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(54) Title: EXTENDABLE ARTICULATED PROBE DEVICE

(57) Abstract: An articulate probe device includes a first
mechanism, a second mechanism, and an overtube mech-
anism. The first mechanism includes a proximal link
which is movable coupled to a first intermediate link, a
plurality of intermediate links, and a distal link which is
moveably coupled to a second one of the intermediate
links. The second mechanism includes a proximal link
which is movable coupled to a first intermediate link, a
plurality of intermediate links, and a distal link which is
moveably coupled to a second one of the intermediate
links. The overtube mechanism includes a proximal link
which is movable coupled to a first intermediate link, a
plurality of intermediate links, and a proximal link which
is moveably coupled to a second one of the intermediate
links. Further, at least one of the first mechanism, second
mechanism, and overtube mechanism is steerable and ex-
tendable beyond the other mechanisms.
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AL TITLE ~EXTENDABLE ARTICULATED PROBE DBEVICE

2y

B. CROSS REFERENCE TO RELATED APPLICATIONS
{90061} This application claims the benefit of the filing date of, and priority to, United

States Provisional Patent Application No. 61/059,171 {iled June §, 2008,

C.-F. Not Applicable

F. BACKGROUND

o802} This apphication discloses an invention that is related, generally and in various
gmbodiments, to a multi-linked robotic device, a continuwm robot, or other lughly srticulated
device. This device may be used to deliver a tool such as a camera, probe, scalpel or other
tool to an area of interest inside a patient’s body during a surgical procedure. For mibumally
invasive procedures, such as cardiac ablation, a mininwally complex articulated device s
usunally sufficient. However, for more complex procedures, a longer device may be necessary.
A longer mechanisim may require extra support along at least a portion of its length {0
counteract any mcreased loadmg. in addition, the device mayv need to accommuodate

additional tools needed {0 perform certam parts of a more complex procedure.

(1 SUMMARY

[0003] Before the present methods are described, 135 1o be understood that this
invention 1s not himited o the particular systems, methodologies or protocols described, as
these may vary. It is also 1o be paderstood that the terminology used herein is for the purpose
of describing particular embodiments only, and s not intended to himit the scope of the

present disclosure which will be howted only by the appended claims.
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jO004] 1t must be noted that as used herein and in the appended claims, the sigular

SR, 1Pl

forms “a,” “an.” and “the” include pharal reference unless the comtext clearly dictates
otherwise. Unless dehined otherwise, all fechnical and scientific terms used herein have the
same meanings as conunonly understood by one of ordimary skill m the art.  As used herein,
the term “comprising”™ means “inclading, but not limited t0.”

{0005] In one general respect, the embodiments disclose an articulated probe device.
The articalate probe device inchides a fivst mechanism, a second mechamism, and at least one
overtube mechamsm, More specifically, the first mechanism includes & fivst hink posttioned
at a proximal area of the first mechanism, a plurality of intermediate hinks, wherein a first one
of the intermediate links is moveably conpled to the first link, and a second link positioned at
a distal area of the second mechanism which s moveably coupled to a second one of the
intermediate finks. The second wechanism includes a frst hak positioned at a proximal area
of the second mechanisny, a plurglity of intermediate links, wherein g fivst one of the
intermediate finks s moveably conpled to the fivst link, and a second hink positioned at 8
distal area of the second mechamsm and which is moveably coupled (o a second one of the
intermediate links. The at least one overtube includes a first hok positioned at ¢ proximal
area of the overtube mechamism, g plurality of intermediate links, wherein a first one of the
intermediate lnks is moveably coupled to the first Iink, snd 4 second hnk which is moveably
coupled to a second one of the intermediate finks and positioned at a proximal area of the
overtube mechanisim. Further, at least one of the frst mechanism, second mechanism, and
overtube mechanisn is configured to be steerable and extendable bevond the other

mechanisms.

td
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H. BRIEF DESCRIPTION OF DRAWINGS

{006} Various embodiments of the invention are described berein by way of example
in comjunction with the following figures.

(0007} FIGS. 1 and 2 dHlustrate various embodiments of a steerable mulii-linked
device.

[o008] F1G. 3 Hustrates vartous embodiments of a core mechanism of the device of
FIG .

{8009} FIGS. 4 and 5 Hlustrate variows embodiments of an intermediate link of the
core mechanism,

[o016} FIG, 6 Hlustrates various embodiments of a motion sequence of the device of
Figure 1.

[O011] FIG, 7 illustrates an exemplary cross-section of an overtube according to an
gmbodiment.

[o012] FIG. 8 itlastrates an exemplary steerable multi-linked device having an
overtube according to an embodiment.

FOO 13} FIGS. 9A-9C illustrates exemplary cross-sections of a steerable mulii-linked
device having an overtube according to an embodiment.

joU 4] FIG, 10 iHastrates exemplary steerable mulii-linked devices having an
overtube according to an embodiment.

[001S] FIG. 11 dlustrates an exemplary cross-section of a steerable muhii-linked
device according o an embodiment.

fo016] FIG. 12 ilastrates an exemplary tensioning cables and splice according to an
embodiment.

[o017] FIG. 13A-13] dlustrate exerplary port and through-hole configurations are

according to an enthodiment.
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L DETAILED DESCRIPTION

[BOE8] 1 is 1o be understood that at least some of the fgures and descriptions of the
invention have been stimplified to focus on elements that are relevant for a clear
understanding of the mvention, while elimunating, for purposes of clanty, 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 m the art, and because they do not
necessarily facilitate a better understanding of the invention, a description of such elements is
not provided herein.

{0019 According fo various entbodiments, the invention described herein may be
utilized to control movement of an articulated device, which i the figures and description
herein is described as a steerable mulu-tinked device. In an embodiment, a surgical probe
may be an exemplary articulated device. A surgical probe mayv be used to perform surgical
procedures, exploratory procedures andfor the like on bumans andfor animals. For ease of
explanation purposes, the invention will be described in the contaxt of ity use with various
embodiments of the sieerable multi-linked device described herein. However, one skilled in
the art will appreciate that the invention may be utilized with other types of mulii-linked
devices as well as other types of devices such as, but not limited to, endoscopes, highly
articufated devices andfor the like.

(9026} FIG. 1 illustrates a represeniative embodiment of a ighly articulated
extendible probe device 18 The cross-section of such an embodisnent is depicted i FIG. L
According to the represemtative embodiment, the device may be a steerable muiti-linked
device such as a snake-like robot, a continuum robot or the hke. Various embodiments of the
device 10 may be utihized for medical procedures {e.g., as a robotic bore, positiomng device,
ablation fool, camera or instrument support, or guidance system for minimally nvasive
procedures), for surveillance apphications, for inspection apphications, for search and rescue

applications, ete. For purposes of clarity only, the utility of the device 18 wall be described

e
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herginbelow in the context of its applicalulity to medical procedures. Howevar, a person
skitled in the art will appreciate that the device 10 can be atilized in a variety of different
applications.

{9021} The device 10 comprises a first mechanism 12 and a second mechamsm 14,
According to the representative embodiment, a mechanism may be a senes of articulated
{inks, a snake-like robot, a continuum robot or the like, According (o the representative
embodiment, the second mechanism ¥4 is structored and arranged to receive and swrvound the
first mechamism 12 as shown in FIG. 2. Thus, the first mechamsm and second mechamsm
may be concentric. Accordmg to other embodiments, the first and second mechanisms 12, 14
may be stroctured and arranged o have a refationship other than 8 concentrie refationship.
For example, the second mechanism 14 may surround the first mechamsn 12, however, the
first mechanism 12 nay be arranged eccentrically with respect to the second mechanism 14,
According to the representative embodiment, the first and second mechanisms 12, 14 may be
structuved and arranged to operate in a side-by-side arrangement, where the fist mechanism
12 operates alongside the second mechanisny 14, According to the representative
embodiment, additional and/or alternate configurations may be used within the scope of this
disclosure. According io the representative embodiment, a gap or three-dimensional space
240 may be provided between the first and second mechanisms. This space will be described
in more detail below.

jO822] As described in more detail hereinbelow, the first mechausin 12 may operaie
in either a rigid mode or a imp mode, the second mechanism 14 may operate in gither a rigad
mode or a limp mode, and the first and second mechanisms 12, 14 may operate independent
of one another. At least one of the mechanism is rigid at all times during operation of the
device 1€, Both the first mechanism 12 and the second mechanism 14 may be steerable

mechanisms. Accordingly, #t will be appreciated that the device 18 may be ntilized to
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navigate a luminal space as well as any path within a three-dimensional itracavily space,
void, or an otherwise wiconsirained three-dimensional vohume, According to the
representative embodiment, the device 10 may advance by altemating the operation of the
first mechanism 12 and the second mechanism 14 between a limp mode and a rigid mode.
Further, both mechanisms can both exist m the rigid mode at the same time.

{9023} According fo the repwesentative emnbodiment, the device 10 may also comprise
one or more cables. According to the representative embodiment, one or more of the cables
10 may be steering cables andfor tensioning cables. For example. the device 14 may mclude
three cables for steermyg disposed through the second mechanism and one cable for tensioning
which is disposed through the first mechanism. Alternatively, the device 10 may inclade foar
steering cables. More, fewer, alternative and/or additional cables may be used within the
scope of this disclosare.

[0024] FIG. 3 iHustrates various embodiments of either mechanism of the device,
Shown in FIG. 3 i3 the first mechamsm 12 of the device 18, The first mechanism 12 is a
multi-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 12 may comprise a first link 28, a second hink 30, and one or more
intermediate links 32 between the first and second links 28, 38, The first link 28 mayv be
considered the proximal Hnk, and the second link 3@ may be considered the distal ink. Any
link between the proximal link 28 and distal link 30 may be considered an intermediate hink
32, Exemplar link structures are shown in, for example, ULS. Patent Application Publication
No. 2008039690,

{0025} FIGS. 4 and S lustrate various views of an exemplary intermediate link 32 of
the first mechanism 12 m an embodiment where the inner mechanism serves as the core. The

iniermediate link 32 is representative of the other mtermediate links 32, The intermediate

-
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link 32 inclodes a first end 588 and a second end 69, and defines a longitudinal axis 62 that
passes throuwh the center of the frst end 38 and the center of the second end 66, Link 32
inchudes a passage 76 or through-hole which may be positioned along the longitudmal axis,
or it may be positioned elsewhere in the hnk pagallel to, or substantially pasallel to, the
longitudinal axis.

{9026} As shown in FIG. 4, the intermediate hink 32 also comprises a finst sswface 68
that extends from the first end 38 of the intermediate {ink 32 to the second end 60 of the
miermediate link 32. The [irst surface 68, shown 1o FIG 5, may be considered the outer
surface of the intermediate link 32, The mtermediate link 32 also defines one or more port
portions, referred 1o herein as grooves. In the example shown, link 32 inchudes a first groove
76 parallel to the longitadinal axis 62 along the first surface 68, a second groove 72 parallel
to the longitudinal axis 62 along the first surface 68, and a third groove 74 substanually
aligned to the longitudinal axis 62 along the fivst surface 68, Each of the first, second and
third grooves 78, 72, 74 extend along the first suwrface 68 from the first end 38 of the
intermediate hink 32 toward the second end 66 of the tntermediate ok 32, The first, second
and third grooves 70, 72, 74 may be semi-tubular shaped and may be arranged in a radially
synunetric manner around  the longitudinal axis 62 on the first surface 68 of the mtermediate
link 32 as shown in FIGS. 4 and 5. The size of each of the grooves 70, 72, 74 may be
identical to one another or may be different from one another. For example, according to
various embodimenis, the first and second grooves 78, 72 are configured as segments of @
cylinder having a diameter on the order of approximately 1.75 millumeters at the (irst end 58
of the intermediate link 32, and the third gmoove 74 is configured as a segment of a cvlimder
having a diameter on the order of approximately 2. 50 millumeters at the first end 88 of the
miermediate link 32. The first, second and third grooves 78, 72, 74 are each configured to

provide a portion of a port stracture that receives and partially surrounds any of a variety of
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{0027} The mtermediate hnk 32 also defines a through-hole or passage 76 extending
from the first end 38 to the second end 60 and is paralle! to the longitadinal axis. Tha
through-hole or passage 76 mav be of a size sufficient to allow one or more cables to pass
therg-through.

jO028] FIG. 6 ilastrates various steps of a motion sequence of the steerable mult-
linked device 10, At the start of the sequence, the second mechamsm 14 sarrounds the first
mechanism 12 as shown m step “a” of FIG. 6, the longitadimal axes of the links 28, 30, 32 of
the first mechanism 12 are substantially alipned with the respective longitadinal axes 134,
164, 212 of the links {e.g, link 126} of the second mechanism, and the second end 26 of the
first mechanism 12 is at substantially the same position as the second end 122 of the second
niechanism 14, A teusioning cable passes through a through-hole of the first mechamsan, Tt
1s ternunated on an actuation component at the proximal area or end of the first mechamsm
and at a nexi-to-last hink at a distal end. The tensioning cable is pulled tight, thereby placing
at least a portion of the first mechanism 12 i the rigid mode by placing a force on the distal
link and ai east a some intermediate links. The steering cables are not pulled tight, thereby
placing the second mechanism 14 in the imp mode,

{0029} The second mechanism 14 is then advanced so that its second link 126 18
positioned approximately one link ahead of the second end 24 of the first mechanism 12 as
shown in step “b7 of FIG. 6. The cables 16, 18, 20 niay be wtilized to orient the second link
126 to a particular orientation, where the longitudinal axis 134 of the first link 124 1500
longer aligned with the longitudinal axes 164 of the intermediate {inks 128 of the second
mechanisin 14 or the longuudinal axis 98 of the second hink 30 of the first mechanism 12

Adter the second link 126 15 In the desired position and orientation, the steering cables arg

B
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pulled with appropriate forces in order o place the second mechanism 14 1n the rigid mode,
thereby preserving the position and otieniation of the second mechaniam 4 when the first
mechanism s made Bmp.

{0036} The pulling force of the tensioning cable is then released 1o place the first
mechanism 12 o the limp mode.  After the first mechanism 12 is placed in the limp mode,
the first mechamsm 12 is advanced so that its second link 30 15 at substantially the smne
position as the second end 122 of the second mechanism 14 as shown in step “¢” of FIG. 6.
After the second link 30 of the first mechanism 12 is 1 the desired position, the tensioning
cable s pulled tight to place the first mechanism 12 back in the rigid mode, thereby
preserving the posttion and onentation of the first mechanism 12,

{6031} The pulling forces of the steering cables are then released to place the second
mechanism 14 back in the timp mode. After the second mechanism 14 is placed back in the
limp mode. the second mechanism 14 is advanced so that #s second link 126 is once again
positioned approximately one hink ahead of the second end 26 of the first mechanism 12 as
shown in step “d” of FIG. 6. After the second hink 126 is in the desired position and
orieutation, the steening cables are pulled with identical force in order o place the second
mechanism 14 10 the rigid mode, thereby preserving the position and orientation of the
second mechanism 14,

{0032} The pulling force of the tensioning cable is then released to place the first
mechanisio 12 back in the lirop mode. After the first mechanism 12 is placed back in the
linp mode, the first mechanism 12 15 advanced so that 1s second link 38 is once again at
substantially the same position as the second end 122 of the second mechanism 4 as shown
in step “e” of FIG. 6. Afler the second link 30 of the first mechanism 12 is i the desived
position and orientation, the tensioning cable is pulled tight to place the first mechanism 12

hack 1n the rigid mode, thereby preserving the position and orientation of the first mechanism

O
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{0033} In an embodiment, the fexible, snake-like device 10 may include one or more
overtubes. In an embodiment, an overtube may inclode a series of links in a similar fashion o
the second mechanism. In an embodiment, an overtube may be a snake-like robot, a
continuum robot or the like, An overtube may be fabricated from metal, plastie, fiber,
reinforced fiber, any combination thereof andfor the like.

{0034] In an embodiment, an overtube may mclude one or more through-holes, A
through-hole may extend along a length of the overtube. In an embodiment, a through-hole
may be substantially cylindrically shaped. A through-hole may be configured to surround and
receive a cable. For example, as illustrated by FIG. 13, a through-hole 1800 may receive a
steering cable 1805, In an embodiment, a steenng cable may assist in controlling and guiding
the movement of an overtube,

{0035} In an embodiment, an overtube 1820 may include one or more grooves, such
as the grooves described above with respect to the intermediate ok 32, The wrooves of an
overtube may align with grooves on the outside of a second mechanism to fornm one or more
ports such as port 1908, A port may be a passageway that extends along g length of a device.

in an embodiment, an overtube mav wholly conain one or more poris, In ap embodiment,

~30-
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ports mayv be configured to surround and receive one or more tools. Additionally, overtube
1820 may include one or more thwough-holes 1808, For example, FIG. 7 iHhustrates an
exemplary through-hole 1908 receiving a tensioning cable 1915 and an exemplary port 1960
recetving a tool 1918,

{0036} 1n an embodiment, an overtube may surround both the first mechanism 12 and
the second mechanism 14. For example, as illustrated by FIGS. 9A-9C, the second
mechanism 1408 may swrround the first mechanism 1418, and the overtube 1400 may
surround the second mechamism 1405, In an embodiment, as shown in FIG. 2, the first
mechanism 12 may be positioned concentnically with respect to the second mechanism 14,
Altermatively, as shown in FIGS. 9A-9C, the first mechanism 1415 may be positioned
eccentrically with respect to the second mechanism 1408, For example, the first mechanism
1415 may be located off-center from the second mechanism 1405, In an embodiment, the
second mechanisnm 1405 may be positioned concentrically with respect 10 the overtube 1400,
Alternatively, the second mechanism 1405 may be positioned eccentrically with respect to
the overtube 1400, In an embodiment, the overtube mav be fabricated from plastic, such as
polysulfone andior the like.

{0037} In an embodiment, the first mechanisio 1418 and the second mechanism 1465
may be collectively considered an inner mechamism, and the overtube 1400 may be
considered an outer mechanism. In an embodiment, the device may operate in a first mode.
The first mechanism 1415 and the second mechanisn 1405 may operate substantially in
unison and both mechanisms may alternate between a rigid and a limp state together, The
operation of the first mechamsm 1415 and second mechanism 1468 may be complimentary 0
the overtube 1400, For example, the firs{ mechanisma 1418 and the second mechanism 1408

may both be made limp wihile the overtube 1400 is made ripid. Alternatively, the first
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mechanism 1418 and the second mechanisim 1408 may both be made ripid when the overtubs
1408 13 made Hmp. Sull further, the all mechanism mav be made rigid at the same time.

[O038] For example, while i a limp state, the first mechanism 1415 and second
mechanism 1465 may advance o the overiube 1400 to a cerlain posttion. The first
mechanism 1418 and the second mechanism 1405 may be made rigid, while the overtube
1488 may be made lip. The overtube 1408 may advance over the first mechanism 1415 and
the second mechanism 1405, This motion sequence 1s analogous to the motion sequence
describe above and depicted in FIG 6.

[0039] In an embodiment, the device may operate in a second mode. In a second
mode, the overtube 1400 may act as a steerable cannula that may be positioned with
assistance from the first mechanism 1415 and the second mechanism 1408, For example,
afler reaching a target focation, the overtabe 1406 may be made rigad. The first mechanism
1415 and second mechanism 1405 may continue to advance, while the overtube 1400 may
remain stationary. As dlustrated in FIG. &, the overtube 1468 may provide additional fength
10 the flexible, snake-hike device 10, allowing for more flexibility in its positioning and use,
The overtube 1400 may also provide additional support to the first mechanism (contained
within the second mechanism 1405) and the second mechanisin 1405, As illustrated by F1G.
7. the rading of corvature associated with an overtube 1400 mayv, in some embodiments, be at
least as large as the radius of curvature associated with the second mechanism 1465

[o040] FIGS. 2A — 9C llustrate exemplary cross-sections of an articulated device
having an overtube according to an embodiment. In FIG. 9A, a cross-section of an overtube
1400 is highlighted. As illustrated by FIG. 94, an overtube 1400 may include ong or more
throngh-holes 1401, 1402, 1403, Steering cables used to control the overtube 1400 may be

received by the through-holes 1401, 1402, 1463,
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joU41] in FIG. 9B, a cross-section of a second mechanism 14085 is highlighted. As
Hhustrated by FIG. 9B, a second mechanism 1405 may inchude one ov more through-boles
1468, 1409, 1410, Steering cables used to control movement of the second mechanism 1465
may be received by the through-holes 1408, 14069, 1410, In an embodunent, the second
mechanism 140835 may inclode one or more ports 1466, 1407 A port may be a passageway
that extends alony the length of a device. In an smbodiment, a port may be formed by the
alignment of one or more grooves of a {irst mechanism and one or more grooves or walls of a
second mechanism. In an alternate embodiment shown in FIG 98, a port may be wholly
formed in a first mechanism and/or a second mechanism. In an embodiment, one o more
through-holes mav be configured o qurvound and receive one or more tensioning cables and
at least one port may be configured to surround tools andfor the hke.

{042} In FIG. 9C, a cross-section of the first mechanism 1415 i3 highhighted. As
illustrated by FIG. 9C, a first device 1415 may include a through-hole 1428 for deliverv of a
tool.

{0043] In an embodiment, an overtube may be used 1o deliver a plurality of flexible,
snake-hike devices 18 to a location as illustrated by FIG. 10, Although FIG. 10 llustrates an
overtube surrounding two devices 15300, 1505 in g parallel configuration, additional devices
andfor alternate configurations may be used within the scope of this disclosure.

{0044} In an embodiment, each device may be operated in a first mode, such as that
described above. In an embodiment, each device may be operated in substantial unison with
each of the other devices, For example, while 1 a limp state, a first device 1508 and a second
device 1505 may advance mito the overtube 1518 o a certain position. The first device 1508
and the second device 1585 may be made rigid, while the overtube 1510 mayv be made lamp,

The overtube 1518 may advance over the first device 1508 and the second device 1568,

T
sorrts
(5]

:



WO 2009/149421 PCT/US2009/046508

jO045] 1n an embodiment, the devices 1510, 1503 and the overtube 1510 may operale
i a second mode, similar (o that described above. In an embodiment, the overtube 1516 may
act as a steerable cannula that may be positioned with assistance from the first device 1508
and the second device 1505, For exampie, after reaching a target location, the overtube 1516
may be made rigad. The first device 1500 and second device 1508 may continue to advance,
while the overtube 1818 may remain stafionary. The first device 18560 and the second device
1565 mayv be mdependently operated as they advance bevond the overtube 1318, The
overtube 1310 may provide additional length o the flexible, snake-hke device 10, providing
for more flexibility in 1ts posttioming and use. The overtube 1516 may also provide additional
support to the first device 15660 and the second device 1500,

{0046} In an embodiment, a phwality of overtubes arranged in a nested structure may
be used in conjunction with one or more devices. FIG. 11 illastrates a cross-section of the
device having n-overtubes which are nested concentrically within each other according to an
embodiment. As illustrated by FIG. 11, overtube n 1660 may sarround at least a portion of
overtihe n-1 1605, Overtube n-1 1608 may in turn surround at least a portion of overtube 4
16140, and so on. As illustrated by FIG. 11, with & nested arrangement, either concentrically or
eccentrically, of n-overtubes, a device may have a telescopic configuration. Any of the
overtubes may be steerable or non-steerable, and those which are steerable will have a
plurahity of associate steering cables. Non-sieerable devices require only 8 tensioning cable
in a through-hole, and no steering cable. In an embodiment, the added support provided by
additional overtubes may allow a device to reach lengihs # otherwise would not be able to
reach.

{0047} In an embodiment, a device may mclude one or more first mechanisms, one or
more second mechanisms and/or one or more overtubes. The first mechanisms, second

mechanisms and/or overtubes may be arranged in a nested, paraliel andfor in any other

i
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configuration or combination of configurations. In an entbodinent, one or more first
mechanisms, second mechamsins andior overtubes may be arranged concentrically,
eccentrically and/or the hke. For example, a first mechanism may be positioned
concentrically relative to a second mechanismy. Sundarly, a device may be positioned
eccentrically relative to an overtube.

{9048} In an embodiment, when a {irst mechanism is disposed eccentrically relative 1o
a second mechanism, the first mechamism may “break oat” of the channel throogh which it
disposed during advancerment when the device is highly carved. To resobve this problem, a
passive section of wner hinks may be added 1o a distal end of the first mechamsm. FIG. 12
wustrates an tensionig cable 1700 having a first cable portion 1708 and 4 second cable
portion 1720 spliced together. For example, a holtow, braided cable 1708 may be used. In an
embodiment, the distal end of the braided cable 1700 may be opened to form a sleeve 1715,
and a shorter, separate section of the same type of cable may be inserted into the open wesve
of the sleeve 1715 as Hustrated by FIG. 12, An active section of cable 1720 and a passive
section 1705 may be combined such that their longitudinal axes are substantially aligned.
After a portion of the shorier segment is inserted into the open braid of the longer cable, at
least one running stitch 1710 may be run through both cables in the section where they
overlap. In an embodiment, the portion may be approximately 3-5mm long. Tn an
embodiment, the stitch may secure the cables together,

jO049] In an embodiment, the increased diameter of the longer cable with the shorter
cabled spliced into it may act as a force transmission poimt for the cable of the first
mechanisin on one of the intermediate links. The shorter section of cable may then have one
or more finks strung onto i In an embodiment, three to five links may be strung onto the
shorter section of cable, In an embodiment, the passive links may be secured with a stopper

knot ternunating the distal most end at the second link, Because the links of the active portion

¥
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of the first mechanisin may be secured between the feeder and the splice point, the
miermediate Hnks that are strang on the shorter section bevond the splice point may not be
subject 1o the same loads. As such, these intermiediate hinks may not become rignd.

{9036} In an embodiment, an additional benefil of baving ihe cable sphiced may be
increased cable strength. For example, with a 150 Ib test cable, the cable may break close to
the knot at approximaiely 60 ths. With a sphiee, however, the cable may break far from the
termination poiat at approximately 100 tbs.

[0051} In an embodiment, a first mechanism, a second mechanism andfor an overtube
may have any number of ports, throagh-holes anddor the hke. In an embodiment, the ports
anddor through-holes may be arvanged soch that they are radially symmetnie, radially
asymmetric and/or the like.

[O052} In an embodiment, placement of ports anddor through-holes relative to the first
niechanism 12 and/or the second mechanism ¥4 may vary, For exaple, one or more poris
may be placed concentrically or eccentrically on the device 18. In addition, one or more ports
may be fully contained within one or more mechanisms of the device 168, For example, one or
more ports may be fully contained within the second mechanism 14, Similarty, one or more
ports may be fully contained within the first mechanism 12 {n an embodimment, one or more
ports may be split between a plurality of mechanisms of the device 18, For example, one or
more ports may be split between the first mechanism 12 and the second wechanism 14, In
such an embodiment, when the internal grooves of the second mechanism are substantially
aligned with the external grooves of the first mechanism, a namber of larger ports equal to
the number of grooves on the first/'second mechanism will be shared by the two mechanisms.
In another embeodiment, when the internal grooves of the second mechanism ave substantially
misaligned with the external grooves of the first mechanism, a number of smaller ports equal

1o twice the number of grooves on the first/second mechanism will exist. In an embodiment,
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one or more ports may be exposed 1o the exterior of a mechanism of the device 18, For
axample, oneg o more potis may be exposed to the exterior of the second mechmusm 14,
Additional andfor alternate port placements may be used within the scope of this disclosure.

{9033} Examples of different port and through-hole confivurations are illustrated by
FIGS. 13A-13). For example, FIG. 13A dlustrates an exemplary second mechanism 14
having four through-holes 1760, 1702, 1704, 1706. As illusirated by FIG. 13A, the through-
holes may be eccentrically arvanged in a radially synumetric manner. Steering cables may be
delivered through the through-boles.

{00341 FIG. 138 illusuates an exemplary second mechanism 14 having three through-
boles 1708, 1718, 1712 according to an embodiment. As iHustrated by FIG. 138, the through-
holes 1708, 1710, 1712 may be arranged eccentrically m a radially symmetnic manner mside
the structure of the second mechanism 14.

{0055] FIG. 13C illustrates an exemplary second mechanism 14 having three ports
1734, 1716, 1718 comntained in an outer wall 1720 of the second mechanism 34, The second
mechanism {4 may alse include one or more throngh-holes such as those 1713, 1715, 1717
illusteated by FIG. 13C. In an embodiment, the through-holes 1713, 1715, 1717 may be
arranged eccentrically in a radially symmetric manner. In an embodiment, the through-holes
may be evenly spaced within the arrangement of the povts 1714, 1716, 1718

{0056} FIG. 13D illustrates an exemplary second mechanism 14 having three ports
17221724, 1726 located on the exterior of the second mechanism 14, FIG. 13D also
iHustrates three through-holes 1764, 1766, 1768, In an embodiment, the three through-holes
1764, 1766, 1768 may support three sieering cables. The through-holes 1764, 1766, 1768
may be arranged eccentrically in a radially symmetric fashion as iustrated by FIG. 13D, In
an embodiment, the {riangle that is formed may include a center poimt of a cross-section of a

mechanism. For example, the iniangle formed by the through-holes 1764, 1766, 1768 in FIG.
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13D include a center point 1770 of the second mechanism 14, In an embodiment, the
through-holes may be arranged as vertives of an equilateral inangle. In an embodiment, there
may exist an even number of through-holes, such that each through-hole may have a
cosresponding through-hole located on the diametric opposite of a mechamismy, In an
embodiment, each throagh-hole and diametrically opposite through hole may oppose each
other.

[OO8T} FIG. 13E Bustrates an exemplary second mechanism 14 having two ports
arranged eccentrically in a radially asymmetric manner 1728, 1730, As illustrated by FIG.
13E, the first mechanism 12 may be located sccentrically relative to the second mechanism
14, The ports 1728, 1736 may be located eccerdrically relative to a first mechanism. As
illusirated by FIG. 13E, the ports 1728, 1730 may be completely contained in the second
mechanism 14, As such, no aligmment/msalignment of the first mechamsm and the second
nechanism 14 may be necessary to define any plursiity of ports 1728, 1730, As iltustrated by
FIG. 13E, the second mechanism 14 may include one or move throngh-holes 1727, 1729,
1731. The through-holes 1764, 1766, 1768 nmay be spaced to form a trnangle as illustrated by
FiG. 12E. In an embodiment, the through-holes 1764, 1766, 1768 may be wholly contained
in the second mechanism 14.

[OOS8] FIG. 12F illustrates an exemplary first mechamism 12 having a single through-
hole 1732 for, as an example, g tensioning cable. In an embodument, the exemplary first
mechamism 12 tustrated by FIG. 12F may comespond (o the second mechantsm 12
iHustrated by FIG. 13E, 1 the through-hole 15 postioned concentrically, it is non-steerable,
but is lockable when tension is applied. If the through-hole is positioned eccenirically, the
first mechanisn may be steerable, but not lockable.

[O059] FIG, 13G illustrates an exemplary {rst mechanism 12 having three through-

holes 1734, 1736, 1738 for, as an example, three steering cables. In an embodiment, the first
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mechanism 12 and/or the second mrechanism 14 may be steered with the steering cables. In
conirast to a single through-hole configuration from FIG 13F, the configuration depicted in
Fi( 13G 1s both steerable and lockable.

(9066} FIG. 13H iHlustrates exemplary poris 1740, 1742, 1744 defined by a first
mechanism 12 and a second mechanism 14, As llustrated by FIG. 12H, the ports 1748, 1742,
1744 may be locaied on an exterior portion of the Hirst mechamism 12 and withun the stracture
of the second mechanism 14,

[o061] FIG. 131 illustrates exenplary ports 1746, 1748, 1750 defined by a first
mechanism 12. As illustrated by FIG. 121, the ports 1746, 1748, 1750 may be located on an
exterior portion of the frst mechanism 12, In an embediment, the first mechanmsm may have
a single through-hole 1747 for, as an example, a tensioning cable.

[pe62} FIG, 137 illustrates exemplary ports 1758, 1760, 1762 defined by a first
niechanism 12, As iltustrated by FIG. 13), the ports raay be located o i exterior portion of
the first mechanism 12, The fivst mechanism 12 may also include one or more through-holes
1752, 1754, 1756, Addinonal andfor alternate port and through-hole locations may be used
within the scope of this disclosare.

{0063} In an embodiment, g device 10 having two through-holes eccentrically
arranged n a radially symmetric manner for steering cables may be capable of defining a 2D
surface which is planar. In contrast. & device 10 having two through-holes for steering cables
may be capable of defining a 2D surface which 15 non-planar if the through holes ave radially
asvmmetric, In an embodiment, 3 device 1 baving an odd number of radially symmnetrically
or asvimetrically arranged steering cables may requive a dedicated actuator for each cable.
For example, i a device 10 has » steering cables, where # 15 an odd number, or where # 1s an
even mumber and the holes are arranged 1n a radially asyimunetric fashion, » actuators iy be

necessary (o load the » steering cables. In an embodiment, an actuator may be a device
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capable of providing a load, a force andfor the like. Exemplary actuators may include DC
motors, stepper motors, EPAM devices, muscles, MicroElectricalMechanical svsiems
{*MEMS™Y devices andfor the like.

{9064} For example, FIG. 138 illusirates a device 10 having three through-holes, each
of which may sapport a steering cable. As the device in FIG. 13B has an odd number of
steering cables (1.e., 3}, each steering cable may requirg an achuator.

[00635] In an embodiment, a device 10 may have an even number of steering cables
arranged 1n a radially syometnie manner. In an embodiment, each of the steering cables may
have a corresponding actuator. Altermnatively, digmetrically opposing pairs of cables may be
actuated with a single common actaator. For example, FIG. 13ABustrates a device 16
having four through-holes for four steering cables. A first steering cable associated with a
first throngh-hole {e.g., T704) may be tocated opposite a second steering cable associated
with a second through-hole {e.g.. 1704}, The first steering cable gnd the second steering cable
may be considered an opposing pair. In an embodiment, the first steenng cable mav be
considered a counterpart to the second steering cable, In an embodiment, the first steenng

cable and the second steering cable may be loaded with a single sctuator. In an embodiment,

the number of actuators needed to load » steering cables {where 7 is an even number) may be

. ‘ i : _
a number greater than or equal to » and less than or equal to - because ench steering cable

may have is own actuator or it meay share an actuator with an opposing steening cable. An
additional actuation element is necessary to simulianecusly apply tension to all cables in

order to lock the mechanism. in such an embodimest the total nunber of actuators necessary

{8066} In an embodment, one or more steering cables may be arranged to maximize

workspace. For devices 10 having an even number of steering cables, as one steering cable s

~20-



WO 2009/149421 PCT/US2009/046508

made longer from the steering process, the length of its counterpart steering cable may be
made shorter by an equal amount. For example, referring (o FIG. 134, & fivst steering cable
associated with a first through-hole {e.g., 1708) may be located opposite a second steering
cable associated with a second through-hole {e.g., 1704}, As the firsl steering cable is made
longer by v amount, the second steering cable may be made shorter by ¥ amount.

{0067] While several embodiments of the invention have been described herein by
way of example, those skilled in the art will appreciate that vanons modifications, alterations,
and adaptations to the descnibed embodiments may be reshzed withowt departing from the

spirtt and scope of the invention defined by the appended clamms.
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L CLAIMS

What s Claimed Is;

i An articulated probe device, comprising:
a first mechanism comprising:
a first link positioned at a proximal area of the first mechanism,
a plurality of intermediate Hoks, wherein a first one of the
intermediate lnks is moveably coupled to the first hink, snd
a second link positioned at a distal ares of the second
mechanism which is moveably coupled to a second one of the intermediate links;
a second mechanism comprising:
a first lnk positioned at a proximual area of the second
mechanism,
a plurality of intermediate Hinks, wherein a first one of the
miermediate links is moveably coupled to the first link, and
a second link positioned at a distal area of the second
mechanism and which is moveably coupled to a second oneg of the intermediate links; and
a least one overtube mechanism, comprising:
a first link positioned at a proximal area of the overtube
mechanisim,
a plurality of intermediate links, wherein a first one of the
intermediate hnks is moveably coupled to the first link, and
a second hink which 1 moveably coupled to a second one of the

intermediate links and positioned at a proximal area of the overtube mechanisny;
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wherein at least one of the {irst mechanism, second mechanism. and overtube

mechanism is configured {0 be stegrable and extendable beyvond the other mechanisms.

2. The device of claim 1, wherein:
the frst mechanizm comprises a single concentrically positioned
through-hole through which is disposed a tensioning cable;
a first end of the tensioning cable is configured o be terminated at an
actugtion component at the proximal area of the first mechamsm; and
a second end of the tensioning cable 1s configured to be terminated at
the second hink of the first mechanism so that the tensioning cable ransmits force to the

second hink of the first mechanism

3 The device of chiim {, wherein the tensioning cable is configured to
transmit force 1o one of the mtermediate links of the first mechamsm, so that at lesst some
portion of the first mechamsm exists n a rigid state when the tensioning cable is uader
tension, and so that the first mechanism exists in a limp state when the cable is not under

1enSION.

4, The device of claim 2, wherein the first mechanism further comprises
an eccemtrically positioned through-hole through which is disposed an actuation cable,
wherein:

a first end of the actuation cable is configured {0 be terminated on an
actaation component actuation component af the proximal area of the first

mechanism, and
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a second end of actuation cable is confisured to be ternunated at the
second hnk of the first mechantsm so that the cable ransmits force to the second link

of the first mechanisn.

5. The device of claim 1, wherein the actaation cable is configured to
transnul foree to one of the intermediate links of the first mechanismy, so that at least some
portion of the first mechamism develops a curvature as the length of the actoation cable is

changed in the direction of the sccentricity.

6. The device of claim 5, Anther comprising a phuvality of ports that are

completely contained within walls of the links of the first mechanism.

7. The device of cliim 4, further comprising a plurality of ports, each port
partially formed by grooves within walls of the links of the fisst mechanism, and partially

formed by structure of the walls of the hinks of the second mechanisim or the overtube,

8. The device of claim |, wherein the second mechanism further
conprises:
at least two through-holes which are eccentrically arranged within the
second mechanisim in a radially symmetuic patiern; and
a plurality of actuation cables, wherein each cable is positioned to
correspond to and pass through one of the through-heles, wherein at least one of the actuation
cables having a first end and a second end s configured to be terminated on the second end at
the second link of the second mechanism, and on the first end at an actuation component i

the proximal area of the second mechanism.

224
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9. The device of claim 8, wherein all of the actuation cables are

counfigured to transmit forces to the second link of the second mechanism

10, The device of clam &, wherein all of the actuation cables ransmit
forces to ai least one of the intermediate links of the second mechanism, such that the second
mechanisnm exists in a lmp state when the actuation cables are slack, and at least some
portion of the second mechanism exists in a rigid state when all of the actuation cables are

wnder equal tension.

i1 The device of claim &, wherein the actuation cables are configured so
that changing the length of the actuation cables so that one is shorter than the other resulis in
the development of a curvatwre in the second mechanism such that the curvatare exists in g

plane which is curving in the direction of the shorter of the actuation cables.

12 The device of claim 1, wherein the second mechsnisin further
COMPriSes:
an even numtber of thvough-~holes, greater than two, which are
eccentrically arranged in a radially synumetric pattern through which are disposed actuation
cables; and
at feast one of the actuation cables is configured (o be terminated at o
first end on the second Hnk of the second mechanisia, and al a second end and on a dedicated

actuation componemnd in the proximal grea of the second mechanism.
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13 The device of claim 8, wheretn all of the actuation cables transmit
forces to ai least one of the intermediate links of the second mechanism, such thai the second
mechanism exists in a limp state when the actuation cables are slack, and at least some
portion of the second mechanism exists in a rigid stale when al of the actuation cables are

ander equal tension.

£4.  The device of claim 11, wherewn the actaation cables are configared so
that changmy the length of the actuation cables results 1y the development of a curvature in
the second mechanism sach that the divection of the curvature 13 dependent on the lengihs of
the actnation cables.
15 The device of claim 1, wherein the second mechanisim further
COMPTISES:

an even number of through-holes, greater than two, which are

eccentrically arranged within the second mechanism in a radially asymmetric pattern; and

a plurality of actuation cables, wherein each cable s positioned to correspond
10 and pass through one of the through-holes,

wherein at least one of the actuation cables having a first end and a second end
is configured to be terminated on the first end at the second fink of the second mechanism,
and on the second end at an actuation component in the proximal area of the second

mechansm.

Ha The device of claim 15, wherein all of the actuation cables ransmit

forces 1o at least one of the intermediate links of the second mechanism, such that the second

mechanism exists in a limp state when the actuation cables are slack, and at least some
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portion of the second mechanisn exists in a rigid state when all of the actuation cables are

under equal tension.

17. The device of claim 135, wherein the actuation cables are confimwred so
that changing the length of the actoation cables resolts in the development of a curvature in
the second mechanism such that the direction of the curvatwre 1s dependent on the lengths of

the actuation cables.

i8. The device of claim §, wherein:

the throngh-holes comprise an odd number of through-holes, greater than two,
which are eccentrically srranged in a radially symmetric pattern through which sre disposed
actuation cables; and

at least one of the actuation cables is configured 1o be ternungted at & frst end
on the second Hnk of the second mechanism, and at a second end and on g dedicated

actuation component i the proximal area of the second mechanism.

19, The device of claim 18, wherein all of the actuation cables gre
configured o transnut forces to the second link of the second mechanism, and wherein all of
the actuation cables transmt forces to at least one of the mtermediate links of the second
mechanisin, such that the second mechanism exists in a limp state when the actuation cables
are slack, and at least some portion of the second mechanism exists in a rigid state when all

of the actuation cables are under equal {eusion.

20, The device of claim 18, wherein the actuation cables are configured so

that changing the {fength of the actuation cables results in the development of a curvature n
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the second mechanism such that the direction of the curvature is dependent on the lengths of

the actuation cabiles.

21 The device of claim 8, Auther comprising a phuabity of ports that are

completely contained within walls of the links of the second mechanism.

22, The device of claim §&, further compnising a plarality of ports, each port

partially formed by grooves within walls of the hinks of the second mechanism, and parnally

formed by structure of the walls of the hinks of the first mechanism or the overtube.
23 The device of claim 1, wherein the overtube mechanism further
COmprises:

at least two through-holes which are eccentrically arrgnged in a radially
symmaetric patiern through which are disposed actuation cables,

where at feast one of the actuation cables is configured to be terminated at a
first endd on the second lHnk of the overtube mechanisn and at a second end and on an
actuation component at the proximate area of the overtube mechanism so that said actuation

cable transmits foree to the second Hunk of the overtohe mechanism.

24, The device of claim 23, wherein the actuation cables transnut forees o
at least one of the mienmediate links of the overtube mechanism; so that the overtube
mechanisin exists m a lmp staie when the actuation cables are slack, and so that at leasta
portion of the overtube mechanism exists in a rigid state when all the actuation cables are

gnder egual tension.
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At

25, The device of claim 23, wherein actuation cables are conlipured so that
changing the lenyth of the actuation cables results in the development of a curvature in the
overtube mechamism such that the curvature exists in a plane containing the cables which s

curving in the direction of the shorter cable.

26, The device of clum 23, wherein:

the through-holes comprise an even munber of through-holes, greater than
£W0;

all of the cables are configured to connect and transmit forces to the second
ik of the overtube mechanam;

all of the cables are conligured to connect and transmit forces to at least one of
the intermediate hoks of the overtube mechanism: and

and the overtube mechanism is configured to exist in 8 Hmp state when all of
the actuation cables are slack, and in a rigid state when all of the actuation cables are under

equal amounts of tension,

27, The device of clgim 26, wherein the overtube mechanism is configured
so that changing the length of the cables results in the development of 8 curvature in the
overtube mechanism, wherein the direction of the curvature is dependent o the lengths of the

actuation cables.

24 The device of claim 1, wherein the overtube mechanism further
COMprises:
an even number of through-holes, greater than two, which are eccentrically

arranged i a radially svmmelric pattern through which are disposed actustion cables,
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wherein at {east one of the actnation cables is configured {o be ferminated at a
first end on the second Hak of the overtube mechanism and at a second end and on an
actoation component at the proximate area of the overtube mechanism so that said actuation
cable transmus foree o the second link of the overtube mechamsm,

wherein cables positioned opposite of each other terminate on & common

actuation component.

¢ The device of claim 28, wherein:

all of the cables are configured to connect and transmit forces to at least one of
the intermediate links of the overtube mechanism: and

the overtube mechanism is conligured to exist in & limp state when all of the
actuation cables are slack. and in a rigid state when all of the actuation cables are under equal
arnounts of tension; and

the overtube mechanism 1s also configured so that changing the length of the
actuation cables results in the development of a curvature o the mechanism, wherein the

direction of the curvature 15 dependent on the lengths of the set of cables.

34 The device of claim 1, whereint the overtube mechanism further
COMprises:

an even number of through-holes, greater than two, which are eccentrizally
arranged in a radially asvoumetric pattern through which are disposed actuation cables,

wherein at feast one of the actuation cables is configured to be terminated at a
first end on the second link of the overtube mechamsm and at a second end and on a
dedicated actuation component at the proximate area of the overtube wechanisn so that said

actuation cable transmiis force o the second hink of the overtube mechanism.

<30
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i. The device of claim 3¢, wherein:

el

all of the cables are configured to connect and transmit forces to at least one of
the mtermediate hinks ol the overtube mechaniym; and

the overtube mechanism is configured to exist in a limp state when alf of the
actuation cables are slack, and i a rigid state when all of the actuation cables are under sgual
amoants of tension; and

the overtube mechanism 15 also configured so that changing the length of the
actuation cables resalts in the development of a curvature 1 the mechanism, wherein the

direction of the curvansre 1¢ dependent on the lengths of the set of cables.

32 The device of claim 1, wherein the overtube mechanism further
COMPTISES:

an odd number of through-holes, greater (han two, which are eccentrically
arvanged in a radially svrametric patiern through which are disposed actuation cables,

wherein at least one of the sctaation cables is configured to be terminated at a
first end on the second hak of the overtube mechanism and at a second end and on a
dedicated actuation component at the proximate area of the overtube mechanism so that satd

actuation cable ransmiis force o the second link of the overtube mechanism,

33, The device of claim 32, wherein:
all of the cables are configured to connect and transnut forces to at least ong of

the intermediate links of the overtube mechanisiy and
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the overtube mechanism is configured to exist 11 a {imp state when all of the
actuation cables are slack, and in a rigid state when all of the actuation cables are under sgual
amousts of tension; and

the overlube mechanism is also configured so that changing the length of the
actoation cables resalts in the development of a cwrvature m the mechanism, wherein the

darection of the curvature 1s dependent on the lengths of the set of cables.

34, The device of claim 1, wherein the overtube wechanism further
comprises a plarality of ports completely contained within walls of the links of the overtube

mechaism,

33, The device of claim 1, wherein the overtube mechanism further
comprises further comprising a plurahity of ports, each port partislly formed by grooves on an

exterior Jateral surface or mterior lateral surface of the links of the overtube mechanism.

36, The device of claim 1, wherein the first mechanism is concentnically

disposed in the second mechanism,

37, The device of claim [, wherein the first mechanism is eccentrically

disposed in the second mechanism,

38 The device from clamm 1, wherein the first mechanism comprises
grooves on an exiernal fateral surface, such that each groove, along with surrounding

stractare of the second mechanism, defings a pott.
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40 The device from claim 1, wherein the second mechanism comprises
grooves on an internal lateral surface, such that each groove, along with a groove-facing

structare of the first mechamsm, defines a port.

44, The device of claim 38 wherein the first mechanisn with at least one
extarnal groove is property aligned with a counterpart second mechanism with the same
nunber of internal grooves to define a mumber of ports equal to the mmber of grooves on the

first or second mechanism.

41 The device of claim 38, wherein the first mechanism with af least one
external groove is misaligned with a counterpart second mechanism with the same namber of
internal grooves so that the second and overtube mechamsms define a number of ports equal

to the total number of grooves on the first mechgnisim phus the second mechamism,

42, The device of claim {, wherein the second mechanism comprises
grooves on an external lateral surface such that each groove defines a port when the second

mechanism is swirounded by the overtube mechanisia,

43, The device of claim 42, wherewn the overtube mechanism comprises
grooves on an interior fateral surface, and the second mechanism is properly alignad with the
overtube mechanisnt so that the grooves mateh and define a number of poris equal to the

number of grooves on the second mechanism.

44, The device of claim 42, wherein the overtube mechanism comprises

grooves on an interior lateral surface, and the second mechanism is properly aligned with the
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overtube mechanism so that the second and overtube mechanisms defline a munber of paoris

aqual 1o the total number of grooves on the overtube mechanism plus the second mechamism,

43, The deviee from claum 1, wherein al least one of the mechanisms
comprises a rigid portion, at least one of the mechanisms comprises a steerable portion, and

the stesrable portion is configured to be exiendible beyond a length of the nigid portion..
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An articulated probe device, comprising:
a first mechanism comprising:
an inner mechanism and an outer mechanism, wherein the outer mechanism is
configured to concentrically surround the inner mechanism, wherein the inner mechanism
comprises:
a first link positioned at a proximal area of the first mechanism,
& plurality of intermediate links, wherein a first one of the intermediate
links is moveably coupled to the first li.nk, and
a second link positioned at a distal area of the second mechanism which is
moveably coupled to a second one of the intermediate links;
a second mechanism comprising:
a first link positioned at a proximal area of the second mechanism,
a plurality of intermediate links, wherein a first one of the intermediate links is
moveably coupled to the first-link, and
a second link positioned at a distal area of the second mechanism and which is
moveably coupled to a second one of the intermediate links; and
at least one overtube mechanism, comprising:
a first link positioned at a proximal area of the overtube mechanism,
a plurality of intermedijate links, wherein a first one of the intermediate links is
moveably coupled to the first link, and
a second link which is moveably coupled to a second one of the intermediate links

and positioned at a proximal area of the overtube mechanism;
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wherein the overtube mechanism is configured to surround at least a portion of the first
mechanism and at least a portion of the second mechanism,

wherein at least one of the first mechanism, second mechanism, and overtube mechanism
is configured to be steerable and extendable beyond the other mechanisms,

wherein at least one of the first mechanism and the second meéhanisrn are configured to

~ operate in a limp mode when the overtube mechanism is configured to operate in a rigid mode.

2. The device of claim 1, wherein:

the first mechanism comprises a single concentrically positioned through-hole through
which is disposed a tensioning cable;

a first end of the tensioning cable is configured to be texminated at an actuation
component at the proximal area of the first mechanism; and

a second end of the tensioning cable is configured to be terminated at the second link of
the first mechanism so that the tensioning cable transmits force to the second link of the first

mechanism.

3, The device of claim 1, wherein the tensioning cable is configured to transmit force to one
of the intermediate links of the first mechanism, so that at least some portion of the first
mechanism exists in a rigid state when the tensioning cable is under tension, and so that the first

mechanism exists in a limp state when the cable is not under tension.
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4, The device of claim 2, wherein the first mechanism further comprises an eccentrically
positioned through-hole through which is disposed an actuation cable, wherein:

a first end of the actuation cable is configured to be terminated on an actuation
component actuation component at the proximal area of the first mechanism, and

a second end of actuation cable is configured to be terminated at the second link of the

first mechanism so that the cable transmits force to the second link of the first mechanism.

5. The device of claim. 1, wherein the actuation cable is configured to transmit force to one
of the intermediate links of the first mechanism, so that at least some portion of the first
mechanism develops a curvature as the length of the actnation cable is changed in the direction

of the eccentricity.

6. The device of claim 3, further comprising a plurality of ports that are completely

contained within walls of the links of the first mechanism,

7. The device of ¢laim 4, further comprising a plurality of ports, each port partially formed
by grooves within walls of the links of the first mechanism, and partially formed by structure of

the walls of the links of the second mechanism or the overtube,

8. The device of claim 1, wherein the second mechanism further comprises:
at least two through-holes which are eccentrically arranged within the second mechanism

in a radially symmetric patters; and
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a plurality of actuation cables, wherein each cable is positioned to correspond to and pass
through one of the through-holes, wherein at least one of the actuation cables having a first end
and a second end is configured to be terminated on the second end at the second link of the
second mechanisma, and on the first end at an actuation component in the proximal area of the

]

second mechanism.

9. The device of claim 8, wherein all of the actuation cables are configured to transmit

forces to the second link of the second mechanism

10.  The device of claim 8, wherein all of the actuation ¢ables transmit forces to at least one of
the intermediate links of the second mechanism, such that the second mechanism exists in a limp
_ state when the actuation cables are slack, and at least some portion. of the second mechanism

exists ina rigid state when all of the actuation cables are under equal tension.

11.  The device of claim 8, wherein the actuation cables are configured so that changing the
length of the actuation cables so that one is shorter than the other results in the development of a
curvature in the second mechanism such that the curvature exists in a plane which is curving in

the direction of the shorter of the actuation cables.

{2.  The device of claim 1, wherein the second mechanism further comprises:
an even number of through-holes, greater than two, which ate eccenirically arranged in a

radially symmetric pattern through which are disposed actuation cables; and
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at least one of the actuation cables is configured to be terminated at a first end on the
second link of the second mechanism, atid at a second end and on a dedicated actuation

component in the proximal area of the second mechanism.

13.  The device of claim 8, wherein all of the actuation cables transmit forees to at least one of
~ the intermediate links of the second mechanism, such that the second mechanism exists in a limp
state when the actuation cables are slack, and at least some portion of the second mechanism

exists in a rigid state when all of the actuation cables are under equal tension.

14.  The device of claim 11, wherein the actuation cables are configured so that changing the
length of the actuation cables results in the development of a curvature in the second mechanism

such that the direction of the curvatute is dependent on the lengths of the actuation cables.

. .15.  The device of claim 1, wherein the second mechanism further comprises:

§
an even number of through-holes, greater than two, which are eccentrically arranged

within the second mechanism in a radially asymmetric pattetn; and

a plurality of actuation cables, wherein each cable is positioned to correspond to and pass
through one of the through-holes,

wherein at least one of the actuation cables having a first end and a second end is
configured to be terminated on the first end at the second link of the second mechanism, and on

the second end at an actuation component in the proximal area of the second mechanism.
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16.  The device of claim 15, wherein all of the actuation cables transmit forces to at least one
of the intermediate links of the second mechanism, such that the second mechanism exists ina
limp state when the actuation cables are slack, and at least some portion of the second

mechanism exists in a rigid state when all of the actuation cables are under equal tension.

. 17.  The device of claim 15, wherein the actuation cables are configured so that changing the
length of the actuation cables results in the development of a curvature in the second mechanism

such that the direction of the curvature is dependent on the lengths of the actuation cables.

18.  The device of claim 8, wherein:

the through-holes comprise an odd number of through-holes, greater than two, which are
eccentrically arranged in a radially symmetric pattern through which are disposed actuation
cables; and
| at least one of the actuation cables is configured to be terminated at a first end on the
second link of the second mechanism, and at a second end and on a dedicated actuation

component in the proximal area of the second mechanism.

19.  The device of claim 18, wherein all of the actuation cables are configured to transmit
forces to the second link of the second mechanism, and wherein all of the actuation cables
transmit forces to at least one of the intermediate links of the second mechanism, such that the
second mechanism exists in a limp state when the actuation cables axe slack, and at least some

' portion of the second mechanism exists in a rigid state when all of the actuation cables are under

equal tension.
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20.  The device of claim 18, wherein the actuation cables are configured so that changing the
length of the actnation cables results in the development of a curvature in the second mechanism

such that the direction of the curvature is dependent on the lengths of the actuation cables,

21.  The device of claim §, further comprising a plurality of ports that are completely
contained within walls of the links of the second mechanism.

‘ 22. The device of claim 8, further comprising a plurality of ports, each port partially formed
by grooves within walls of the links of the second mechanism, and partially formed by structure

of the walls of the links of the first mechanism or the overtube.

23.  The device of claim 1, wherein the overtube mechanism further comptises:
at least two through-holes which ate eccentrically arranged in a radially symmetric
pattern through which are disposed actuation cables,
wherein at least one of the actuation cables is configured to be terminated at 4 first end on
the second link of the overtube mechanism and at a second end and on an actuation component at
the ‘I;roximate area of the overtube mechanism so that said actuation cable transmits force to the

second link of the overtube mechanism.

24.  The device of ¢laim 23, wherein the actuation cables transmit forces to at least one of the

intermediate links of the overtube mechanism; so that the overtube mechanism exists in a limp
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state when the actuation cables are slack, and so that at least a portion of the overtube mechanism

exists in a rigid state when all the actuation cables are under equal tension.

25.  The device of claim 23, wherein actvation cables are configured so that changing the
length of the actuation cables results in the development of a curvature in the overtube
mechanism such that the curvature exists in a plane containing the cables which is curving in the

direction of the shortet cable,

26,  The device of claim 23, wherein:

the through-holes comprise an even number of through-holes, greater than two;

all of the cables are configured to connect and transmit forces to the second link of the
overtube mechanism;

all of the cables are configured to connect and transmit forces to at least one of the
- intermediate links of the overtube mechanism; and

the overtube mechanism is configured to exist in a limp state when all of the actuation
cables are slack, and in a rigid state when all of the éctuaﬁon cables are under equal amounts of

tension,

27.  The device of claim 26, wherein the overtube mechanism is configured so that changing
the length of the cables results in the development of a curvature in the overtube mechanism,

wherein the direction of the curvatute is dependent on the lengths of the actuation cables.
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238.  The device of claim 1, wherein the overtube mechanism further comprises:

an even number of through-holes, greater than two, which are eccentrically arranged in a
i'adially symumetric pattern through which are disposed actuation cables,

wherein at least one of the actuation cables is configured to be terminated at a first end on
the second link of the overtube mechanism and at a second end and on an actuation component at
the proximate area of the overtube mechanism so that said actuation cable transmits force to the
second link of the overtube mechanism,

wherein cables positioned opposite of each other terminate on a common actuation

component,

29.  The device of claim 28, wherein:

all of the cables are configured to connect and transmit forces to at least one of the
intermediate links of the overtube mechanism; and

the overtube mechanism is configured to exist in a limp state when all of the actuation
cables are slack, and in a rigid state when all of the actuation cables are under equal amounts of
tension; and

the overtube mechanism is also configured so that changing the length of the actuation
cables results in the development of a curvature in the mechanism, wherein the direction of the

curvature is dependent on the lengths of the set of cables,

30.  The device of ¢claim 1, wherein the overtube mechanism further comprises:
an even number of through-holes, greater than two, which are eccentrically arranged in a

radially asymmetric pattern through which are disposed actuation cabies,

43
AMENDED SHEET (ARTICLE 19)



WO 2009/149421 PCT/US2009/046508

wherein at least one of the actuation cables is configured to be terminated at a first end on
the second link of the overtube mechanism and at a second end and on a dedicated actuation
component at the proximate area of the overtube mechanism so that said actuation cable

transmits force to the second link of the overtube mechanism.

31,  The device of claim 30, wherein:

all of the cables are configured to connect and transmit forces to at least one of the
intermediate links of the overtube mechanism; and

the overtube mechanism is configured to exist in a limp state when all of the actuation
cables are slack, and in a rigid state when all of the actuation cables are under equal amounts of
fension; and

the overtube mechanism is also configured so that changing the length of the actuation
cables results in the development of a curvature in the mechanism, wherein the direction of the

curvature is dependent on the lengths of the set of cables.

32.  The device of claim 1, wherein the overiube mechanism further comprises:

an odd number of through-holes, greater than two, which are eccentrically arranged in a
radially symmetric pattern through which are disposed actuation cables,
; wherein at least one of the actuation cables is configured to be terminated at a first end on
the second link of the overtube mechanism and at a second end and on a dedicated actuation

component at the proximate area of the overtube mechanism so that said actuation cable

transmits force to the second link of the overtube mechanism.
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33, The device of claitn 32, wherein:

all of the cables are configured to connect and transmit forces to at least one of the
intermediate links of the overtube mechanism; and

the overtube mechanism is configured to exist in a limp state when all of the actuation
cables are slack, and in a rigid state when all of the actuation cables are under equal amounts of
tension; and

the overtube mechanism is also configured so that changing the length of the actuation
cables results in the development of a curvature in the mechanism, wherein the direction of the

curvature is dependent on the lengths of the set of cables.

34,  The device of claim 1, wherein the overtube mechanism further comprises a plurality of

ports completely contained within walls of the links of the overtube mechanism.

35.  The device of claim 1, wherein the overtube mechanism further comprises further
comprising a plurality of ports, each port partially formed by grooves on an exterior Jateral
surface or interior lateral surface of the links of the overtube mechanism.

36.  The device of claim 1, wherein the first mechanism, is concentrically disposed in the

second mechanism.

37, The device of claim 1, wherein the first mechanism is eccentrically disposed in the

second mechanism.
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38.  The device from claim 1, wherein the first mechanism comprises grooves on an external
lateral surface, such that each groove, along with surrounding structure of the second

mechanism, defines a port.

39.  The device from claim 1, wherein the second mechanism comprises grooves on an
internal lateral surface, such that each groove, along with a groove-facing structuze of the first

mechanism, defines a port.

40.  The device of claim 38 wherein the first mechanism with at least one external groove is
properly aligned with a counterpart second mechanism with the same number of internal grooves

to define a number of ports equal to the number of grooves on the first or second mechanism.

41, The device of claim 38, wherein the first mechanism with at least one external groove is
misaligned with a counterpart second mechanism with the same number of internal grooves so
that the second and overtube mechanisms define a number of ports equal to the total number of

grooves on the first mechatism plus the second mechanism,

42,  The device of claim 1, wherein the second mechanism comprises grooves on an external
lateral surface such that each groove defines a port when the second mechanism is surrounded by

the overtube mechanism.,

43,  The device of claim 42, wherein the overtube mechanism comprises grooves on an

interior lateral surface, and the second mechanism is properly aligned with the overtube
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mechanism so that the grooves match and define a number of ports equal to the number of

grooves on the second mechanism.

44,  The device of claim 42, wherein the overtube mechanism comprises grooves on an
interior lateral surface, and the second mechanism is properly aligned with the overtube
, mechanism so that the second and overtube mechanisms define a number of ports equal to the

total number of grooves on the overtube mechanism plus the second mechanism.

45,  The device from claim 1, wherein at least one of the mechanisms comprises a rigid
portion, at least one of the mechanisms comprises a steerable portion, and the steerable portion is

configured to be extendible beyond a length of the rigid portion.
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