments, additional and/or alternate configurations may be used within the
scope of this disclosure. According to various embodiments, a three-dimensional space 240
may be provided between the first and second mechanisms. This space will be described in
more detat! below.

{00371 As described in more detail hereinbelow, the first mechanism 12 may operate
m either a rigid mode or a limp mode, the second mechanism 14 mayv operate in either a rigid
maode or a limp mede, and the first and second mechanisms 12, 14 may operate independent
of one another. Both the first mechanism 12 and the second mechanism #4 may be steerable

mechanisms. Accordingly, it will be appreciated that the device 10 may be utihized to

G-
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navigate a luminal space as well as any three-dimensional path within an intracavity space.
According to various embodiments, the device 10 may advance by alternating the operation
of the first mechanisn 12 and the second mechanisim 14 between g limp mode and a rigid
mode.

[0038] According to various embodiments, the device 10 may also comprise one or
more cables. Accordiug to various embodiments, one or more of the cables may be steering
cables and/or tensioning cables. For example, the device may tnclude three steering cables
and one tensioning cable.

[0039] FIG. 2 illustrates various embodiments of the first mechanism 12 of the device
10, The first mechanism 12 is a muiti-linked mechanism and includes a first end 24 and a
second end 26, The first end 24 may be considered the proximal end and the second end 26
may be considered the distal end. The first mechanism 2 may comprise a fivst link 28, a
second link 30, and one or more intermediate Imks 32 between the first and second ks 28,
30, The first link 28 may be considered the proximal Hnk, and the second link 38 may be
considered the distal hink.

{00401 FIGS. 3A-3C illustrate various embodiments of the first link 28 (inner
proximal link) of the first mechanism 12, The first link 28 mcludes a first end 34 and a
second end 36, and defines a longitudinal axis 38 that passes through the center of the first
end 34 and the center of the second end 36 as shown in FIG. 3B, The first link 28 may be
fabricated from any suitable material. According to various embodiments, the first link 28 15
fabricated from a fiber reinforced matenial such as, for example, GIOFRS Garolite®. The
first link 28 has a generally cylindrical shaped exterior and is described in more detail
herembelow.

{0041] The first link 28 comprises a first portion 40 and a second portion 42. The

first portion 40 may be considered the proxumal portion and the second portion 42 may be
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considered the distal portion. The first portion 40 may be fabricated integral with the second
portion 42. The first portion 40 has a cylindrical shaped exterior, and extends from the first
end 34 of the first link 28 toward the second end 36 of the first hok 28, According to vatious
embodiments, the diameter of the first portion 40 may be on the order of approximately 6.33
nillimeters. Other sizes are possible.

j0942] The secoud portion 42 has a generally cvlindrical shaped exierior, with other
features described below, The second portion 42 has a cvhindrical shaped exterior where it
contacts the first portion 40, and tapers toward the second end 36 of the first link 28, The
second portion 42 may be shaped in the form of a generally segmented hemisphere at the
second end 36 of the first link 28, According o various embodiments, the diameter of the
second portion 42 may be on the order of approximately 4.75 millimeters where if contacts
the first portion 40, Other sizes are possible.

{0043] The second portion 42 comprises a first surface 44, The first surface 44 may
be considered the outer surface of the second portion 42, The second portion 42 defines a
tirst groove 46 parallel 1o the longitadinal axis 38 atong the first surface 44, a second groove
48 paraliel to the longitudinal axis 38 along the fust surface 44, and a third groove 56 paralle]
to the longitudinal axis 38 along the Hrst surface 44. Each of the first, second and third
grooves 46, 48, 30 extend along the first surface 44 toward the second end 36 of the first link
28, The first, second and third grooves 46, 48, 86 may be senn~tubular shaped and may be
evenly spaced about the first surface 44 of the second portion 42 of the first link 28 as shown
in FIG. 3C. According to various embodiments, the first, second, and third grooves 46, 48,
S8 may be configured in the shape of a segmented cylinder. The size of each of the grooves
46, 48, 50 may be identical to one another or may be different from one another. For
example, according 1o various embodiments, the first and second grooves 46, 48 may be

configured as segments of a cylmder having a diameter on the order of approximately 1.25
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mithmeters, and the third groove 50 may be configured as a segment of a cylinder having a
digmeter on the order of approximately 2.50 millimeters. The length of the first link 28 may
be on the order of approximately 65 millimeters. However, one skilled in the art will
appreciate that the length or diameter of the first link 28 can vary based on the application.

[0044] The first link 28 also defines a passage 52 extending from the first end 34 to
the second end 36 along the longitudinal axis 38 as shown in FIG. 3B. The passage 52 isof a
size sufficient to allow at least one cable to pass thevethrough. According to various
embodiments, the passage 52 may be of a sufficient size to allow a tensioning cable to pass
therethrough. According to various embodiments, the passage 52 is generally configured as a
complex shape that comprises a combination of a first cvlinder 84 that extends from the first
end 34 toward the second end 36, and a second cylinder 56 that extends from the first
cylinder 54 toward the second end 36. The diameter of the first ovlinder 84 15 larger than the
diameter of the second cylinder 86. For example, according to various emboduments, the first
cylinder 54 may have a diameter on the order of approximately 3.20 millimeters and the
second cylinder 36 may have a diameter on the order of approximately 150 millimeters.
Other sizes are possible.

j0045] FIGS. 4A-4C ilustrate various embodiments of one of the intermediate links
32 {inner intermediate Hak) of the frst mechanisim 12, The intermediate Hok 32 i
representative of the other intermediate tinks 32, The intermediate link 32 includes a first end
58 and a second end 60, and defines a longitadinal axis 62 that passes throagh the center of
the first end 58 and the center of the second end 68 as shown in FIG. 4B. The mtermediate
link 32 may be fabricated from any suitable matenial. According to various embodiments, the
intermediate Hink 32 is fabricated from a tiber reinforced material such as, for example,

10/FR4 Garolite®. The mtermediate link 32 has a generally bullet-shaped exterior and is

described 1n more detatl heretnbelow.
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[0046] The intermediate link 32 comprises a first portion 64 and a second portion 66.
The first portion 64 may be considered the proximal portion and the second portion 66 may
be considered the distal portion. The first portion 64 may be fabricated integral with the
second portion 66. The first portion 64 has a generally cviindrical shaped exterior, and
extends from the first end 38 of the mntermediate link 32 toward the second end 60 of the
mtermediate Hink 32, According to various embodiments, the second portion 66 has a
generally evlindrical shaped exterior where it contacts the first portion 64, and tapers toward
the second end 64 of the mtermediate hink 32, The exterior of the second portion 66 13
configured in the form of a generally segmented hemisphere. According to various
embodiments, the diameter of the intermediate fink 32 may be on the order of approximately
4.75 millimeters at the first end 58 thereof. The length of the mtermediate link 32 may be on
the order of approxumately 5.85 mullimeters. However, one skilled in the art will appreciate
that the fength or diameter of the mtermediate link 32 can vary based on the application.

{0047] The intermediate link 32 also conmprises a first surface 68 that extends from
the first end 58 of the intermediate lnk 32 to the second end 60 of the intermediate link 32.
The first surface 68 may be considered the outer surface of the intermediate tink 32, The
mtermediate link 32 also defines a fivst groove 70 paraliel to the longitudinal axis 62 along
the first surface 68, g second groove 72 paraliel to the longitudinal axis 62 glong the fivst
surface 68, and a third groove 74 parallel to the longitudinal axis 62 along the first surface 68.
Each of the first, second and third grooves 78, 72, 74 extend along the first surface 68 from
the first end 58 of the intermediate link 32 toward the second end 60 of the intermediate link
32. The first, second and third grooves 78, 72, 74 may be semu-tubular shaped and may be
evenly spaced about the first surface 68 of the intermediate link 32 as shown in FIG. 4C,
According to varions embodiments, the first, second, and third grooves 70, 72, 74 may be

configured in the shape of a segmented cylinder. The size of each of the grooves 70, 72, 74

-10-
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may be identical to one another or may be different from one another. For example,
according to various embodiments, the first and second grooves 76, 72 are coufigured as
segments of a cylinder having a diameter on the order of approximately 1.75 mullimeters at
the first end 58 of the mtermediate link 32, and the third groove 74 1s configured as a segment
of a cylinder having a diameter on the order of approximately 2,50 millimeters at the first end
58 of the intermediate link 32, The first, second and third grooves 70, 72, 74 are each
configured to recerve and partially surround any of a variety of tools or instruments {e.g.,
ablation tools) which may pass from the first end 24 of the multi-hoked device 10 to the
second end 26 of the multi-linked device 10

j0048] The intermediate link 32 also defines a passage 76 extending from the first end
58 to the second end 68 along the longitudinal axis 62 as shown m FIG. 4B, The passage 76
may be of a size suflicient to allow one or more cables to pass therethrough. According to
various embodiments, the passage 76 may be of a size sufficient to allow a tensioning cable
to pass therethrough. According to various embodiments, the passage 76 1s generally
configured as a conmplex shape that comprises a combination of a first segmented hemisphere
78 that extends from the first end 58 toward the second end 68, a second segmented
Lemisphere 80 that extends from the first segmented hemisphere 78 toward the second end
60, a cylinder 82 that extends from the second segmented hemisphere 80 toward the second
end 64, and a third segmented hemisphere 84 that extends from the cyvlinder 82 1o the second
end 60 of the intermediate link 32, According to various embodiments, the first segmented
hemisphere 78 represents a portion of a sphere having a diameter on the order of
approximately 4,75 mitlimeters, the second segmented hemisphere 80 represents a portion of
a sphere having a diameter on the order of approximately 2.25 millimeters, the cylinder 82

may have a diameter on the ordey of approximately 1.0 millimeter, and the third segmented

-1i-
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hemisphere 84 represents a portion of a sphere having a diameter on the order of
approximately 2.25 millimeters. Other sizes are possible.

10049] The first segmented hemisphere 78 of the passage 76 15 configared to receive
the second end 36 of the first link 28 when the first link 28 is coupled to the intermediate link
32. Similarly, for a given intermediate link 32, the first segmented hemisphere 78 of the
passage 76 1s configured to receive the second end 68 of another intermiediate link 32 when
the other intermediate link 32 1s coupled to the given intermediate link 32, The third
segmented hemisphere 84 mayv serve to reduce the pinching or binding a cable when one
mtermediate Hink 32 moves relative to an adjacent imenmediate link 32 coupled thereto.
Similarly, when the second link 38 is coupled to a given intenmediate Hink 32, the third
segmented henmsphere 84 may serve io reduce the pinching or binding of a cable when the
second link 30 moves relative to the given intermediate link 32.

{00501 With the above described structure, the first ink 28 may be coupled to the
mtermediate Hink 32 by seating the second eud 36 of the first link 28 in the first segmented
hemisphere 78 of the passage 76 of the imermediate hink 32, As the convex configuration of
the second end 36 of the first link 28 generally corresponds with the concave configuration of
the first segmented hemisphere 78 of the passage 76 of the mtermediate link 32, the first link
28 may be coupled to the mtermediate link 32 such that the longitudinal axis 38 and the fivst,
second and third grooves 46, 48, 50 of the tirst link 28 are respectively aligned with the
longiudinal axis 62 and the first, second and third grooves 70, 72, 74 of the imtermediate link
32. The intermediate link 32 mav be moved relative to the first link 28 such that the
longitudinal axis 62 of the intermediate link 32 is not aligned with the longitudinal axis 38 of
the first link 28. According to vanious embodiments, the configuration of the first link 28 and
the intermediate link 32 allows for the intermediate link 32 to be moved relative to the first

link 28 coupled thereto such that the longitudinal axis 38 of the first link 28 and the
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longitudinal axis 62 of the intermediate link 32 are up to approximately 25° out of alignment
with one another. Similarly, one intermediate link 32 may be coupled to another intermediate
link 32, and so on, by seating the second end 60 of one ntermediate link 32 in the first
segmented hemisphere 78 of the passage 76 of another intermediate link 32, As the convex
configuration of the second end 60 of the intermediate hnk 32 generally corresponds with the
concave configuration of the first segniented henusphere 78 of the passage 76 of the
ttermediate link 32, the intermediate links 32 may be coupled such that the respective
Jongitudinal axes 62 and the respective first, second and third grooves 46, 48, 59 of the
mtermediate Hinks 32 are aligned. The coupled intermediate links 32 mav be moved relative
to one gnother such that the respective longitudinal axes 62 of the coupled intermediate links
32 are not aligned. According to various embodiments, the configuration of the coupled
interraediate inks 32 allows for one mtermediate ink 32 to be moved relative to an adjacent
intermediate ik 32 coupled thereto such that the respective longitudinal axes 62 are up to
approximately 25% out of aligmment with one another.

[0031] FIGS. SA-3C iHustrate various embodiments of the second link 38 (inner
distal link} of the first mechanism 12. The second link 30 includes a firstend 86 and a
second end B8, and defines a longitudinal axis 90 that passes through the center of the first
end 86 and the center of the second end 88 as shown in FIG. 5B, The second hink 30 may be
fabricated from any suitable material. According to varions embodiments, the second link 30
is fabricated trom a thermoplastic material such as, for example, Delrin®:.

{0052] The second link 30 comprises a first portion 92 and a second portion 94, The
first portion 92 may be considered the proxumal portion gnd the second portion 94 may be
considered the distal portion. The first portion 92 may be fabricated integral with the second
portion 94, The first portion 92 has a generally cylindrical shaped exterior, and extends from

the first end 86 of the second link 39 toward the second end 88 of the second link 36.
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According to various embodiments, the second portion 94 has a generally cylindrical shaped
extertor whete it contacts the first portion 92, and tapers toward the second end 88 of the
second link 30, The extevior of the second portion 94 is configured 11 the form of a generally
segmented cone. According to various embodunents, the diameter of the second link 30 may
be on the order of approximately 4.75 millimeters at the first end 86 thereof, and the taper of
the second portion 94 mayv be gt an angle of approximately 30° relative to the exterior of the
first portion 92, The length of the second hink 38 may be on the order of approximately 590
mullimeters. However, one skilled i the art will appreciate that the length or diameter of the
second link 36 can vary basaed on the application.

{00531 The second hink 30 also comprises a first surface 96 that extends from the firsy
end 86 of the second hink 30 {o the second end 88 of the second hink 30, The first swrface 96
may be considered the onter surface of the second link 3¢, The second link 38 also defines a
first groove 98 parallel to the longuudinal axis 90 along the first surface 96, a second groove
160 parallel to the longitedinal axis 90 along the first surface 96, and a third groove 102
parallel to the longitudinal axis 99 along the first surface 96. Each of the Hrst, second and
third grooves 98, 100, 102 extend along the first surface 96 from the first end 86 of the
second link 34 toward the second end 88 of the second link 30. The first, second and third
grooves 98, 100, 102 mav be semi-tubular shaped and way be evenly spaced about the first
surface 96 of the second link 38 as shown in FIG. 5C. According to various embodiments,
the first, second, and third grooves 98, 100, 102 may be configured in the shape of a
segmented cylinder. The size of each of the grooves 98, 160, 102 may be identical to one
another or may be different from one another. For example, according 10 varnous
embodiments, the first and second grooves 98, 100 are configured as segments of a cylinder
having a diameter on the order of approximately 1.25 millumeters at the first end 86 of the

second link 368, and the third groove 102 1s configured as a segment of a cylinder having a

-14-



WO 2010/028371 PCT/US2009/056238

diameter on the order of approximately 2.50 millimeters at the first end 86 of the second link
30, The first, second and third grooves 98, 100, 162 are each configured to receive and
partially surround any of a variety of tools or mstruments (e.g., ablation tools) which may
pass from the first end 24 of the multi-linked device 18 to the second end 26 of the muld-
linked device 19.

{0054] The second link 30 also defines a passage 104 extending from the first end 86
to the second end 88 along the longitudinal axis 90 as shown in FIG. 3B. The passage 104
may be of a size sufficient to allow at least one cable to pass therethrough. According to
various embodiments, the passage 104 may be of a size sufficient to allow a tensioning cable
to pass therethrough. According to varions embodiments, the passage 104 is generally
configured as a complex shape that comprises a combination of a first segmented bemisphere
106 that extends from the first end 86 toward the second end 88, a second segmented
hemisphere 108 that extends from the first segmented hevusphere 106 toward the second end
88, and a cviinder 110 that extends from the second segmented hemisphere 108 to the second
end 88 of the second link 30, According to various embodiments, the first segmented
hemisphere 186 represents a portion of a sphere having a diameter on the order of
approximately 4.75 milluneters, the second segmented bemisphere 108 represents a portion
of a sphere having a diameter ou the order of approximately 2.50 millimeters, and the
cylinder 110 may have a diameter on the order of approximately 1.0 millimeter. The first
segmented hemisphere 106 of the passage 104 may be configured to receive the second end
60 of an intermediate link 32 when the intermediate link 32 is coupled to the second link 30.

[00S85] With the above described structure, an intermediate link 32 may be coupled w
the second link 39 by seating the second end 60 of the itermediate hink 32 in the first
segmented hemisphere 106 of the passage 104 of the second link 38 As the convex

configuration of the second end 60 of the intermediate lmk 32 generally corresponds with the
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concave configuration of the first segmented henusphere 106 of the passage 104 of the
second link 30, the intermediate link 32 may be coupled to the second link 30 such that the
lougitudinal axis 62 and the first, second and third grooves 78, 72, 74 of the wtermediate link
32 are respectively aligned with the longitudinal axis 90 and the first, second and third
grooves 98, 100, 102 of the second link 38. The second link 38 may be moved relative to the
mtermediate link 32 coupled thereto such that the respective longitudinal axes 62, 99 are not
aligned. According to various embodiments, the configuration of the second hink 30 allows
for an intermediate hink 32 coupled thereto to be moved refative to the second link 30 such
that the respective longitudinal axes 62, 90 are up to approximately 25% out of alignment with
one another,

{0056] FIG. 6 illustrates vartous embodiments of the second mechanism 14 of the
device 18, The second mechanism 14 is a molti-linked mechanism and includes a first end
120 and a second end 122. The first end 128 may be considered the proximal end and the
second end 122 may be considered the distal end. The second mechanism 14 comprises a
first hink 124, a second hink 126, and any number of intermediate inks 128 between the first
and second Hnks 124, 126, The first link 124 may be considered the proximal link, and the
second ok 126 may be considered the distal link.

{0037 FIGS. 7A-7C illustrate various embodinents of the first link 124 (outer
proxinad link) of the second mechanism 14, The first hink 124 includes a first end 130 and a
second end 132, and defines a longitudinal axis 134 that passes through the center of the first
end 130 and the center of the second end 132 as shown in FIG. 7B. The first link 124 may be
fabricated from any suitable material. According to various embodiments, the first link 124
is fabricated from a stainless steel material such as, for example, 316 stainless steel. The first

link 124 has a generally bullet~shaped exterior and 1s described in more detail hereinbelow.
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[0058] The first link 124 comprises a first portion 136 and a second portion 138, The
first portion 136 may be considered the proximal portion and the second portion 138 may be
considered the distal porson. The first portion 136 may be fabricated tntegral with the
second portion 138. The first portion 136 has a cylindrical shaped exterior, and extends from
the first end 130 of the first link 124 toward the second end 132 of the first link 124,
According to various emubodiments, the diameter of the first portion 136 may be on the ordexr
of approximately 12.70 millimeters. Other sizes are possible.

{0059] The second portion 138 has a generally cvhindrical shaped exterior. The
second portion 138 has a cylindrical shaped exterior where it contacts the first postion 136,
and tapers toward the second end 132 of the first Hink 124, The second portion 138 may be
shaped in the formm of a generally segmented hemisphere at the second end 132 of the first
tink 124, According to various emsbodiments, the diameter of the second portion 138 may he
on the order of approximately 9.50 milluneters where it contacts the first portion 136, Other
sizes and shapes are possible.

j0068] The second portion 138 comprises a first surface 140, The first surface 140
may be considered the outer surface of the second portion 138, The second portion 138
defines a first groove 142 along the first surface 140, a second groove 144 along the first
surface 140, and a third groove 146 along the first surface 140. Each of the first, second and
third grooves 142, 144, 146 are oblique relative to the longitudinal axis 134 and extend along
the first swrface 140 toward the second end 132 of the first link 124, According to various
embodiments, each of the grooves 142, 144, 146 are ontented at an angle on the order of
approximately 157 relative to the longitudinal axis 134, As shown in FIG. 7C, the first,
second and third grooves 142, 144, 146 may be evenly spaced about the first surface 140 of
the first link 124, According to varioas embodiments, the first, second, and third grooves

142, 144, 146 may be configured in the shape of a segmented cvlinder. The size of each of
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the grooves 142, 144, 146 may identical to one another or may be different from one another.
For example, according to various embodiments, each of the prooves 142, 144, 146 are
configured as segments of respective cylinders having diameters ou the order of
approximately 3.0 milluneters. The first, second and third grooves 142, 144, 146 are each
configured to facilitate the introduction of various tools of instruments (e.g., ablation tools}
nto the multi-linked device 18, The length of the first link 124 may be on the order of
approximately 18.5 millimeters. However, one skilled in the art will appreciate that the
length or diameter of the first hnk 124 can vary based on the application.

j0061] The first link 124 also defines a passage 148 extending from the first end 130
to the second end 132 along the longitudinal axis 134 as shown in FIG. 7B. The passage 148
1s of a size sufficient to allow the first mechanism 12 1o pass therethrough.  According to
varions embodunents, the passage 148 is generally configured as a complex shape that
comprises a combination of a segmented cone 130 that extends from the first end 130 toward
the second end 132, and a cvlinder 152 that extends from the segmented cone 158 to the
second end 132 of the first Hnk 124, According to various embodiments, the segmented cone
150 has a diameter on the order of approximately 7.0 nuflimeters at the first end 139 of the
first link 124, and may be tapered at an angle on the order of approximately 43° relative to
the longituding! axis 134, The covlinder 152 may have a digmeter on the order of
approximately 550 mitlimeters, Other dimensions are possible.

[0062] The first link 124 also defines a first through-hole 154, a second through-hole
156, and a third throngh-hole 158, (See FIG. 7C). The first through-hole 1584 is substantially
paratiel 1o the longitudinal axis 134, extends from the first portion 136 toward the second end
132, and is positioned between the passage 148 and the first surface 140, The second
through-hole 156 is substantially parallel to the longiindinal axis 134, extends from the first

portion 136 to the second end 132, and is positioned between the passage 148 and the first
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surface 140. The third through-hole 158 is substantially paraliel to the longiindinal axis 134,
extends from the first portion 136 1o the second end 132, and is positioned between the
passage 148 and the fiest surface 148, The first, second and third through-holes 154, 156, 158
are generally cylindrical shaped. According to various embodiments, the through-holes 154,
156, 158 are evenly spaced from one another as shown w FIG. 7C. The size of each of the
through-holes 154, 156, 158 ruay be identical to one another or may be different from one
another. For example, according to various embodiments, the respective diameters associated
with the through-holes 154, 156, 158 may each be on the order of approximately 1.20
millimeters. The first through-hole 184 is configured to receive and surround a cable. The
second through-hole 156 is configured to receive and surround a cable. The third through-
hole 1588 15 configured 10 recetve and surround a cable. The first, second and third through-
holes 154, 156, 158 may serve as guidepaths for movement of the cables.

[0063] FIGS. 8A-8C illustrate various embodiments of one of the intermediate links
128 {cuter intermediate link) of the second mechanism 14, The intermediate Hok 128 i
representative of the other intermoediate huks 128, The intermediate hink 128 includes a first
end 168 and a second end 162, and defines a longitudinal axis 164 that passes through the
center of the first end 160 and the center of the second end 162 as shown in FIG. 88, The
intermediate hnk 128 may be fabricated from any suitable waterial. According to various
embodiments, the intermediate link 128 1s tabricated from a polymer thermosplastic matenal
such as, for example, polysulfone. The intermediate link 128 has a generally bullet-shaped
exterior and ts desenibed in more detail hereinbelow.

[0064] The intermediate link 128 comprises a first portion 166 and a second portion
168. The first portion 166 may be considered the proximal portion and the second portion
168 may be considered the distal portion. The first portion 166 may be fabricated integral

with the second portion 168. The first portion 166 has a generally cylindrical shaped
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{0865] The intermediate link 128 also comprises a first surface 170 that extends from
the first end 160 of the intermediate link £28 to the second end 162 of the intermediate link
128, and a second surface 170 that extends from the fust end 160 of the mtermediate Hink 128
to the second end 162 of the intermediate Hnk 128, The first surface 178 may be considered
the outer surface of the intermediate link 128, and the second surface 172 may be considered
the inner surface of the intermediate ok 128, The mtermediate link 32 also defines a first
groove 174 substantially parallel to the longitadinal axis 164 along the second swface 172, a
second groove 176 substantially paraliel to the longitudinal axis 164 along the second surface
172, and a third groove 178 substantially parallel to the tongitudinal axis 164 along the
second surface 172, Each of the first, second and third grooves 174, 176, 178 extend along
the second surface 172 toward the second end 162 of the intermediate link 128, The first,
second and third grooves 174, 176, 178 may be semi-tubular shaped and mav be evenly
spaced about the second surface 172 of the intermediate link 128 as shown in FIG. 8C,
According to varions embodiments, the first, second, and third grooves 174, §76, 178 may be

configured in the shape of a segmented cylinder. The size of each of the grooves 174, 176,
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178 may be identical to one another or may be different from one another. For example,
according to various embodiments, the first and second grooves 174, 176 are configured as
segments of cylinders having diameters on the order of approximately 175 millimeters at the
fust end 160 of the intermediate link 128, and the third groove 178 is configured as a segment
of a cylinder having a diameter on the order of approximately 2,50 millimeters at the first end
160 of the intermediate link 128, The first, second and third grooves 174, 176, 178 are each
configured to recerve and partially surround any of a variety of tools or instruments {e.g.,
ablation tools) which may pass from the first end 24 of the multi-hoked device 10 to the
second end 26 of the multi-linked device 10,

j0866] The intermediate link 128 also defines a passage 180 extending from the firs
end 160 o the second end 162 along the longitudinal axis 164 as shown in FIG, 8B. The
passage 188 is of a size sufficient to allow the first mechanism 12 to pass therethrough.
According to various embodiments, the passage 180 i3 generally configured as a complex
shape that comprises a combination of a segmented hemisphere 182 that extends from the
first end 169 toward the second end 162, a first segmented cong 184 that extends from the
segmented hemisphere 182 toward the second end 162, a cylinder 186 that extends from the
fust segmented cone 184 toward the second end 162, and a second segmented cone 188 that
extends from the ¢yvlinder 186 to the second end 162 of the mtermediate link 128, According
to varions embodiments, the segmented hemisphere 182 represents a portion of a sphere
having a diameter on the order of approximately 9.65 millimeters, the first segmented cone
184 is tapered at an angle on the order of approximatelv 157 relative to the longitudinal axis
164, the cylinder 186 has a diameter on the order of approxumately 5 530 millimeters, and the
second segmented cone 188 is tapered at an angle on the order of approximately 15° relative
to the longtindinal axis 164. The segmented hemisphere 182 of the passage 180 is configured

to receive the second end 132 of the first link 124 when the first link 124 is coupled to the
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miermediate link 128, Simularly, for a given intermadiate link 128, the segmented
hemisphere 182 of the passage 180 is configured to receive the second end 162 of another
mtermediate link 128 when the other intermediate link 128 15 coupled to the given
mtermediate link 128,

{98671 The intermediate link 128 also defines a first through-hole 199, a second
through-hole 192, and a third through-hole 194, {See FIG. 8C). The first through-hole 190 is
substantially parallel to the longitudinal axis 164, extends from the first portion 166 toward
the second end 162, and 1s positioned between the passage 189 and the first surface 178, The
second through-hole 192 is substantially parallel to the longiwudinal axis 164, extends from
the first portion 166 to the second end 162, and is positioned between the passage 180 and the
first surface 176, The third through-hole 194 is substantially parallel to the longiudinal axis
164, extends from the first portion 166 to the second end 162, and 1s positioned between the
passage 180 and the first surface 170. The first, second and third through-holes 190, 192, 194
are generally cylindrical shaped. According to various embodiments, the through-holes 198,
192, 194 are ¢venly spaced from one another. The size of each of the through-holes 196,
192, 194 may be identical to one another or may be different from one another. For example,
according to various embodiments, the respective diameters associated with the through-
holes 198, 192, 194 way each be on the order of approximately 1.25 millimeters. The first
through-hole 190 is configured 1o receive and surround a cable. The second through-hole
192 15 configured to recetve and surroonnd a cable. The third through-hole 194 is configured
to receive and surround a cable. The first, second and third through-holes 196, 192, 194 may
serve as guidepaths for movement of the cables.

[0068] As shown in FIG. 8C, the intermediate link 128 also defines first, second and
third indents 196, 198, 260 at the second end 162 thereof resulting, in part, from the

combination of the taper associated with the second portion 168 and the configuration and
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orientation of the first, second, and third grooves 174, 176, 178. The fust, second and third
tndlents 196, 198, 200 may be evenly spaced about the second end 162 of the intermediate
fink 128 as shown wn FIG. 8C. The first, second and third ndents 196, 198, 200 may serve to
reduce the pinching or binding of various tools or instruments (e.g., ablation tools) when one
intermediate link 128 of the second mechanism 14 is moved relative to another intermediate
link 128 coupled thereto.

[00869] The intermediate hok 128 also defines fourth, fifth and sixth indents 202, 204,
206 at the second end 162 thereof resulting from the combination of the taper associated with
the second portion 168 and the configuration and orientation of the first, second, and third
through-holes 196, 192, 194, The fourth, fifth and sixth indents 202, 204, 206 mav be evenly
spaced about the second end 162 of the intermediate link 128, and may be evenly spaced
from the fust, second and third indenis 196, 198, 200 as shown i FI(. 8C. The foweth, ifth
and sixth indents 202, 204, 206 may serve to reduce the pinclung or binding of the cables
when one intermediate lnk 128 of the secoud mechamsm 14 is moved relative to another
tmermediate Hink 128 coupled thereto.

{0076] According to various embodiments, an intenmediate Ik 128 may also define
an opening {not shown} that extends from the second surface 172 or from one of the grooves
174, 176, 178 10 the first surface 170 of the intermediate link 128, The intermediate link 128
may have any number of such openings, and any manber of the intermediate links 128 may
have such openings. Referring to FIGs. 2 and 4, the opening may be utilized as an exit point
for a tool or instrument which may pass from the first end 24 of the multi-linked device 10
toward the second end 26 of the multi-linked device 10. For such embodiments, the
respective intermediate link 128 may be positioned proximate to the second link 126 of the
second mechanism ¥4, The opening may be oriented at any angle relative to the longitudinal

axis 134 of the intermediate hink 128. When the first mechanism 12 is removed from the
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second mechanism 14, and a relatively large tool or instrument is advanced from the first end
120 of the second mechanism 14 1o the second end 122 of the second mechanism 14,
sufficient room may not exist for a second ool or instrament {e.g., fiber optic cable) to pass
through the second end 122 of the second mechanism 14, For such instances, the second tool
or instrument may exit through an opening of one of the intermediate links 128.

[0071] With the above described structure, the first link 124 may be coupled to the
ttermediate link 128 by seating the second end 132 of the first link 124 1 the segmented
hemisphere 182 of the passage 180 of the intermediate hink 128, As the convex configuration
of the second end 132 of the first link 124 generally corresponds with the concave
configuration of the segmented hemisphere 182 of the passage 188 of the intermediate link
128, the first link 124 may be conpled to the imtermediate Hink 128 such that the longitudinal
axis 134, the first, second and third grooves 142 144, 146, and the first, second and third
through-holes 154, 156, 158 of the first hink 124 are respectively aligned with the longitudmnal
axis 164, the first, second and third grooves 174, 176, 178, and the fivst, second and third
through-holes 196, 192, 194 of the intermediate link 128. The intermediate link 128 may be
moved relative to the fisst link 124 such that the longitudinal axis 164 of the intermediate link
128 is not aligned with the longitudinal axis 134 of the first ink 124, According to various
embodinments, the configuration of the first link 124 and the intermediate link 128 gllows for
the intermediate link 128 to be moved relative to the first hink 124 coupled thereto such that
the tongituadinal axis 134 of the first link 124 and the longitodinal axis 164 of the intermediate
link 128 are up to approximately 107 out of alignment with one ancother. Similarly, one
mtermediate link 128 may be coupled to another intermediate link 128, and s0 on, by seating
the second end 162 of one intermediate link 128 tn the segmented hemisphere 182 of the
passage 180 of another intermediate link 128, Ag the convex configuration of the second end

162 of the imtermediate link 128 generally corresponds wath the concave configuration of the
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segmented hemisphere 182 of the passage 180 of the intenmediate link 128, the intermediate
links 128 may be coupled such that the respective longttudinal axes 164, the respective first,
second and third grooves 174, 176, 178, and the respective first, second and third through-
holes 190, 192, 194 of the intermediate links 128 are aligned. The coupled mntermediate links
128 may be moved relative to one another such that the respective Jongitudinal axes 164 of
the coupled tntermediate lnks 128 are not aligned. According to various embodiments, the
configuration of the coupled intermediate links 128 allows for one intermediate link 128 to be
moved relative to another intermediate link 128 coupled thereto sach that the respective
longitudinal axes 164 are up to approximately 10° out of alignment with one another.

j0872] FIGS. 9A-9D illustrate various embodiments of the second link 126 {outer
distal link) of the second mechanism 14, The second link 126 includes a first end 208 and a
second end 210, and defines a longitudinal axis 212 that passes through the center of the first
end 208 and the center of the second end 218 as shown in FIG. 9C. The second hink 126 may
be fabricated from any switable material. According to various embodiments, the second link
126 is fabricated from a thermoplastic material such as, for example, Delin®,

{00731 The second fink 126 comprises a first portion 214 and a second portion 216.
The first portion 214 may be considered the proximal portion and the second portion 216 may
be considered the distal portion. The first portion 214 may be fabricated integral with the
second portion 216, The first portion 214 has a generally cvlindrical shaped exterior, and
extends from the fivst end 208 of the second link 126 toward the second end 210 of the
second link 126, According to various embodiments, the diameter of the first portion 214 is
on the order of approximately 4.80 millimeters.

0074} According to various embodiments, the second portion 216 has a generally
cylindrical shaped exterior where it contacts the first portion 214, and tapers toward the

second end 218 of the second link 126. The exterior of the second portion 216 is configured
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m the form of a generally segmented cone. According to various embodiments, the exterior
of the second portion 216 tapers from the first portion 214 to the second end 210 of the
second link 126 at an angle on the order of approximately 207 relative to the exterior of the
fust portion 284, The length of the second link 126 may be on the order of approximately 13
nullimeters. However, one skilled in the art will appreciate that the length of the second link
126 can vary based on the application.

{0875} The second hink 126 also comprises a first surface 218 that extends from the
first end 208 of the second link 126 to the second end 210 of the second link 126, and a
second surface 220 that extends from the first end 208 of the second link 126 toward the
second end 2160 of the second link 126, The first surface 218 mav be considered the outer
sarface of the second Hnk 126, and the second surface 220 mav be considered the mney
surface of the second hink 126

{0076] The second link 126 also defines a first port 222, a second port 224, and a
third port 226, (See FIG. 9B). The first port 222 exiends from the second surface 220 to the
first surface 218 and s substantially parallel to the longitudinal axis 212, The second port
224 extends from the second surface 228 to the first surface 28 and is substantially parallel
to the longitudinal axis 212, The third port 226 extends from the second surface 220 to the
first surface 218 and is substantially parallel to the longitudinal axis 212, The first, second
and third ports 222, 224, 226 may be cylindrical shaped and may be evenly spaced about the
longiudinal axis 212 of the second link 126 as shown in FIG. 9. The size of each of the
ports 222, 224, 226 mav be identical to one another or may be different from one another.
For example, according to various embodiments, the first and second ports 222, 224 are
configuved as cylinders having diameters on the order of approximately 1.50 millimeters, and
the third port 226 is configured as a evlinder having a diameter on the order of approximately

2.50 millimeters. Other dimensions are possible. The first, second and third ports 222, 224,
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226 are each configured to receive and surround any of a variety of tools or mstruments (e.g.,
ablation tools) which may pass from the first end 24 of the multi-linked device 10 to the
second end 26 of the nwlti-linked device 10

{0077] The second link 126 also defines a first through-hole 228, a second through-
hole 236, and a third through-hole 232. (See FIG. 9B). The first through-hole 228 extends
fron the second surtace 220 1o the first surfuce 218 and is substantially parallel to the
tongitudinal axis 212, The second through-hole 238 extends from the second surface 220 to
the first surface 218 and 1s substantially parallel to the longitudinal axis 212, The third
through-hole 232 extends from the second surface 228 to the first surface 218 and is
substantially pacalle! to the longitudingl axis 212, The first, second and third through-holes
228, 230, 232 are generally cylindrical shaped. According to various embodiments, the
through-holes 228, 236, 232 are evenly spaced from one another as shown in FIG 9D, The
size of each of the through-holes 228, 230, 232 may be identical to one another or may be
different from oue another. For example, according o various embodiments, the respective
digmeters associated with the through-holes 228, 238, 232 may each be on the order of
approximately 1.25 millimeters. The first throngl-hole 228 is configured to receive and
surround a cable. The second through-hole 230 15 configured to recerve and surround a cable.
The third through-hole 232 is confipured to receive gnd surround a cable.

{0078] The second tink 126 also defines a recess 234 that extends from the first end
208 toward the second end 218 along the longitudinal axis 212 as shown in FIG. 9C.
According to various embodiments, the recess 234 is generally configured as a complex
shape that comprises a combination of a first segmented hemisphere 236 that extends from
the first end 208 roward the second end 210, and a second segmented hemisphere 238 that
extends from the first segmented hemisphere 236 toward the second end 210 of the second

link 126. According to various embodiments, the first segmented hemisphere 236 represents
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a portion of a sphere having a diameter on the order of approximately 9.50 millimeters, and
the second segmented hemisphere 238 represents a portion of a sphere having a diameter on
the order of approxamately 7.0 millimeters. The first segmented hemmsphere 236 of the recess
234 is configured fo recetve the second end 162 of an intermediate link 128 when the
intermediate fink 128 is coupled to the second link 126.

10079 With the above described structure, an intermediate link 128 may be coupled
to the second link 126 hy seating the second end 162 of the mtermediate link 128 i the first
segmented hemisphere 236 of the recess 234 of the second link 126, As the convex
configuration of the second end 162 of the intermediate link 128 generally corresponds with
the concave configuration of the first segmented hemisphere 236 of the recess 234 of the
second link 126, the intermediate {ink 128 may be coupled to the second link 126 such that
the fongitndinal axis 164, the first, second and third grooves 174, 176, 178, and the first,
second and third through-holes 196, 192, 194 of the intenmediate hink 128 are respectively
aligned with the longitudinal axis 212, the first, second and third ports 222, 224, 226, and the
first, second and third through-holes 228, 238, 232 of the second link 126, The second hink
126 may be moved relative to the intermediate lnk 128 coupled thereto such that the
respective longitudinal axes 164, 212 are not aligned.  According to various embodiments,
the configuration of the second link 126 allows for an intermediate link 128 coupled thereto
to be moved relative 1o the second link 126 such that the respective fongitudinal axes 164,
212 are up to approximately 10° out of alignment with one another.

{0080] When the first mechanism 12 is mserted into the second mechanism 14, the
first second and third grooves 70, 72, 74 of the intermediate links 32 of the first mechanism
12 may be substantially aligned with the first, second and third grooves 174, 176, 178 of the
intermediate Hinks 128 of the second mechanism 14, and the first, second and third grooves

98, 100, 102 of the second link 30 of the first mechanism 12 may be substantially aligned
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with the first, second and third ports 222, 224, 226 of the second link 126 of the second
mechanism 14, The combination of the first grooves 70 of the intermediate links 32 of the
first mechanism 12 aligned with the first grooves 174 of the intermediate hinks 128 of the
second mechanism 14 allows the respective first grooves 70, 174 to collectively serveas a
first working port that is substantially aligned with the first port 222 of the second link 126 of
the second mechanism 14, The first groove 70 may be considered the inner portion of the
first working port and the first groove 174 may be considered the outer portion of the first
working port.

{0081} Similarly, the combination of the second grooves 72 of the intermediate links
32 of the first mechanism 12 aligned with the second grooves 176 of the intermediate links
128 of the second wechanism 14 allows the respective second grooves 72, 176 to collectively
serve as a second working port that 13 substantially aligned with the second port 224 of the
second link 126 of the second mechanism 14, and the combination of the third grooves 74 of
the intermediate links 32 of the first mechanism 12 aligned with the third grooves 178 of the
trermediate inks 128 of the second mechanism 14 allows the respective third grooves 74,
178 to collectively serve as a third working port that is substantially aligned with the third
port 226 of the second link 126 of the second mechanism 14. The second groove 72 may be
considered the inner portion of the second working port and the second groove 176 may be
considered the outer portion of the second working port. The third groove 74 may be
considered the inner portion of the third working port and the third groove 178 may be
considered the outer portion of the third working port. The first, second and third working
ports may be utilized to pass various tools or instruments (e.¢., ablation tools) from the first
end 24 of the mulg-linked device 10 to the second end 26 of the multi-hnked device 10, For
the exemplary sizes described heremabove, the third working port is larger than the first and

second working ports. Accordingly, the third working port may be utilized to carry a
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particular tool or instrument that is too large to be carried by the first or second working
ports.

j0982] When the respective grooves 78, 72, 74, 174, 176, 178 of the respective
miermediate links 32, 128 are aligned and collectively surround the various tools and
instruments, the combination of the grooves 78, 72, 74, 174, 176, 178 and the tools and
mstrynients may serve 1o hmit or prevent the rotation of the first mechamism 12 relative to the
second mechamsm 14,

{0083] As the diameter of the passage 180 of the intermediate hink 128 of the second
mechanism 14 is Jarger than the diameter of anv portion of the first mechanisin 12, a three-
dimensional space 240 exists between the first mechanism 12 and the second mechanism 14
when the first mechanism 12 is received by the second mechanism 14 (See FIG. 1B}
According to various embodiments, the space 240 may be utilized to carry wiring, tools,
instruments, ete. from the first end 24 of the multi-linked device 18 toward the second end 26
of the multi-hinked device 10

0084} According to various embodiments, one or more steering cables may be
fabricated from any suitable material. For example, according to various embodiments, the
steering cables may be fabricated from a polyethylene fiber cable such as, for example,
Spectra®. The steering cables mayv be utilized o control the movement of the multi-linked
device 18, For example, by applving a substantially equal tension to each of the steening
cables, the first mechanism 12 andfor sccond mechanism 14 may be steered m a divection
such that the respective longitudinal axes 38, 62, 90, 134, 164, 212 of each of the links 28,
36, 32, 124, 126, 128 are all aligned. By applying a different tension to one or more of the
steering cables, the first mechanism 12 and/or the second mechanism 14 may be steered in a
divection such that the respective longitudinal axes 3862, 90, 134, 164, 212 of each of the

hinks 28, 30, 32, 124, 126, 128 are not all aligned. The cables 16, 18, 20 may also be utilized
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to control the relative state of the second wechanism 14, For example, when a uniform
tension is applied to the steering cables, the second mechamism 14 may be placed i a “rigid”
state, and when a tension is removed from the steering cables, the second mechamsm 14 may
be placed in a “limp” state. According to various embodiments, one or more of the steering
cables may be attached at the fust end 130 of the first link 124 of the second mechanism 14
to respective pullies (not shown) by, for exarmple, respective stopper knots. The steering
cables may be attached to the second end 132 of the second link 126 of the second
mechanism 14 by, for example, respective stopper knots. One skilled i the ant will
appreciate that, according to other embodiments, the “rigid” and “limp™ states may be
achieved by subjecting the first and/or second mechanisms 12, 14 to a twisting force, or by
any other manver known in the arl.

{0085} According to various embodiments, one or more tensioning cables may be
fabricated from any suitable material. For example, according to various embodiments, the
tensioning cables wmay be fabricated from a polyethylene fiber cable such as, for example,
Spectra®. The tensioning cables may be atilized to control the relative state of the fivst
mechanism 12. For example, when the tensioning cable is drawn tight, the first mechanism
12 may be placed in a “nigad” state, whereas when the tensioning cable is let loose, the first
niechanism 12 may be placed m g “limp” state, According to various embodiments, the
tensioning cable may be attached at the first end 34 of the first link 28 of the first mechanism
12 to a pulley (not shown} by, for example, a stopper knot. The tensioning cable may be
attached to the second end 88 of the second link 30 of the first mechanism 12 by, for
example, a stopper knot,

0086} FIG. 10 itlastrates various embodiments of a motion sequence of the stecrable
muiti-linked device 18, At the start of the sequence, the second mechanism 14 swrrounds the

first mechanism 12 as shown i step a” of FIG. 10, the longiudinal axes 38, 62, 90 of the
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links 28, 30, 32 of the first mechanism 12 are substantially aligned with the respective
longiudinal axes 134, 164, 212 of the links 124, 126, 128 of the second mechanism, and the
second end 26 of the first mechanism 12 1s at substantially the same position as the second
end 122 of the second mechanism 4. A tensioning cable is pulled tight, thereby placing the
first mechanism 12 in the rigid mode. The steering cables are not pulled tight, thereby
placing the second mechanism 14 o the limp mode.

[0087] The second mechanism 14 1s then advanced so that its second tink 12618
positioned approximately one link ahead of the second end 24 of the first mechanism 12 as
shown in step “b” of FIG. 10, The cables 16, 18, 20 may be utilized to orient the second link
126 1o a particular orientation, where the longitudinal axis 134 of the first link 124 s no
fonger aligned with the longitudinal axes 164 of the intermediate hinks 128 of the second
mechanism 14 or the longitudinal axis 96 of the second link 34 of the first mechanism 12
After the second link 126 is in the desired position and orientation, the steering cables are
pulled with identical force in order to place the second mechanism 14 in the rigid mode,
thereby preserving the position and orientation of the second mechanism 14,

{00881 The pulling force of the tensioning cable is then released to place the first
mechanism 12 in the hmp mode. After the first mechanism 12 1s placed m the imp mode,
the first mechanism 12 is advanced so that its second link 30 is gt substantially the same
position as the second end 122 of the second mechanism 14 as shown in step “¢” of FIG. 10,
After the second link 30 of the first mechanism 12 is in the desired position and orientation,
the tensioning cable is pulied tight to place the first mechanism 12 back i the rigid mode,
thereby preserving the position and orientation of the first mechanism 12

j0089] The pulling forces of the steering cables are then released 1o place the second
mechanism 14 back in the limp mode. After the second mechanisim 14 1s placed back in the

limp mode, the second mechanism 14 15 advanced so that its second link 126 is once again
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positioned approximately one link ahead of the second end 26 of the first mechanism 12 as
shows in step “d” of FIG. 10, After the second link 126 is in the desired position and
orientation, the steering cables are pulled with identical force tn order to place the second
mechanism 14 in the rigid mode, thereby preserving the position and orientation of the
second mechanism 14,

j0998] The pulling force of the tensioning cable 1s then released to place the first
mechanism 12 back in the mp mode. After the first mechanism 12 is placed back in the
himp mode, the {irst mechanism 12 15 advanced so that is second hink 38 s once again at
substantially the same position as the second end 122 of the second mechanism 14 as shown
in step “e” of FIG. 10, After the second hink 30 of the first mechanism 12 is in the desired
position and orientation, the tensioning cable s pulled tght to place the fivst mechanism 12
back 1n the ngid mode, thereby preserving the position and ortentation of the first mechanism
12. The general motion sequence described hereinabove, may be repeated any number of
times, and the second link 126 of the second mechanism 14 may be advaucing in any
direction and orientation. One skilled in the art will appreciate that any number of motion
sequences may be utilized with the multi-linked device 10. For example, according to
varwous embodiments, the second mechanism 14 may advance any number of links ahead of
the first mechanism 12,

{0091] The exemplary sizes described hereinabove are generally relative 1o each
other, and one skilled in the art will appreciate that the multi-linked device 10 can be scaled
up or scaled down. For example, although the diameter at the largest portion of the
mtermediate link 128 of the multi-linked device 10 is on the order of approximately 9.65
miltimeters for the embodiments described hereinabove, one skilled wn the ant will appreciate
that, for other embodimenis, the intermediate link 128 can be scaled down such that the

diameter at the lfargest portion of the intermediate link 128 of the mulu-linked device 10 is on
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the order of approxumately 1.0 millimater. For such embodiments, each of the other
components of the multi-inked device 18 would also be proportionally sealed down.

{0992} The combination of the nnque configuration of the respective huks 18, 38, 32
which comprise the first mechanism 12 and the unique configuration of the respective links
124,126, 128 which comprise the second mechanism 14 provides the multi-hinked device 19
with the ability 1o traverse a path defined by the circomierence of 4 circle having a relatively
small radins. For example, for the exemplary sizes described hereinabove, the multi-linked
device 19 can traverse a path defined by the circumference of a circle having a radius on the
order of approximately 45 millimeters. An example of the multi-linked device 10 navigating
such tight cyrvatures is shown in FIG. 11, For embodiments, where the largest portion {e.g.,
measured at the outer diameter) of the intermediate ink 128 of the mulii-linked device 101
on the order of approximately 1.0 mitlimeter, the multi-linked device 10 can traverse a path
defined by the circumference of a circle having a vadius significantly smaller than 45
millimeters. It may also be possible to achieve a stoaller radius of curvature independently of
reducing outer diameter. For example, changing the longitudinal dimension (e.g., length of
an intermediate link), the radius of curvature may be reduced while maintaining a constant
outer diameter. One skilled m the art will appreciate that the ability to navigate such tight
curvatures makes the multi-linked device 10 suitable for use in a number of different
minimally invasive procedures, both in haminal spaces and in intracavity spaces.

{0093} In an embodiment, the steerable malti-linked device may mclude a spherical
distal assembly. The assembly includes at least two components, tvpically a distal link cop
and a sphere. The sphere 15 a separate component from the distal link cup, and is connected
1o a separate control system than the mult-hinked device. This separate control system
includes a set of muiliary actuation cables as well as additional comtrol elements. The

auxifiary actuation cables may be connected to the sphere as well as the additional control



WO 2010/028371 PCT/US2009/056238

elements, and the additional control elements may alter the lengths of the auxihiary actuation
cables, resulting in movement of the sphere. The separate control system may be located in
the feeder as discussed above, or in the multi-linked device.

{0094] The sphere is kinematically constraimmed from translation in the x-direction and
y-direction {of a three dimensional coordinate system ogiginating from the distal link cup
where the z-axis points forward, 1.e., is the longitudinal axis of the distal link cup and the x-
axis and y-axis are perpendicular to the z-axis) by the shape of the distal link cup, and s
constrained in the z-direction by the auxiliary actuation cables. The sphere is also
constrained from rotation about the longitadinal axis of the distal link cup (z-axis) by the
auxiliary actuation cables, but the sphere may rotate about the two axes orthogonal to the z-
axis.

[0095] The inclusion of the spherical distal assembly extends the range of motion of
the distal tip of the multi-linked device. However, it is important to note that the sphere need
not be connected to the multi-link device. Tension on the auxiliavy actuation cables
kinenatically constraing the sphere in the distal Hink cup, thereby forming the distal Huk
assembly. A steerable multi-linked device with a distal link cup may function normally
without the sphere; however, the sphere will not function without the distal link cup and
auxihiary actuation cables. The spherical distal assembly is described below in move detatl
with regards to FIGs. 12-14.

[0096] FIG. 12 ittustrates an exemplary embodiment of mulii-linked device 1200,
Similar to embodiments represented above {e.g., the embodiment llostrated in FIG. 2}, muli-
linked device 1200 has a proximal link 1202 and 3 sentes of intermediate links 1204, Device
1200 also has a spherical distal link cup 1206 and a spherical link 1208, which combine to
form the spherical distal assembly. As shown in FIG. 12, the spherical link of device 1200

has a significantly wider range of motion than the relative motion of the intermediate links
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and the distal link cup (represented by arrows 1216 and 1212) for orientating a device {e.g., a
camera) mourtted in spherical link 1208, or a device passing through one of the ports of the
mult-huked device {e.g., and ablation catheter). In alternative embodiments, the spherical
link may have a range of motion similar to or narrower than the motion of the intermediate
links and the distal link cup.

10097] Movement of device 1200 is similar to the movement of device 12 as
discussed above. A number of steering cables (in this example, three steering cables) are
divected through holes m each hink to the spherical distal hink cup 1206 where the cables are
terminated. Similar to before, by changing the length of each steering cable (e.g., by
changing the tension on each cable, thus changing the length}, the distal link of device 1200
may be oriented in a specific direction. Control of spherical tink 1208 is achieved through an
additional set of avxiliary actuation cables. These auxiliary actuation cables may be directed
through either the same set of holes as the steering cables, or a separate set of holes w1 each
tink and are terminated on spherical hok 1208, Each link of device 1200 (i¢., proximal,
trermediate, and spherical distal asserublyy and the associate cable holes and cable
terminations are discussed m greater detail with respect to FIGS. 13A-14.

[0098] FIG. 13A dlustrates multiple views of proximal hink 1202, a cross-sectional
view and an isometric view of the link. Proximal link 1202 functions similgrly to proximal
link 124 as discussed above and illustrated in FiGs. TA-7C. Proximal link 1202 differs from
link 124 though as proximal link 1202 includes six holes to accommodate the cables, ez,
holes 1302, 1304 and 1306 for accommodating the three steering cables, and holes 1308,
1310 and 1312 for accommodating the auxiliary actuation cables. However, it should be
recognized that this arrangement is merely shown by way of example. Any configuration of
holes that provides protection for the cables while still maintaining link integrity may be

used, for example, three total holes wherein each hole accommodates two separate cables,
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one cable for steermg the multi-linked device and one auxiliary actuation cable, such as the
arrangenent iHustrated in FIG. 7C, where proximal link 124 has three holes 154, 156 and
158, Usmg this arrangement, however, may cause friction between the two sets of cables and
require a coating be applied to each cable to prevent any damage to the cables caused by
friction. Sumilarly, each cable may be housed in a low friction sheath that wounld Hmit the
friction caused due to cables sharing a hole. According to various embodiments, proximal
tink 1202 1s fabricated from a thevmoplastic material such as, for example, Delrin®, or any
surtable metal such as aluminum or stainless steel.

{0099} FIG. | 3B illustrates maitiple views of intermediate link 1264, a cross-sectional
view and an isometric view of the link. Imtermediate link 1204 functions similarly to
intermediate link 128 as discussed above and illustrated 1o FiGs. 8A-8C. Intermediate link
1204 differs from hink 128 though as mtermediate link 1204 includes six holes to
accommodate the cables, e.g., holes 1322, 1324 and 1326 for accommodating the three
steering cables, and holes 1328, 1330 and 1332 for acconunodating the auxiliary actuation
cables. However, it should be recognized that this arrangement is merely shown by way of
example. Any configuration of holes that provides protection for the cables while still
maintamning [k integrity may be used, for example, three total holes wherein each hole
accommodates two separate cables, one cable for steering the multi-linked device and one
auxitiary actuation cable, such as the arrangement iHustrated in FIG. 7C, where proximal link
128 has three holes 196, 192 and 194, Usmg this arrangement, however, may cause friction
between the two sets of cables and require a coating be applied to each cable to prevent any
damage to the cables caused by friction. Similarly, each cable may be housed in a low
friction sheath that would limit the friction caused doe to cables sharing a hole. According w0
various embodiments, intermediate link 1204 1s fabricated from a thermoplastic material such

as, for example, Delrin®, or polysulfone.
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00100} FIG. 13C illustrates nwitiple views of spherical distal link cup 1206, a cross-
sectional view and an isometric view of the link. Spherical distal link cup 1206 is the
termination point for the multi-hok device steering cables. The multi-link device cables are
accomamadated by holes 1342, 1344 and 1346. A knot may be made in the end of the mudt-
link steering cables such that the end of the cable is larger than the apening of the holes.
Stnsifarly, additional termination techniques may be used, such as a mechanical ¢lamp or
splicing the cables. Once the cables are terminated at spherical distal Huk cup 1206, any
change in fength of the multi-hink device steering cables 1s transferved directly to the spherical
distal Hink cup 1206, thereby changing the orientation of the spherical distal assembly. In the
example spherical distal cup illustrated in FIG. 13C, three separate holes 1348, 1350 and
1352 may be provided for the auxihiary actuation cables. However, as before with proximal
tink 1202 and indermediate link 1204, auxiliary actnation cables may share a hole with a
muit-link device steering cable. FIG. 14 illustrates an example of spherical distal cup 1206
wherein three holes 1402, 1404 and 1406 are provide, wherein each hole accommodates both
a steering cable as well as an auxiliary actoation cable.

{00161} Spherical distal link cup 1206 also has three concave surfaces (e.g., 1368,
1362 and 1364 in FI1G. 13C). These concave surfaces may have a radias similar to the radius
of the spherical link to insure a proper fit with the spherical link. According to various
embodiments, spherical distal link cup 1206 is fabricated from a thermoplastic material such
as, for example, Delrm®, or any suitable metal such as aluminwm or staimnless steel.

{00102] FIG. 13D illustrates multiple views of spherical link 1208 a cross sectional
view and an isometric view of the link. Spherical link 1208 functions sinularly to distal link
30 as discussed above. A device (e.g., a camera) may be mounted in opening 1370, similar to
distal link 38, however, due to the manner of control and termination locations of the

auxifiary actuation cables, spherical link 1208 provides a larger range of motion for the
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mounted device than distal link 30. Additionally, a medical tool {e.g., an ablation catheter)
nmay be mounted in one of working ports 1372, 1374 and/or 1376,

{00103} Each of the auxiliary actuation cables is termunated at spherical hink 1288 via
holes 1380, 1382 and 1384, Each cable 1s run alony the exterior of spherical tink 1208 and
fed into a hole. The cable is then knotted or otherwise terminated at the interior of spherical
tink 1208 such that the auxibiary actuation cables react on the inner soarface of spherical link
1208, for example, inner surface 1390, Once the auxihary actoation cables are attached,
spherical hok 1208 i3 fitted into spherical distal link cup 1206 formung the spherical distal
assembly. By applying a tension to one of the auxiliary actuation cables which thereby
changes the length of the auxiliary actuation cable, spherical link 1208 rotates accordingly.
As configured, spherical link 1208 15 not attached to the malti-link device, rather it is
kinematically constramed in spherical distal cup 1206 and is held in place by the auxibary
actuation cables.

j00104] According to various embodiments, sphenical link 1208 s fabricated from a
material that i nusmatched from the type of material used to fabricate spherical distal hnk
cup 1206, For example, if spherical distal link cup 1286 1s fabricated from a thermoplastic
material such as, for example, Delrin®:, then spherical link 1208 may be fabricated from
netal such as, for example, stainless steel or other suitable metal. By fabricating both
spherical distal link cup 1206 and spherical link 1208 from mismatched materials, friction
between the two s reduced. However, it should be noted that mismatched materials are not
required, and in some applications {e.g., precision surgical applications) additional friction
may be desired.

[00105] FIG. 1S tllustrates an exemplary side view of a device according to an
embodiment. As iflustrated by FIG. 15, the device may mclude a rotating hnk configured to

rotate with a single degree of freedom. Device 1500 may be a catheter, such as an
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mierventional or percutansous catheter device. Device 1500 may include a flexible catheter
shaft 1510, such as a shaft made of a biocompatible elastomer or other plastic such as silicone
or polyurethane., Handle 1549 may be located on the proximal end of shaft 1510 and may
melude a controd, knob 1541 and/or a standard luer-lock access port 1542, Port 1542 may be
configured to allow one or more tools to be inserted through port 1542, and through one or
more working channels of shaft 1519, channels not shown but described in detail hereabove.
FIG. 13A sflustrates an exemplary distal end of a device 1500 according to an embodiment.
Pivot assembly 1520 may be attached to the distal end of shaft 1510, such as via a glued joint
or the like. Numerous attachment forms may be utilized to attach pivot assembly 1520 or
other adapted links to shaft 1516, For example, one or more threads, snap fits, barbed
counections, adhesive bonds, welds, frictional engagements andfor the like may be psed. Ina
particular embodiment, one or more cables may be attached to pivot assembily 1528 and
mamntained in tension fo maintain contact between shaft 1518 and pivot assembly 1528, Inan
alternative embodiment, one or more maguets or electromagnets may be included in the distal
end of shaft 1510 and/or the proxumal end of pivot assembly 1520, each of which may mate
with a magnet or maguetic material in the corresponding part. The resulting magnetic force
may maintain the pivot assembly 1528 i contact with the distal end of shaft 1518,

[008106] Pivot assembly 1320 may include a hinge pin 1821 to which rotating sphere
1530 may be rotatably attached. Two rotation cables, cables 18324 and 1532b may travel
through a channel, tumen or other opening of shaft 1510, and terminate on sphere 1530 at
welds 1533a and 1533b respectively. Welds 1533a and 1533b may be positioned on sphere
1830 such as to determine the amount of rotation caused as cables 1532a and 1532b are
refracted proximatly. The amount of rotation may be related to the positioning of the
termination. For example, as oriented in FIG. 134 as the termination moves distally, more

rotation may be achieved by retracting the associated cable. As the termination approaches
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the distal end, and continues along the same circumference proximally, rotational range may
be furthey increased. Position of the exit of each cable 1832a and 1832b from pivor assembly
1520 may also determine the amount of rotation by sphere 1330. The closer the exit of cables
1532a and 1832b to the axial center of pivot assembly 1520, the greater the rotation
achievable.

{00107} Holes or other pass thru locations for cables combined with cable termination
sites {e.g. location on sphere 1530) and sphere versus cup diameter may deternune the range
of allowable rotation. In an embodiment, a first cable, a first pass thru hole and a first cable
termination may be positionad to allow a range of rotational patterns all starting from a first
starting position. A second cable, second pass thru hole and a second cable termination may
be positioned 1 allow any of the range of rotational positions caused by retracting the first
cable to be reversed by retracting the second cable {e.g. returned to the first starting position).
In an embodiment, sphere 1530 may be rotated by retracting a first cable and a second cable
simultaneously. In another embodiment, sphere 1830 way be rotated by retracting a first
cable and advancing a second cable {¢.g. to accommodate the rotation causes by the first
cable retraction).

{00168} Holes or other pass through locations for cables combmed with cable
termination sites {e.g. location on sphere 1838) may be chosen 1o prevent the performance of
a rotation to any rotational position from which advancement or retraction of one or more
cables (or other action) cannot recover or otherwise depart from. In robotic engineering, this
condition may be caused by a singularity. Singularities may also describe conditions in
which a degree of freedom is lost, such as when joints approach a mechanical imit, e.g. when
a cable reaches a mechanical stop. Singularttics may be avoiding by the repositioning of
holes or termunation pomts, or by the addition of one or more additional cables configured to

move sphere 1538 from the undesired position {1.e. the additional cable adds another degree
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of freedom). Singularities may also be avoided with one or more features of the distal
rotating assembly such as one or more nidges confipured 1o mechanically stop rotation at one
or more locations in one or more directions. Other urwecoverable positions may be avoided,
such as when a first cable is wrapping around a partial cirewnference of a spherical portion of
sphere 1530 when sphere 1530 is in a first position. 1f this first position is such that the path
of least resistance for the first cable to follow from is different than the cable followed as it
was pulled to this first position, retraction of the cable may cause an andesived rotation {e.g.
during retraction the cable may shde along the surface of sphere 1530 because that was the
path of least resistance). In an alternative embodiment, a singularity or other unrecoverable
position may be desired, such as to cause the spherical link to rotate to such a position and
remnain 1 that position,

{00169} Device 1500 may include one or more tools, insertable throngh port 542 of
handle 1540 and advanced to pass through shaft 1518, pivot assembly 1528 and into channel
1522 of sphere 1836, Numerous medical and other tools may be inserted into device 1500
and the other devices may inchude, but are not limited 10, cutters, graspers, dissectors, biopsy
mechanisms, sensing devices such as EKG electrode or array of electrodes, energy delivery
tools such as eryogenic and radiofrequency (RF}) tissue ablating tools, drug delivery devices,
cameras and/or the like., As shown in FIG. 13A, gblation probe 1550 has been inserted into
device 1500 and its distal end resides in channel 1522, Channel 1522 bas at us distal end, an
exit hole, tool port 1831 from which ablation probe 1558 can be advanced when the distal
end of shaft 1510 is placed proximate a target location, and channel 1522 of sphere 18306 is
rotated toward the target location. The interface of pin 1521 with sphere 1530, allows sphere
1530 1o be rotated with a single degree of freedow, along hnes 1219, such that channel 1822
traverses a single plane. Referring to FIG. 15B, sphere 1330 has been rotated such that

advancement of ablation probe 15850 will cause the distal end of probe 1550 to travel toward

42-



WO 2010/028371 PCT/US2009/056238

target T. Target T may be a target location on a patient’s heart, a tumor, or other tissue
tntended to be ablated in a wedical procedure. Sphere 1830 has been rotated by pulling on
cable 1532b and/or pushing on cable 1832a. The devices may provide a rotational luk which
can be oriented in numerous divections, including the radially out or 307 ortentation of device
1500 illustrated by FIG. 15, Numerous procedures, such as transoral robotic surgery {TORS)
procedures, may be performed with 90° and larger orientations, wherein a tool enters a
conduit such as the esophagas, and exits the rotating hink into the wall of the condott
relatively orthogonally. In an embodiment, an endoscope may enter a conduit such as the
colon, and a tool may be advanced approximately orthogonally through the wall of the colon
to perform a medical event within the wall of the colon or outside the colon.

{00110} Handle 1540 may include additional components such as additional access
ports, one or more power supplies, an electronic module such as the module described in
reference to FIG. 17, additional controls such as a shide er knob controlling one or more
tinkages, pneumatic or hydraulic assernblies and/or the like. While device FIGS. 15, 15A and
158 tllustrate exemplary catheter devices 15300, additional and/or alternate devices, including,
but not limited to flexible devices, such as an endoscope or multi-link device, or rigid
devices, such as a laparoscopic device, may be used within the scope of this disclosure.

[00111} FIG. 16 illustrates a side view of an exemplary device according to an
embodiment. As illustrated by FIG. 16, a device may include a rotating link configured w
rotate a cutting assembly. Device 1600 may be a laparoscopic or other similar minimatly
invasive medical device. Device 1600 may includes rigid tube 1610, such as a stainless steel,
titanium, or other metal tube, or a non-metallic tube such as a biocompatible hard plastic
tube. Cup assembly 1620 may be aitached to tube 1618, such as been described above in
reference to FIGS. 15, 15A and 158, Cup assembly 1620 may be fixedly attached to tube

1618 or it may be rotatably attached. In an embodiment, cup assembly 1628 may be
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removably attached to tube 1610 such as to allow a different configuration cup assembly to
be attached 1o tube 1618 and/or to allow access to the distal end of tube 1610 and/or the distal
end of one or more tools advanced through tube 1610, Rotatably attached to cup assembly
1620, may be sphere 1636 which may be configured to rotate with two degrees of freedom,
along lines 1210 and 1212, At the proximal end of device 1600 may be a control, joystick
1641, which may be operably atached to two or mwore cables. Movement of joystick 1641
may cause sphere 1630 to move along either or both lines 1210 and 1212, In an alternative
embodiment, a counter part sphere may be directly connected to the proxunal end of sphere
1630 with actuation cables such that the sphere is controlled in a one-to-one motion map
{spheres of equal diameter), or a scaled motion map (spheres having different diameters).

{08112} Device 1600 may incluode a cutting assembly which may include at its distal
end, scissor assembly 1650 shown exiting sphere 1638, Scissor asserably 1656 may include
blades 1651 which may rotate with the rotation of sphere 1638, along one or both lines 1210
and 1212, Also at the proximal end of device 1600 may be a scissor handle-like mechanis,
actuator 1642, Opening and closing of actuator 1642 nray cause the correlating opening and
closing of blades 1651, such as via a mechanical, ppeumatic, hydraulic or other applicable
linkage that may be operably connected between actuator 1642 and scissor assembly 1658

{00113} FIG. 17 tllustrates a side sectional view of an exemplary distal portion of a
device. As ilustrated by FIG. 17, a distal portion may include a distal cap configured 1o
rotatably interface with a more proximal spherical surface and/or means for transferring
power, such as electrical current, or data to a rotating distal member. In an embeodiment,
power and/or data may be transmitted using one or more hines, wires, cables and/or the like.
Device 1700 way mclode shaft 1710, such as a shaft sumilar to shaft 1310 of FIGS, 15, 15A
or 138, tube 1610, such as that of FIG. 16, or a shaft of the mulhii-link devices of FIGK. 1

through 14. Shaft 1710 may mclude partial sphere 1720, which may be fixedly or removably
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attached to shaft 1710. Partial sphere 1720 may be maintained in position with the distal end
of shat 1710 with one or more cables. The concave surface of the rotating cup 1730 may be
rotatably engaged with the convex surface of partial sphere 1720, Cable 17324 and cable
1732b are attached af their distal ends to cup 1730 at joint 17335 and 1733b respectively, and
at their proxunal ends to a handle. foint 1733b may be attached to surface 1738° of rotating
cup 1738, The moment arm achieved with this location may be less than the moment arm
that would be achieved if joint 1733a was located on surface 1738 of rotating cup 1730,
The rotation angle per unit length of a retraction of cable 1732b may be greater with joint
1733 on surface 1738 versus on surface 1738 In addition, as cable 1732b is retracted,
surface 1738" may eventually make contact with the distal end of shaft 1710, stopping the
rotation. By varyving the surface geometry of the adapied links and rotating links of the
device {e.g. concave versus convex), the performance and other mechanical properties of the
rotating mechamsm may be customized. The various configurations of the distal rotating
assemblies described herein may be applied to achieve varied performance such as rotation
magnitude versus cable retraction and rotational force versus cable retraction force,

{00114} In an embodiment, a knot, adhesive ball, splice, mechanical crimp, and/or
other cable enlarging means may be formed i the end of a multi-link cable such that the end
of the cable is larger than g bole through which the cable passes (e.g. a thry hole in rotating
cup 1730). Similarly, termination techmiques may be used to attach the cable end directly
such as a weld, an adhesive joint, frictional engagement between the cable and a capture
element, such as a v-shaped or spring-loaded capture device, a loop at the end of a cable that
1s fastened by wav of a hook or threaded hole and serew and/or other joint forming means, In
additional to cable 1732a and 1732b, one or more other cables may be provided, such as 1o

rotate cup 1738 in alternative orientations and/or 1o reverse one or more rotational divections.
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[08115] Partial sphere 1720 mcludes a first conductive element 1728, which may be
configured to electrically attach 10 a second conductive element 1739 which may be mtegral
to cup 1730 (i.e. similar to a slip ting connection used to transter electrical signals or power
from a rotating frame of reference to a stationary frame of reference). Conductive element
1728 may be attached to wire 1726, In an embodiment, conductive elements 1725 and 1739
may include multiple, isolated or otherwise independent conductive elements (e.g. multiple
ahigned conductive strips separated by one or more insulators), and wire 1726 may include
mudtiple mdependent wires, such that multiple mdependent electrical transmissions may be
communicated from first conductive element 1725 to second conductive element 1739, Ina
preferred embodiment, wire 1726 transnuts electrical energy andfor data to electronic module
1737 via first conductive element 1725, second conductive element 1739, and wire 1736
respectively. Electronic meodnle 1737 may include energy storage means, sach that cup 1738
may have an available energy source when wire 1726 1s not transmitting energy, such as
when wire 1726 is transmitting data to or from electronic madule 1737, The electrical energy
transtorred can be stored and/or used by electronic module 1737 or another component within
or i1 proxunity to cup 1730, Data transmitted ov received may be rotational position control
or position feedback signals respectively, or numerous other forms of data such as data sent
1o one or more tools of device 1708, or data received from one or more sensors of device
1700.

je0116} Electronic module 1737 may be a simple or complex electrical circuit

onfigured to perform one or more functions such as to record data from one or more sensors,
not shown but integral to cup 1730, sphere 1728 or shafi 1710, Module 1737 may include
arions electronic and electromechanical components or systems including but not limited to
digital to analog converters, analoy to digital converters. microcontrollers, microprocessors,

multiplexers and demultiplexers, switching circuttry, MEMS circuitry and componentry!
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memory devices such as RAM and ROM and/or the like. Module 1737 may include one or
nore software programs embedded therein, such as software activated by a user during use of
a device. Module 1737 may be configured to operate and/or receive data from one or more
tools, such as a camera assembly including cameras 1752a and 1782b. Cameras 17582a and
1752h are connected to electronic module 1737 via wires 1735a and 1735b. Wires 1733a
and 1735b may be conductive wires, or other power and/or data condutts such as fiber optic
cables. In an embodiment, cameras 1782a and 1732b may be lens assemblies, wires 1738a
and 1735b may be fiber optic cables, and the optical information may be captwed in a
camera module integrated to electronic module 1737

{08117} Device 1700 may include one or more medical or other tools, such as biopsy
device 1751 shown in FIG 17, as passing throogh shaft 1710, through partial sphere 1726 and
nio an opening of cup 1730, tool port 1731, As cup 1730 15 rotated, by advancing andfor
retracting cable 1732a and/or 1732b, or other cables not shown, the trajectory of tool port
1731 may be correspondingly rotated, such as to control the trajectory of an advanced or yet
to be advanced biopsy device 1751

{00118} FIGS. 18A and 18B illustzate a top view of an exemplary adapted link and a
side sectional view of an exemplary device according to an embodiment. As shown in FIG.
18A, cup assembly 1820 may include a curvilinear groove 1824 which may be configured 1o
guide the rotation of a rotating Hink, Inchuding a pin or other mating protrusion, in a preferred
rotational pattern. Cup assembly 1820 may mclude an opening for passage of one or more
wires or cables, slot 1823, Referring to FIG, 18B, device 1800 may include tube 1810 having
one or mare constructions or confignrations as has been described in detail hereabove. The
distal end of tbe 1810 may include mtegral cup assembly 1828, which may include a
concave surface and providing an adapted ink.  Of similar diameter and matingly received

by the concave surface of cup assembly 1826, may be the convex surface of rotating sphere
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{00119 Cable 1832 may be configured to allow electrical signals or power to be
transmitted from the proximal end of device 1800 to one or more components integral to tube
1810, cup assembly 1820, sphere 1830, or other component of device 1860, Cable 1832 may
be electrically attached to the proximal end of wire IB52 which may be attached at its distal
end to electrode 1851, shown on the distal end of sphiere 1830, When sphere 1830 is rotated
in a predetermined rotational pattern or otherwise, electrode 1851 may be correspondingly
rotated such as to be ortented toward a target such as a particular tissue target within a
patient. Device 1800 may include a handle at its proximal end. The handle may include one
or more controls operably connected to cable 1832,

[00120} FIG. 19 ilustrates a side sectional view of g distal portion of an exemplary
device. As tHustrated by FIG. 19, a device may include an element configured to tmit wavel
of a rotating cable. Device 1900 may mclude tube 1910, such as a shaft similar to shaft 1510

of FIGS. 15A, 15B or 15C, tube 1610 of FIG. 16, or a shaft of the multi-link devices of FIGS.
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I through 14. Positioned at the distal end of tube 1910 may be cup assembly 1920
maintained in longitudinal position by tensioning of cable 1922, which attaches to cup
assembly 1920 at weld 1929, Sphere 1938, shown with a smaller diameter than the concave
surface of cup assembly 1920, may be attached to two cables, cables 1932a and 1932b at
welds 1933a and 1933b respectively. Cables 1932a and 1932b may pass through holes 1927a
and 1927h respectively, of cup assemibly 1928, Cable 1932b may pass through ring 1928 of
cup assembly 1920 such that as cahle 1932b 15 retracted, rotation of sphere 1930 in a
clockwise direction is hmited to the location where weld 1933b is proximate ring 1928
Application of torsional force to sphere 1930 by retraction of cable 1932a may include a
tangential force applied at weld 1933a as well as forces resulting from any frictional
engagement of cable 1932a with the surface of sphere 1938, Apphication of torsional foree to
sphere 1938 by retraction of cable 1932b may mchude torsion created by the force vector
between weld 1933b and ring 1928. Numerous configurations of hole 1927a and weld 1933a
may be chosen to modify the torsional respounse of spheve 1930 caused when cable 1932a is
retracted. Stmilarly, numerouns positions and other configurations of ring 1928 and weld
1933b may be chosen to customize the torsional response of sphere 1936 caused when cable
1932b 15 retracted. In an alternative embodument, a sunilar ring may be provided for cable
19324, such that rotation in a couter-clockwise direction ¢an be limited.

{00121} Device 1900 may include a thru fumen, lamen 1912 which may exit tube
1910 at exit port 1913, Lumen 1912 may be configured to allow one or more tools to pass
out of tube 1910, or to deliver one or more fluid into the area proxumate port 1913, Sphere
1930 and cup assembly 1928 include one or more thru holes which may be configured to
allow one or more tools 10 pass through and be rotated by the rotation of sphere 1936, as has
been described in detail heveabove. Cup assembly 1920 may include on its distal end,

cameras 1968a and 1960b oriented to view the area in front of sphere 1930 as shown, such as
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to view one or more tools advanced through sphere 1938, Wide angle lenses may be
tncluded to view radially out, such as when sphere 1930 and any attached or inserted tools,
have been rotated 90°. Cameras 1968a and 1960b may be attached to wires 1961a and
1961b respectively, each of which travels proxunaliy to a handle, such as described in
reference to FIG. 13 hereabove. The handle may include a monttor or a video attachment
port for connection to a monitor. In an alternative embodimeny, cameras 19602 and 1960b
may be simply camera lenses and wires 1961a and 1961b may be fiber optic cables operably
attached to the lenses such that a camera can be attached to device 1908 and view the unage
provided by the fenses. The handle may include one or more comtrols operably connected to
cables 1932a and 1932b, as well as cable 1922, The handle may include one or more ports
for introduction of one or more tools configured to exit sphere 1930,

{00122} FIG. 20 illustrates a side sectional view of an exemplary distal portion of a
device accordmg to an embodiment. As itlustrated by FIG. 20, the device may include two
cables and associated pass thru holes that are ortented to diffevent rotational performauce.
Device 2000 way include tube 2010, such as a shaft sinular to shaft 1510 of FIGS. 15, 15A or
158, tube 1610 of FIG. 16, or a shaft of the multi-link devices of FIGS. 1 through 4.
Integral to the distal end of tube 2010 may be concave surface 2020, an adapted link, which
naay rotatingly mates with the convex surface of sphere 2030. Sphere 2030 may be attached
to cable 2032a and 20320 at welds 2033a and 2033b respectively. Cables 2632a and 2032b
may pass through convex surface 2020 at holes 2027a and 2027b respectively. The
configuration of the holes {2.g. holes 2027a and 2027h) of device 2000 may be such that the
closer the hole 13 located 1o central axis C of the distal end of tube 2010, the greater the range
of rotation is made available by retracting the associated cable. The configuration of the
termination points (e.g. welds 20332 and 2033b) may be such that the larger the amount of

circumference traversed between the hole and tenmination point, the greater the range of
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rotation 1s made available by retracting the associated cable. Referring back to FIG. 20, hole
20275 through which cable 2032a may pass may be located more proximal to axis C than
hole 2027b through which cable 2032b passes through. Also, weld 20332 of cable 2032a
and weld 2033b of cable 2032b may be positioned such that cable 2032a uwaverses more
circamference of sphere 2030 than cable 2032a does. Therefore, cable 2032a may have a
much larger rotational range (approaching 180°) than cable 2032b does,

{00123} Sphere 2030 and concave surface 2020 may include one or more thry holes
configured to allow one or more tools to pass through and 1o be rotated by the rotation of
sphere 2036, as has been described in detail hereabove. Device 200 may include at its
proximal end a handle such as that described in reference to FIG, 15 heregbove. The handle
may mclude one or more controls operably connected to cables 2032a and 2032b. The
handle may inclode one or more ports for mtroduction of one or more tools configured to exit
sphere 2030

{00124} FIG. 21 illustrates a side sectional view of an exemplary distal portion of a
device. As Hustrated by FIG. 21, a device may include a kit of multiple rotating Hnks that
can be used with a single adapted link. Device 2100 may include tube 2119, such as a shaft
stmibar to shaft 1510 of FIGS. 15, 15A or 138, tube 1610 of FIG. 16, or a shaft of the multi~
tink devices of FIGS, | through 14, Integral to the distal end of tube 2118 mav be a Hnearly
tapered, concave surface, cone surface 2120, an adapted link, which may rotatingly mate with
the convex surfaces of spheres 2130a, 2130b and 2130¢. Spheres 2130a, 2130b and 2130¢
may be configured to engagably attach to one or more rotating cables which may pass
through channel 2111 or other cable lumen of tube 2118, The engagable attachment mav
include attachment meaus such as a loop tocated at or near the end of one or more cables that
attaches to a threaded hole of a sphere with a screw, a barb or other projection which

frictionally engages a hole in a sphere or other user engagable cable attachment means.
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[00125] Spheres 2130a, 2138b and 2130¢ may have decreasing diameters,
respectively, and may have unigue engaging surface aregs, each a circle {e.g. a single line of
contact}, with hinear tapered conical surface 2120, The varied digmeters may cause spheres
21302, 2130b and 2130c¢ to be positioned at different longitudinal positions along conical
surface 2120, heights HY, H2 and H3 respectively. The forces required to actuate the sphere
{with one or more cables not shown but described in detail hereabove) may vary due to the
change in moment arm between each cable and sphere. The surface area of engagement and
frictional forces may allow customized rotational movement and forces required.
Ahernatively andfor additionally, the conical features of conical surface 2120 may be varied,
in diameter and angle of taper {i.e. pitch), to customize range of motion as well as forces
required and generated from and by retraction and advancement of one or more cables. In an
embodiment, the cross-sectional geometry of a sphere or conical surface may be varied to
customize performance and/or forces required.

j00126] Spheres 2130 and cone surface 2120 may include one or wore theu holes
which may be configured to allow one or more tools to pass through and be rotated by the
rotation of spheres 2138 as has been described i detail hereabove. Device 2106 may include
a handle at its proximal end such as deseribed m reference to FIG. 15 hereabove. The handle
nwgy include one or more controls operably connected to one or more cables, which may
terminate at spheres 2130 and which may be contigured 1o rotate spheres 2130 as has been
described in detail hereabove. The handle may include one or more ports for introduction of
one or more toals configured to exit sphere 2130,

[00127} While the positioning of cable exit holes and cable ternunation points as
shown in FIG. 20 and FIG. 21 imply that larger rotations can be achieved with holes close to
the center axis of the adaptive link and/or termination locations “higher up in altitude™ on the

rotating link. There are limitations in having multiple cables positioned for a maximum
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range or rotation, such as increasing the ikelthood of for smgularities and other non-~desived
rotational states {2.g. loss of control of the rotating link).

{00128} It should be understood that mumerous other configurations of the devices,
systems and methods described herein can be emploved without departing from the spirit and
scope of this application. Numerous figures have iHustrated typical dimensions, but it should
be understood that other dimensions can be employed which result in similar functionality
ard performance.

{00129} The described devices and systems may be used to perform various
procedures inchading medical procedures such as diagnostic procedures, therapeutic
procedures, surgery, blunt dissections, minimally invasive surgery, interventional procedures,
endoscopic procedures and/or the like. In an embodiment, the described devices and systerus
may be used to perform a procedure on an organ of a patient, such as the beart during a
carchiac ablation or mapping procedure for a patient diagnosed with a heart arrhythnia.

j00130] The elongate shafts of a device may have various cross-sectional geowetries
tncluding geometries that vary along the length of the shafi. Applicable cross-sectional
geometries include, but are not limited to, circular, elliptical, trapezoidal, rectangular,
triangular and/or other geometries.

j00131] While the distal rotating links have been illustrated at the distal portion of the
described devices and systems, the distal rotating links may be located at the proximal end or
at an intfermediate portion of the device, such as when the device inclodes multiple links
attached to the distal end of the distal rotating hink, allowing these multiple links and any
tools passed within or attached thereto to be rotated by rotating the distal rotating tink.

j00132] v an embodiment, adaptive hnks may be fixedly or removably attached 10
the elongate tube and may utilize one or more attachment means. The adaptive links may be

fixedly attached to the elongate shaft in a kinematically constrained manner, such as with one

1
1A
Tad

i



WO 2010/028371 PCT/US2009/056238

or more cables, one or more of these cables further configured to cause rotation of the
adaptive link. In an embodimeny, the adaptive link may be fixedly attached to the elongate
tube with a hinge pw arrangement, such that the attachment s independent of rotating cable
tension. The adaptive links may have relatively concave or convex distal ends, configured to
allow rotation of the mmating surface of the assoclated rotating link. Relative diameters of the
mating sarfaces may be stmtlar or digsimilar,

j00133] The rotating hinks may be orterted in vanous orientations such as a change in
orientation of 9¢° to 180°. The rotating hinks may be operated i a reciprocating motion, and
the motion of the rotating Hnk may be nsed to actuate a tool such as a surgical wol or an end
effector tool integral to the rotating link,

{09134} The shafts, adapted hoks and rotating links may include one or more exit
holes from which one or more tools may exit the device. A system may include multiple
shafts, adaptive links and/or rotating hnks, such as components with different working
channel or other thru hole sizes and pattemn, different exit ports from which one or more tools
may exit; different cable tenmination types andfor locations; different integral tools such as
one or more cameras or other tools integral to a rotating link; and other differences that may
be supphied 13 a system of kit form. The shafts, adapted links and rotating Hnks mayv melude
a tool attaclument element configured to gttach one or more tools thereto.

{001358] The described systems and devices may include one or more rotating or
attachment cables. In an embodiment, three or more rotating cables may be included such as
to provide stability, and two degree of freedom rotation (pitch and vaw), such as when the
rotating link includes a complete spherical surface. One or two cables may be used such as
when the rotating link is constrained by mating projections and grooves, or by other motion
constramming means. A first cable may be used to cause rotation in a fivst direction or pattern,

and a second cable used to return the rotating bok to its original position. In an embodiment,
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three or more attachment cables may be included to kinematically constrain the adaptive link,
such as to provide stabtlity and allow rotation of the adaptive link with two degrees of
freedom.

[00136] The cables may be sumilar or dissimiilar, and may provide additional
functions such as to transmit energy; allow flow of liquids or gases such as cryogenic
materials to ablate tissue; and provide additional functions. The cables may be solid, or
tnclude one or more lumens, such as a tlumen configured 1o transport a liquid or gas, such as a
cryvogenic material nsed to perform a tissue ablation procedure, or a cooling flwad used to
prevent overheating of tissue of a patient. One or more cables may be stretch resistant, such
as a cable made of metal wire or hvpotube such as a stainless steel or Nitinol wire,
fluorocarbon filament, braided strands of material and/or the like. One or more cables may
be configured to stretch, such as a cable made of a monefilament polymer or monofilament
polymer blend.

{00137} In an embodiment, the described methods may include the performance of
medical and other procedures. In an embodiment, a medical procedure may be performed by
a clinician and may include a diagnostic procedure, a therapeutic procedure, a blunt
dissection, surgery, minimally invasive surgery, an mterventional procedure, an endoscopic
procedure and/or the like. Methods may tnclude various rotations of the rotating link, such as
9G° and 1807 rotations. In an embodiment, the rotating link may be rotated approximately
90 or otherwise such that a tool can be advanced orthogonally toward the surface of tissne
such as esophageal tissue or colorectal tissue, when the device is inserted into the esophagus
or rectum, respectively. In an embodiment, the rotating link may be rotated to actuate one or
more tools, such as a surgical tool that passes thru the rotating hok, or a wel attached to the
rotating link such as an end effector tool. Motion of the rotating link may be a reciprocating

motion, such as to cause a blunt or sharp tool to cut or dissect nissue. The various hinks of the
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described devices may be locked in place by the tensioning of one or more cables. Inan
embodiment, one or more links may be locked prior to rotation of the rotating link and/or
advancement of one or more tools through the rotating hnk,

[00138] While several embodiments of the invention have been described herein by
way of example, those skilled in the art will appreciate that various modifications, alterations,
and adaptations to the described embodiments may be realized without departing from the

spirit and scope of the invention defined by the appended claims,
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i CLAIMS
What Is Claimed Is:
i. A device for performing a procedure comprising:

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

an adapted Hink comprising a proximal end and a distal end, wherein the distal end
comprises a first mating surface, wherein the proximal end 15 configured to attach to the
elongate tube distal end; and

a rotating link comprising a second mating surface configured to rotatably interface

with the adapted link first mating surface.

2 The device of claim 1, wherein said device comprises a steerable molti-inked device,
comprising:

a first link; and

a plurality of intermediate links, wherem a first one of the intermediate links is
movably coupled to the first link,

wherein the proximal end of the adapted link 15 movably coupled to one of the

mtermediate Hoks.

3. The device of claim {, wherein the device comprises a steerable multi-linked device,
comprising:

a first multi-linked mechanism; and
a secondd multi-hinked mechanism comprising:
a first link, and
a pharality of intermediate links, wherein a first one of the intermediate links is

movably coupled to the first fink,

-
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wherein the proximal end of the adapted link is movably coupled to one of the

ingermediate huks.,

4. The device of claim 2 or 3, wherem the intermediate links are configuredto beina

locked position while the rotating link is rotated.

A The device of claim 2 ar 3, further comprising at least one cable comprising a distal
end attached to the adaptive link, wheremn the locked position 1s achieved when the at least

cne cable is retracted.

6. The device of claim 1, wherein the device is configured to perform a medical

pi’UCSd gre.

7. The device of claim 1, wherein the device is configured to perform a bluat dissection

procedure.

& The device of clanm 7, wherein the rotating hink is configured to be rotated ina

reciprocating lateral motion.

9. The device of claim 1, wherem the rotating Hink 1s configured to be oriented at

approximately 90 degrees to the axis of the distal end of the elongate tube when the

procedure is being performed.

0. The device of claim 9, wherein the procedure 1s a transoral robotic surgery procedure.
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11, The device of clamm 1, further comprising a tool and wherem the rotating link is

confipured to rotate in a motion that actuates the tool.

12, Thedevice of clanm I, wherein the elongate tube comprises one or more ngid

portions.

13, The device of claim 12, wherein the device s configured to perform a laparascopic
g P

procedure.

14, The device of claim 1, wherein the elongate tube is flexible,

15, The device of clatm 14, wherein the device is a catheter device.

6. The device of clamm 14, wherein the device is an endoscope device.

17, The device of claim 1, wheremn the elongate tube comprises a plurality of connected
tinks.

18, The device of claim 1§, further comprising a second elongate wbe configured to be

shidingly received by the elongate tube.

19, The device of claim 1, further comprising a second elongate tube configured to

slidingly receive the clongate tube.
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20.  Thedevice of clamm 1, wherein the tube comprises a portion having a cross-sectional
geometry comprising one or more of the following:

round,

effiptical,

trapezoidatl,

rectangular, and

triangular,
21, The device of claim I, wherein the elongate tube comprises a uniform diameter along

a length of the elongate tube.

22, Thedevice of claim 1, wherem the elongate tohe comprises a non~uniform diameter

along a length of the elongate tube.

b2
Loy

The device of claimt 1, wherein the adapted Hnk s rotatably attached to the elongate

tube.

24, The device of claim 23, wherein the adapted link is configured to retate about the

distal end of the elongate tube.

25, The device of clatm 24, wherein the device is a multi-linked device and the tube distal

end is an intermediate Hnk of a mulii-linked device,

26. The device of claim 1, wherein the adapted link is attached to the distal end of the

elongate tube by one or maore of the following:
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Oune or more attached cables placed in tension such that the adapted link is
kinenatically counstrained;

a thread;

a snap;

a barb;

an adhesive bond;

a magnets;

an electromagnets; and

a frictional engaging member.

27 The device of claim 1, wherein the adapted hink is fixedly attached to the elongate
tube

28 The device of claim 1, wherein the adapted hink is removably attached to the elongate
tube.

29, The device of clamm I, further comprising at least one cable that s configured to

provide tension to mainfain contaet between the proximal end of the adapted hnk and the

distal end of the elongate tube.

30, The device of claim 29, comprising at ieast two cables configured to provide tension

to maintain contact between the proximal end of the adapted fink and the distal end of the

elongate tube.

“H1-
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31, The device of clamm 1, wherein the adapted link comprises a proximal end and a distal
endd, wherein the adapred link s configured to allow one or more tools to traverse from the

proxinal end of the adapted link to the distal end of the adapted hink.

32, The device of claim 1, wheremn the adapted link comprises a proximal end and a distal
end, wherein the adapted link is configured to transnuit one or more of the following from the
proximal end of the adapted hok to the distal end of the adapted link:

power; and

data.

Lad
L

The device of claim 32, further comprising one or more of the following:

one or more power lnes extending from the proximal end of the adapted hink to the
distal end of the adapted link; and

one or more data lines extending from the proximal end of the adapted link to the

distal end of the adapted link.

34, The device of claum 32, wherein the adapted link further comprises a first conductive
portion, wheremn the rotating link further comprises a second conductive portion, wherem the
first conductive portion is configured 10 maintain electrical connection with the second

portion while the rotating link rotates.

35, Thedevice of claim 1, wherein the adapted hnk further comprises an outlet port

configured to allow one or more tools to pass therethrough.
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36.  The device of claim 35, wherein the elongate tube further comprises at least one

tumen, wherein the outlet port is operably connected to the at least one lumen.

37.  Thedevice of claun I, further comprising a second adapted link comprising a
proximal end, a distal end, and a connecting element, wherein said proximal end of the
second adapted link i3 configured to attach the distal end of elongate tube, wherein the distal
end of the second adapted link comprises a third mating surface configured to mate with the

rotating hink second mating surface.

38,  The device of claim 37, wherein the first adapted link comprises a first geometry,
wherein the second adapted link comprises a second geometry that is different than the first

geometry.

39, The device of claim 38, whevein the first adapted link comprises one or more first
holes configured in g first hole geometry, wherein the second adapted hink comprises one or
more second holes configured in a second hole geometry, wherein the second hole geometry

1s different than the first hole geometry.

40, The device of claim i, wherein the {irst mating sorface comprises a relatively concave
geometry.
41, The device of claim 40, wherein the second mating surface comprises a relatively

Convex geomeltry.
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42, Thedevice of clatm 1, wherein the first mating surface comprises a relatively convex
FEeOmey.
43, Thedevice of claim 42, wherein the second mating surface comprises a relatively

concave g’@@ﬂl&ﬁ V.

44, The device of clatm 1, wherein the first mating surface comprises a geometry
assoctated with a first radius, wheremn the second mating surface comprises a geometry
associated with a second radius, wherein the first radius and the second rading are

approximately equal.

45, The device of claim 1, wherem the first mating surface comprises a geometry

associated with a first radius, wherein the second matng surface comprises a geometry

associated with a second radius, wherein the second radius is one or more of the following:
larger than the first radiug; and

smmaller than the irst radius.

46,  The device of claim 1, wherein the first mating surface comprises one or more of the

following geometries: spherical and ellipsoidal.

47, The device of claim 1, wherein the first mating surface comprises a cone-shaped

geomeiry,

48. The device of claim {, wherein the first mating surface comprises a single line of

contact with the second mating surface.
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49, The device of claim 1, wherein the first mating surface comprises a groove, wherem
the second mating surface comprises a projection, wherein the grove is configured to

slidingly receive the projection.

56.  The device of claim 49, wherein the rotation comprises motion along a single plane.
51, The device of claim 49, wheremn the groove is non-linear.
52, The device of claim 49, wherein the projection is g pin.

33, The device of claim 1, wherem the rotating tink defines an mternal opening.
54, The device of claim 53, further comprising a tool mounted in the internal opening.

85, The device of claim 54, wherein the tool is appropriately sized to be placed securely

n the internal opening.

36. The device of claim | further comprising a second rotating link comprising a third
mating surface configured to rotatably interface with the first mating surface of the first

adapted link.

37, The device of claim 36, wherein the first rotating link comprises a first geomeiry,
wherein the second rotating link comprises a second geometry, wherein the first geometry is

different than the second geometry.
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58, The device of clatm 36, wherein the first rotating link comprises one or more first
tools, wherein the second adapted hink comprises one or more second tools, wherein the first

tools are different than the second tools.

59, The device of claim 1, wherein the second mating surface comprises a relatively

conecave geometry.

60.  The device of claim 1, wherein the second mating surface comprises a relatively

convex geometry,

61, The device of claim 1, wherem the rotating Hink 15 configured to rotate with a smgle

degree of freedom.

62.  The device of clatm 61, further comprising a projection which is slidingly received by

a groove, said projection and groove causing a predetermined rotational pattern.

63,  The device of clatmy 1, wherein the rotating Hak is configured to rotate with two

degrees of freedom.

64, The device of claim 1, further comprising at least ong steering cable configured to

steer the device, wherein an end of the at legst one steering cable is located proximal to the

adapted hink.

~H6-
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65, The device of claim 64, wherein the device is a catheter and the at least one steering
cable is a pull wire terminated along the elongate tube and configured 1o deflect the distal end

of the clongate tube.

66, The device of claim 64, wherein the device is a multi-linked device, and the at least
one steering cable is g steering cable terminated at the adapted link and configured to steer

the multi-hinked device,

67. The device of claim 64, wherein the at least one cable is configured to transmit one or
more of the following:

electrical energy;

data optical information;

data;

a hiquid; and

a gas.

68, The device of claum 1, further comprising a set of rotation cables that tenminate at the

rotating Hnk.

69, The device of claim 68, wherein at least one cable of the set of rotation cables is
onfigured to transmit one or more of the following:
electrical energy;
optical information;
data;

a liquid; and
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a gas.

70.  The device of claim 68, wherein at least one cable is configured to resist stretching.
1. The device of claim 70, wherein the cable is constructed from one or more of the

following materials:
a braided material;
a metal filament; and

a fluorocarbon filament.

72 The device of claum 68, wherein at least one cable 1s conligured to streich.
73. The device of claim 72, wherein the cable is constructed of one or more of the

following: a polymer; and a polymer blend monofilament.

74, The device of claim 68, wherein the at least one cable comprises:
a proximal end;
a distal end; and
a lumen therethrough.
75, The device of claim 74, wherein the lumen is configured to transport fluid or gas.

76, The device of claim 73, wherein the lumen is configured to transport a cryogenic

agent configured to ablate tissue of a patient.
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77.  The device of clatm 75, wherein the lumen is configured to transport a cooling fluid

confipured to prevent undesired tissue damage to the patient.

78 The device of claim 68, further comprising at least one steering cable configured to

steer the device, wherein an end of at least one steering cable is located proximal to said

adapted hink.

79, The device of claim 78, wheren the at least one steering cable 13 terminated proximal

to the adapted link.

RO, The device of clatim 79, wherein the device 15 a catheler device.

81, The device of claim 78, wherein the at least one steering cable is terminated at the

adapted link.

33. The device of claim 78, wherein the first ink and the intermediate lixks each

comprise at least one hole configured to receive af least one steering cable.

33, The device of claim 82, wherein the first link, the intermediate links and the adapted

link each comprise a set of holes configured to receive a set of rotating cables.

84, ‘The device of claim 78, wherein the first hink and the intermediate links each further

comprise a set of holes, and wherein the at least one steering cable and at least one rotation

cable pass through a common hole,
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85, The device of claim 84, wherein the at least one steering cable or the at least one

rotation cable further comprises a friction reducing surface.

&6.  The device of claum 68, wherein a first rotation cable s configured to generate motion

inn a first divection.

87.  The device of claim 86, wherein a second rotation cable is configured to generate

motion in a divection opposite the first direction.

88,  The device of claim 68, wherein the first rotation cable is terminated at the rotating
link at a fust position, wherein the first posttion deternuines a range of rolation that is

generated by retracting the first rotation cable.

89.  The device of claim B8, wherein a second rotation cable is terminated at the rotating
tink at a second position, wheretn the second position determines the range of rotation that is

generated by retracting the second rotation cable.

90,  The device of claim 89, wherein the first rotation cable is coufigured to traverse g first
circamierential fength of the rotating link and the second rotation cable is configured to
traverse a second circumferential length of the rotating link, wherein the second
circumferential length is longer than the first circumiferential length, wherein the range of
rotation generated by retracting the second rotation cable is greater than the range of rotation

generated by retracting the first rotation cable.
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91.  The device of claim 68, wherein the adapted hink further comprises a hole, wherein a

first rotation cable from the set of rotation cables passes through the hole.

92.  Thedevice of claim 91, wherein the adapted link further comprises a central axis,
wherein a magnitude of the range of rotation generated by retracting the first cable is related

to g distance of the hole from the central axis,

93, The device of claim 92, wherein the range of rotation generated by retracting the fivst

cable is inversely proportional 1o the distance of the hole from the central axis.

94, The device of claim 68, wherein at least one cable is terminated at the rotating link by
one or more of the following:

a knot,

an adhesive ball,

a splice ou an end of g cable passed through a hole,

a weld,

an adhesive joint,

a frictional engagement between the cable and a capture element; and

a cable with a looped end fixedly attached to a hole.

935, The device of clatm 68, wherein the adapted link further comprises a central axis,

wherein at feast one rotation cable 1s terminated such that the distal portion of said at least

one rotation cable 1s relatively perpendicalar to the adapted hnk central axis,
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96.  The device of clanm 95, further comprising a bearing surface configured to slidingly

deflect at least one rotation cable approximately ninety degrees.

97.  The device of claim 68, wherein a first rotation cable 13 terminated at a first rotating
fink location, and a second rotation cable is terminated at a second rotating link location,
wherein the first location and the second location avoid a singularity that prevents movement

of the rotating link.

98,  The device of claim 68, wherein a first rotation cable is terminated in a position
causing rotation from a first rotating link orientation to a second rofating link orientation gs
the first rotation cable is retracted, wherein the first orientation s separated from the second

orientation by no more than 90 degrees.

99, The device of claim 98, wherein a second rotation cable is terminated in a position
causing rotation from the second orientation to the first orientation when the secoud rotation

cable is retracted.

100.  The device of claim 68, wherein a first rotation ¢gble is terminated in a position
causing rotation from a first rotating link orientation to a second rotating link orientation as
said first rotation cable is retracted, wherein the first orientation is separated from said second

orientation by no more than 180 degrees.

101, The device of claitm 1, wherein the device is a multi-linked device that comiprises at

least one working channel.
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102, The device of claim 101, wherein the device comprises at least two working channels,
wherein the adapted link comprises a first quantity of working channels, wherein the rotating
Link comprises a second guantity of working channels, wheren the second guantity of

working channels is less than the first quantity of working chamnels.

103, The device of claim 1, further comprising a tool,

104, The device of claim 103, wherein the tool comprises one or more of the following:
a cutters;
a grasper;
a dissector;
a biopsy mechanism;
a sensing device;
an EKG electrode:;
an energy dehvery tool;
a cryogenic tool;
an RF tissue ablating tool;
a drug delivery device;
a recording device; and

a canery.

105, The device of claim 104, wherein the tool is gitached to the rotating link.

106.  The device of claim 104, wherein the tool is configured to pass through the elongate

tube,
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107, The device of clatm 1006, wherein the tool is configured to pass through the rotating

link.

108, The device of claim 1, further comprising an interface between the adapted link and

the rotating link.

109, The device of claim 108, wherein the inferface 1s configured to transfer to the rotating
fink one or more of the following:
one or more electrical signals;
otie or more optical signals;
a flmd; and

a pas.

110, The device of clatm 108, wherein the rotating link further comprises an electronic

module, wherein the interface is configured to transmit energy to the electronic module.

111 The device of claim 110, wherein the electronic modale 15 configured to store

received energy.

112, The device of claim 111, wherein the electronic modale is configured to recetve

energy mtermittently during use of the device.

113, The device of claim 108, wherein the rotating Hnk comprises a tool, wherein the

mterface is configured to supply power to the tool.
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114, The device of clatm 113, wherein the tool conyprises one or more of the following:
a cutters;
a grasper;
a dissector;
a biopsy mechanisin,
a sensing device;
an BEKG electrode;
an energy delivery tool;
3 Cryogenic tool;
an RF tissue ablating tool;
a drug delivery device;
a recording device; and

a camard.

115, The device of claim 108, wherein the mterface comprises a plurality of independent
channels, wherein each channel i3 configured to transmit one or more of the following: power

and data.

116,  The device of claim 115, wherein:
a first channel is configured to perform one or more of the following:
transmit data, and
receive data,
wherein a second channel is configured to perform one or more of the followig:

transmit power, and
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receive power.

117, The device of clann 1, wherein one or more of the adapted link and the votating tink

further comprise an electronic module.

118 The device of clamm 117, wherein the electronic module comprises one or more of the
foltowmng:

a digital to analog converter;

an analog to digital converter;

a microcontroller;

A MHCTOPIOCessor;

a multiplexer;

a demultplexer;

switching civeuitry;

MEMS circuitry; and

MEMOLy Circuiiry.

119, The device of clatm 1, wherein the elongate tube comprises a cross-section
COMPrising

one or more of the following:
a non-uniform major axis;
a non-unifors nnoer axis;
a uniform major axis; and

a uniform nyinor axis,
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1200 A method of performing a procedure comprising:
selecting a device of any of claims 1 thru 119 and

rotating a rotating hnk of the device.

121, The method of claim 120, wherein the rotating comprises rotating the rotating link

approximately 90 degrees,

&

122, The method of claim 121, wherein the rotating comprises:
£ I
rotating the rotating link approximately 90 degrees; and

advancing a ol relatively orthogonal to g tissue surface of a patient.

123, The method of claim 122 wherein the procedure 1s a transoral robotic surgery

procedure.

124, The method of claim 120, wherein the rotating actuates a tool.

125, The method of claim 124, wherein the tool is configured to attach to the rotating link.

126, The method of claim 124, wherein actuating a tool comprises actuating a surgical

tool.

127, The method of ¢laim 120, further comprising locking two or more Hnks of a muln-

tink device prior to performing the rotation.
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128, The method of claim 120, wherein the procedure comprises a blunt dissection

procedure.

129, The method of claim 128, wherein rotating comprises rotating the rotating link m a

reciprocating lateral motion,

130.  The method of claim 120, wherein the procedure 1s a medical procedure comprising
one or more of the following:

Surgery;

nimimally invasive surgery;

a vobotic procedure;

an interventional procedure; and

an endoscapic procedure.

131, The method of claim 120, wherein the procedure s performed by a chimcian.

132, A steerable muli-linked device, comprising:
a first hink;
a plurality of intermediate links, wherein a first one of the intermediate links is
movably
coupled to the first link;
an adapted hnk movably coupled to one of said intermediate links at a first end and
having a concave surface at a second end; and

a spherical hink fitted in the concave sarface of the adapted link.
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1

Ll

3. Thedevice of claim 132, wherein a first set of cables for steering said mult-linked

device gre ternunated at the adapted link.

134, The device of clatm 133, wherein a second set of cables are terminated at the

spherical link.

135, The device of claim 134, wherein the first set of cables pass through a first set of

holes m each of the first link and the phuality of intermediate hinks.

136,  The device of claim 135, wherein the second set of cables pass through a second set

of holes tn each of the first link, the plurality of mtermediate links, and the adapted link.

137, The device of claim 134, wherein the first and second set of cables pass through a

comnmon set of holes.

138, The device of claim 132, wherein the spherical link defines an internal opening.

139, The device of clatm 138, wherein a device is mounted i the interng! opening,

140, The device of claim 139, wherein the device 1s appropriately sized to be placed

securely 1n the internal opening.
141, A steerable multi-linked device, comprising:
a first mubi-linked mechanisny: and

a second multi-hinked mechanism comprising:
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a first link,

a plurality of intermediate links, wherein a first one of the intermediate links ig
movably coupled to the fivst link,

an adapted link movably coupled to one of the intermediate links at a first end
and having a concave surface at the second end, and

a spherical link fitted in the concave surface of the adapted hink.

142, The device of claim 141, wherein a first set of cables for steering the mult-linked

device are terminated at the adapted link.

143, Thedevice of claim 142, wherein a second set of cables are terminated at the

spherical link.

144, The device of clanm 143, wherein said first set of cables pass through a first set of

holes in each of the first link and the plurahity of intermediate links.

145, Thedevice of clatm 144, wherein the second set of cables pass through a second set

of holes i each of said first ok, the plurality of intermediate links, and the adapted link.

146,  The device of claim 143, wherein the first and second set of cables pass through a

commen set of holes.
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