(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
13 July 2006 (13.07.2006)

lﬂb A 0. 00O

(10) International Publication Number

WO 2006/073581 A2

(51) International Patent Classification: Not classified

(21) International Application Number:
PCT/US2005/041663

(22) International Filing Date:
18 November 2005 (18.11.2005)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
10/997,372
11/122,598

23 November 2004 (23.11.2004)  US
4 May 2005 (04.05.2005) US

(71) Applicant (for all designated States except US): NOVARE
SORGICAL SYSTEMS, INC. [US/US]; 10440A Bubb
Road, Cupertino, California 95014 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): HINMAN,
Cameron, Dale [US/US]; 500 Roaring Gap Road,
Thurmond, North Carolina 28683 (US). DANITZ, David,
J [US/US]; 5030 New Trier Avenue, San Jose, California
95136 (US).

(74) Agents: AMII, Lisa, A. et al.; Morrison & Foerster LLP,
755 Page Mill Road, Palo Alto, California 94304-1018
(US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ,VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

7073581 A2 |V O 000 OO 0 OO

NS ULATION OF INSTRUMENTS AND TOOLS

00

(54) Title: ARTICULATING MECHANISMS AND LINK SYSTEMS WITH TORQUE TRANSMISSION IN REMOTE MANIP-
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include links wherein torque can be transferred between at least two adjacent links while allowing for pivoting motion between the
links. Mechanisms for preventing undesired lateral movement of links relative to one another are also provided.
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ARTICULATING MECHANISMS AND LINK SYSTEMS
WITH TORQUE TRANSMISSION IN REMOTE MANIPULATION
OF INSTRUMENTS AND TOOLS

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Application Serial No. 11/122,598, filed
May 4, 2005, which is a continuation-in-part of U.S. Application Ser. No. 10/997,372, filed
November 23, 2004, the contents of which are hereby incorporated by reference into the

present disclosure.
FIELD

[0002] This invention relates to link systems and applications thereof, including the

remote guidance and manipulation of instruments and tools.
BACKGROUND

[0003] The ability to easily remotely steer, guide and/or manipulate instruments and tools
is of interest in a wide variety of industries and applications, in particular where it is desired
to navigate an instrument or tool into a workspace that is not easy to manually navigate by
hand or that might otherwise present a risk or danger. These can include situations where the
targeted site for the application of a tool or instrument is difficult to access, e.g., certain
surgical procedures, the manufacture or repair of machinery, or even commercial and
household uses, where manual access to a targeted site is restricted or otherwise. Other
situations can include e.g., industrial applications where the work environment is dangerous
to the user, such és workspaces exposed to dangerous chemicals. Still other situations can
include e.g., law enforcement or military applications where the user may be at risk, such as

deployment of a tool or instrument into a dangerous or hostile location.

[0004] Using surgical procedures as an illustrative example, procedures such as
endoscopy and laparoscopy typically employ instruments that are steered within or towards a
target organ or tissue from a position outside the body. Examples of endoscopic procedures
include sigmoidoscopy, colonoscopy, esophagogastroduodenoscopy, and bronchoscopy.

Traditionally, the insertion tube of an endoscope is advanced by pushing it forward and
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retracted by pulling it back. The tip of the tube may be directed by twisting and general
up/down and left/right movements. Oftentimes, this limited range of motion makes it
difficult to negotiate acute angles (e.g., in the recto sigmoid colon), creating patient
discomfort and increasing the risk of trauma to surrounding tissues. Laparoscopy involves
the placement of trocar ports according to anatomical landmarks. The number of ports
usually varies with the intended procedure and number of instruments required to obtain
satisfactory tissue mobilization and exposure of the operative field. Although there are many
benefits of laparoscopic surgery, e.g., less postoperative pain, early mobilization, and
decreased adhesion formation, it is often difficult to achieve optimal retraction of organs and
maneuverability of conventional instruments through laparoscopic ports. In some cases,
these deficiencies may lead to increased operative time or imprecise placement of
components such as staples and sutures. Steerable catheters are also well known for both
diagnostic and therapeutic applications. Similar to endoscopes, such catheters include tips

that can be directed in generally limited ranges of motion to navigate a patient’s vasculature.

[0005] There have been many attempts to design endoscopes and catheters with improved
steerability. For example, U.S. 3,557,780 to Sato; U.S. 5,271,381 to Ailinger et al.; U.S.
5,916,146 to Alotta et al.; and U.S. 6,270,453 to Sakai describe endoscopic instruments with
one or more flexible portions that may be bent by actuation of a single set of wires. The
wires are actuated from the proximal end of the instrument by rotating pinions (Sato),
manipulating knobs (Ailinger et al.), a steerable arm (Alotta et al.), or by a pulley mechanism
(Sato). U.S. 5,916,147 to Boury et al. discloses a steerable catheter having four wires that run
within the catheter wall. Each wire terminates at a different part of the catheter. The
proximal ends of the wires extend loosely from the catheter so that the physician may pull
them. The physician is able to shape and steer the catheter by selectively placing the wires

under tension.

[0006] Although each of the devices described above is remotely steerable, the range of
motion is generally limited. Moreover, it is difficult to transmit torque between links by
rotating the device around the central axes of each link in such devices while still allowing
components to pivot with respect to one another. Consequently, it would be advantageous for
such a device to be capable of transferring torque about the central axis of each link, while
preserving the capability of components to pivot with respect to each other. Further, it would

be advantageous for components of such a device to pivot with respect to each other instead
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of moving laterally relative to each other (i.e. parallelogramming). Still further, it would be
advantageous for such a device to have a locking mechanism capable of preventing
movement of the device. Such a device would have widespread application in guiding,
steering, and/or manipulating instruments and tools across numerous industries. Such a

device would also of itself have entertainment, recreational, and educational value.
BRIEF SUMMARY

[0007] The present invention provides for articulating mechanisms, link systems, and
components thereof, useful for a variety of purposes including, but not limited to, the remote
manipulation of instruments such as surgical or diagnostic instruments or tools. Such
surgical or diagnostic instruments or tools include but are not limited to endoscopes, light
sources, catheters, Doppler flow meters, microphones, probes, retractors, pacemaker lead
placement devices, dissectors, staplers, clamps, graspers, scissors or cutters, ablation or
cauterizing elements, and the like. Other instruments or tools in non-surgical applications
include but are not limited to graspers, drivers, power tools, welders, magnets, optical lenses
and viewers, light sources, electrical tools, audio/visual tools, lasers, monitors, and the like.
Depending on the application, it is c;ontemplated that the articulating mechanisms, link
systems, and other components of the present invention can be readily scaled to
accommodate the incorporation of or adaptation to numerous instruments and tools. The link
systems and articulating mechanism may be used to steer these instruments or tools to a
desired target site, and can further be employed to actuate or facilitate actuation of such

instruments and tools.

[0008] In one aspect of the invention, an articulating link system capable of transmitting
torque is provided. The link system includes a plurality of links and at least two adjacent
links. The first adjacent link has a torque-conferring protrusion, at least a portion of which
has a non-circular latitudinal circumference. A bushing interposed between the two adjacent
links engages the torque-conferring protrusion. The link system thus provides torque
transmission between the links while allowing for pivoting movement of the first adjacent
link relative to the second adjacent link. In certain variations, the portion of the protrusion
having a non-circular latitudinal circumference is curved along the longitudinal
circumference. The first adjacent link can further include a ball section with a curved
latitudinal circumference. The bushing can include a socket configured to receive the ball

section. The non-circular latitndinal circumference of the torque-conferring protrusion can

-3



WO 2006/073581 PCT/US2005/041663

have a plurality of radially distributed faces. The faces can be curved along the longitudinal
circumference. Alternatively, both links have a torque-conferring protrusion and/or ball

section, as described above.

[0009] In another aspect of the invention, an articulating link system is provided that is
capable of transmitting torque without a bushing. The link system includes a plurality of
links. A first adjacent link has a torque-conferring protrusion at least a portion of which has a
non-circular latitudinal circumference. A second adjacent link has a socket configured to
engage the torque-conferring protrusion of the first adjacent link. The link system provides
for torque transmission between the links, while allowing for pivoting movement of the first
link relative to the second link. In certain variations, the surface of the torque-conferring
protrusion 1s curved along a longitudinal circumference. In another variation, the first
adjacent link further includes a ball section having a curved latitudinal circumference. In yet
another variation, the non-circular latitudinal circumference of the torque-conferring
protrusion includes a plurality of radially distributed, longitudinally curved faces. In another
variation, the socket of the second adjacent link has a plurality of radially distributed curved

faces configured to engage the torque-conferring protrusion of the first adjacent link.

[0010] In another aspect, an articulating link system is provided that includes a plurality
of links with at least two adjacent links. A plurality of tabs is disposed on the first adjacent
link. The second adjacent link is operably connected to the tabs of the first adjacent link.

The link system provides torque transmission between the links while allowing for pivoting

movement of the first adjacent link relative to the second adjacent link.

[0011] In one embodiment, the tabs include a first set of tabs and a second set of tabs.
The first set of tabs is disposed from the surface of the first adjacent link. The second set of
tabs is disposed from the surface of the second adjacent link. Pairs of tabs, one from each set,
are connected together in a two degree of freedom joint. In a further variation, a bushing may

be disposed between the adjacent links.

[0012] In another embodiment, the first adjacent link has a plurality of radially dispersed
depressions. The plurality of tabs associated with each link is radially dispersed from the
central axes of each link of the articulating link system such that each tab engages one
radially dispersed depression of the link. In one variation, the articulating link system further
includes a bushing disposed between each of the two adjacent links.
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[0013] In another variation, each tab on the first link is operably connected to a groove
disposed radially on the second link, such that the terminus of each tab can move within the

groove.

[0014] In yet another aspect of the invention, articulating link systems are provided that
are capable of transmitting torque where the link system uses ball and socket interfaces that
include engaging pins and reciprocal surfaces. One such system includes adjacent links,
where a first adjacent link has a ball and a second adjacent link has a socket for receiving the
ball, and where the ball and socket include at least one engaging pin and reciprocal surfaces
that provide for torque transmission between the links while also allowing for pivoting
movement of the first link relative to the second link. Another such system includes at least
two adjacent links with a bushing disposed between the adjacent links. The adjacent links can
include balls and/or sockets, with the bushing including corresponding sockets an@/or balls
that engage the balls or sockets of the links. The engaged balls and sockets include at least
one engaging pin and reciprocal surfaces that. provide for torque transmission between the
links and bushing while allowing for pivoting movement of the first adjacent link relative to
the second adjacent link. The reciprocal surfaces are typically arranged such that torque
transmission can occur in either rotational direction (i.e., clockwise and counter-clockwise).
In a simple variation, the reciprocal surfaces can be provided as the opposing faces of a
reciprocal slot, with an engaging pin disposed in the slot. In other variations, two separate
engaging pins can engage separate reciprocal surfaces, provided again that the reciprocal
surfaces are oriented such that torque can be transmitted from one pin or the other pin in

either rotational direction (i.e., clockwise and counter-clockwise).

[0015] In a further aspect of the invention, an articulating mechanism is provided for,
e.g., remote manipulation of a surgical or diagnostic tool. The articulating mechanism can
include one or more link systems that allow for remote manipulation of a distally located tool
or instrument. In one variation, an articulating mechanism is provided that includes at least
one pair of links, each link being maintained in a spaced-apart relationship relative to the
other link of the pair. In another variation, an articulation mechanism is provided that
includes multiple pairs of links. The articulating mechanism further includes at least one set
of cables, each set connecting the links of a discrete pair to one another such that movement
of one link of a pair causes corresponding relative movement of the other link of the pair.

Alternatively, the articulating mechanism can include multiple sets of cables. The
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articulating mechanism thus provides torque transmission between adjacent links while

allowing for pivoting movement.

[0016]  In a further aspect of the invention, a surgical device is provided that includes a
surgical or diagnostic tool and a plurality of links proximal of the surgical or diagnostic tool.
An elongate shaft is proximal of the plurality of links. In certain variations one or more
cables are distally connected to one or more links and received proximally through the
elongate shaft. Movement of one or more cables causes movement of one or more links. The
surgical device may include any of the link systems discussed above. Depending on the

application, the shaft can have varying stiffness of flexibility and be of varying length.

[0017] In other aspects of the invention, a tool or instrument may be attached to and
extend from the link systems and/or articulating mechanisms, or the link systems and/or
articulating mechanisms may be otherwise incorporated into such instruments or tools. In the
case of surgical applications, examples of surgical or diagnostic tools include, but are not
limited to, endoscopes, light sources, catheters, Dopplef flow meters, microphones, probes,
retractors, pacemaker lead placement devices, dissectors, staplers, clamps, graspers, scissors
or cutters, and ablation or cauterizing elements. For other applications, numerous tools or
instruments are likewise contemplated, including, without limitation, graspers, drivers, power
tools, welders, magnets, optical lenses and viewers, electrical tools, audio/visual tools, lasers,
monitors, light sources, and the like. The types of tools or instruments, methods and
locations of attachment, and applications and uses include, but are not limited to, those
described in pending and commonly owned U.S. Application Nos. 10/444,769, 10/948,911,

and 10/928,479, each of which is incorporated herein by reference in its entirety.
BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIGURE 1A shows a perspective view of a surgical stapler device according to

one embodiment of the invention, with proximal and distal articulating link systems.
[0019] FIGURE 1B shows a second perspective view of the embodiment of FIG. 1A.
[0020] FIGURE 1C shows a top view of the embodiment of FIG. 1A.

[0021] FIGURE 2A shows a side view of a link system similar to the distal link system
of the embodiment depicted in FIG. 1A.
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[0022] FIGURE 2B shows a cross-sectional view of the link system of FIG. 2A, taken
along the plane designated by line L-L.

[0023] FIGURE 2C shows another side view of the link system shown in FIG. 2A
rotated by 90° about axes X; and X, from the view depicted in FIG. 2A.

[0024] FIGURE 2D shows a cross-sectional view of the link system of FIG. 2C taken
along the plane designated by line K-K.

[0025] FIGURE 2E shows a perspective view of a single link of the link system of FIG.
2A.

[0026] FIGURE 3A shows a side view of a link system similar to the distal link system
of the embodiment depicted in FIG. 1A.

[0027] FIGURE 3B shows a different side view of the link system of FIG. 3A rotated by
90° about axis Xs from the view depicted in FIG. 3A. o

[0028] FIGURE 3C shows a cross-sectional view of the device depicted in FIG. 3A
taken along the plane designated by line M-M.

[0029] FIGURE 3D shows a cross-sectional view of the device depicted in FIG. 3C
taken along the plane designated by line AB-AB.

[0030] FIGURE 4A shows a side view of the link system of FIG. 2A in a bent

conformation.

[0031] FIGURE 4B shows a cross-sectional view of the device depicted in FIG. 4A
taken along the plane designated by line Y-Y.

[0032] FIGURE 4C shows a cross-sectional view of the device depicted in FIG. 4B
taken along the plane designated by line AD-AD.

[0033] FIGURE 4D shows a cross-sectional view of the device depicted in FIG. 4B
taken along the plane designated by line AE-AE.

[0034] FIGURE 5A shows an end view of a single link of the link system of FIG. 2A.
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[0035] FIGURE 5B shows a cross-sectional view of the link depicted in FIG. 5A taken
along the plane designated by line N-N.

[0036] FIGURE 5C shows a cross-sectional view of the link depicted in FIG. 5A taken
along the plane designated by line O-O.

[0037] FIGURE 6A shows an end view of a single link, according to another

embodiment of the invention, with an octagonal torque-conferring protrusion.

[0038] FIGURE 6B shows a cross-sectional view of the link depicted in FIG. 6A taken
along the plane designated by line R-R.

[0039] FIGURE 6C shows a cross-sectional view of the link depicted in FIG. 6A taken
along the plane designated by line S-S.

[0040] FIGURE 7A shows a perspective view of a single bushing of the link system
depicted in FIG. 2A.

[0041] FIGURE 7B shows an end view of the bushing depicted in FIG. 7A.

[0042] FIGURE 7C shows a cross-sectional view of the bushing depicted in FIG 7B
taken along the plane designated by line T-T.

[0043] FIGURE 7D shows a cross-sectional view of the bushing depicted in FIG 7B
taken along the plane designated by line U-U.

[0044] FIGURE 8A shows a side view of a hex-socket articulating link system in a

straight conformation according to an embodiment of the invention.

[0045] FIGURE 8B shows another side view of the hex-socket articulating link system
of FIG. 8A rotated by 90° about axes X7 and X from the view depicted in FIG. 8A.

[0046] FIGURE 8C shows a cross-sectional view of the articulating link system depicted
in FIG 8B taken along the plane designated by line P-P.

[0047]  FIGURE 8D shows a side view of the hex-socket articulating link system of FIG.

8B in a bent conformation.
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[0048] FIGURE 8E shows a cross-sectional view of the articulating link system depicted
in FIG. 8D taken along the plane designated by line J-J.

[0049] FIGURE 8F is an exploded cross-sectional view of the articulating link system of
FIG. 8C taken along the plane designated by circle H.

[0050] FIGURES 9A AND 9B show perspective views of a single link of the hex-socket
articulating link system of FIG. 8A.

[0051] FIGURE 10A shows a side view of a link system in a straight conformation,

according to another embodiment of the invention.

[0052] FIGURE 10B shows another side view of the link system of FIG. 10A rotated by
90° about axis Xjo from the view depicted in FIG. 10A.

[0053] FIGURE 10C shows yet another side view of the link system of FIG. 10A rotated
by 180° about axes Xjo from the view depicted in FIG. 10A.

[0054] FIGURE 10D shows a side view of the link system of FIG. 10A in a bent

conformation.
[0055] FIGURE 10E shows another side view of the bent link system of FIG. 10D.
[0056] FIGURE 10F shows yet another side view of the bent link system of FIG. 10D.

[0057] FIGURE 11A shows a side view of a ball and socket joint between connected
tabs of adjacent links depicted in FIG. 10A.

[0058] FIGURE 11B shows a cross-sectional view of the ball-socket joint depicted in
FIG. 11A.

[0059] FIGURE 12 shows parallelogramming of a link-bushing-link system.

[0060] FIGURE 13A shows a perspective view of a link system, according to another

embodiment of the invention.

[0061] FIGURE 13B shows a side view of the link system of FIG. 13A.



WO 2006/073581 PCT/US2005/041663

[0062] FIGURE 13C shows a top view of two sets of tabs from the link system of FIG.
13A.

[0063]  FIGURE 13D shows a side view of two sets of tabs from the link system of FIG.
13A.

[0064] FIGURE 13E shows a perspective view of a bushing used in the link system of
FIG. 13A.

[0065] FIGURE 14A shows a perspective view of a link system, according to another

embodiment of the invention.
[0066] FIGURE 14B shows a top view of the link system depicted in FIG. 14A.

[0067] FIGURE 14C shows a cross-sectional view of the link system depicted in FIG
14B, taken along the plane designated by line Q-Q.

[0068] FIGURE 15A shows a perspective view of a link system in a straight

conformation, according to another embodiment of the invention.

[0069] FIGURE 15B shows a side view of the link system of FIG. 15A in a straight

conformation, according to another embodiment of the invention.

[0070] FIGURE 15C shows a perspective view of the link system of FIG. 15A in a bent

conformation.

[0071] FIGURE 15D shows a perspective view of the link system of FIG. 15A in a bent

conformation.

[0072] FIGURE 16A shows a perspective view of a link according to another

embodiment of the invention.
[0073] FIGURE 16B shows a side view of the link of FIG. 16A.
[0074] FIGURE 16C shows another perspective view of the link of FIG. 16A.

[0075] FIGURES 17A, 17B and 17C show perspective, side, and cross-sectional views,
respectively, of a link assembly formed of the links of FIG. 16A, in an unbent conformation.

-10 -
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[0076] FIGURES 18A, 18B and 18C show perspective, side, and cross-sectional views,

respectively, of a link assembly formed of the links of FIG. 16A, in a bent conformation.

[0077] FIGURES 19A, 19B and 19C show perspective, side, and cross-sectional views,
respectively, of a link assembly formed of the links of FIG. 16A, in another bent

conformation.

[0078] FIGURES 20A and 20B show perspective views of a link according to yet

another embodiment of the invention.

[0079] FIGURES 21A and 21B show perspective views of a bushing configured to
engage the link of FIG. 20A.

[0080] FIGURES 22A, 22B and 22C show perspective, side, and cross-sectional views,
respectively, of a link assembly formed of the links and bushing of FIGS. 20A and 21A, in an

unbent conformation.

[0081] FIGURES 23A and 23B show side, and cross-sectional views, respectively, of a
link assembly of FIG. 22A, in a bent conformation.

[0082] FIGURES 24A and 24B show side, and cross-sectional views, respectively, of a
link assembly of FIG. 22A, in another bent conformation.

DETAILED DESCRIPTION

[0083] As further detailed herein, articulating link systems and mechanisms are provided
that can form, or be incorporated into, or otherwise constitute, a wide variety of devices. The
link systems may be made from a combination of individual links. Articulating mechanisms
according to the invention generally include at least one pair of links and at least one set of
cables connecting at least one discrete pair of links. Alternatively, articulating mechanisms
can include multiple pairs of links and/or multiple sets of cables connecting at least one
discrete pair of links. The term “link™ as used herein refers to a discrete portion of a link
system or articulating mechanism that is capable of movement relative to another discrete
portion of the mechanism or system. In some embodiments, the link may correspond to
another discrete portion or defined area at the opposite end of the mechanism. Links
typically have at least a cylindrical portion. The links are generally aligned along the central

axes of each link of the mechanism. In certain embodiments, the link systems will include a

-11 -
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plurality of links. In certain other embodiments, at least two adjacent links can be separated

by a bushing.

[0084] The link systems can form or be incorporated into a variety of articulating
mechanisms. In various embodiments, articulating mechanisms according to the invention
generally include at least one pair of links and at least one set of cables. In other variations,
an articulation mechanism is provided that includes multiple pairs of links and/or multiple
sets of cables. In further embodiments, the articulating mechanism includes a plurality of
links or segments that are members of discrete pairs. The links form a proximal end and a
distal end, with one link of each pair being situated in a link system at the proximal end and

the other link of the link pair in a link system at the distal end.

[0085] In such articulating mechanisms, each cable set connects the links of a discrete
pair in the articulating mechanism to one another so that movement of one link of a pair
causes a corresponding movement of the other link in the pair. As used herein, the term
“active link” or “active link pair” refers to links that are directly connected to one another by
a cable set. The term “spacer link” of “spacer link pair” refers to links that are not directly
connected by a cable set. Spacer links can nevertheless be disposed between active links and
provide for the passage of cable sets that connect active links. The ability to manipulate
active link pairs allows for the mechanism to readily form complex three-dimensional
configurations and geometries as is further detailed herein. With conventional articulating
devices that rely on a cable set or wire that passes through otherwise unconnected links, it is
difficult to obtain such complex geometries because such devices are typically designed such
that the steering cables or wires pass through each link and terminate at a distal-most link.
Thus, all the segments bend together in a coordinated response to movement of the wire or

cable set, typically in a curved or arcuate fashion.

[0086] The link systems or articulating mechanisms of the present invention may, for
example, be incorporated into devices used to direct and steer a surgical or diagnostic
instrument tool to a target site within a body region of a patient. The device can be
introduced either in its native, straight configuration, or after undergoing various
manipulations at its proximal end from a location outside the patient. In various
embodiments, link systems form a part or parts of an articulating mechanism. Movement of
the proximal end of the mechanism results in movement at the distal end. Further, the

resulting directional movement of the distal end can be inverted, mirrored, or otherwise

-12-
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moved, depending on the degree of rotation of the proximal end relative to the distal end.
Also, to control the steering and manipulation of the distal end the proximal end provides for
a user interface that is convenient and easy to use. This user interface allows, for example, a
user to readily visualize the shape and directional movement of the distal end of the
mechanism that is located, e.g., within a patient, based on the manipulated shape of the
externally positioned proximal end user interface. Alternatively, control or actuation of the
distal end links can be accémplished by more conventional methods of manipulating the link

actuating cables, e.g., through the use of knob-and-pulley systems and the like.

[0087] In addition to the formation of complex configurations, the present invention also
allows for increased rigidity of the mechanism by constraining manipulated active links and
éllowing such links to resist movement due to laterally applied forces. A given link pair is
considered fully constrained if upon manipulating the links to achieve the desired shape, and
fixing one link of the pair in that desired shape, the other link of the pair can resist loads
while maintaining its desired, unloaded shape. For links that are otherwise free to move in
three degrees of freedom, a minimum of three’{:ables are required to fully constrain the links.
This is not always the case with conventional articulating devices. Spacer links will not be so
constrained, and the inclusion of such unconstrained links may be advantageous in many

situations where it is desirable to have portions of the actuated mechanism be less rigid.

[0088] The terms “instrument” and “tool” are herein used interchangeably and refer to
devices that are usually handled by a user to accomplish a specific purpose. For purposes of
illustration only, link systems and articulating mechanisms of the invention will be described
in the context of use for the remote guidance, manipulation, and/or actuation of surgical or
diagnostic tools and instruments in remotely accessed regions of the body. As previously
noted, other applications of the link systems and articulating mechanisms besides surgical or
diagnostic applications are also contemplated. Generally, any such application will include
any situation where it is desirable to navigate an instrument or tool into a workspace that is
not easy to manually navigate by hand or that might otherwise present a risk or danger.
These include, without limitation, industrial uses, such as for the navigation of a tool, probe,
sensor, etc. into a constricted space, or for precise manipulation of a tool remotely, for the
assembly or repair of machinery. The device can also be used to turn e.g. a screw, whether in
the straight or bent configuration. These can also include commercial and household

situations where the targeted site for the application of a tool or instrument is difficult to
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access. Other situations can include, e.g., industrial applications where the work environment
is dangerous to the user, for example, workspaces exposed to dangerous chemicals. Still
other situations can include, e.g., law enforcement or military applications where the user
may be at risk, such as deployment of a tool or instrument into a dangerous or hostile
location. Yet other uses include applications where simple remote manipulation of complex
geometries is desirable. These include uses in recreation or entertainment, such as toys or

games, e.g., for remote manipulation of puppets, dolls, figurines, and the like.

[0089]  With reference to FIGS. 1A-C, an embodiment of the invention is depicted which
incorporates an articulating mechanism and link system according to the invention. As
shown in FIG. 1A, surgical stapler 100 includes an articulating mechanism 102 having a
proximal link set 104 and corresponding distal link set 106, separated by elongated shaft 112,
which both maintains the proximal and distal link sets in a spaced-apart relationship and also
provides a working shaft for advancing the stapler. Stapler tool 107 with jaws 108, 109 is
attached to the distal end of distal link set 106 and is operationally connected to stapler
handle 110, which is attached to the proximal end of‘proximal link set 104.

[0090] Surgical stapler 100 as configured is suitable for laparoscopic use. Surgical
stapler 100 can be substituted with any surgical stapler known in the art, including, for
example, staplers disclosed in U.S. Patent Nos. 6,250,532, 6,644,532 B2, 5,704,534, and
5,632,432, incorporated herein by reference in its entirety. While this embodiment
incorporates a stapler, it will be readily appreciated that a wide variety of surgical tools and
instruments can be operationally attached to the distal end, including but not limited to
endoscope, light source, catheter, Doppler flow meter, microphone, probe, pacemaker lead
placement device, retractor, dissector, clamp, grasper, needle driver, scissors or cutter, or
ablation or cauterizing elements, as well as other tools or instruments for non-surgical

applications, as has been previously noted.

[0091] Proximal and distal link sets 104 and 106 include corresponding pairs of links,
i.e., each individual link in proximal link set 104 is paired with an individual link in distal
link set 106 to form a series of discrete pairs. Distal link set 106 include links 122a, 124a,
and 126a, while proximal link set 104 include links 122b, 124b, and 126b. Links 122a and
122b, 124a and 124b, and 126a and 126b are discrete link pairs. The proximal links (122b,
124b, and 126b) are connected to the distal links (122a, 124a, and 126a) by sets of cables 134,

135 such that movement of proximal links in proximal link set 104 causes a corresponding
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relative movement of distal link set 106. In particular, links 122a and 122b are connected by
cables 134, and links 124a and 124b are connected by cables 135, with links 126a and 126b
integral to shaft 112. Links 122a and 122b, and links 124a and 124b, thus form active link
pairs. Alternatively, links 122a and 122b are integral to the stapler tool 107 and stapler
handle 110, respectively.

[0092] Stapler handle 110 is bent with respect to elongated shaft 112 and stapler tool 107.
Link set 104 is bent, resulting in a bend between stapler handle 110 and elongated shaft 112.
The bend of link set 104 causes a corresponding bend in link set 106. Stapler tool 107 can be
bent up, down, left right, or rotated relative to the central axis of link 122a, even when the
central axis of link 122a is not in line with the central axis of elongated shaft 112. Stapler
handle is used to articulate stapler tool 107. Movement of stapler tool 107 relative to
elongated shaft 112 can be accomplished simultaneously, allowing for smooth articulation

and dynamic rotation of the stapler tool 107 in multiple degrees of freedom.

[0093] Generally speaking, one or more sets of cables are used to connect active link
pairs of an articulating mechanism according to varying embodiments of the invention. As
previously noted, each active link at one end of an articulating mechanism is connected to its
corresponding link at the other end by two or more cables that form a cable set. Movement
of one active link pair is controlled by its corresponding cable set and is independent of any
other active link pair. Additional links and cable sets may be added to control additional
pairs of links. Surgical stapler 100 can include a cable locking mechanism 101. Cable
locking mechanism 101, and permutations thereof, is described in more detail, for example,

in U.S. Patent Application No. 10/928,479.

[0094] In various embodiments of the invention, the link sets or link systems are designed
to provide torque transmission between the adjacent links while still allowing for pivoting
movement between the links. When an actuating force is applied by a cable or cables along
one side of the links, adjacent links pivot with respect to one another. The pivoting motion of
one or more links causes a bend in the link set. Torque transmission between links is
accomplished by operably connecting adjacent links such that rotation of one link around its

central axis transfers torque to the next link.

[0095] According to various embodiments, adjacent links are configured to have a

torque-conferring protrusion that is engaged by a socket of an adjacent link or bushing. The
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torque-conferring protrusions generally have a non-circular circumference around a cross-
section of the protrusion perpendicular to the central axis of the link (referred to herein as the
“latitudinal circumference”). Such protrusions are said to have a “non-circular latitudinal
circumference.” The non-circular latitudinal circumference allows one adjacent link to be
rotated around its central axis and confer torque from the torque-conferring protrusion to the
socket, and in turn to the adjacent link. The transfer of torque causes corresponding rotation
of the second adjacent link around its central axis while still allowing for pivoting movement

between the links.

[0096] Torque-conferring protrusions can have a circular circumference around a cross-
section of the protrusion that intersects or is aligned with the central axis of the link (referred
to herein as the “longitudinal circumference”). Such protrusions are said to have a “circular
longitudinal circumference.” The circular longitudinal circumference allows one adjacent
link to be pivoted within an engaged socket of a bushing or adjacent link. The pivoting
motion causes a corresponding bend in the link system while still allowing for torque transfer
between the liﬁks. More generally, a torque-conferring protrusion can have a curved
longitudinal circumference. The term “curved longitudinal circumference” includes a

circular longitudinal circumference, as well as other curved longitudinal surfaces.

[0097] In addition, according to various embodiments, adjacent links are configured to
have a ball section that, along with the torque-conferring protrusion, is also engaged by a
socket of an adjacent link or bushing. The ball section can be configured to have a circular
latitudinal circumference and a circular longitudinal circumference. The circular longitudinal
circumference and circular latitudinal circumference allows the link to pivot freely within the
socket of the adjacent bushing or link. More generally, a ball section can have a curved
longitudinal circumference and/or a curved latitudinal circumference. The term “curved
latitudinal circumference” includes a circular latitudinal circumference, as well as other

curved latitudinal surfaces.

[0098] FIGS. 2A-2D show a representative embodiment of such a link system in greater
detail. Adjacent links 122 and 124 are separated by bushing 126. With respect to FIG. 2A,
the link system is in an unbent conformation in which central axes X;, X5, and X3 of link 122,
link 124, and bushing 126, respectively, overlap. Link 122 includes torque-conferring
protrusion 128 and ball section 130. Likewise, link 124 includes torque-conferring protrusion

132 and ball section 134. Bushing 126 engages torque-conferring protrusion 128 of link 122
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in socket 136 and engages torque-conferring protrusion 132 of link 124 in socket 138. Ball
section 130 engages ball-shaped recess 166 of bushing 126, while ball section 134 engages
ball-shaped recess 168. Engagement of ball sections 130 and 134 and ball-shaped recesses
166 and 168, respectively, allows thrust loads to be directed from link 122 to link 124, and

vice versa.

[0099] Links 122, 124 further include cable channels 140, 142 that allow the passage or
anchoring of cable sets (not shown). Cable channels 140, 142 are offset from the axes X; and
X, of links 122, 124 such that when a tension force is applied to one or more cables, torque-
conferring protrusions 128, 132 of links 122, 124 pivot within sockets 136, 138 of bushing
126, and ball sections 130, 134 pivot within ball-shaped recesses 166, 168, causing link
system 104 as a whole to bend. Each link 122, 124 also includes a central channel 144, 146,
respectively, that is aligned with the central axis of its link. When assembled, these channels
form a central lumen through which actuating cables (not shown) are passed for controlling
and/or actuating the stapler (FIG. 1, 107). The central channel generally also provides ..:
passége for additional cables, wires, fiber optics, or other like elements associated with ahy
desired tool or instrument used in conjunction with the link system or articulating mechanism
of the invention. This allows the links and bushings to pivot relative to one another without
impinging the passage of an actuating cable in central channels 144, 146 for tools at the end
of link system 200. While the provision of a central channel is advantageous for the above
reasons, it will be appreciated that links and bushings can also be provided without such
channels, and that control of a tool or instrument associated with the link system or
articulating mechanism of the invention can also be accomplished by routing actuating cables

and other like elements along the periphery of the link system or articulating mechanism.

[0100] The torque-conferring and pivoting capability of the link set shown in FIGS. 2A-
2D is illustrated more clearly with reference to individual links and bushings. FIG. 2E and
FIGS. 5A-C depict link 122 of the link-bushing-link embodiment. FIGS. 7A-D depict
bushing 126 of the link-bushing-link embodiment.

[0101] With reference to FIG. 2E, link 122 has a torque-conferring protrusion 128 with
six tangentially distributed faces 148, giving torque-conferring protrusion 128 a hexagonal
latitudinal circumference. Torque-conferring protrusion 128 is circular along the longitudinal
circumference. Link 122 further includes ball section 130. The ball section 130 is circular

along the longitudinal circumference and the latitudinal circumference. With reference to
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FIGS. 5A-C, hexagonal torque-conferring protrusion 128 and ball section 130 are mirrored
on the opposite end of link 122 at torque-conferring protrusion 162 and ball section 164.
Torque-conferring protrusion 162 is circular along the longitudinal circumference. Like ball
section 130, ball section 164 has a circular latitudinal circumference and a circular
longitudinal circumference. Decoupling the torque-conferring protrusion 128 from the ball
section 130 allows separate sections to transfer separate components of force in different
directions. Torque-conferring section 128 transmits torque but cannot transfer axial loads in
the direction of axis X;. Conversely, ball section 130 transfers axial loads in the direction of
axis X, but does not transfer torque around axis X;. The torque-conferring capability of
torque-conferring protrusion 128 is decoupled from the axial load conferring capability of
ball section 130. Because the torque-conferring function and axial load conferring function
are separated to different portions of link 122, the link transfers torque around axis X; and

transfers axial loads along axis X; with greater precision.

[0102] Each torque-conferring protrusion and ball section is configured to engage a
socket of a-bushing. One such bushing of the present embodiment is illustrated more clearly
in FIGS. 7A-D. Bushing 126 has two sockets 136, 138, each terminating in a ball-shaped
recess 166, 168, respectively. Each socket 136, 138 includes six recessed faces 176 to form a
hexagonal structure. Each hexagonal socket 136, 138 is configured to engage hexagonal
torque-conferring protrusions 128 and 162. Ball-shaped recesses 166 and 168 are configured

to receive ball sections 130 and 164, respectively.

[0103] FIGS. 2C and 2D show the link system of FIGS. 2A and 2B, respectively, rotated
by 90°. With reference to FIG. 2B, the view depicts an abrupt change from torque-conferring
protrusions 128, 132 to ball sections 130, 134, respectively. In the perspective provided by
FIG. 2D, however, the transition between torque-conferring protrusioné 128, 132 to ball
sections 130, 134, respectively, is smooth. From this perspective, link 122 lacks a vertex

between protrusions 128, 132 to ball sections 130, 134, respectively.

[0104]  The torque-conferring protrusion and bushing provide for torque transmission
between the links. Each face 148 (FIG. 5A) on torque-conferring protrusion 128 abuts a face
176 (FIGS. 7 A-D) in socket 136, so as to restrict relative rotational motion between link 122
and bushing 126. When link 122 is rotated, each face 148 of protrusion 128 engages its
corresponding face 176 of socket 136, transferring rotational force, i.e., torque, to the socket.

With further reference to FIGS. 2A-D, this torque transfers through torque-conferring
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protrusion 128 of link 122 to engaged socket 136 of bushing 126 and causes corresponding
rotation of bushing 126 around axis X3. Likewise, each face of torque-conferring protrusion
132 of link 124 abuts a face in socket 138 of bushing 126. When bushing 126 rotates around
axis X3, each face of socket 138 engages its corresponding face of torque-conferring
protrusion 132. Rotational force (i.e., torque) is transferred from socket 138 of bushing 126
to torque-conferring protrusion 132 of link 124, resulting in corresponding rotational
movement of link 124. Thus, rotation of link 122 around axis X, causes corresponding
rotation of bushing 126 around axis X3, which in turn causes rotation of link 126 around axis

Xs.

[0105] While the link system of this embodiment provides torque transfer as described, at
the same time it freely allows for pivoting motion between links 122, 124. Specifically, links
122 and 124 can pivot relative to one other to cause a bend in the link set. Pivoting motion is
more clearly illustrated with reference to FIGS. 4A-D. Each torque-conferring protrusion
128, 132 1s circular along its longitudinal circumference. Likewise, each ball section 130,
134 is circular along its longitudinal circumference and latitudinal circumference. The
circular longitudinal circumference of each ball section 130, 134 allows each ball section
130, 134 to move within its corresponding ball-shaped recess 166, 168. The circular
longitudinal circumference of each ball section 130, 134 creates pivot points between
adjacent links. With respect to FIG. 4B, pivot points P; and P, are located along the central
axis of each link 122, 124. More specifically, P; and P, are located at the centers of the
circular longitudinal circumference of ball sections 130 and 134, respectively. The circular
longitudinal circumference of torque-conferring protrusion 128, 132 allows each link 122,
124 to pivot within bushing 126 about points P; and P,, respectively. That is, the torque-
conferring protrusions do not engage or interfere with the bushing when subjected to pivoting
movement, such that the links can freely pivot about ball sections 130 and 134. The pivoting
motion of each link 122, 124 with respect to bushing 126 results in a bend in the link system.
The link system allows pivoting motion between links 122 and 124, while providing for

torque transmission between the links.

[0106] The pivoting link system retains the ability to transfer torque when the link system
1s in the bent conformation. With further reference to FIGS. 4C and 4D, links 122 and 124
are pivoted within respective sockets 136, 138 of bushing 126, resulting in a bend in the link

system. In this bent conformation, protrusion 128 remains engaged by hexagonal socket 136.
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Rotation of link 122 around axis X transfers torque from link 122 to bushing 126. Similarly,
hexagonal torque-conferring protrusion 134 remains engaged by hexagonal socket 138.
Rotation of bushing 126 around axis X3 transfers torque from bushing 126 to link 124, and
link 124 rotates around axis X,. Rotation of link 122 around axis X; causes corresponding
rotation of link 124 around axis X,. Torque is transferred between links in the bent link

system, while still allowing for pivoting motion between the links.

[0107] In the present embodiment, the degree of pivoting motion is limited by the torque-
conferring protrusion more clearly illustrated in FIG. 4B. As described above, torque-
conferring protrusions 128, 132 and ball sections 130, 134 pivot in bushing 126 with respect
to points Py and P, when engaged by sockets 136, 138 of a bushing 126. Each torque-
conferring protrusion pivots as far as respective ball-shaped recesses 166, 168 of each socket
136, 138. Vertex 170 between adjoining faces of torque-conferring protrusion 128 is
prevented from extending into the ball-shaped recess 166 of socket 136. Similarly, vertex
172 between faces of torque-conferring protrusi’on 132 is prevented from extending into the

ball-shaped recess 168 of socket 138.

[0108] In other embodiments, other features can limit the ability of a torque-conferring
protrusion to extend into a ball-shaped region and restrain pivoting motion. For example,

bushing rim 180 of bushing 126 can come into contact with conical depression 182 of link
122. When bushing rim 180 contacts conical depression 182, link 122 cannot pivot further

about pivot point P;.

[0109] With certain embodiments of link systems described herein include a link-
bushing-link conformation, other embodiments of link systems without bushings are also
capable of transmitting torque while still allowing for pivoting movement between the links.
FIGS. 14A-C show another embodiment of a representative link system. Link system 700
includes adjacent links 722 and 724. Link 724 includes torque-conferring protrusion 732 and
ball section 734. Socket 726 of link 722 engages torque-conferring protrusion 732 of link
724. Links 722, 724 further include cable channels 740, 742 that allow the passage or
anchoring of cable sets (not shown). Cable channels 740, 742 are offset from the axes X3
and X4 of links 722, 724 such that when a tension force is applied to one or more cables,
torque-conferring protrusion 732 and ball section 734 of link 724 can pivot within socket 726
of link 722, pivoting links 722, 724 with respect to each other about pivot point Ps and
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causing link system 700 as a whole to bend. Link system 700 does not include a bushing
disposed between links 722 and 724.

[0110] Each link 722, 724 also has a central channel 744, 746. When link system 700 is
assembled, these channels form a central lumen through which actuating cables (not shown)
are passed. When assembled, these channels form a central lumen through which actuating
cables (not shown) are passed for controlling and/or actuating the stapler (FIG. 1, 107). The
central channel generally also provides passage for additional cables, wires, fiber optics, or
other like elements associated with any desired tool or instrument used in conjunction with
the link system or articulating mechanism of the invention. This allows the links and
bushings to pivot relative to one another without impinging the passage of an actuating cable.
While the provision of a central channel is advantageous for the above reasons, it will be
appreciated that links and bushings can also be provided without such channels, and that
control of a tool or instrument associated with the link system or articulating mechanism of
the invention can also be accomplished by routing actuating cables and other like elements

along the periphery of the link system or articulating mechanism.

[0111] The torque-conferring protrusion and bushing provide for torque transmission
between the links. With reference to FIG. 14C, each face of torque-conferring protrusion 732
abuts a face in socket 726, so as to restrict relative rotational motion between link 722 and
link 724. When link 722 is rotated around axis X3, torque-conferring protrusion 732
transfers rotational force, i.e., torque, to socket 726, causing corresponding rotation of link

724 around axis X4.

[0112] While the link system of this embodiment provides torque transfer as described, at
the same time it freely allows for pivoting motion between links 722, 724. Specifically, links
722 and 724 can pivot relative to one other to cause a bend in the link set. Torque-conferring
protrusion 732 is circular along its longitudinal circumference. Ball section 734 is circular
along its longitudinal circumference and latitudinal circumference. The circular longitudinal
circumference of ball section 734 allows ball section 734 to move within the corresponding
ball-shaped recess 766 of socket 726. The circular longitudinal circumference of torque-
conferring protrusion 732 creates pivot point Pg between adjacent links 722, 724. The
pivoting motion of links 722 and 724 with respect to one another results in a bend in link
system 700. Link system 700 allows pivoting motion between links 722 and 724, while

providing for torque transmission between the links.
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[0113] The ability to provide torque transmission while allowing for pivoting movement
between links can be achieved in other link-bushing-link conformations. Another alternative
link system is depicted in FIGS. 3A-3D.

[0114] Adjacent links 222 and 224 are separated by bushing 226. Link 222 includes
torque-conferring protrusion 228 and ball section 230. Likewise, link 224 includes torque-
conferring protrusion 232 and ball section 234. Bushing 226 engages torque-conferring
protrusion 228 of link 222 in socket 236 and engages torque-conferring protrusion 232 of link
224 in socket 238. Ball sections 230 and 234 rest in the corresponding ball-shaped recess
266, 268. Links 222, 224 further include cable channels 240, 242 that allow the passage or
anchoring of cable sets (not shown). Cable channels 240, 242 are offset from the axes X4
and X5 of links 222, 224 such that when a tension force is applied to one or more cables,
torque-conferring protrusions 228, 232 and ball sections 230, 234 of links 222, 224 can pivot
within sockets 236, 238 of bushing 226, pivoting links 222, 224 with respect to each other

and causing the link system as a whole to bend.

[0115] Each link 222, 224 also includes a central channel 244, 246, respectively, aligned
with the central axis of the link. When assembled, these channels form a central lumen
through which actuating cables (not shown) are passed for controlling and/or actuating the
stapler (FIG. 1, 107). The central channel generally also provides passage for additional
cables, wires, fiber optics, or other like elements associated with any desired tool or
instrument used in conjunction with the link system or articulating mechanism of the
invention. This allows the links and bushings to pivot relative to one another without
impinging the passage of an actuating cable. While the provision of a central channel is
advantageous for the above reasons, it will be appreciated that links and bushings can also be
provided without such channels, and that control of a tool or instrument associated with the
link system or articulating mechanism of the invention can also be accomplished by routing
actuating cables and other like elements along the periphery of the link system or articulating

mechanism.

[0116] The torque-conferring protrusion and bushing provide for torque transmission
between the links. With reference to FIGS. 6B and 6C, link 222 has torque-conferring
protrusion 228 and a ball section 230, and torque-conferring protrusion 262 and ball section

264. With reference to FIG. 6A, torque-conferring protrusion 228 includes eight radially
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distributed faces, giving the torque-conferring protrusion 228 an octagonal latitudinal

circumference.

[0117] With further reference to FIGS. 3A-E, torque transfers through torque-conferring
protrusion 228 of link 222 to engaged socket 236 of bushing 226 and causes corresponding
rotation of bushing 226 around axis Xs. Likewise, each face of torque-conferring protrusion
232 of link 224 abuts a face in socket 238 of bushing 226. When bushing 226 rotates around
axis X, each face of socket 238 engages its corresponding face of torque-conferring
protrusion 232. Rotational force (i.e., torque) is transferred from socket 238 of bushing 226
to torque-conferring protrusion 232 of link 224, resulting in corresponding rotational
movement of link 224. Thus, rotation of link 222 around axis X4 causes corresponding
rotation of bushing 226 around axis X, which in turn causes rotation of link 226 around axis

Xs.

[0118] While the link system of this embodiment provides torque transfer as described, at
the same time it freely allows for pivoting motion between links 222,”224. Speciﬁcally,'links
222 and 224 can pivot relative to one other to cause a bend in the link set. Each torque-
conferring protrusion 228, 232 is circular along its longitudinal circumference. Likewise,
each ball section 230, 234 is circular along its longitudinal circumference and latitudinal
circumference. The circular longitudinal circumference of each ball section 230, 234 allows
each ball section 230, 234 to move within its corresponding ball-shaped recess 266, 268. Ball
sections 230 and 234, respectively, creates pivot points between adjacent links. With respect
to FIG. 3C, pivot points P3 and P4 are located along the central axis of each link 222, 224,
respectively. The circular longitudinal circumference of ball sections 230 and 234 allows
links 222 and 224 to pivot within bushing 226 about pivot points P; and P4. The pivoting
motion of each link 222, 224 with respect to bushing 226 results in a bend in the link system.
The link system allows pivoting motion between links 222 and 224, while providing for
torque transfer between the links.

[0119] Another embodiment of the link systems is depicted in FIGS. 8A-F. With
reference to FIG. 8A, link system 300 includes adjacent links 302 and 304. Axis X7 of link
302 and axis X3 of link 304 are aligned when the links are in the straight, unbent
conformation. With reference to FIGS. 8C and 8E, link 302 includes torque-conferring
protrusion 310. Link 304 includes socket 312. Torque-conferring protrusion 310 of link 302
is engaged by socket 312. Links 302, 304 further include a plurality of cable channels 314
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that allow the passage or anchoring of cable sets (not shown). When a tension force is
applied to one or more cables, torque-conferring protrusion 310 pivots about point Ps within
socket 312 of link 304, pivoting link 302 with respect to link 304 and allowing the link set as
a whole to bend. Each link 302 and 304 also includes central channels 316 and 318 that are
respectively aligned with axes X7 and Xg of the link system 300.

[0120] The torque-conferring and pivoting capability of the link set shown in FIGS. 8A-F
is illustrated more clearly with reference to FIGS. 9A-B. With reference to FIG. 9A, torque-
conferring protrusion 310 has six radially distributed faces 320, such that the latitudinal
circumference of torque-conferring protrusion 310 1s hexagonal, and has a curved
longitudinal circumference. With reference to FIG. 9B, link 304 includes socket 312. Socket
312 includes six radially distributed faces 324 and six radially distributed faces 325 both
configured to engage torque-conferring protrusion 310 of link 302 of FIG. 9A. The
latitudinal circumference of faces 324 is hexagonal, and the longitudinal cross section is flat.
The latitudinal circumference of faces 325 is hexagonal, and the longitudinal cross section is

curved in a convex fashion.

[0121] When link 302 engages link 304, rotation of link 302 transfers torque to link 304.
With further reference to FIGS. 8A-F, hexagonal torque-conferring protrusion 310 is engaged
by hexagonal socket 312 of link 304. Each face 320 on torque-conferring protrusion 310
abuts a face 324 on socket 312 forming a line contact between face 320 and face 324. When
link 302 rotates around axis X7, the contact between each face 320 of torque-conferring
protrusion 310 and the corresponding faces 324 of hexagonal socket 312 results in torque
transfer from link 302 to link 304. Transfer of torque results in a corresponding rotation of

link 304 around axis Xg. Rotation of link 302 causes corresponding rotation of link 304.

[0122] Link system 300 also allows for pivoting motion between links 302 and 304. As
depicted in FIGS. 8D and 8E, pivoting of link 302 relative to link 304 causes a bend in link
system 300. Torque-conferring protrusion 310 is circular along its longitudinal
circumference. This circular longitudinal circumference allows torque-conferring protrusion
310 to pivot about point Ps within socket 312 of link 304. The pivoting motion of links 302
and 304 relative to one another allows link system 300 to bend. Link system 300 allows
pivoting motion between the links, while providing for torque-transmission between the

links.
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[0123] The pivoting link system retains the ability to transfer torque when the link system
1s in the bent conformation. With further reference to FIG. 8E, protrusion 310 pivots within
socket 312 of link 304. Moreover, the hexagonal latidudinal circumference of socket 312
continues to engage the hexagonal latitudinal circumference of protrusion 310 even in the
bent conformation. Rotation of link 302 around axis X7 transfers torque from link 302 to link

304 in the bent conformation, resulting in corresponding rotation of link 304 around axis Xs.

[0124] While particular embodiments of links have been described as having a hexagonal
or octagonal torque-conferring protrusion, it will be recognized that a torque-conferring
protrusion can have any configuration, provided that it has a non-circular latitudinal
circumference. By way of example and not limitation, such non-circular latitudinal
circumference can have any number of sides to form a triangular, square, rectangular,
pentagonal, or heptagonal torque-conferring protrusion. The non-circular latitudinal
circumference of the torque-conferring protrusion can also include one or more non-circular
curved sections,such as, for example, an ellipse or portion thereof. Further, while particular
embodiments of links have been described as having a ball section, it will be recognized that
links may be designed without a ball section and still maintain the ability to provide torque

transmission while allowing for pivoting movement between links.

[0125] Likewise, while particular embodiments of bushings have been described as
having hexagonal or octagonal sockets that engage hexagonal or octagonal torque-conferring
protrusions of corresponding links, it will be recognized that sockets of a bushing can be
configured in any configuration, provided that it engages the corresponding torque-conferring
protrusion to transfer torque, while allowing pivoting motion of the link in the bushing. By
way of example and not limitation, such bushings may include any number of faces to form,
for example, a triangular, square, rectangular, pentagonal, or heptagonal socket. The socket
can be configured to receive non-circular circumference of the torque-conferring protrusion
such as, for example, an ellipse or portion thereof. Further, while particular embodiments of
sockets have been described as having a ball-shaped recess, it will be recognized that links
may be designed without a ball-shaped recess and still maintain the ability to provide torque
transmission while allowing for pivoting movement between links. For example the ball
section of a protrusion could abut a hole in the bottom of the socket so the contact between
the two parts would be line contact, while still allowing the pivoting link system to transmit

torque and axial thrust loads.
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[0126] Though various embodiments have been disclosed, it will be understood that
aspects of different embodiments can be interchanged or combined in any combination. For
example, in embodiments having two links interposed by a bushing, the torque-conferring
protrusion can be disposed on either the link or the bushing. In other variations, a torque-
conferring protrusion and a ball section are disposed on one end of a bushing, and a socket is
disposed on the other end of the bushing. The variations can include any variation disclosed,
for example, in pending and commonly U.S. Application No. 10/444,769 and 10/928,479,

each of which is incorporated herein by reference in its entirety.

[0127] Although the embodiments herein describe torque-conferring protrusions and ball
sections having circular longitudinal circumferences, it will be appreciated that the torque-
conferring protrusions and ball sections can more generally have curved longitudinal
circumferences. Such embodiments still maintain the ability to provide torque transmission

while allowing for pivoting movement between links.

[0128] In c;fhef embodiments of the invention, adjacent links are configured to be
connected by a plurality of tabs disposed radially around from each axis of adjacent links.
The tabs allow one link to be rotated around its respective axis and confer torque to the tabs

of an adjacent link. The tabs also allow the one fink to pivot with respect to the second link.

[0129] Such link systems also prevent a phenomenon known as “parallelogramming.” In
a two pivot system such as a link-bushing-link system, “parallelogramming” refers to lateral
movement of one link with respect to another link when a side tension or force is applied to
the first link. FIG. 12 shows parallelogramming in link-bushing-link system 500. Link
system 500 includes link 502 and link 504 separated by bushing 506. When a side load 508
is applied to link 502, link 502 can translate laterally in the direction of the force, instead of
pivoting with respect to link 504.

[0130] Link systems having two pivot points between two links, each pivot with one or
two degrees of freedom, can be constrained to prevent parallelogramming. One exemplary
embodiment of a link system designed to transmit torque while preventing
parallelogramming is depicted in FIGS. 10A-F. Link system 400 includes adjacent links 402
and 404 separ:ited by bushing 406. With reference to FIG. 10A, in the straight conformation
central axis Xy of link 402 is aligned with central axis X;o of link 404. Convex protrusion
4010f adjacent link 402 is engaged by concave depression 405 of bushing 406. Similarly,
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convex protrusion 403 of adjacent link 404 is engaged by concave depression 407 of bushing
406. Convex protrusion 401 can pivot within concave depression 405, and/or convex

protrusion 403 can pivot within concave depression 407.

[0131] Cable channels 424, 426 are offset from the axes X and X, of links 402, 404,
1'éspectively, sﬁch that when a tension force is applied to one or more cables, concave
protrusions 401, 403 can rotate within their respective concave depressions 405, 407,
pivoting each link and causing the link set as a whole to bend, as shown more clearly in
FIGS. 10D-F. Link 402 includes a first set of three triangular tabs 412 integrally formed with
the link. Link 404 includes a second set of three triangular tabs 414 integrally formed with
the link. Each set of tabs 412 and 414 is disposed radially from central axes Xy and Xjo,
respectively. The tabs are connected to the links by a one degree of freedom joint. Each tab
(412a, 412b, and 412c) of the first set of tabs 412 is operably connected to a corresponding
tab (414a, 414b, and 414c) of the second set of tabs 414 by ball-and-socket joints (413a,
413b, and 413c). It will be appreciated that the tabs need not be integrally formed with the
links, but can be connected to the links by other known methods. Also, it is preferable but
not necessary that the tabs dispose radially from the central axes, as tabs disposed non-

radially can also be employed.

[0132] FIGS. 11A and 11B depicts ball-and-socket joint 413A. Tab 414a terminates in
socket 422. Tab 412a terminates at ball 420. Ball 420 is configured to rotate within socket
422. As will be apparent to those of skill in the art, any number of other attachment
mechanisms can be used as alternatives to ball-and-socket joint 413a. The only requirement

is that the joint is a two degree of freedom joint.

[0133] With further reference to FIG. 10A, link system 400 is designed to prevent
parallelogramming. When a side load 440 is applied to link 402, the side load is transferred
to the two degree of freedom ball-and-socket joints (413a, 413b, and 413c) between each tab
(412a, 412b, and 412c) and corresponding tab (414a, 414b, and 414c) by the one degree of
freedom joint between each link 402, 404 and the corresponding tabs (412a, 412b, and 412c)
and (414a, 414b, and 414c), respectively. At least one one-degree of freedom joint is not
normal to the side load. In this manner, the first set of tabs 412 operably connected to the
second set of tabs 414 prevents translation of link 402 laterally with respect to link 404.
Moreover, when link 402 is rotated around axis Xo, torque generated by the rotation is

transferred through each tab (412a, 412b, and 412c) of the first set of tabs 412 to its
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corresponding tab (414a, 414b, and 414c) of the second set of tabs 414. Torque is transferred
from link 402 to link 404.

[0134] Each link 402, 404 also includes central channel 430, 432, respectively, aligned
with the axis of its respective link 402, 404. Central channels 430, 432 form a central lumen
;chrough which one or more actuating cables may be passed. The cables can be used to
control and/or actuate a stapler (FIG. 1, 107). The central channel generally also provides
passage for additional cables, wires, fiber optics, or other like elements associated with any
desired tool or instrument used in conjunction with the link system or articulating mechanism
of the invention. Alternatively, a central channel is not included. Additional cables, wires,
fiber optics or other like elements associated with any desired tool or instrument used in

conjunction with the link system can be provided off the axis of the link system.

[0135] The tabs can be disposed on any link system disclosed herein. In addition, tabs
can be disposed on any link system disclosed in U.S. Patént Nos. 10/444,769, 10/948,911,
and 10/928,479. While particular e;nbbdiments of link systems have been described as
having certain number of tabs, it will be recognized that the link systems require a plurality of
tabs. Typically there are at least as many tabs as the degrees of freedom in the pivot points
between the links, i.e., for a one degree of freedom pivoting, at least one tab is used, and for
two degrees of freedom, at least two tabs are used. By way of example and not limitation, the
link system can include two, three, four, five, six, or more tabs. While particular
embodiments have been described as having triangular tabs, the tabs can be any shape. By
way of example and not limitation, the tabs can be triangular, rectangular, pentagonal,
hexagonal, curved, or partially curved. It will also be recognized that other embodiments of
the link systems do not require a bushing. Tabs may be connected in any fashion known in
the art, including a ball-and-socket joint, hinged joints, glue, or wire. Alternatively, tabs may
be disposed on a flex hinge. Exemplary flex hinges are described, for example, in U.S.

Patent Application No. 10/928,479.

[0136]  Another link system embodiment is shown in FIGS. 13A and 13B that likewise
transmits torque and prevents parallelogramming. Link system 600 includes adjacent links
602 and 604 separated by bushing 606. When link system 600 is in the straight
conformation, central axis X;; of link 602 and central axis X, of link 604 overlap. Link 602
can pivot with respect to link 604, resulting in a bend in link system 600. Cable channels
624, 626 are offset from the axes X;; and X, of link system 600 such that when a tension
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force is applied to one or more cables, link 602 pivots with respect to link 604, causing the
link set as a whole to bend. Bushing 606 is disposed between links 602 and 604. Link 602
has four depressions (609a, 609b, 609¢c, 609d) and four ball portions (616a, 616b, 616¢,
616d). Link 602 is engaged by a first set of tabs 612. First set of tabs 612 includes four
radially dispersed tabs (613a, 613b, 613c, 613d). Each tab engages one radially dispersed
depression (609a, 609b, 609c, 609d) between two radially dispersed ball portions (616a,
616b, 616c, 616d) of link 602. Likewise, link 604 has four radially dispersed depressions
(611a, 611b, 611c, 611d) and four radially dispersed ball portions (618a, 618b, 618c, 618d).
Link 604 is engaged by a second set of tabs 614. Second set of tabs 614 includes four
radially dispersed tabs (615a, 615b, 615¢, 615d). Each tab engages one radially dispersed
depression (611a, 611b, 611c, 611d) between two and four dispersed ball portions (616a,
616b, 616¢, 616d) of link 604.

[0137] The first and second sets of tabs 612, 614 are more clearly illustrated in FIGS.
13C and 13D. With respect to FIG. 13C, first set of tabs 612 includes four radially dispérsed
tabs (613a, 613b, 613c, 613d). Each individuai tab in the first set is connected to a base 621
by a one degree of freedom joint, i.e., flex hinge (620a, 620b, 6200: 620d). Base 621 has a
central channel to allow passage of actuating cables and the like. Likewise, second set of tabs
614 includes four radially dispersed tabs (615a, 615b, 615¢, 615d). Each individual tab is
connected to the base 623 via a one degree of freedom joint, i.e., flex hinge (624a, 624b,
624c, 624d). Like the flex hinges of the first set, the flex hinge of each individual tab of the
second set of tabs 614 allows the tab to bend relative to the other tabs of the set. Each tab
(613a, 613b, 613c, 613d) of the first set of tabs 612 is operably connected to a corresponding
tab (615a, 615b, 615¢, 615d) of the second set of tabs 614 by corresponding two flex hinges
(622a, 622b, 622c, 622d) to give two degrees of freedom. Any two degree of freedom joint
can be used. The flex hinge of each separate tab allows the tab to bend relative to the other

tabs of the set.

[0138] Bushing 606 includes clearance channels (6072, 607b, 607¢c, 607d) to
accommodate the first set of tabs 612 and second set of tabs 614. Specifically, clearance
channels (607a, 607b, 607c, 607d) accommodate each of tabs (613a, 613b, 613c, 613d) and
tabs (615a, 615b, 615c, 615d). The clearance channels (607a, 607b, 607c, 607d) provide
clearance for tabs (613a, 613b, 613c, 613d) and tabs (615a, 615b, 615¢, 615d) when links 602

and 604 bend with respect to one another.
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[0139] FIG. 13E shows a perspective view of bushing 606. As discussed above,
clearance channels (607a, 607b, 607c, 607d) are designed to accommodate first set of tabs
612 and second set of tabs 614. Bushing 606 also includes socket 617. Socket 617 is
configured to accept ball portions (616a, 616b, 616¢, 616d).

[0140]  Flexing of the flex hinges of first and second link sets 612 and 614 allows link 602
to pivot with respect to link 604, allowing link system 600 to bend. With further reference to
FIGS. 13A and 13B, when an actuating force is applied to one or more cables in cable
channels 624, 626, an axial force is provided in the direction of the axis to one side of link
602. As link 602 begins to pivot around the ball-and-socket joint (not shown), one or more
flex hinges 620, 622, or 624 of the first and/or second sets of tabs 612, 614 flex. Link 602
pivots with respect to link 604, bending link system 600.

[0141] Links 602, 604 of link system 600 are prevented from parallelogramming. With
reference to FIG 13B, when side load 640 is applied to link 602, the load is transferred to first
set of tabs 612. First set of tabs 612, which is connected to second set of tabs 614, prevents

translation of link 602 laterally with respect to link 604.

[0142] Each link 602, 604 also includes one central channel 630, 632, respectively, that is
aligned with the central axis of each link. These channels form a central lumen through
which an actuating cable may be passed. The central channel generally also provides passage
for additional cables, wires, fiber optics, or other like elements associated with any desired
tool or instrument used in conjunction with the link system or articulating mechanism of the
mvention. This allows the links and bushings to pivot relative to one another without
impinging the passage of an actuating cable. While the provision of a central channel is
advantageous for the above reasons, it will be appreciated that links and bushings can also be
provided without such channels, and that control of tool or instrument associated with the
link system or articulating mechanism of the invention can also be accomplished by routing
actuating cables and other like elements along the periphery of the link system or articulating

mechanism.

[0143] While the particular embodiment of the link system described above includes
adjacent links including a protrusion having four depressions engaged by four tabs, it will be
recognized that the protrusion can have a plurality of depressions and a plurality of tabs.

Typically there are at least as many tabs as the degrees of freedom in the pivot points
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between the links, i.e., for a one degree of freedom pivoting, at least one tab is used, and for
two degrees of freedom, at least two tabs are used. By way of example and not limitation,
each protrusion can have two, three, four, five, six, seven, eight, or more depressions, and
each set of tabs can have two, three, four, five, six, seven, eight, or more individual tabs. For
example, two tabs can be included with one degree of freedom hinges. In addition, while the
particular embodiment of the link system described above includes two sets of tabs, the link
system can include one set of tabs between adjacent links of the link system. The tabs in
other embodiments of the link systems do not have to have flex hinges. The link system may
be configured with or without a bushing. The link system may be a link system or portion of
- alink system, including a ball-and-socket joint or flex joints, in any combination, described

in, for example, U.S. Patent Application Nos. 10/444,769, 10/948,911, and 10/928,479.

[0144] Another exemplary embodiment of a link system designed to transmit torque
while preventing parallelograming is depicted in FIGS. 15A-D. Link system 800 includes
adjacent links 802 and 804 separated by bushing 806. With reference to FIG. 15A, in the
straight conformation central axis X3 of link 802 is aligned with central axis X4 of llnk 804.
Convex protrusion 803 of link 804 is engaged by concave depression 807 of bushing 806.
Convex protrusion 803 can pivot within concave depression 807. A similar concave

protrusion and convex depression arrangement is between link 802 and bushing 806.

[0145] Cable channels 824, 826 are offset from the axes X;3 and X4 of links 802, 804,
respectively, such that when a tension force is applied to one or more cables, concave
protrusions of each link can rotate within their respective concave depression of bushing 806,
pivoting each link 802, 804 and causing link set 800 to bend, as shown more clearly in FIGS.
15C and 15D. Adjacent link 802 includes a first set of three triangular tabs (812a, 812b,
812c) integrally formed with the link. Each triangular tab (812a, 812b, 812c) is connected to
link 802 by a one degree of freedom joint and terminates at ball (813a, 813b, 813c). Link
804 includes three grooves (814a, 814b, 814c) extending radially away from the central axis
X4 of link 804. Each ball (813a, 813b, 813c) of each respective tab (812a, 812b, 812c¢) fits
within a single groove (814a, 814b, 814c). Again, it will be appreciated that the tabs need not
be integrally formed with the links, but can be connected to the links by other known
methods. Also, the grooves can extend non-radially as long they are normal to the

orientiation of the one degree of freedom joint.
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[0146] Each ball (813a, 813b, 813c) of each respective tab (812a, 812b, 812¢) is
configured to slide within its respective groove (814a, 814b, 814c) when link 802 pivots with
respect to link 804. With reference to FIG. 15C, link 802 is bent with respect to link 804.
Balls 813b and 813c slide radially within grooves 814b and 814c, respectively, away from
central axis X4 of link 804. Link 802 bends with respect to 804. Ball 813a slides radially
within groove 814a toward central axis X4 of link 804 as well as pivot side to side.
Similarly, with reference to FIG. 15D, link 802 is bent with respect to link 804. Balls 813a
and 813c slide radially within grooves 814a and 814c, respectively, away from central axis
X14 of link 804. Ball 813b slides radially within groove 814b toward central axis Xj4 of link
804.

[0147] Link system 800 is designed to prevent parallelogramming. When a side load is
applied to link 802, the tabs 812 operably connected to the grooves 814 prevent translation of
link 802 laterally with respect to link 804. Moreover, when link 802 is rotated around axis
X3, torque generated by the rotation is transferred through each tab (812a, 812b, and 812¢) to
its corresponding groove (814a, 814b, and 814c). Torque is transferred from iink 802 to link
804. .

[0148] Each link 802, 804 also includes central channels aligned with the axis each link.
Central channels form a central lumen through which one or more actuating cables may be
passed. The cables can be used to control and/or actuate a stapler, such as the stapler depicted
in FIG. 1, 107. The central channel generally also provides passage for additional cables,
wires, fiber optics, or other like elements associated with any desired tool or instrument used
in conjunction with the link system or articulating mechanism of the invention.

Alternatively, a central channel is not included. Additional cables, wires, fiber optics, or
other like elements associated with any desired tool or instrument used in conjunction with

the link system can be provided off the axis of the link system.

[0149] The tabs can be disposed on any link system disclosed herein. In addition, tabs
can be disposed on any link system disclosed in U.S. Patent Application Nos. 10/444,769,
10/948,911, and 10/928,479. While particular embodiments of link systems have been
described as having certain number of tabs, it will be recognized that the link systems require
a plurality of tabs. Typically there are at least as many tabs as the degrees of freedom in the
pivot points between the links, i.e., for a one degree of freedom pivoting, at least one tab is

used, and for two degrees of freedom, at least two tabs are used. By way of example and not
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limitation, the link system can include two, three, four, five, six, or more tabs. While
particular embodiments have been described as having triangular tabs, the tabs can be any
shape. By way of example and not limitation, the tabs can be triangular, rectangular,
pentagonal, hexagonal, curved, or partially curved. It will also be recognized that other
embodiments of the link systems do not require a bushing. Tabs may be connected in any
fashion known in the art, including a ball-and-socket joint, hinged joints, glue, or wire.
Alternatively, tabs may be disposed on a flex hinge. Exemplary flex hinges are described, for
example, in U.S. Patent Application No. 10/928,479.

[0150] Other embodiments of the link sets or link systems also provide torque
transmission between the adjacent links while still allowing for pivoting movement between
the links, including links and link systems having engaging pins and corresponding receiving

slots on the link system components.

[0151] FIGS. 16-18 show a representative embodiment of such a link system in greater
detail. ’furning to FIGS 16A-16C, link 1000 includes ball section 1002 and socket 1004 on
opposing ends of central axis of the link. Ball section 1002 includes pins 1006 and 1007
extending normal to central axis on opposing sides of the ball section. Socket 1004 includes
slots 1008 and 1009 that run in a direction parallel to the central axis of the link. Ball section
1002 1s configured to engage a corresponding socket 1004 on an adjacently located link.
Likewise, socket 1004 is configured to receive a corresponding ball section 1002 on an

adjacently located link, as is further depicted in FIGS. 17-19.

[0152] Link 1000 also includes a central channel 1010 aligned with central axis of the
link that forms a central lumen through which actuating cables (not shown) are passed for
controlling and/or actuating a tool. The central lumen generally also provides passage for
additional cables, wires, fiber optics, or other like elements associated with any desired tool
or instrument used in conjunction with the link system or articulating mechanism of the
invention. Link 1000 further include cable channels 1012 and 1014 that allow the passage or
anchoring of cable sets (not shown). Cable channels 1012 and 1014 run parallel to and are
offset from central axis of link 1000, such that when a tension force is applied to one or more
cables, ball section 1002 can pivot within a corresponding socket of an adjacently located
link (or bushing). Likewise, a ball section from another located link (or bushing) can pivot
within socket 1004.
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[0153] FIGS. 17-18 show two links 1000 engaged with one another to form a link system
1001. FIGS. 17A-17C depict the system in an unbent conformation, in which central axes of
links 1000 are aligned. The ball section 1002 of the link engages socket 1004 of the adjacent
link. Engagement of ball and socket allows thrust or axial loads to be transmitted between the
links. As further depicted, pins 1006 and 1007 extend from opposite sides of ball section
1002 and engage slots 1008 and 1009, respectively, of the adjacent link. Thus, when link
1000 is rotated about central axis, the rotational force is transmitted to the adjacent link
through the engaged pins and slots, providing for transfer of torque between the links, in both
the unbent conformation, as shown in FIGS. 17A-17C, and in bent conformations, as shown
in FIGS. 18A-18C and 19A-19C.

[0154] As previously noted, links 1000 include a central channel 1010. When assembled
together, these central channels 1010 form a central lumen through which actuating cables
(not shown) are passed for controlling and/or actuating a tool. The central lumen generally
also provides passage for additional cables, wires, fiber optics, or other like elements
associated with::any desired tool or mstrument used in conjunction with the link system or
articulating mechanism of the invention. This allows the links to pivot relative to one another
without impinging the passage of an actuating cable in central channels 1010. While the
provision of a central channel is advantageous for the above reasons, it will be appreciated
that links can also be provided without such channels, and that control of a tool or instrument
associated with the link system or articulating mechanism of the invention can also be
accomplished by routing actuating cables and other like elements along channels located at or

near the periphery of the link system or articulating mechanism.

[0155] As also noted, links 1000 further include cable channels 1012 and 1014 that are
offset from the central axis of the link and that allow the passage or anchoring of cable sets
(not shown), such that when a tension force is applied to one or more cables, ball section
1002 can pivot within socket 1004 of an adjacent link 1000. Pivoting motion of adjacent

links 1000 with respect to each either can cause link system 1001 as a whole to bend.

[0156] Pivoting motion between adjacent links is more clearly illustrated with reference
to FIGS. 18A-18C and 19A-19C. Specifically, each pin 1006, 1007, when engaging its
respective slot 1008, 1009, is free to both translate and rotate within the slot and does not
interfere with the full range of pivoting movement, allowing the two links 1000 to pivot
freely about link 1006. This freedom of pivoting motion results in a bending of the link
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system, while retaining torque transmission between the links. Depending on the overall
depth of the slot and the degree of a bend in the link system, either one or both of the pins
remains engaged in its respective slot. Further, the degree of pivoting motion can be limited

by depth of each slot relative to its corresponding pin.

[0157] An alternative variation of links and link systems that employ engaging pins and
receiving slots is depicted in FIGS. 20-24. In this variation, a bushing is deployed between
adjacent links. Turning to FIGS 20-21, components of the link system include links 1102 and
bushing 1106. Link 1102 includes sockets 1110 on opposing ends of the central axis of the
link. Sockets 1110 include pins 1112 and 1113 that extend in a direction normal to the central
axis the link. Bushing 1106 includes ball sections 1108 on opposing ends of the central axis
of the bushing. Each ball section includes slots 1114 and 1115 that are recessed in the ball

section and that are aligned with the central axis of the bushing.

[0158] FIGS. 22A-C show the assembled link system 1101 in an unbent conformation in
which the central axes of hnks 1102 aﬁd bushing 1106 are aligned. The bushing 1106 is
operably connected to links 1102. The ball sections 1108 of bushing 1106 are engaged with
sockets 1110 of links 1102. In particular, slots 1114, 1115 of each ball section 1108 receive
pins 1112, 113 that are disposed in sockets 1110 of links 1102. Thus, when a link 1102 is
rotated about its central axis, the rotational force is transmitted via bushing 1106 to the
adjacent link 1102 through the engaged pins and slots of the link sockets and bushing ball
sections, providing for transfer of torque between the links, in both the unbent conformation,

as shown in FIGS. 22A-22C, and in bent conformations, as shown in FIGS. 23-24.

[0159] Links 1102 likewise includes a central channel 1136 aligned with the link central
axis as does bushing 1106 which similarly includes central channel 1138 aligned with its
central axis. When assembled, these central channels 1136 and 1138 form a central lumen
through which actuating cables (not shown) are passed for controlling and/or actuating a tool.
As with other embodiments, the central lumen generally also provides passage for additional
cables, wires, fiber optics, or other like elements associated with any desired tool or
instrument used in conjunction with the link system or articulating mechanism of the
invention. This allows the links and bushings to pivot relative to one another without
impinging the passage of an actuating cable in central channels 1136, 1138. Again, while the
provision of a central channel is advantageous for the above reasons, it will be appreciated

that links and bushings can also be provided without such channels, and that control of a tool
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or instrument associated with the link system or articulating mechanism of the invention can
also be accomplished by routing actuating cables and other like elements along channels at or

near the periphery of the link system or articulating mechanism.

[0160] Also similar to other embodiments, links 1102 further include cable channels 1132
and 1134 that allow the passage or anchoring of cable sets (not shown). Cable channels 1132
and 1134 are offset from the central axis of link 1102 such that when a tension force is
applied to one or more cables, adjacent links 1102 can pivot about bushing 1106. Pivoting
motion of links 1102 with respect to one another or bushing 1106 causes link system 1101 as
a whole to bend. Pivoting motion is more clearly illustrated with reference to FIGS. 23A-C
and 24A-C. Again, the degree of pivoting motion of the links relative to bushings can be

limited by depth of each slot relative to its corresponding pin.

[0161] It will be understood that sockets and ball sections can be disposed on either end
of bushings or links in any combination, and that that such sockets and ball sections can
include pins or slots or both. It will further be recognized that the links and bushings can
have many configurations, provided that a link (or a bushing) contains either a pin or
corresponding slot that engages a corresponding slot or a pin, respectively, of another link (or
bushing). In the variations shown, slots and pins of a link or a bushing can be offset from one
another. Further, by way of example and not limitation, the pins can extend from the socket
or ball section of a link (or a bushing). It is not necessary that the pin be perpendicular to the
central axis of the link (or bushing), provided that it engages its respective slot on another
~link (or bushing). Also, while particular embodiments of links have been described as having
a pin extending in a direction normal to the central axis of the link (or bushing), it will be
recognized that a pin can extend at any angle away from a ball section or a socket, provided
that the pin extends along a radial line that intersects the center of the ball section or socket of

the link (or bushing) and otherwise engages a corresponding slot in another link (or bushing).

[0162] Consistent with the configurations and parameters presented above, link systems
according to the invention may be of any size and shape, as the purpose dictates. For surgical
applications, their form usually depends on such factors as patient age, anatomy of the region
of interest, intended application, and surgeon preference. As noted, the outer circumferences
of links and bushings are generally cylindrical, and may include channels for passage of the
cables that connect links to other links or components of a device, as well as additional

cables, wires, fiber optics or other like elements associated with a desired tool or instrument
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used in conjunction with the link system. The channel diameters are usnally slightly larger
than the cable diameters, creating a slip fit. Further, the links may also include one or more
channels for receiving elements of attachable surgical instruments or diagnostic tools or for
passage of cables that actuate them. As noted, such channels can be located along the center
or the periphery of the links or bushings. The links may typically have a diameter from about
0.5 mm to about 15 mm or more depending on the application. Bushings tend to have
relatively comparable sizes to links and frequently have a smaller diameter. For endoscopic
and laporascopic applications, representative link diameters may range from about 2 mm to
about 3 mm for small endoscopic and laporascopic instruments, about 5 mm to about 7 mm
for mid-sized endoscopic and laporascopic instruments, and about 10 mm to about 15 mm for
large endoscopic and laporascopic instruments. For catheter applications, the diameter may
range from about 1 mm to about 5 mm. The overall length of the links and bushings will

vary, usually depending on the bend radius desired between links.

[0163] For surgical applications, the links or bushings or other components of the
mechanism or device into which the links or bﬁélﬁngs are iﬁcorporated may be made from
any biocompatible material, including, but not limited to: stainless steel; titanium; tantalum;
and any of their alloys; and polymers, e.g., polyethylene or copolymers thereof, polyethylene
terephthalate or copolymers thereof, nylon, silicone, polyurethanes, fluoropolymers, poly
(vinyl chloride), acrylonitrile-butadiene-styrene (ABS) terpolymer, polycarbonate, Delrin and
Delrin substitutes (i.e. acetal homopolymers), combinations thereof, and other suitable
materials known in the art. A lubricious coating may be placed on the links or bushings or
other components if desired to facilitate advancement of the link system. The lubricious
coating may include hydrophilic polymers such as polyvinylpyrrolidone, fluoropolymers such
as tetrafluoroethylene, or silicones. A radio opaque marker may also be included on one or
more links or bushings to indicate the location of the articulating mechanism or device upon

radiographic imaging. Usually, the marker will be detected by fluoroscopy.

[0164] Although the many link systems that have been illustrated in the accompanying
figures have a certain number of links and bushings, this is solely for the illustrative purpose
of indicating the relationship of the individual mechanism or link and bushing components to
one another. Any number of links and bushings may be employed, depending on such factors

as the intended use and desired length and range of movement of the articulating mechanism.
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[0165] As noted, cables may be used to actuate the link systems of the invention. In such
embodiments, one or more links are connected to their corresponding link or segment at the
distal end by two or more cables. Each cable set may be made up of at least two cables. As
noted, movement of one link is controlled by its corresponding cable set and is independent
of any other link. In certain variations, for example, a cable set will include three cables. By
using a set of three cables to connect to a link, the link can be manipulated or moved in three
degrees of freedom (i.e., up/down motion, left/right motion, and rotational or “rolling”
motion), independently of any other links. By combining a plurality of links, multiple
degrees of freedom are achieved, allowing the link system to be shaped into various complex

configurations.

[0166] Cable diameters vary according to the application and may range from about 0.15
mm to about 3 mm. For catheter applications, a representative diameter may range from
about 0.15 mm to about 0.75 mm. For endoscopic and laparoscopic applications, a

representative diameter may range from about 0.5 mm to about 3 mm.

[0167] Cable flexibility may be varied, for instance, by the type and weave of cable
materials or by physical or chemical treatments. Usually, cable stiffness or flexibility will be
modified according to that required by the intended application of the articulating
mechanism. The cables may be individual or multi-stranded wires made from material,
including, but not limited to, biocompatible materials such as nickel-titanium alloy; stainless
steel or any of its alloys; super elastic alloys; carbon fibers; polymers, e.g., poly (vinyl
chloride), polyoxyethylene, polyethylene terephthalate and other polyesters, polyolefin,
polypropylene, and copolymers thereof; nylon,; silk; and combinations thereof, or other

suitable materials known in the art.

[0168] The cables may be affixed to the links according to ways known in the art, such as
by using an adhesive or by brazing, gluing, soldering, welding, ultra-sonically welding,
screwing, and the like, including methods described in pending and commontly U.S.
Application No. 10/444,769, 10/948,911, and 10/928,479, each of which is incorporated

herein by reference in its entirety.

[0169] Spacer links, i.e., links not connected by discrete sets of cables, may also be
included in the link systems and articulating mechanisms of the invention. These links act as

passive links that are not independently actuatable, but do allow for pass through of cable sets
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to neighboring active links. Spacer links can be desirable for providing additional length in a
link system or articulating mechanism. In addition the inclusion of spacer links at one end of
the mechanism allows for the proportional scaling of movement or motion of the
corresponding other end. For example, the inclusion of spacer links at the proximal end of an
articulating mechanism in which distal and proximal pairs of links are connected would
require a more exaggerated movement by the user at the proximal end to achieve the desired
motion at the distal end. This is advantageous in situations where fine, delicate controlled
movements were desired, such as, for example, situations where there is a risk that a user
may not possess the necessary dexterity to perform the desired procedure absent such
proportional scaling of the distal end movement or motion. Alternatively, spacer links can be
provided on the distal end, in which case the degree of distal end movements would be
proportionally greater than those of the proximal end, which may also be desirable for
particular applications. In addition to the above, proportional scaling of movement or motion
can also be accomplished by increasing or decreasing the radius or distance that the cable
channels are located from the central axis, as further described. For example, a movement of
one link set can be configured such that an amplified movement in a proximal link set can
result in an amplified movement in a distal link set, as described in U.S. Patent Application

Nos. 10/928,479, 10/444,769, and 10/948,911.

[0170] The links and/or bushings described herein also may be configured to have
positive, negative, or neutral cable bias, as described in U.S. Patent Application Nos.
10/444,769, 10/948,911, and 10/928,479, each of which is incorporated herein by reference in

its entirety.

[0171] The linking systems, articulating mechanisms, and devices incorporating such
systems or mechanisms may also include a locking mechanism. When activated, the locking
mechanism prevents one or more links or pairs of links from moving as described in U.S.
Patent Application Nos. 10/444,769, 10/948,911, and 10/928,479, each of which is
incorporated herein by reference in its entirety. The linking systems, articulation
mechanisms, and devices disclosed herein can incorporate any aspects of any other devices
disclosed in U.S. Patent Application Nos. 10/444,769, 10/948,911, and 10/928,479, including

but not limited to steerable catheters, endoscopes, and hand-actuated devices.

[0172] The invention also contemplates kits for providing various linking systems,

articulating mechanisms, locking mechanisms, and associated accessories. For example, kits
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containing linking systems and articulating mechanisms having different lengths, different
segment diameters, and/or different types of tools or instruments may be provided. The kits
may optionally include different types of pre-assembled locking mechanisms. The kits may
be further tailored for specific applications. For example, kits for surgical applications can be
configured for, e.g., endoscopy, retraction, or catheter placement, and/or for particular patient

populations, e.g., pediatric or adult.

[0173] All publications, patents, and patent applications cited herein are hereby
incorporated by reference in their entirety for all purposes to the same extent as if each
individual publication, patent, or patent application were specifically and individually
indicated to be so incorporated by reference. Although the foregoing invention has been
described in some detail by way of illustration and example for purposes of clarity of
understanding, it is readily apparent to those of ordinary skill in the art in light of the
teachings of this invention that certain changes and modifications may be made thereto
without departing from the spirit and scope of the appended claims. Applicants have not -

abandoned or dedicated to the public any unclaimed subject matter.

- 40 -



WO 2006/073581 PCT/US2005/041663

We claim:

1. An articulating mechanism capable of transmitting torque for remote
manipulation of a surgical or diagnostic tool comprising:
at least one pair of links, each link being maintained in a spaced-apart relationship
relative to the other link of the pair,
at least two adjacent links and a bushing disposed between the adjacent links,
wherein at least one said adjacent link includes either an i) socket or ii) torque-
conferring protrusion, at least a portion of which has a non-circular latitudinal
circumference, and
wherein the bushing facing includes either a 1) torque-conferring protrusion, at
least a portion of which has a non-circular latitudinal circumference or ii) socket,
the torque-conferring protrusion or socket of the bushing engaging the socket
or torque-conferring protrusion of the link, thereby providing for torque transmission
s between the links while allowing for pivoting movement of the first adjacent link -
relative to the second adjacent link; and ;
at least one set of cables, each set connecting the links of a discrete pair to one another
such that movement of one link of a pair causes corresponding relative movement of the

other link of the pair.

2. The articulating mechanism of claim 1, wherein the portion of the torque-

conferring protrusion is curved along the longitudinal circumference.

3. The articulating mechanism of claim 2, wherein the link or bushing that
includes the torque-conferring protrusion further includes a ball section having a curved

latitudinal circumference.

4. The articulating mechanism of claim 3, wherein the socket is further

configured to receive the ball section.

5. The articulating mechanism of claim 4, wherein the non-circular latitudinal

circumference includes a plurality of faces curved in the longitudinal direction.

6. The articulating mechanism of claim 1, wherein the at least one adjacent link

includes the torque-conferring protrusion, and the bushing includes the socket.
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7. The articulating mechanism of claim 1, wherein the at least one adjacent link
includes the socket, and the facing surface of the bushing includes the torque-conferring

protrusion.

8. The articulating mechanism of claim 1, wherein the second adjacent link
includes either a i) torque-conferring protrusion at least a portion of which has a non-circular
latitudinal circumference, or ii) socket, and the facing surface of the bushing includes either a
1) socket or i) torque-conferring protrusion at least a portion of which has a non-circular

latitudinal circumference.

9. The articulating mechanism of claim 8, wherein the second adjacent link

includes a torque-conferring protrusion, and the bushing includes a socket.

10.  The articulating mechanism of claim 8, wherein the second adjacent link

includes a socket, and the bushing includes a torque-conferring protrusion.

11.  The articulating mechanism of claim 1, wherein the links form proximal and
distal ends with links of corresponding pairs being located on the proximal and distal ends
respectively, and wherein movement of the proximal end results in corresponding relative

movement of the distal end.

12. The articulating mechanism of claim 11 wherein said corresponding relative

movement of the distal end is reciprocal to the movement of the proximal end.

13.  The articulating mechanism of claim 11 wherein said corresponding relative

movement of the distal end mirrors the movement of the proximal end.

14.  The articulating mechanism of claim 11 wherein a surgical or diagnostic tool

is attached to the distal end.

15.  The articulating mechanism of claim 14 wherein the tool is selected from the
group consisting of a stapler, clamp, grasper, scissors, cutter, an ablation element, an
endoscope, a light source, a cauterizing element, a catheter, and a pacemaker lead placement

device.
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16.  The articulating mechanism of claim 1 further comprising an elongated shaft
disposed between the pairs of links that maintain the pairs of links in a spaced-apart

relationship.

17.  The articulating mechanism of claim 16 wherein the elongated shaft

accommodates the sets of cables.

18.  The articulating mechanism of claim 1, wherein pairs of links include channels

for receipt and passage of sets of cables associated with adjacent pairs of links.

19.  The articulating mechanism of claim 1, further comprising one or more spacer

links that are not connected by discrete sets of cables.

20.  The articulating mechanism of claim 1, wherein movement of one link of the

pair results in a larger corresponding movement in the other link of the pair.
21.  Anarticulating link system capable of transmitting torque comprising:

at least two adjacent links, and

a bushing disposed between the adjacent links,

wherein at least one said adjacent link includes either a i) socket or ii) torque-
conferring protrusion at least a portion of which has a non-circular latitudinal circumference,
and

wherein the bushing includes either a i) torque-conferring protrusion, at least a portion
of which has a non-circular latitudinal circumference or ii) socket, the torque-conferring
protrusion or socket of the bushing engaging the socket or torque-conferring protrusion of the
link, thereby providing for torque transmission between the links while allowing for pivoting

movement of the first adjacent link relative to the second adjacent link.

22.  The articulating link system of claim 21, wherein the portion of the torque-

conferring protrusion is curved along the longitudinal circumference.

23.  The articulating link system of claim 22, wherein the link or the bushing that
includes a torque-conferring protrusion further includes a ball section having a curved

latitudinal circumference.
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24.  The articulating link system of claim 23, wherein the socket is further

configured to receive the ball section.

25.  The articulating link system of claim 24, wherein the non-circular latitudinal
circumference includes a plurality of faces, each of which is curved in the longitudinal

direction.

26.  The articulating link system of claim 21, wherein the at least one adjacent link

includes a torque-conferring protrusion, and the bushing includes a socket.

27.  The articulating link system of claim 1, wherein the at least one adjacent link

includes the socket, and the the bushing includes the torque-conferring protrusion.

28.  The articulating link system of claim 1, wherein the second adjacent link
further comprises either a i) torque-conferring protrusion at least a portion of which has a
non-circular latitudinal circumference, or ii) socket; and facing surface of the bushing
includes either a 1) socket or ii) toquG-ébnferring protrusion at least a portion of which has a

non-circular latitudinal circumference.

29.  The articulating link system of claim 28, wherein the second adjacent link

includes a torque-conferring protrusion, and the bushing includes a socket.

30.  The articulating link system of claim 28, wherein the second adjacent link

includes a socket, and the bushing includes a torque-conferring protrusion.
31. A surgical instrument capable of transmitting torque comprising:
a surgical or diagnostic tool;

the articulating link system of claim 21 proximal of the surgical or diagnostic tool;

and
an elongated shaft proximal of the plurality of links.

32.  An articulating mechanism capable of transmitting torque for remote

manipulation of a surgical or diagnostic tool comprising:

at least one pair of links, each link being maintained in a spaced-apart relationship

relative to the other link of the pair,
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at least two adjacent links, wherein at least one adjacent link has a torque-conferring
protrusion at least a portion of which has a non-circular latitudinal circumference, and second
adjacent link having a socket configured to engage the torque-conferring protrusion to
provided torque transmission between the links while allowing for pivoting movement of the

first link relative to the second link, and

at least one set of cables, each set connecting the links of a discrete pair to one another
such that movement of one link of a pair causes corresponding relative movement of the

other link of the pair.

33.  The articulating mechanism of claim 32, wherein the surface of said portion of

the torque-conferring protrusion has longitudinal curvature.

34.  The articulating mechanism of claim 33, wherein the first adjacent link further

includes an ball section having a curved latitudinal circumference.

35.  The articulating mechanism of claﬁh 34, wherein the non-circular latitudinal

circumference has a plurality of longitudinally curved faces.

36.  The articulating mechanism of claim 35, wherein the socket of the second
adjacent link has a plurality of radially distributed, longitudinally curved faces configured to

engage the torque-conferring protrusion of the first adjacent link.
37.  An articulating link system capable of transmitting torque comprising:

at least two adjacent links, at least one said link having a torque-conferring protrusion
at least a portion of which has a non-circular latitudinal circumference, and the second
adjacent link having a socket configured to engage the torque-conferring protrusion of the
first adjacent link to provide torque transmission between the links while allowing for

pivoting movement of the first link relative to the second link.

38.  The articulating link system of claim 37, wherein the portion of the torque-

conferring protrusion has longitudinal curvature.

39.  The articulating link system of claim 38, wherein the first adjacent link further

includes an ball section having a curved latitudinal circumference.
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40. The articulating link system of claim 39, wherein the non-circular latitudinal

circumference includes a plurality of longitudinally curved faces.

41. The articulating link system of claim 40, wherein the socket of the second

adjacent link has a plurality of radially distributed curved faces configured to engage the

torque-conferring protrusion of the first adjacent link.

and

42. A surgical instrument capable of transmitting torque comprising:
a surgical or diagnostic tool;

the articulating link system of claim 32 proximal of the surgical or diagnostic tool;

an €longated shaft proximal of the plurality of links.

43.  An articulating mechanism capable of transmitting torque for remote

- manipulation of a surgical or diagnostic tool comprising:

at least one pair of links, each link being maintained in a spaced-apart relationship

relative to the other link of the pair,

first and second adjacent links,

wherein a first set of tabs is disposed on the first adjacent link between the

first and second adjacent links, and

wherein the second adjacent link is operably connected to the tabs disposed on
the first adjacent link to provide torque transmission between the links while allowing
for pivoting movement of the first adjacent link relative to the second adjacent link,

and

at least one set of cables, each set connecting the links of a discrete pair to one another

such that movement of one link of a pair causes corresponding relative movement of the

other link of the pair.

44.  The articulating mechanism of claim 43,

wherein a second set of tabs is disposed on the second adjacent link, and
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wherein the terminal ends of corresponding tabs of the first and second sets of tabs are

operably connected to one another.

45.  The articulating mechanism of claim 44, wherein a bushing is disposed

between the at least two adjacent links.

46.  The articulating mechanism of claim 44, wherein the terminal ends of

corresponding opposing tabs are connected by a two degree of freedom joint.

47.  The articulating mechanism of claim 46, wherein each tab connects to a link

by a one degree of freedom joint.
48.  The articulating mechanism of claim 43,

wherein the first adjacent link includes a plurality of radially dispersed depressions,

and

wherein a second set of tabs is disposed on the second adjacent link, the plurality of
tabs associated with each link being radially dispersed about the axes of each link of the
articulating link system, each tab engaging one radially dispersed depression of the link such

that the adjacent links are operably connected to one another at terminal ends of the tabs.

49.  The articulating mechanism of claim 48, further comprising a bushing

disposed between the two adjacent links.

50.  The articulating mechanism of claim 48, wherein each tab is moveable relative

to its corresponding link in one degree of freedom.

51.  The articulating mechanism of claim 48, wherein the terminal ends of

corresponding opposing tabs are connected by a two degree of freedom joint.

52. The articulating mechanism of claim 43, wherein the terminus of each tab
disposed on the first adjacent link is operably connected to a groove disposed in the second

adjacent link, such that the terminus of each tab can move within its corresponding groove.

53.  The articulating mechanism of claim 52, further comprising a bushing

disposed between the at least two adjacent links.
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54.  The articulating mechanism of claim 52, wherein each tab connects to its

corresponding link by a one degree of freedom joint.

55.  An articulating link system capable of transmitting torque for remote

manipulation of a surgical or diagnostic tool comprising:

at least first and second adjacent links, and a plurality of tabs operably connected to
the second adjacent link to provide torque transmission between the links while allowing for

pivoting movement of the first adjacent link relative to the second adjacent link.
56.  The articulating link system of claim 55,
wherein a second set of tabs is disposed on the second adjacent link, and

wherein the adjacent links are operably connected to one anther at terminal ends of

corresponding tabs of the first and second sets of tabs.

57.  The articulating link system of claim 56, further comprising a bushing
disposed between the at least two adjacent links.

58.  The articulating link system of claim 57, wherein the terminal ends of

corresponding opposing tabs are connected by a two degree of freedom joint.

59.  The articulating link system of claim 58, wherein each tab connects to a link

by a one degree of freedom joint.
60.  The articulating link system of claim 55,

wherein the the first adjacent link includes a plurality of circumferentially dispersed

depressions,
wherein a second set of tabs is disposed on the second adjacent link,

wherein the adjacent links are operably connected to one another at terminal ends of

the tabs disposed on each adjacent link, and

wherein the plurality of tabs associated with each link are radially dispersed about the

central axes of each link, each tab engaging one circumferentially dispersed depression of the
link.
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61.  The articulating link system of claim 60, further comprising a bushing
disposed between each of the two adjacent links.

62. The articulating link system of claim 61, wherein each tab is moveable relative

to its corresponding link in one degree of freedom.

63. The articulating link system of claim 62, wherein the terminal ends of

corresponding opposing tabs are connected by a two degree of freedom joint.

64.  The articulating link system of claim 55, wherein the terminus of each tab
disposed on the first adjacent link is operably connected to a corresponding groove disposed
radially in the second adjacent link, such that the terminus of each tab can move within its

corresponding groove.

65.  The articulating mechanism of claim 64, further comprising a bushing

disposed between the at least two adjacent links.

66.  The articulating mechanism of claim 65, wherein each tab connects to its

corresponding link by a one degree of freedom joint.
67. A surgical instrument capable of transmitting torque comprising:
a surgical or diagnostic tool;
the articulating link system of claim 55 proximal of the surgical or diagnostic tool;
an elongated shaft proximal of the plurality of links; and

one or more cables distally connected to one or more links and received proximally
through the elongated shaft, such that movement of one or more cables causes movement of

one or more links.

68.  An articulating mechanism capable of transmitting torque for remote

manipulation of a surgical or diagnostic tool comprising:

at least one pair of links, each link being maintained in a spaced-apart relationship

relative to the other link of the pair,
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at least two adjacent links, wherein at least one adjacent link has a ball and a second
adjacent link has a socket for receiving the ball, and further wherein the ball and socket
include at least one engaging pin and reciprocal slot that provide for torque transmission
between the links while also allowing for pivoting movement of the first link relative to the

second link, and

at least one set of cables, each set connecting the links of a discrete pair to one another
such that movement of one link of a pair causes corresponding relative movement of the

other link of the pair.

69.  The articulating mechanism of claim 68, wherein the pin extends from the ball

and wherein the slot is recessed in the socket.

70.  The articulating mechanism of claim 68, wherein the pin extends from the

socket and wherein the slot is recessed in the ball.

71.  The articulating mechanism of claim 68, wherein at least one link includes
both a ball and a socket for receiving an adjacent link, and wherein the ball and socket of the

at least one link has at least one engaging pin and at least one reciprocal slot.
72.  An articulating link system capable of transmitting torque comprising:

at least two adjacent links, wherein at least one adjacent link has a ball and a second
adjacent link has a socket for receiving the ball, and further wherein the ball and socket
include at least one engaging pin and reciprocal slot that provide for torque transmission
between the links while also allowing for pivoting movement of the first link relative to the
second link.

73.  The articulating link system of claim 72, wherein the pin extends from the ball

and wherein the slot is recessed in the socket.

74.  The articulating link system of claim 72, wherein the pin extends from the

socket and wherein the slot is recessed in the ball.

75.  The articulating link system of claim 72, wherein at least one link includes
both a ball and a socket for receiving an adjacent link, and wherein the ball and socket of the

at least one link has at least one engaging pin and at least one reciprocal slot.

-50-



WO 2006/073581 PCT/US2005/041663

76. A surgical instrument capable of transmitting torque comprising:
a surgical or diagnostic tool;

the articulating link system of claim 72 proximal of the surgical or diagnostic tool;

and
an elongated shaft proximal of the plurality of links.

77.  An articulating mechanism capable of transmitting torque for remote

manipulation of a surgical or diagnostic tool comprising:

at least one pair of links, each link being maintained in a spaced-apart relationship

relative to the other link of the pair;
at least two adjacent links and a bushing disposed between the adjacent links,
wherein at least one adjacent link includes a ball or socket,

wherein the bushing includes a socket or a ball to engage the corresponding ball or

socket of the one adjacent link, and

wherein the engaged ball and socket include at least one engaging pin and reciprocal
slot that provide for torque transmission between the links while allowing for pivoting

movement of the first adjacent link relative to the second adjacent link; and

at least one set of cables, each set connecting the links of a discrete pair to one another
such that movement of one link of a pair causes corresponding relative movement of the

other link of the pair.

78.  The articulating mechanism of claim 77, wherein the pin extends from the ball

and wherein the slot is recessed in the socket.

79.  The articulating mechanism of claim 77, wherein the pin extends from the

socket and wherein the slot is recessed in the ball.

80.  The articulating mechanism of claim 77, wherein at least one link includes at

least (i) two balls or (ii) a ball and a socket or (iii) two sockets for engaging at least two
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bushings, and wherein each ball or socket of the at least one link has at least one engaging pin

or at least one reciprocal slot.

81.  The articulating mechanism of claim 77, wherein the bushing includes at least
(1) two balls or (i) a ball and a socket or (iii) two sockets for engaging at least two links, and
wherein each ball or socket of the bushing has at least one engaging pin or at least one

reciprocal slot.
82.  Anarticulating link system capable of transmitting torque comprising:
at least two adjacent links, and
a bushing disposed between the adjacent links,
wherein at least one adjacent link includes a ball or socket,

wherein the bushing includes a socket or a ball to engage the corresponding ball or

socket of the one adjacent link, and

wherein the engaged ball and socket include at least one engaging pin and reciprocal
slot that provide for torque transmission between the links while allowing for pivoting

movement of the first adjacent link relative to the second adjacent link.

83.  The articulating link system of claim 82, wherein the pin extends from the ball

and wherein the slot is recessed in the socket.

84. The articulating link system of claim 82, wherein the pin extends from the

socket and wherein the slot is recessed in the ball.

85. The articulating mechanism of claim 82, wherein at least one link includes at
least (i) two balls or (ii) a ball and a socket or (iii) two sockets for engaging at least two
bushings, and wherein each ball or socket of the at least one link has at least one engaging pin

or at least one reciprocal slot.

86.  The articulating mechanism of claim 82, wherein the bushing includes at least
(1) two balls or (ii) a ball and a socket or (iii) two sockets for engaging at least two links, and
wherein each ball or socket of the bushing has at least one engaging pin or at least one

reciprocal slot.
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87. A surgical instrument capable of transmitting torque comprising:
a surgical or diagnostic tool;

the articulating link system of claim 82 proximal of the surgical or diagnostic tool,

and

an elongated shaft proximal of the plurality of links.
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