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Description

FIELD OF INVENTION

[0001] The present invention relates generally to ro-
botically controlled systems, such as robotic or telerobot-
ic surgical systems, and more particularly to flexible and
steerable elongate instruments or catheters with adjust-
able or changeable shape and articulation control for per-
forming minimally invasive surgical operations.

BACKGROUND

[0002] Standard surgical procedures or open surgeries
typically involve using a scalpel to create an opening of
sufficient size to allow a surgical team to gain access to
an area in the body of a patient for the surgical team to
diagnose and treat one or more target sites. When pos-
sible, minimally invasive surgical procedures may be
used instead of standard surgical procedures to minimize
physical trauma to the patient and reduce recovery time
for the patient to recuperate from the surgical procedures.
However, minimally invasive surgical procedures typical-
ly require using extension tools to approach and address
the target site, and the typical extension tools may be
difficult to use, manipulate, and control. Consequently,
only a limited number of surgeons may have the neces-
sary skills to proficiently manipulate and control the ex-
tension tools for performing complex minimally invasive
surgical procedures. As such, standard surgical proce-
dures or open surgery might be chosen for the patient
even though minimally invasive surgical procedures may
be more effective and beneficial for treating the patient.
[0003] Accordingly, there is a need to develop exten-
sion tools that are easy to use, manipulate, and control,
especially for performing complex minimally in vasive
surgical procedures.
[0004] WO 2005/081202 A1 discloses an apparatus
for accessing a body lumen. The apparatus includes a
tubular member including a proximal end, a distal end
sized for introduction into a body lumen, and a passage
extending along a steerable distal portion of the tubular
member. The passage includes a first region extending
substantially parallel to a center of modulus of the distal
portion and a second region offset from the center of
modulus. A steering element is disposed through the pas-
sage extending along the distal portion that includes a
proximal end disposed adjacent the tubular member
proximal end, and a distal end fixed to the tubular member
distal end beyond the distal portion. A steering adjust-
ment member is slidable within the passage for selec-
tively directing a portion of the steering element between
the first and second regions to vary the steerability of the
distal portion.
[0005] US 2007/270679 A1 discloses a catheter com-
prising: a proximal section comprising a shaft and a con-
trol section at a proximal end, the control section operably
connected to two or more bidirectional control wires and

a variable radius control wire; and a distal section com-
prising at desired points along its length at least one elec-
trode, a connection point for the variable radius control
wire, and a connection point for the at least two bidirec-
tional control wires. Engaging one or more of the bidirec-
tional control causes a left to right motion in the distal
section, and engaging the variable radius control wire
modifies the radius of the loop.
[0006] EP 0 904 796 A2 discloses a multi-directional
electrode catheter. The catheter comprises an elongated
tubular catheter body, a catheter tip section at the distal
end of the catheter body and a control handle at the prox-
imal end of the catheter. The catheter body may have a
central lumen, and four off-axis lumens symmetrically po-
sitioned about the central lumen. A puller wire extends
from the central handle through each off-axis lumen and
is anchored to the tip section at a selected location. Within
each off-axis lumen in the catheter body, there is provided
a compression coil in surrounding relation to the puller
wire. The compression coil is fixedly attached to the cath-
eter body at its distal and proximal ends. At its proximal
end, each puller wire is attached to a movable piston in
the control handle. Each piston is controlled by an oper-
ator using a slidable button fixedly attached to each pis-
ton. Movement of a selected button results in movement
of a selected puller wire and deflection of the tip section
in the direction that puller wire.
[0007] WO 2005/032637 A2 discloses a deflectable
catheter assembly. The assembly comprises a catheter
shaft having a catheter proximal section and a catheter
distal section, and at least one lumen extending there-
through. The catheter distal section is more flexible than
the catheter proximal section. A tendon is disposed within
a first lumen of said catheter shaft. The first lumen is
approximately centrally located within the catheter shaft
at the catheter proximal section. The first lumen is located
off-center of the catheter shaft at the catheter distal sec-
tion. The tendon is able to deflect the catheter distal sec-
tion when being pulled on. A catheter handle is coupled
to the catheter shaft at the catheter proximal section, the
catheter handle includes a control mechanism to control
the tendon.
[0008] US 4 748 969 A discloses an endoscope having
a control head, an objective head and a flexible shaft
therebetween. The shaft has a flexible core with a conduit
means therewith. A deflection means is provided with the
shaft having a tension member and a distal end com-
pression member for controllably returning the distal end
to an undeflected position.
[0009] WO 2004/039273 A2 discloses an electrophys-
iology catheter comprising: a handle having a distal end
and a proximal end, the handle including an actuator; a
flexible shaft having a proximal end and a distal end and
a longitudinal axis that extends along a length of the shaft,
the proximal end of the shaft being attached to the distal
end of the handle; a tip assembly having a proximal end
and a distal end, the proximal end of the tip assembly
being attached to the distal end of the shaft, and the tip
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assembly including a wire formed of a superelastic ma-
terial and shaped to bias the tip assembly in a first ori-
entation; and a cable, attached to the actuator and the
tip assembly, that extends through the shaft, the cable
being adapted to change an orientation of the tip assem-
bly from the first orientation in response to movement of
the actuator.
[0010] US 5 168 864 A discloses an endoscope having
a flexible tip portion with both a selectable angle of de-
flection, and a selectable radius of curvature to provide
a more maneuverable endoscope for use by a physician.
It includes a body member receiving a rigid tube within
a lumen thereof. The tube extends toward, but short of
the distal end of the body member to define a deflectable
tip portion. A pull-wire is positioned within the rigid tube
and lumen and extends from the body member’s proximal
end to the body member’s distal end. By selectively re-
tracting the pull-wire in the proximal direction, the distal
end of the flexible tip portion is deflected about the distal
end of the rigid tube.

SUMMARY

[0011] According to the present invention there is pro-
vided the steerable elongate instrument of claim 1.
[0012] Additional aspects of the invention as set out in
the dependent claims.
[0013] Features and advantages of the steerable elon-
gate instrument of the present invention will become ap-
parent from the following detailed description, when read
in view of the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The present invention will be readily understood
by the following detailed description, taken in conjunction
with accompanying drawings, illustrating by way of ex-
amples the principles of the invention. The objects and
elements in the drawings are not necessarily drawn to
scale, proportion, precise orientation or positional rela-
tionships; instead, emphasis is focused on illustrating the
principles of the invention. The drawings illustrate the
design and utility of various embodiments of the present
invention as well as background information that is useful
for understanding the invention, in which like elements
are referred to by like reference symbols or numerals.
The drawings, however, depicting embodiments of the
invention should not be taken as limiting its scope. With
this understanding, the embodiments of the invention as
well as information aiding in the understanding of the
invention will be described and explained with specificity
and detail through the use of the accompanying drawings
in which:

Figure 1 illustrates one example of a robotic or tel-
erobotic surgical system.
Figure 2A through Figure 2D illustrate various ar-
rangements of an instrument assembly.

Figure 3A illustrates a cross-sectional view of a flex-
ible and steerable elongate instrument with variable
or changeable shape control and support elements.
Figure 3B illustrates another cross-sectional view
(View 1-1) of a flexible and steerable elongate in-
strument with variable or changeable shape control
and support elements.
Figure 4A illustrates an elongate instrument with
passively controlled flex member in accordance with
one embodiment of the claimed invention.
Figure 4B illustrates a passively controlled flex mem-
ber with a service or buffer loop in accordance with
one embodiment.
Figure 4C illustrates support tubes or support mem-
bers sliding along the flex tubes or flex members in
accordance with one embodiment.
Figure 4D illustrates slidable couplings of variable
shape control and support components near the
proximal section of a flexible and steerable elongate
instrument in accordance with one embodiment.
Figure 5A through Figure 5D illustrate rack and pin-
ion drive mechanisms in a drive unit or splayer for
variable shape control and support.
Figure 6A through Figure 6C illustrate the operation
of a substantially flexible and steerable elongate in-
strument.
Figure 7A through Figure 7C illustrate the operation
of a substantially flexible and steerable elongate in-
strument.
Figure 8A and Figure 8B illustrate curve aligned
steering of a flexible and steerable elongate instru-
ment.
Figure 9 illustrates the mechanics of variable shape
control and support features of a flexible and steer-
able elongate instrument in which an "S" shaped
curve may be formed.
Figure 10 illustrates the mechanics of variable shape
control and support features of a flexible elongate
instrument in which a "J" shaped curve may be
formed.
Figure 11A illustrates one embodiment of an elon-
gate instrument with movable or displaceable flex
tubes.
Figure 11B and Figure 11C illustrate how movable
flex tubes may change the properties of an elongate
instrument to form various shapes and/or curva-
tures.
Figure 12A through Figure 12F illustrate a deploya-
ble and retractable anchor.
Figure 13A through Figure 13F illustrate a control
unit or splayer configured to operate multiple flex
tubes or flex members.
Figure 14A through 14D illustrate various embodi-
ments of elongate instruments having flex tubes lo-
cated or secured at various positions or locations
along the length of the elongate instruments.
Figure 15A through 15C illustrate a simplified con-
struction of an elongate instrument (1500) with var-
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iable shape control and support.
Figure 16A through 16F illustrate a sample of varia-
tions in which one set of flex tubes may be configured
or implemented in a set of control lumens within the
body of an elongate instrument.
Figure 16G through Figure 16J illustrate a sample
of variations in which a plurality of flex tubes may be
disposed or implemented in a control lumen of an
elongate instrument.
Figure 16I and Figure 16J illustrate a sample of var-
iations in which one of the plurality of flex tubes in a
control lumen may be configured in a passively con-
trolled manner, while one or more other flex tubes
may be configured in a passively controlled manner,
actively controlled manner, or displaceable control-
led manner.
Figure 17A through Figure 17F illustrate various
methods in which an elongate instrument with pas-
sive control, active control, or displaceable control
may be used to approach and treat a target site or
tissue structure in a minimally invasive procedure.

DETAILED DESCRIPTION OF ILLUSTRATED EM-
BODIMENTS

[0015] Reference will now be made in detail to the pre-
ferred embodiments of the present invention and back-
ground art, examples of which are illustrated in the ac-
companying drawings. While the invention will be de-
scribed in conjunction with the preferred embodiments,
it will be understood that they are not Intended to limit
the scope of the Invention to these embodiments. On the
contrary, the invention is intended to cover alternatives,
modifications, and equivalents that may be included with-
in the scope of the claims. Furthermore, in the following
detailed description of the present invention, numerous
specific details are set forth in to order to provide a thor-
ough understanding of the present invention. However,
it will be readily apparent to one of ordinary skilled in the
art that the present Invention may be practiced without
these specific details.
[0016] The contents of the following applications are
referred to for reference purposes: U.S. Patent Applica-
tion No. 11/073,363, filed on March 4, 2005; U.S. Patent
Application No. 11/418,398, filed on May 3, 2006; U.S.
Patent Application No. 11/637,951, filed on December
11, 2006; and U.S. Patent Application No. 12/079,500,
filed on March 26, 2008. All of the following technologies
may be utilized or compatible with manually or robotically
steerable instruments, such as those described in the
aforementioned U.S. Patent Application No. 11/073,363;
U.S. Patent Application No. 11/418,398; U.S. Patent Ap-
plication No. 11/637,951; and U.S. Patent Application No.
12/079,500. Figure 1 illustrates one example of a robotic
or telerobotic surgical system (100), e.g., the Sensel®

Robotic Catheter System from Hansen Medical, Inc. In
Mountain View, California, U.S.A., with an operator con-
trol station (102) located remotely from an operating table

(104) to which an electromechanical device, instrument
driver, or robotic catheter manipulator (RCM) (106) and
instrument assembly or steerable catheter assembly
(108), e.g., the Artisan™ Control Catheter also from
Hansen Medical, Inc. in Mountain View, California,
U.S.A., may be supported by an instrument driver mount-
ing brace (110) that is mounted on the operation table
(104). A wired connection (112) transfers signals be-
tween an electronics rack (114) near the operator control
station (102) and the instrument driver (106) mounted
near the operation table (104). The electronics rack (114)
includes system hardware and software that operate and
perform the many functions of the robotic or telerobotic
surgical system (100). The instrument driver mounting
brace (110) may be a substantially arcuate-shaped struc-
tural member configured to position the Instrument driver
(106) above a patient (not shown) who is lying on the
operating table (104). The wired connection (112) may
transmit manipulation, articulation, and control com-
mands from an operator or surgeon (116) who is working
at the operator control station (102) and who may be
providing the necessary input to the instrument driver
(106) by way of one or more input devices, such as an
instinctive motion™ controller (118), joystick key-
board(120), trackball, data gloves, exoskeletal gloves, or
the like, for operating the instrument assembly (108) to
perform various operations, such as minimally invasive
procedures, on the patient who is lying on the operating
table (104). The wired connection (112) may also trans-
mit information (e.g., visual, tactile, force feedback, po-
sition, orientation, shape, localization, electrocardio-
gram, etc.) from the Instrument assembly (108), patient,
and operation site monitors (not shown in this figure) to
the operator control station (102) for providing the nec-
essary information to the operator or surgeon (116) to
facilitate monitoring the instruments, patient, and target
site for performing various precise manipulation and con-
trol of the instrument assembly (108) during minimally
invasive surgical procedures. The wired connection
(112) may be a hard wire connection, such as an elec-
trical wire configured to transmit, electrical signals (e.g.,
digital signals, analog signals, etc.), an optical fiber con-
figured to transmit optical signals, a wireless link connec-
tion configured to transmit various types of wireless sig-
nals (e.g., RF signals, microwave signals, etc.), etc., or
any combinations of electrical wire, optical fiber, and/or
wireless links. The wire connection (112) allows the sur-
geon or operator (116) to be remotely located from the
patient. The surgeon or operator (116) may be located
across the operation room from the patient, in a different
room, in a different building, or in a different geographical
region away from where the patient is located. Informa-
tion or feedback transmitted by way of the wire connec-
tion (112) may be displayed on one or more monitors
(122) at the operator control station (102).
[0017] Figure 2A through Figure 2D illustrate various
arrangements of an instrument assembly (108) that may
be configured to perform various minimally invasive sur-
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gical procedures. An instrument assembly (108) may be
comprised of a single steerable elongate instrument as-
sembly or catheter system, as illustrated in Figure 2A, or
a combination of steerable elongate instrument assem-
blies or catheter systems, as illustrated in Figure 2B
through 2D. As illustrated in Figure 2B through 2D, the
steerable elongate instrument assemblies or catheter
systems may be positioned or mounted in a substantially
coaxial manner and configured to be operated in a sub-
stantially coordinated or tandem-type manner or as a co-
ordinated or tandem-type combination. As described in
the aforementioned patent applications, the instrument
assembly (108) may include a control unit or splayer;
which may be comprised of gears, pulleys, and control
or pull wires to steer or articulate an elongate instrument
or catheter in various degrees of motion (e.g., up, down,
pitch, yaw, or any motion in-between as well as any other
motions). For example, Figure 2A illustrates one arrange-
ment of an instrument assembly or catheter system (108)
which includes a control unit (202) that may be configured
to steer an elongate instrument or catheter (204). Figure
2B illustrates another arrangement of an instrument as-
sembly (108) that includes a combination of steerable
elongate instrument assemblies or catheter systems
which includes respective control units (202 and 212)
and corresponding associated elongate instruments or
catheters (204 and 214). The elongate instrument as-
semblies or catheter systems, as those illustrated in Fig-
ure 2B as well as other similar systems or combinations,
may be positioned or mounted coaxially with the elongate
instrument or catheter of one elongate instrument as-
sembly or catheter system threaded or loaded through a
lumen of another elongate instrument assembly or cath-
eter system. Figure 2C also illustrates an instrument as-
sembly (108) that includes a combination of steerable
elongate instrument assemblies or catheter systems
which are comprised of respective control units or splay-
ers (222 and 232) and corresponding associated elon-
gate instruments or catheters (224 and 234). Figure 2D
illustrates another arrangement of an instrument assem-
bly (108) that includes a combination of steerable elon-
gate instrument assemblies and catheter systems which
may also include respective control units or splayers (242
and 252) and corresponding associated elongate instru-
ments or catheters (244 and 254).

Basic Structure of a Steerable Instrument

[0018] Figure 3A illustrates a cross-sectional view of a
section or portion of a flexible and steerable elongate
instrument or catheter (300) of an instrument assembly
(108). The steerable elongate instrument (300) may be
substantially pliable or flexible such that when it is ad-
vanced into a patient, an operator or surgeon may easily
manipulate the instrument (300) to conform, adopt, or
match the shape or curvatures of the internal pathways
(e.g., gastrointestinal tract, blood vessels, etc.) of the pa-
tient. As illustrated, the flexible and steerable elongate

instrument or catheter (300) may be comprised of multi-
ple layers of materials and/or multiple tube structures.
For example, the elongate instrument (300) may includes
an outer layer or outer tube (302), a main lumen, primary
lumen, or central lumen (318) defined by an inner layer
or inner tube (312), and minor, secondary, or peripheral
lumens incorporated in the body of the elongate instru-
ment (300) substantially between the outer layer (302)
and the inner layer (312) where operational tubes (304),
flexible tubes (306), push tubes (308), and support tubes
(310) are disposed or contained. The lumen (318) may
be used to deliver one or more surgical instruments or
tools from the proximal portion of the elongate instrument
(300) to the distal portion of the elongate instrument (300)
where they maybe positioned and used to treat a target
tissue structure inside a patient. The outer layer or outer
tube (302) and the inner layer or inner tube (312) may
be made of any flexible, pliable, or suitable polymer ma-
terial or bio-compatible polymer material (e.g., nylon-12,
plastic, Pebax®, Pellathane, Polycarbonate, etc.) or
braided plastic composite structure. The outer layer or
outer tube (302) and the inner layer or inner tube (312)
may be one layer of material or one tube structure instead
of separate layers of material or separate tube structures.
Operational tubes (304) may not be actual tubes but may
be the minor, secondary, or peripheral lumens or chan-
nels through the body of the outer layer or outer tube
(302) or the operational tubes (304) may be separate
operational tube structures that are disposed inside the
minor, secondary, or peripheral lumens or channels in
the body structure of the outer layer or outer tube (302).
The operational tubes (304) may be made of any suitable
polymer material, bio-compatible polymer material or
metallic material (e.g., polyimide, stainless steel or spiral
cut stainless steel, Nitinol, etc.). The separate operational
tubes (304) may be melted and/or braided into the wall
of the minor, secondary, or peripheral lumens of the outer
tube (302) or inner tube (312). The operational tubes
(304) may provide a substantially slidable surface and
interface for the flex tubes (306), such that the flex tubes
(306) may slide substantially freely about the interior of
the operational tubes (304) in a substantially decoupled
configuration. In some embodiments, a distal end or por-
tion of the flex tubes (306) may be fixedly coupled to the
elongate instrument. In some variations, a proximal end
or portion of the flex tubes may also be fixedly coupled
to the elongate instrument (300) as in a passively con-
trolled configuration of the flex tubes (306).
[0019] For example, in a passively controlled configu-
ration, the flex tubes (306) may passively slide along the
interior of the operational tubes as the elongate instru-
ment or catheter (300) is navigated through the anatomy,
articulated or steered. As will be discussed in more detail,
the slidable interface between the flex tubes (306) and
the operational tubes (304) together with buffer loops of
the flex tubes in the control unit substantially decouple
the flex tubes (306) from the elongate instrument or cath-
eter (300). Because of the decoupled configuration of
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these two structures, articulation forces supported by the
flex tubes may be decoupled from at least a portion of
the catheter body or structure (300). As a result of de-
coupling the flex tubes (306) from at least a portion the
catheter body or structure, articulation forces applied to
articulate or steer the distal portion of the elongate in-
strument or catheter (300) may not be transmitted
through or along the body of the elongate instrument from
the distal portion to the proximal portion of the elongate
instrument, for example. Consequently, as described in
this example, articulation forces may be prevented or
minimized from compressing the proximal portion of the
elongate instrument or catheter body; such compression
if allowed to occur, may affect the stiffness or bending
stiffness of the proximal portion of the catheter. In addi-
tion, this decoupling of the articulation forces for the elon-
gate member allows that changes in the shape or length
of the elongate member as it is navigated through the
anatomy may not have any impact or minimal impact on
the articulation performance of the distal section of the
elongate instrument. As will be also discussed in more
detail, the flex tubes (306) may also be utilized as support
or reinforcing structures to vary or change the stiffness
and/or bend radius of at least a portion of the catheter.
In particular, the flex tubes (306) may be very effective
support or reinforcing structures when they are com-
pressed and stiffened. In other words, an elongate in-
strument (300) or a section of the elongate instrument
without any flex tubes (306) may be substantially flexible.
With the introduction of one or more flex tubes (306) into
the body of the elongate instrument or a section of the
elongate instrument, the elongate instrument or the sec-
tion of the elongate instrument with the flex tubes (306)
may become less flexible; even though the flex tubes
(306) are flexible, they still have inherent axial stiffness,
lateral stiffness, and bending stiffness. When the flex
tubes (306) are compressed, such as using pull wires to
apply a compressible force or load to the flex tubes, for
example, they may become substantially more stiff lat-
erally, such that the stiffened structures may affect or
alter the stiffness and/or bend radius of at least a portion
of the catheter where the flex tubes (306) are located.
Accordingly, the flex tubes (306) may be utilized to vary
or change the stiffness and/or bend radius of a portion
or certain portion of the catheter by changing the posi-
tioning or placement of the flex tubes (306) in the elongate
instrument (300). For example, the flex tubes (306) may
be moved from one portion of the elongate instrument or
catheter to another portion of the catheter. The portion
from which where the flex tubes (306) were moved may
become substantially more flexible or pliable without the
flex tubes (306). Whereas, the portion to which where
the flex tubes (306) were moved to may become sub-
stantially more stiff or less flexible or pliable. Consequent-
ly, the changes of stiffness along various portions of the
elongate instrument or catheter may substantially affect
the bend radius of at least a portion of the elongate in-
strument as pull wires are operated to articulate or steer

the elongate instrument.
[0020] Referring back to the structural make up of the
steerable instrument (300) as illustrated in Figure 3A, the
flex tubes (306) may be made from a coil of wire, a stack
of rings, or a tube with spirally cut features. As may be
appreciated, a substantially stiff tube may become less
stiff or more flexible or more pliable as a spiral cut or
spirally cut feature is imparted onto a substantially stiff
tube. The tube may be made from a of a high durometer
plastic such as Peek™ or stainless steel or other suitable
material. One of the features of the flex tube (306) is that
it may provide structural support to the elongate instru-
ment (e.g., axial and lateral support) as well as being
substantially flexible (e.g., able to bend in various direc-
tions and orientations). In some embodiments, the flex
tubes (306) may be constructed from one continuous coil
of wire, e.g., coil tube. In some other embodiment, the
flex tube (306) may be constructed from a stack of rings,
e.g., ring tube. For a ring tube, the rings may be stacked,
grouped, or maintained together in any suitable manner.
In some of the embodiments, the rings may be stacked,
grouped, or maintained together by a substantially flex-
ible sleeve, sheath, membrane, or covering. The coil of
wire or rings may be made from a polymer material or
metallic material. For example, a coil wire or rings may
be made from stainless steel, Nitinol, etc. The coil wire
may be made from a round stock or a flat stock or a stock
having any cross-section or profile. Similarly, the rings
of the ring tube may be made from a round stock or a flat
stock or a stock having any cross-section or profile. In
accordance with embodiments of the present invention,
the flex tubes (306) may be generally constructed from
a substantially tightly wound coil of wire or a stack of rings.
[0021] Still referring to Figure 3A, the support tubes
(310) may be made of any suitable polymer material, bio-
compatible polymer material, or metallic material (e.g.,
polyimide, stainless steel, Nitinol, etc.). The inner layer
or inner tube (312) may be made of any suitable polymer
material or bio-compatible polymer material (e.g., nylon-
12, plastic, Pebax®, Pellathane, Polycarbonate, etc.). In
addition, the elongate instrument (300) may include a
control ring (316) that may be secured near a distal por-
tion of the elongate instrument (300). In various embod-
iments, the proximal end or portion of one or more pull
wires (314) may be operatively coupled to various mech-
anisms (e.g., gears, pulleys, etc.) of a control unit or
splayer of the instrument assembly (108). The pull wire
(314) may be a metallic wire, cable or thread, or it may
be a polymeric wire, cable or thread. The pull wire (314)
may also be made of natural or organic materials or fib-
ers. The pull wire (314) may be any type of suitable wire,
cable or thread capable of supporting various kinds of
loads without deformation, significant deformation, or
breakage. The distal end or portion of one or more pull
wires (314) may be anchored or mounted to the control
ring (316), such that operation of the pull wires (314) by
the control unit or splayer may apply force or tension to
the control ring (316) which may steer or articulate (e.g.,
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up, down, pitch, yaw, or any direction in-between) certain
section or portion (e.g., distal section) of the elongate
instrument (300). In other embodiments, no control ring
may be used, instead the distal portion of the pull wires
may be attached directly to a section or portion of the
elongate instrument (300) where it may be steered, ar-
ticulated, or bent. The wires may be crimped, soldered,
welded or interlocked in any suitable manner to a specific
location on a bending section or portion of the elongate
instrument (300). The control ring (316) or the attachment
point(s) may be located at any location, section, portion,
or region along the length of the elongate instrument
(300). Operation of the pull wires (314) may steer or ar-
ticulate any of the location, section, portion, or region of
the elongate instrument (300), which may in effect pro-
vide or define various bend radii for the articulated portion
of the elongate instrument (300). In addition, in some
embodiments there may be more than one control ring
(316) mounted or installed to the elongate instrument
(300) or more than one control wire attachment control
locations, sections, or portions for controlling, steering,
or articulating more than one section or portion of the
elongate instrument (300). As will be described further,
the flexible and steerable elongate instrument (300) hav-
ing more than one control rings (316) or more than one
control sections may be steered, articulated, or deflected
into various complex shapes or curvatures (e.g., "S"
curved shapes or "J" curved shapes, etc.). For example,
the steerable elongate instrument (300) may be steered,
articulated, or deflected into various complex shapes or
curvatures that may conform to various complex shapes
or curvatures of internal pathways of a patient to reach
a target tissue structure of an organ inside the patient.
[0022] In some embodiments, one or more portions of
the flex tubes (306) may be incorporated or coupled to
the wall of the catheter (300) and such incorporation or
coupling may be used for multiple functional purposes.
For example, the coupling of the flex tubes (306) to the
elongate instrument (300) may be used to support artic-
ulation forces as the elongate instrument or catheter is
steered or articulated. As one or more of the pull wires
(314) are operated by the control unit to steer or articulate
the elongate instrument (300), the articulation or steering
forces may be substantially transmitted along the body
of the elongate instrument (300) from the portion (e.g.,
distal portion) of the elongate instrument (300) where the
distal end or portion of the pull wires (314) may be an-
chored to the proximal portion of the elongate instrument
(300). Since the flex tubes (306) are incorporated or cou-
pled to the wall of the elongate instrument (300) and the
flex tubes (306) are substantially configured to support
axial loading, the articulation or steering loads may be
decoupled from the elongate instrument (300) at the point
or location where the flex tubes (306) are incorporated
or coupled to the wall of the elongate instrument (300).
Hence, the proximal portion of the elongate instrument
may be substantially unaffected by the articulation or
steering of the particular section or portion (e.g., distal

section or portion) of the elongate instrument (300). The
proximal portion of the elongate instrument may remain
substantially flexible and pliable even when a particular
portion (e.g., distal portion) of the elongate instrument is
being articulated or steered. As such, an operator or sur-
geon may easily manipulate the elongate instrument
(300) and urge it to conform, adopt, or match the various
shape or curvatures of the internal pathways of a patient
while the elongate instrument is being advanced and
steered to reach various tissue structures or target sites
inside a patient. In another example or application of the
elongate instrument (300), the flex tubes (306) may be
used as a structural support member to the catheter
(300); in particular, when the flex tubes are stiffened by
tensioning pull wires that may be attached to the flex
tubes (306). In such application, the flex tubes (306) may
support not only axial forces or loads, but also lateral
forces or loads. As such, the flex tubes may increase the
lateral as well as bending stiffness of at least a portion
or section of the elongate instrument (300). In addition,
the flex tubes (306) may also affect the bending radius
of at least a portion or section of the elongate instrument
(300) as the elongate instrument is steered, articulated,
or manipulated.
[0023] Figure 3B illustrates another cross-sectional
view (View 1-1) of a section or portion of a steerable
elongate instrument or catheter (300). As illustrated in
Figure 3B, the components of the elongate instrument
(300) may be contained within or between the outer layer
of material or outer tube (302) and the inner layer of ma-
terial or inner tube (312). A primary, main, central, or
working lumen (318) may be provided or defined by the
inner layer of material or inner tube (312). The main lu-
men or central lumen (318) may be used to pass surgical
instruments from the proximal end to the distal end of the
elongate instrument (300) for performing various mini-
mally invasive surgical procedures. Many of the compo-
nents of the elongate instrument (300), e.g., operational
tubes (304), flexible tubes (306), push tubes (308), and
support tubes (310), are disposed within the minor, sec-
ondary, or peripheral lumens in the body structure of the
elongate instrument, as illustrated in Figure 3A and Fig-
ure 3B. In some embodiments, one or more pull wires
(314) may be disposed within lumens of the support tubes
(310), lumens of the flex tubes (306), and lumens of the
push tubes (308). As illustrated in Figure 3A, the distal
end or portion of the support tubes (310) may be secured
or anchored near the distal portion of the elongate instru-
ment (300) and the proximal end of the support tubes
(310) may be slidably coupled to the distal end or portion
of the flex tubes (306). In one embodiment, the distal
portion of the flex tubes (306) may be secured at respec-
tive anchor points or regions (320) of the elongate instru-
ment (300). Anchoring the flex tubes (306) to the elongate
instrument (300) may provide the connections or cou-
plings that allow force or load to be transferred from the
flex tubes (306) to the elongate instrument (300) when
force or load is applied to the flex tubes. In an alternative
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arrangement the flex tubes (306) may be actively con-
trolled, that is one or more push tubes (308) or control
members (308) may be configured to push against re-
spective flex tubes (306). The applied force from the push
tubes or control members (308) may be transmitted by
way of the anchoring points (320) through the flex tubes
(306) to the elongated instrument (300). In this way, at
least a portion of the elongate instrument (300) may be
steered or shaped by the push tubes or control members
(308). Similarly, articulation or steering forces or loads
may be transferred or coupled at the anchor points (320)
from one portion (e.g., distal portion) of the elongate in-
strument (300) to the flex tubes (306), such that the flex
tubes (306) may act as load bearing support elements
for another portion (e.g., proximal portion) of the elongate
instrument (300) where the force or load may be decou-
pled or not transmitted. In other words, the anchor points
(320) may function as coupling points from one portion
(e.g., distal portion) of the elongate instrument (300) to
the flex tubes (306) where force or load may be trans-
ferred from one portion (e.g., distal portion) of the elon-
gate instrument to the flex tubes. Similarly, the anchor
points (320) may also function as decoupling points be-
tween one portion (e.g., distal portion) of the elongate
instrument (300) to another portion (e.g., proximal por-
tion) of the elongate instrument (300) where force or load
may be decoupled or not transferred from one portion
(e.g., distal portion) of the elongate instrument to another
portion (e.g., proximal portion) of the elongate instru-
ment. As will be discussed in more details, the location
of the anchor points (320) may be varied to control the
radius of curvature of a bending section of the elongate
instrument (300) as the elongate instrument is articulated
or steered. In some embodiments, the flex tubes (306)
may be anchored at substantially the same points or re-
gions of the elongated instrument (300). In some embod-
iments, the flex tubes (306) may be anchored at substan-
tially different points or regions of the elongate instrument
(300) to affect the bend radius of various portions of the
elongate instrument (300) and/or various directions of
steering or bending. The flex tubes (306) may be secured
to the elongate instrument (300) in any suitable manner.
In some embodiments, the distal portion of the flex tubes
(306) may be fused with the material of the outer layer
or outer tube (302), such as by thermal fusion. Similarly,
the material of the outer layer or outer tube (302) may be
fused to the flex tubes (306). For example, the flex tubes
(306) may be fused to the outer layer or outer tube (302)
at various places where it is not covered by the opera-
tional tubes (304), as illustrated in Figure 3A. The elon-
gate instrument may be configured with displacement
control of the flex members (306). That is a flex tube (306)
may not be fixedly coupled to the elongate instrument,
instead it may be displaced along the length of the elon-
gate instrument (300). Once the flex tube (306) is dis-
placed to a desired location, the distal portion of the flex
tube (306) may be secured or coupled to the elongate
instrument (300) by a deployable and retractable anchor.

The displacement of proximal portion of the flex tube
(306) may be controlled by the push tube or control mem-
ber (308). The deployable anchor may be deployed to
couple the flex tube (306) to a particular anchor point at
a particular location on the elongate instrument. The an-
chor may also be retracted such that the flex tube (306)
may be disengaged or separated from the elongate in-
strument (300) such that it may be displaced to a different
location along the elongate instrument (300).

Passively Controlled Flex Member

[0024] As illustrated in Figure 4A, an elongate instru-
ment (300) with passively controlled flex members (306)
may be similarly configured as the elongate instrument
structure illustrated in Figure 3A with the exception that
the proximal portion of the flex members (306) may be
fixedly coupled to the body of the elongate instrument,
the control unit or splayer, or some other structural ele-
ment or component. In some embodiments, the push
tube or control member (308) may not be included as a
component of the elongate instrument (300) for a pas-
sively controlled flex member. In the passively controlled
configuration, the flex members (306) may include a serv-
ice or buffer loop (402), as more clearly illustrated in Fig-
ure 4B. The service loop or buffer loop (402) on the flex
members (306) may provide the extra service length or
buffer length needed for articulation as the elongate in-
strument (300) is pushed through the anatomy, articulat-
ed or steered.
[0025] As the elongate instrument is pushed through
the anatomy, steered or articulated, the support tubes
(310) in the distal section may slide along the flex tubes
(306) as indicated by the arrows in Figure 4C. The sup-
port tubes (310) may provide a lumen or path for the pull
wires (314) to connect to the distal section of the catheter.
The support tubes (310) may also provide some amount
of structural rigidity or support to the distal portion of the
elongate instrument (300). In some embodiments, the
elongate instrument (300) may not include any support
tubes (310). In some embodiments, one or more flex
tubes (306) may be extended further into the distal portion
of the elongate instrument (300) to provide some struc-
tural rigidity or support to the distal portion of the elongate
instrument. In some embodiments, the flex tubes (306)
may be substantially more stiff or more rigid than the
support tubes (310), such that when one or more flex
tubes (306) are used as support structures to reinforce
the distal portion of the elongate instrument (300), the
distal portion of the elongate instrument may be substan-
tially more stiff or more rigid than when it is supported by
the support tubes (310). In some embodiments, the flex
tube (306) may provide substantially the same or similar
stiffness or structural support as the support tubes (310),
such that there may not be any significant difference if
the flex tubes (306) or support tubes (310) are used to
provide structural support to the distal portion of the elon-
gate instrument (300). In some embodiments, the flex
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tubes (306) may be substantially more flexible than the
support tubes (310), such that the distal portion of the
elongate instrument may be substantially more flexible
or less rigid than when it is supported by the flex tubes
(306).
[0026] Referring back to Figure 4A, the flex tubes (306)
may be slidably coupled to the operational tubes (304)
while fixed at the distal end (320). As the elongate instru-
ment (300) is steered or articulated, or as the catheter is
advanced through the natural curvature of the body lu-
mens, the flex tubes (306) may slide along the operational
tubes (304) as indicated by the arrows illustrated in Figure
4D. In one scenario, for example, the elongate instrument
(300) may be steered by operating or applying tension
to one of the pull wires (e.g., 314A) through operation of
one or more gears and/or pulleys in the control unit or
splayer. The tension on one of the pull wires (e.g., 314A)
may cause the elongate instrument (300) to bend, as
illustrated in Figure 4D. The inside edge or inside region
of the bend may be contracted or foreshortened, while
the outside edge or outside region of the bend may be
lengthened or stretched. The bend of the elongate instru-
ment as described may cause one of the flex tubes (e.g.,
306A) to slide "out" near the proximal portion of the elon-
gate instrument (300) at the contracted or foreshorten
edge or region. In this same example, another one of the
flex tubes (e.g., 306B) may slide "in" near the proximal
portion of the elongate instrument (300) at the lengthened
or stretched edge or region, as illustrated in Figure 4D.
In order to accommodate the sliding of "in" and "out" of
the flex tubes (306), the flex tubes may include a service
loop or buffer loop (402) to allow for these "in" and "out"
displacements or movements of the flex tubes (306). As
discussed, the flex tubes (306) may be passively con-
strained or restrained. The flex tubes (306) may be con-
strained or restrained by being coupled to the elongate
instrument (300), the control unit, or splayer. In addition,
the flex tubes (306) may be constrained or restrained by
hard-stops, tethers, etc. In some embodiments, the op-
erational tubes (304) may be configured or allowed to
float or slide substantially freely relative to the outer layer
or outer tube (302). In some other embodiments, the op-
erational tubes (304) may not be configured or allowed
to float or slide substantially freely relative to the outer
layer or outer tube (302).

Actively Controlled Flex Member

[0027] In alternative arrangements, the flex member
(306) of an elongate instrument may be actively control-
led. For example, the distal portion of the flex member
(306) may be coupled to the body of an elongate instru-
ment, while the proximal portion of the flex member (306)
may be displaced or moved by various control mecha-
nisms or members of the elongate instrument assembly
or system. The proximal portion of the flex members (306)
may be displaced by push tubes or control members.
The push tubes or control members may be operated by

mechanisms of an instrument assembly, control unit, or
splayer of an elongate instrument assembly or catheter
system. A control unit or splayer in an elongate instru-
ment assembly or catheter system may include drive
mechanisms that are configured to operate or drive the
push tubes or control members. In one example, as il-
lustrated in Figure 5A through 5D, the drive mechanisms
in a control unit (502) of a catheter system (500) may
include racks (508) and pinions (510) for operating or
driving the push tubes (506) or control members (506).
The pinions (510) may be operated by output torque pro-
vided by the instrument driver (106) of a robotic or tel-
erobotic surgical system (100). The pinions (510) may
be operated by output torque provided by various me-
chanical or manually operated systems. Other drive
mechanisms may also be configured to operate or drive
the push tubes, e.g., rotary gears, worm gears, linear
gears, etc. Figure 5A illustrates an exposed view of a
control unit or splayer (502) of an elongate instrument
assembly or catheter system (500). A close-up view
(View 2-2) of the control unit (502) is illustrated in Figure
5B. As illustrated in Figure 5B in View 2-2, push tubes
(506) or control members (506) may be controlled or driv-
en by racks (508) and pinions (510) in a "forward" or
"backward" manner, movement or displacement, so as
to apply or release force exerted onto the flex tubes (506)
of a steerable elongate instrument or catheter (504). As
the racks (508) are driven "forward", the flex tubes (506)
may be driven forward and they may also be compressed
in the axial direction. The "forward" displacement of the
flex tubes (506) may apply an axial load to the distal sec-
tion of the elongate instrument or catheter (504). This
axial load may cause the distal section of the catheter
(504) to bend, deflect, steer, or articulate at a particular
position or location of the catheter. Since the flex tubes
(506) may be anchored or secured at the distal section,
compression force applied at the proximal section by the
racks (508) may cause at least a portion, e.g., distal por-
tion, of the elongate instrument or catheter (504) to bend,
deflect, steer, or articulate in response to the compres-
sion force exerted by the racks (508) and form a particular
induced shape or orientation. Accordingly, active control
of the push tubes (506) may allow "shaping" or putting
the elongate instrument or catheter (504) into various
shapes or curvatures. The elongate instrument or cath-
eter (504) or portion (e.g., proximal portion) of the cath-
eter (504) may be induced and then locked in place by
the push tubes (506) into various shape or curvatures
that may substantially match the natural pathways or
anatomy where the elongate instrument or catheter may
be used in a minimally invasive procedure. In addition,
another portion (e.g., distal portion) of the catheter may
be articulated or steered by pull wires to navigate the
catheter (504) through tortuous pathways inside the pa-
tient.
[0028] Figure 5C illustrates another exposed view of a
catheter system (500). As illustrated in Figure 5C, drive
pins (512), which may be engaged to a torque output
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system (e.g., instrument driver), provide the necessary
torque or motion to operate the pinions (510) for control-
ling or driving the racks (508) in a "forward" or "backward"
manner, movement, or displacement. The forward and
backward movements of the racks (508) may be used to
actively control or operate the push tubes (506). Figure
5D illustrates a close-up view (View 3-3) of the racks
(508) and push tubes (506). The drive mechanisms in
the instrument driver may operate each set of racks (508)
and pinions (510) independently or in concert in a coor-
dinated manner. As such, the push tubes or control mem-
bers (506) may be operated independently or in concert
in a coordinated manner to apply or release force or ten-
sion on the flex tubes (506).
[0029] Figure 6A through Figure 6C illustrate the op-
eration of a substantially flexible and steerable elongate
instrument. Figure 6A illustrates an elongate instrument
(600) of an instrument assembly in a substantially neutral
state. In this example, the elongate instrument (600) in-
cludes an outer body (602), two sets of support tubes
(not shown), operational tubes (604A and 604B), flex
tubes (606A and 606B), and pull wires (608A and 608B).
Each set of support tubes, operational tubes (604A and
604B), flex tubes (606A and 606B), and pull wires (56A
and 568B) may be substantially axially aligned, and the
pull wires (608A and 608B) may be coupled to a control
ring (not shown) or mounting points that are located at
the distal section or portion of the elongate instrument
(600). As illustrated in Figure 6A, in the neutral state the
flex tubes (606A and 606B) and pull wires (608A and
608B) may extend out of the operational tubes (604A and
604B) at about the same amount or distance. As the sub-
stantially flexible and steerable elongate instrument
(600) is advanced into the anatomy and natural pathway
(e.g., blood vessel, gastrointestinal tract, etc.) of a pa-
tient, it may take on the shape of the natural pathway, as
illustrated in Figure 6B. In this example, the proximal sec-
tion (610) of the elongate instrument may be bent at a
curvature induced by the natural pathway (e.g., blood
vessel, gastrointestinal tract, etc.), while the distal section
(620) may remain relatively straight or in a substantially
neutral state. Due to the bend at the proximal section
(610), the flex tube (606A) and pull wire (608A) may slide
"out" of the operational tube (604A) near the inside edge
or inside region of the bend as it may be contracted or
foreshortened, as indicated by the arrow illustrated in Fig-
ure 6B. At the same time, due to the bend at the proximal
section (610), the flex tube (606B) and pull wire (608B)
may slide "in" to the operational tube (604B) near the
outside edge or outside region of the bend as it may be
lengthened or stretched, as indicated by the arrow illus-
trated in Figure 6B. As may be appreciated, it may be
advantageous to maintain the induced shape or curva-
ture of the proximal section (610) of the elongate instru-
ment (600) and at the same time articulate or steer the
distal section (620) of the elongate instrument (600) to
treat a target site or toward a different direction down the
natural pathway. As illustrated in Figure 6C, the shape

or curvature of the proximal section (610) of the elongate
instrument (600) may be maintained or locked by secur-
ing the distal ends of the flex tubes (606A and 606B) into
the position they have acquired due to the induced shape
or bend of the proximal section (610). The flex tubes
(606A and 606B) may be locked in place by using the
active control feature of the instrument assembly provid-
ed by the various mechanisms (e.g., rack and pins, drive
gears, etc.) in the control unit or splayer. While the elon-
gate instrument (600) may be inherently substantially
flexible, the elongate instrument or portion of the elongate
instrument may become substantially stiff or rigid when
the flex tubes are compressed or locked through active
control. Once the flex tubes are locked in place, they may
become substantially stiff or rigid structures or platforms.
As the flex tubes have been locked in place to maintain
the induced shape or curvature of the proximal section
(610), pull wires (608A and 608B) may be operated to
steer or articulate the distal section (620) of the elongate
instrument (600). In this example, pull wire (608B) may
be pulled or tensioned, as indicated by the arrow illus-
trated in Figure 6C, to steer the distal section (620) in a
substantially opposite direction of the bend in the proxi-
mal section (610). The pull wire (608A) may be relaxed,
as indicated by the arrow illustrated in Figure 6C, to ac-
commodate for the bend at the outside edge or outside
region of the bend of the distal section (620). In addition,
the bending force or load of the distal section (620) may
be substantially absorbed or transferred from the elon-
gate instrument through the flex tube attachement points
and then to the flex tubes (606A and 606B), which may
be further transferred to the control unit or splayer of the
instrument assembly. The proximal section (610) of the
elongate instrument (600) may not be affected by the
steering or articulation forces applied by the pull wire to
steer the distal section (620) of the elongate instrument
(600).
[0030] In another example, as illustrated in Figure 7A
through Figure 7C, the proximal section (610) of the elon-
gate instrument may be bent at a curvature induced by
the bending, steering, or articulation of the distal section
(620) of an elongate instrument (600). Figure 7A illus-
trates an elongate instrument (600) of an instrument as-
sembly in an initial substantially neutral state. In this ex-
ample, the elongate instrument (600) includes an outer
body (602), two sets of support tubes (not shown), oper-
ational tubes (604A and 604B), flex tubes (606A and
606B), and pull wires (608A and 608B). Each set of sup-
port tubes, operational tubes (604A and 604B), flex tubes
(606A and 606B), and pull wires (608A and 608B) may
be substantially axially aligned, and the pull wires (608A
and 608B) may be coupled to a control ring (not shown)
or mounting points that are located at the distal section
or portion of the elongate instrument (600). As illustrated
in Figure 7A, in the neutral state the flex tubes (606A and
606B) and pull wires (608A and 608B) may extend out
of the operational tubes (604A and 604B) at about the
same amount or distance. The substantially flexible and
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steerable elongate instrument (600) may be steered or
articulated at the distal section by operation of the pull
wires (608A and 608B), as illustrated in Figure 7B. In this
example, the proximal section (610) of the elongate in-
strument may be bent at a curvature induced by the bend-
ing, steering or articulation at the distal section (620).
The induced bend and curvature at the proximal section
(610) may be locked in place by using the active control
feature of the instrument assembly provided by the var-
ious mechanisms (e.g., rack and pins, drive gears, etc.)
in the control unit or splayer as previously described.
While the elongate instrument (600) may be a substan-
tially flexible instrument, the proximal section (610) may
become substantially stiff or rigid as the flex tubes (606A
and 606B) are locked in place, and proximal section (610)
may become a substantially rigid platform to support the
manipulation or articulation of the substantially flexible
distal section (620). As a result, the flex tubes may act
as support structures of the elongate instrument. The
ability to lock various sections of the elongate instrument
into particular shapes or curvatures by means of the flex
tubes allow the elongate instrument to be manipulated
into substantially complex shapes or curvatures (e.g., "S"
shaped curves, "J" shaped curves, etc.). In this example,
pull wire (608B) may be pulled or tensioned, as indicated
by the arrow illustrated in Figure 7C, to steer the distal
section (620) in a substantially opposite direction of the
bend in the proximal section (610).
[0031] In alternative arrangements of an elongate in-
strument where flex tube or similar control or support
structure may not be used, operating or tensioning a pull
wire on the outside edge of a bend may cause the elon-
gate instrument to rotate or twist as the pull wire may
tend to rotate the distal section of the elongate instrument
until the pull wire is at the inside edge of the bend; this
rotation or twist phenomenon or occurrence is known as
curve alignment. Embodiments of the present invention
may substantially eliminate this problem by providing
support structures such as flex tubes that could prevent
curve alignment and substantially prevent or eliminate
unwanted rotation or twist of the catheter. In other words,
the pull wires, flex tubes, and the distal anchor points of
the pull wires at the control ring or the body of the elongate
instrument may all be substantially aligned, such that op-
erating or tensioning of the pull wires would allow the
elongate instrument to bend in a substantially aligned or
neutral configuration with the longitudinal axis of the pull
wire and flex tube. In this configuration, there may not be
any component or vector of force or load that could cause
the elongate instrument to rotate or twist resulting in curve
alignment as the elongate instrument is steered or bent.
Figure 8A and Figure 8B illustrate an elongate instrument
or catheter (800) that substantially eliminate or prevent
curve alignment and the catheter may be biased, steered,
or articulated in specific planes, e.g., X-Plane, Y-Plane,
Z-Plane, of articulation by using flex tubes as support
structures or "backbones" that may be in substantial
alignment with a neutral axis. As illustrated in Figure 8A

and 8B, the pull wires may be substantially aligned with
the neutral axes, e.g., in the X-Y Planes. In Figure 8A,
as a pull wire is operated (indicated by the arrow) to steer
the elongate instrument, the flex tube supports the pull
wire, maintain its alignment to the longitudinal axis, and
prevent it from moving to the inside edge of the bend,
which may produce a force vector that could cause the
elongate instrument to twist or rotate. In this example,
the operation of the pull wire causes the distal section of
the elongate instrument to be steered or articulated in a
substantially upward movement, e.g., the direction or
vector of articulation is in the Y-Plane. Similarly, as illus-
trated in Figure 8B, as a pull wire is operated (indicated
by the arrow) to steer the elongate instrument, the flex
tube supports the pull wire, maintain its alignment to the
longitudinal axis, and prevent it from moving to the inside
edge of the bend, which may produce a force vector that
could cause the elongate instrument to twist or rotate. In
this example, the operation of the pull wire causes the
distal section of the elongate instrument to be steered or
articulated in a substantial sideway or rightward move-
ment, e.g., the direction or vector of articulation is in the
X-Plane.
[0032] As described, embodiments of the present in-
vention may allow a flexible and steerable elongate in-
strument to execute various movements necessary to
form variable or changeable shapes and curvatures. For
example, Figure 9 illustrates one embodiment in which
a complex "S" shaped curvature may be formed with an
elongate instrument (900). In this example, the elongate
instrument (900) may include a first flex tube (906-1)
which may be disposed inside a lumen of a first opera-
tional tube (904-1). The first operational tube (904-1) may
terminate near a first anchor point or region (920-1),
where the first flex tube (906-1) may be secured, fused,
or bonded to the material of the elongate body (900), as
illustrated in a first detail view (View 4-4) of Figure 9. A
first pull wire (914-1) may be disposed through a lumen
of the flex tube (906-1) and a first support tube (910-1),
wherein the proximal end of the first pull wire (914-1) may
be operatively coupled to a control unit or splayer (not
shown) and the distal end of the first pull wire (914-1)
may be anchored to a control ring (916-1) or an anchor
point on the body of the elongate instrument (900), as
illustrated in a second detail view (View 5-5) of Figure 9.
The support tube (910-1) may be slidably coupled to the
first flex tube (906-1), such that it may slide along the
surface of the first flex tube as the elongate instrument
is steered or articulated. The elongate instrument (900)
may include a second flex tube (906-2) which may be
disposed inside a lumen of a second operational tube
(904-2). The second operational tube (904-2) may termi-
nate near a second anchor point or region (920-2), where
the second flex tube (906-2) may be secured, fused, or
bonded to the material of the elongate body (900), as
illustrated in the second detail view (View 5-5). A second
pull wire (914-2) may be disposed through a lumen of
the second flex tube (906-2) and a second support tube
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(910-2), wherein the proximal end of the second pull wire
(914-2) may be operatively coupled to a control unit or
splayer (not shown) and the distal end of the second pull
wire (914-2) may be anchored to a second control ring
(916-2) or an anchor point on the body of the elongate
instrument (900), as illustrated in Figure 9. The second
support tube (910-2) may be slidably coupled to the sec-
ond flex tube (906-2), such that it may slide along the
surface of the second flex tube as the elongate instrument
is steered or bent. Although two flex tubes and associated
components are illustrated in Figure 9, additional number
of flex tubes and associated components, e.g., 2 or more
sets of flex tubes and associated components, may be
used to steer and control the movement as well as the
shape of the elongate instrument.
[0033] As illustrated in Figure 9, the first or lower por-
tion of the "S" may be formed by the proximal portion of
the elongate instrument (900). The lower portion of the
"S" may be obtained by operating the first pull wire (914-1)
to steer the proximal portion of the elongate instrument
(900) into a curvature that resembles the shape of the
lower portion of the "S" shape. The lower portion of the
"S" shape formed by the proximal portion of the elongate
instrument may be locked in place by locking the second
flex tube (906-2) in the position it has acquired by various
control means (e.g., active control mechanisms of the
control unit or splayer). Once the proximal portion of the
elongate instrument has been locked in place, the second
pull wire (714-2) may be operated to steer or bend the
distal portion of the elongate instrument (900) into a cur-
vature that resembles the upper portion of the "S" as
illustrated in Figure 9.
[0034] Another complex shape may be formed by an
elongate instrument in accordance with another embod-
iment. Figure 10 illustrates a complex "J" shaped curva-
ture formed by an elongate instrument (1000). In this ex-
ample, the elongate instrument (1000) may include two
set of flex tubes and their associated components. As
illustrated in Figure 10, the "J" shaped curvature may be
formed from three sections of the elongate instrument
(1000). The first section (1002-1) may be substantially
straight to form the straight portion of the ’J", the second
section (1002-2) may form a first bend section of the first
curvature or initial curvature of the "J", and the third sec-
tion (1002-3) may form the second bend of the second
or final curvature of the "J". As illustrated in Figure 10,
the elongate instrument (1000) may include two flex
tubes (1006-1 and 1006-2). The first flex tube (1006-1)
may operate as a support structure to provide the support
(e.g., lateral stiffness or support) necessary to form or
maintain the straight portion of the "J". Similar to the con-
struction of other embodiments as previously described,
the distal end of flex tube (1006-1) may be anchored to
the elongate body near the distal section of first section
(1002-1) of the elongate body where it may not be cov-
ered by the operational tube (1004-1). Active control as
previously described may be used to apply force or load
to compress the flex tube (1006-1), such that the flex

tube may become a substantial rigid or stiff structure.
Since compression force was applied to the flex tube
(1006-1) when it was in a substantially neutral state with-
out having been deflected, steered, or articulated, the
flex tube (1006-1) may be maintained or stiffened in its
neutral or substantially straight configuration. In its com-
pressed or substantially stiffened or rigid state, the flex
tube (1006-1) may be used to support the deflection or
articulation of the second section (1002-2) of the elongate
instrument. The second section (1002-2) may be deflect-
ed or articulated by operating the pull wire (1014-1). The
distal end of the pull wire (1014-1) may be anchored to
a control ring (1016-1) or an anchoring point near the
distal portion of the second section (1002-2). The proxi-
mal end of the pull wire (1014-1) may be operatively cou-
pled to a control unit or splayer (not shown) that operates
the pull wire. Once the desired curvature of the second
section (1002-2) is achieved, the shape of the curvature
may be locked in place by compressing and/or locking
the second flex tube (1006-2) in place using active control
as previously described. The distal end of the second
flex tube (1006-2) may be anchored to the elongate in-
strument near the distal portion of second section
(1002-2) where it may be exposed out of the second op-
erational tube (1004-2). Once the second flex tube
(1006-2) is locked in place and becomes a substantially
stiffened or rigid structure, the second pull wire (1014-2)
may be operated to steer or articulate the third section
(1002-3) into the desired carvature to form the "J" shape.
The distal end of the second pull wire (1014-2) may be
anchored to the second control ring (1016-2) or to an
anchor point on the elongate body near the distal portion
of the third section (1002-3). The proximal end of the
second pull wire (1014-2) may be operatively coupled to
a control unit or splayer (not shown) that operates the
pull wire. Although two examples of complex shapes or
curvatures may be formed by a flexible and steerable
elongate body with variable or changeable shape control
and support elements as illustrated and described, many
other complex shapes or curvatures may be form by an
elongate body in accordance with various embodiments
of the present invention.

Displaceable Flex Member

[0035] Figure 11A illustrates another arrangement of
a flexible and steerable elongate instrument. The flex
tubes (1106-1 and1106-2) may be allowed to slide along
the length of the elongate instrument (1100). That is, the
flex tubes (1106-1 and 1106-2) may not be fixedly se-
cured to the elongate instrument (1100), instead the flex
tubes may include a deployable and retractable anchor
that allows the flex tubes to be displaced. As such, the
position of the flex tubes (1106-1 and 1106-2) may be
changed substantially along the length of the elongate
instrument (1100). The positions of the flex tubes (1106-1
and 1106-2) may be changed by operating various pull
wires (1124-1 and 1124-2), push tubes (not shown), and
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active control elements. Pull wires (1124-1 and 1124-2)
may be secured near the distal portion of the flex tubes
(1106-1 and 1106-2), as illustrated in detail view (View
6-6), and the pull wires (1124-1 and 1124-2) may be used
to control the displacement of the flex tubes. The other
pull wires (1114-1 and 1114-2) may be extended and
coupled to a control ring or the distal portion of the elon-
gate instrument for steering or articulating the distal sec-
tion of the elongate instrument. The pull wires may be
flat wires, round wires, or wires having any suitable
shape, cross section, or profile. Because the flex tubes
(1106-1 and 1106-2) may not be secured, they may be
moved or pushed further toward the distal portion of the
elongate instrument (1100) by the respective push tubes
or pulled back toward the proximal portion of the elongate
instrument (1100) by the respective pull wires (1124-1
and 1124-2). The ability to move the flex tubes along the
length of an elongate instrument provides greater varia-
bility and control of the possible shapes or curvatures
that may be formed with the elongate instrument. In ad-
dition, the displacement of the flex tubes may also change
the stiffness (e.g., lateral stiffness, bending stiffness) of
at least a portion of the elongate instrument. The dis-
placement of the flex tubes as it may affect the stiffness
of at least a portion of the elongate instrument may also
change or affect the radius of curvature of a least a portion
of the elongate instrument as the elongate instrument is
articulated or steered. By using the drive mechanisms in
the control unit or splayer, the flex tubes (1106-1 and
1106-2) may be moved separately or in concert in a co-
ordinated manner.
[0036] Figure 11B and Figure 11C illustrate one exam-
ple of moving or displacing the flex tubes to alter the
variability, shape, or curvature of an elongate instrument
(1100) as well as an angle of trajectory (α) between two
sections or portions of the elongate instrument (1100).
As illustrated in Figure 11B, the flex tubes (1106-1 and
1106-2) may be positioned along the length of the elon-
gate instrument (1100) up to the location near the distal
portion of the first section (1102-1). As illustrated in Figure
11C and indicated by the first set of arrows (11C-1), the
flex tubes (1106-1 and 1106-2) may be moved back to-
ward the proximal end of the elongate instrument (1100).
As illustrated, the first section (1102-1) of the elongate
instrument (1100) may have become substantially short-
er as compared to its initial state as illustrated in Figure
11B when the same or substantially the same amount of
force may be applied to steer or articulate the distal end
or portion (1102-2) of the elongate instrument (1100).
Correspondingly, the second section (1102-2) may have
become substantially longer as compared to its initial
state as illustrated in Figure 11B. In addition, an angle of
trajectory (α1) between the first section (1102-1) and the
second section (1102-2), as illustrated in Figure 11B,
may have also changed to a different angle of trajectory
(α2), as illustrated in Figure 11C. As the flex tubes
(1106-1 and 1106-2) are moved back toward the proximal
end of the elongate instrument (1100), the distal portion

of the elongate instrument has lost some of it support
and rigidity provided by the flex tubes (1106-1 and
1106-2). As a force or load is applied to steer or articulate
the elongate instrument (1100), the less supported or
more flexible distal portion of the elongate instrument
may form a substantially larger or longer arc or curvature
as illustrated by a substantially larger or longer second
section (1102-2) in Figure 11C, than the arc or curvature
that may be obtained in its initial state illustrated in Figure
11B. Accordingly, changing the position or location of the
flex tubes along the length of an elongate instrument may
allow the elongate instrument to change its characteristic
properties of being able to form various shapes and/or
curvatures as well as angle of trajectory (α) between two
sections, portions or segments of elongate instrument.
As illustrated in this example, displacement of the flex
tubes (1106-1 and 1106-2) may alter the stiffness of a
portion of the elongate instrument (1100). As the flex
tubes (1106-1 and 1106-2) have certain amount of axial
and lateral stiffness, displacing the flex tubes may affect
the stiffness, e.g., axial and lateral stiffness, of at least a
portion of the elongate instrument (1100). As may be
appreciated, the variation or change of stiffness of a por-
tion of the elongate instrument may affect the radius of
curvature of at least a portion of the elongate instrument
as force or load is applied to steer or articulate the elon-
gate instrument. The displaced flex tubes may be locked
in-place by using a deployable and retractable anchor in
combination with push tubes or control members. The
anchor then allows the flex tubes to serve as passive
coils and absorb or bear the articulation loads and isolate
or decouple the elongate body from the articulation loads.
As such, the altered shape, curvature, and/or angle of
trajectory (α) of the elongate instrument may be main-
tained for various purposes. For example, the altered
shape, curvature, and/or angle of trajectory (α) may be
maintained to facilitate advancement of the elongate in-
strument through a particular section of a tortuous path-
way. In addition, the altered shape, curvature, and or
angle of trajectory (α) may be maintain to facilitate ad-
vancement of certain objects, surgical instrument, etc.
through a working lumen of the elongate instrument to a
target tissue structure inside a patient.
[0037] The overall stiffness of at least a portion of the
elongate instrument may be further altered or changed
by compressing the flex tubes (1106-1 and 1106-2). The
second set of arrows (11C-2) indicates that compression
forces may be applied to stiffen the flex tubes (1106-1
and 1106-2) and provide substantially rigid structures to
support steering or articulation of the second section
(1102-2) of the elongate instrument (1100) by operating
the pull wires (1114-1 and 1114-2) as indicated by the
third set of arrows (11C-3) in Figure11C as the flex tubes
(1106-1 and 1106-2) are supported by corresponding
push tubes or control members (not shown).
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Deployable and Retractable Anchor

[0038] Figure 12A through Figure 12F illustrate a de-
ployable and retractable anchor for a displaceable flex
tube or flex member of an elongate instrument. Figure
12A illustrates the deployable and retractable anchor
(1200) in its neutral state. That is, the anchoring mech-
anisms may not be deployed. Figure 12B illustrates a
close-up view of the deployable anchor (1200) in its neu-
tral state, as shown in detail view (View 7-7). Figure 12C
illustrates the deployable anchor (1200) in its activated
state. That is, the anchoring mechanisms are deployed
or extended in engagement or coupling mode. Figure
12D illustrates a close-up view of the deployable anchor
(1200) in its activated state, as shown in detail view (View
8-8). Referring back to Figure 12A, the deployable and
retractable anchor (1200) may be coupled to a distal end
or portion of a flex tube (1206). A distal end of an anchor
wire or pull wire (1214-2) may be coupled to the deploy-
able anchor (1200) and a proximal end of the anchor wire
or pull wire (1214-2) may be coupled to a control unit (not
shown). The control unit may be configured to operate
the anchor wire (1214-2) to activate the deployable an-
chor (1200), such as tensioning the anchor wire, as well
as operate the anchor wire (1214-2) to de-activate the
deployable anchor, such as releasing the tension on the
anchor wire. The anchor wire (1214-2) may be configured
to operate the mechanisms of the deployable anchor,
such as the distal anchor puck (1224) to operate various
cam pins (1228) to travel along the cam pathways (1230)
and then displace the anchoring cams (1222) to engage
or disengage the deployable anchor (1200) from the body
of the elongate instrument or catheter (not shown). The
anchoring cams (1222) may be displaced upward to en-
gage the body of the elongate instrument or downward
to disengage the anchor (1200) from the body of the elon-
gate instrument or catheter. A pull wire or control wire
(1214-1) may be disposed through the flex member
(1206) and the deployable anchor (1200) to a distal por-
tion of the elongate instrument for steering or articulating
the elongate instrument. As shown in more detail in Fig-
ure 12E and Figure 12F, distal anchor puck (1224) and
proximal anchor puck (1226) support the anchor wire
(1214-2). As the anchor wire is operated, e.g., tensioned
by a control unit or splayer, the distal anchor puck (1224)
may be displaced toward the proximal portion of the an-
chor (1200). The displacement of the anchor puck (1224)
toward the proximal portion of the anchor (1200) may
cause the cam pins (1228) to travel along the cam path-
ways (1230) which may cause the anchoring cams
(1222) to be displaced upward to engage or couple the
anchor (1200) to the body of the elongate instrument or
catheter. The location of engagement or coupling be-
comes an anchoring point of the flex tube (1206) to the
elongate instrument or catheter. In addition, as the an-
chor wire (1214-2) is operated or tensioned, the cam
spring (1232) may be compressed in the activated state.
When the anchor wire (1214) is operated to release the

tension on the anchor wire (1214-2), the cam spring
(1232) pushes the distal anchor puck (1224) toward the
distal portion of the anchor (1200). The displacement of
the anchor puck (1224) toward the distal portion of the
anchor (1200) may cause the cam pins (1228) to travel
along the cam pathways (1230) which may cause the
anchoring cams (1222) to be displaced downward to dis-
engage or detach the anchor (1200) from the body of the
elongate instrument or catheter. The deployable anchor
may be restored to its neutral or undeployed state. In the
neutral state, the flex member (1206) may be displaced
along the length inside a lumen of the elongate instrument
or catheter, such as inside the operation tube. The flex
member (1206) may be displaced by activating a pull
wire that may be coupled to the flex member to pull the
flex member (1206) toward the proximal portion of the
elongate instrument or by activating push tubes or control
members to displace or push the flex member toward the
distal portion of the elongate instrument.

Splayer or Control Unit

[0039] Figure 13A through Figure 13F illustrate one
variation of a control unit or splayer configured to accom-
modate and operate multiple flex members, wherein the
control unit may include active control components for
selective operation or displacement of the flex members.
Figure 13A illustrates one variation of a control unit (1300)
and an elongate instrument or catheter (1302) coupled
to the control unit. The control unit (1300) includes inter-
face grooves or channels (1304) where the flex tubes
(1306), pull wires (1314-1), and anchor wires (1314-2)
may be disposed. The control unit (1300) may also in-
clude drive pulleys (1326) and drive pins (1328) config-
ured to operate pull wires and anchor wires. The drive
pins (1328) may be operated by one or more drive mech-
anisms in the instrument driver (not shown). The drive
pins (1328) may drive the drive pulleys (1326) to operate
the pull wires (1314-1) and anchor wires (1314-2) to re-
spectively steer or articulate the elongate instrument
(1302) as well as drive or displace the flex tubes (1306).
Figure 13B illustrates a close up exposed detail view
(View 9-9) of the control unit (1300) and some of its com-
ponents and features, such as the interface grooves or
channels (1304) where the flex tubes (1306) are dis-
posed within the control unit. Furthermore, the control
unit (1300) may also include interface slides (1308) which
may be configured to drive or displace the flex tubes
(1306) as illustrated in detail view (View 10-10) of Figure
13C. The interface slide (1308) may be operated by a
drive mechanism or an interface slide carriage (1310)
located in the instrument driver (1316) of a robotic sys-
tem, as illustrated in Figure 13D. The interface slide car-
riage (1310) may be operated by a worm gear, a screw
drive, a rail system or any suitable motion control system
that allows the interface slide carriage to be moved or
displaced, such that the interface slide may be displaced
to act on the flex tubes (1306). Figure 13E illustrates a
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further close-up detail view of the control unit (1300). This
close-up detail view shows that the flex tubes (1306), pull
wires (1314-1) and anchor wires (1314-2) are disposed
in interface grooves or channels (1304-1), while interface
grooves or channels (1304-2) may be used by the inter-
face slides (1308) as guide tracks or guide channels for
traversing up and down the length of the control unit to
displace the flex tubes (1306). Figure 13F illustrates the
underside of the control unit (1300). As shown in this
figure, the interface slides (1308) may be exposed
through the interface grooves or channels (1304-1), such
that the interface slides (1308) may be interfaced with
the interface slide carriage (1310) in the instrument driver
(1316).

Various Implementations of Flex Members

[0040] Figure 14A through Figure 14D illustrate vari-
ous embodiments where flex tubes may be secured,
placed, or positioned to obtain various variability of shape
and/or curvature of an elongate instrument by way of
active displacement of the flex tube members as previ-
ously described. In addition, the various embodiments,
as illustrated in Figure 14A through Figure 14D may also
be obtained or configured by way of fixedly coupling the
distal portions of the flex tubes as provided by passively
controlled. Figure 14A illustrates an initial state in which
one or more flex tubes and their associated components
of an elongate instrument (1400) may be displaced
and/or secured to a first position or location (1400-1),
e.g., by a deployable anchor or fixed coupling, along the
length of the elongate instrument in accordance with one
embodiment. In this example, the elongate instrument
(1400) may have substantially two sections of variability
(1402-1 and 1402-2) to steer and/or adjust the shape
and/or curvature of the elongate instrument (1400). Sec-
tion of variability may be described as a portion of the
elongate instrument having particular characteristics of
axial stiffness, flexibility, and pliability; lateral stiffness,
flexibility, and pliability; bending stiffness, flexibility, and
pliability, etc. Figure 14B illustrates another embodiment
in which one of a plurality of flex tubes and their associ-
ated components of an elongate instrument (1400) may
be displaced and/or secured to a second position or lo-
cation (1400-2) on the elongate instrument (1400), while
one or more different flex tubes may be displaced and/or
secured to a first position or location (1400-1) on the elon-
gate instrument (1400). In this example, the elongate in-
strument (1400) may have substantially three sections
of variability (1002-1, 1002-2, and 1002-3) to steer and/or
adjust the shape and/or curvature of the elongate instru-
ment (1400). Figure 14C illustrates another embodiment
in which one of a plurality of flex tubes and their associ-
ated component of an elongate instrument (1400) may
be displaced and/or secured to a second position or lo-
cation (1400-2) on the elongate instrument (1400), while
a different flex tube may be displaced and/or secured to
a third position or location (1400-3), and one or more of

other flex tubes may be displaced and/or secured to a
first position or location (1400-1) on the elongate instru-
ment (1400). In this example, the elongate instrument
may have substantially four sections of variability
(1402-1,1402-2, 1402-3, and 1402-4) to steer and/or ad-
just the shape and/or curvature of the elongate instru-
ment (1400). Figure 14D illustrates another embodiment
in which one of a plurality of flex tubes and their associ-
ated components of an elongate instrument (1400) may
be displaced and/or secured to a fourth position or loca-
tion (1400-4), while another one of a plurality of flex tubes
may be displaced and/or secured to a second position
or location (1400-2) on elongate instrument (1400), an-
other different flex tube may be displaced and/or secured
to a third position or location (1400-3), and another flex
tubes may be displaced and/or secured to a first position
or location (1400-1) on the elongate instrument (1400).
In this example, the elongate instrument may have sub-
stantially five sections of variability (1402-1, 1402-2,
1402-3, 1402-4, and 1402-5) to steer and/or adjust the
shape and/or curvature of the elongate instrument
(1400). As described, the various embodiments illustrat-
ed in this example may be obtained by displacing the flex
tubes through the application of displaceable control of
the flex tubes or by fixedly coupling the distal portion of
the flex tubes at the various locations along the length of
the elongate instrument in actively control configurations
or passively controlled configurations.
[0041] Figure 15A through 115C illustrate a simplified
construction of an elongate instrument (1500) with vari-
able shape control and support. The elongate instrument
may be formed into a desired shape in a passive manner.
That is instead of using pull wires to steer the elongate
instrument (1500) into a desired shape or curvature, a
separate shape or curvature forming instrument (1550)
may be used to put the elongate instrument (1500) into
a desired shape or curvature. The shape or curvature
forming instrument (1550) may be a miniaturized instru-
ment that when it is in its neutral state, it may be sub-
stantially flexible, pliable, and may conform to any shape
or curvatures without significant resistance. As illustrated
in Figure 11A, the shape forming instrument (1550) in its
neutral state may conform to the shape of the elongate
instrument (1500). However, when it is activated, it may
become erected or stiffened into a preprogrammed or
predetermined shape or curvature, as illustrated in Figure
15B. The elongate instrument (1500) in its neutral state
conforms to the shape or curvature of the shape forming
instrument (1550). Once the desired shape or curvature
is formed, flex tubes (1506-1 and 1506-2) may be locked
in place to lock the elongate instrument (1500) into the
desired shape or curvature, as illustrated in Figure 15B.
The shape forming instrument (1550) may then be de-
activated, so that it may become substantially flexible
and pliable again. In its deactivated or neutral state, the
shape forming instrument (1550) may then be withdrawn
from the elongate instrument (1500), as indicated by the
arrow in Figure 15C. As such, the flexible and steerable
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elongate instrument (1500) with variable shape control
and support may be comprised of a simplified construc-
tion with one or more flex tubes and active control to lock
the flex tube after the elongate instrument (1500) has
acquired a desired shape or curvature. For illustrative
purposes, this example describes a method of using two
flex tubes to lock or maintain an elongate instrument in
a particular desired shape or curvature. As may be ap-
preciated, one or more flex tubes may be used to lock or
maintain an elongate instrument in a particular desired
shape or curvature. In addition, the flex tubes may be
positioned or disposed in various locations, positions, or
orientations within the wall or lumens of the elongate in-
strument to allow the flex tubes to lock or maintain the
elongate instrument in various shapes, curvatures, or ori-
entations.
[0042] Figure 16A through Figure 16J illustrate various
embodiments where flex tubes and associated compo-
nents may be disposed within the wall or lumens of an
elongate instrument to provide various variety of steering,
articulation, shape, and curvature control to the elongate
instrument. The flex tubes may be secured, placed, or
positioned in the elongate instrument to obtain various
variety or variability of steering, articulation, shape and/or
curvature control of an elongate instrument by way of
active displacement of the flex tube members as previ-
ously described in this disclosure. In addition, the various
embodiments, as illustrated in Figure 16A through Figure
16J, may also be obtained or configured by way of fixedly
coupling the distal portions of the flex tubes as described
in this disclosure by way of passive control or active con-
trol configurations or installations of flex tubes and asso-
ciated components. As illustrated in Figure 16A through
16J, an elongate instrument or catheter (1600) may in-
clude an elongate body with a working lumen (1618) and
one or more control lumens (1604) where control ele-
ments, such as flex tubes (1606), control wires (1614),
and various associated components may be disposed.
The embodiments as illustrated in Figure 16A through
16J are for illustrative purposes only and not to limit the
variety of possible configurations in which the flex tubes
and associated components may be implemented to pro-
vide various means to steer and articulate the elongate
instrument or to control the shape or curvature of the
body of the elongate instrument. With that understanding,
Figure 16A through 16F illustrate a sample of variations
in which one set of flex tubes (1606) may be configured
or implemented in a set of control lumens (1604) within
the body of an elongate instrument (1600). For example,
the distal portion of the flex tubes (1606) and associated
pull wires (1614) may be attached, coupled, or secured
to any portion or location on the body of the elongate
instrument (1600) to affect the stiffness and steering, ar-
ticulation, and bending characteristics of the elongate in-
strument. For the configuration with active control of the
flex tubes (1606), the implementation may also include
push tubes or control members (1608) to displace the
proximal portion of the flex tubes. Figure 16G through

Figure 16J illustrate a sample of variations in which a
plurality of flex tubes (1606) may be disposed or imple-
mented in a control lumen (1604) of an elongate instru-
ment (1600) to create various stiffness, and steering, ar-
ticulation, and bending characteristics of the elongate in-
strument. Figure 16G and Figure 16H illustrate examples
of a plurality of flex tubes (1606) configured in a substan-
tially parallel configuration within a control lumen (1604)
affect the stiffness and steering, articulation, and bending
characteristics of the elongate instrument. The flex tubes
(1606) may be configured or implemented by way of pas-
sively controlled, actively controlled, displaceable con-
trolled configuration, or combination of passively control-
led, actively controlled or displaceable controlled config-
uration. Figure 16I and Figure 16J illustrate a sample of
variations in which one of the plurality of flex tubes (e.g.,
1606-1) in a control lumen (1604) may be configured in
a passively controlled manner, while one or more other
flex tubes (160602) may be configured in a passively
controlled manner, actively controlled manner, or dis-
placeable controlled manner.

Various Methods of Application

[0043] Figure 17A through Figure 17F illustrate various
methods in which an elongate instrument with passive
control, active control, or displaceable control may be
used to approach and treat a target site or tissue structure
in a minimally invasive procedure. In one method as Fig-
ure 17A illustrates, at least a portion, e.g., a first portion
or distal portion, of an elongate instrument may be in-
serted into a patient percutaneously through the skin ei-
ther by way of an incision or orifice, as described in Step
1702. Advance at least a portion, e.g., first portion or
distal portion, of the elongate instrument through a path-
way inside the patient, as described in Step 1704. At least
a portion, e.g., a second portion or proximal portion, of
the elongate instrument may be manipulated to conform,
adopt, or match a shape or curvature of the pathway as
the elongate instrument is being advanced through the
pathway, as described in Step 1706. Steer, or articulate
at least a portion, e.g., first portion or distal portion, of
the elongate instrument around other curvatures of the
pathway as the elongate instrument is navigated through
the anatomy of the patient, as described in Step 1708.
In another method as Figure 17B illustrates, at least a
portion, e.g., a first portion or distal portion, of an elongate
instrument may be inserted into a patient percutaneously
through the skin either by way of an incision or orifice,
as described in Step 1712. Advance at least a portion,
e.g., first portion or distal portion, of the elongate instru-
ment through a pathway inside the patient, as described
in Step 1714. At least a portion, e.g., a second portion or
proximal portion, of the elongate instrument may be ma-
nipulated to conform, adopt, or match a shape or curva-
ture of the pathway as the elongate instrument is being
advanced through the pathway, as described in Step
1716. At least a portion, e.g., first portion or distal portion,
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of the elongate instrument may be steered or articulated
around other curvatures of the pathway as the elongate
instrument is navigated through the anatomy of the pa-
tient, as described in Step 1718. In addition, articulation
forces from steering the one portion, e.g., first portion or
distal portion, of the elongate instrument may be decou-
pled from another portion, e.g., second portion or proxi-
mal portion, of the elongate instrument, as described in
Step 1719. Furthermore, the conformed, adopted, or
matched shape or curvature of the one portion, e.g., sec-
ond portion or proximal portion, may be maintained by
way of decoupling the one portion, e.g., first portion or
distal portion, of the elongate instrument from another
portion, e.g., second portion or proximal portion, of the
elongate instrument. The act of decoupling the articula-
tion or steering forces may include preventing a flex mem-
ber from moving in reaction to the articulation or steering
forces and compressing the flex member to support the
articulating or steering forces. In another method as Fig-
ure 17C illustrates, at least a portion, e.g., a first portion
or distal portion, of an elongate instrument may be in-
serted into a patient percutaneously through the skin ei-
ther by way of an incision or orifice, as described in Step
1722. Advance at least a portion, e.g., first portion or
distal portion, of the elongate instrument through a path-
way inside the patient, as described in Step 1723. At least
a portion, e.g., a second portion or proximal portion, of
the elongate instrument may be manipulated to conform,
adopt, or match a shape or curvature of the pathway as
the elongate instrument is being advanced through the
pathway, as described in Step 1724. At least a portion,
e.g., first portion or distal portion, of the elongate instru-
ment may be steered or articulated around other curva-
tures of the pathway as the elongate instrument is navi-
gated through the anatomy of the patient, as described
in Step 1725. In addition, a control member may be ad-
vanced a control unit or splayer against a flex member
or flex tube, as described in Step 1726, at the proximal
portion of the flex member to hold the flex member at a
particular position or orientation. As such, at least a por-
tion, e.g., second portion or proximal portion, of the elon-
gate instrument may be locked in the conformed, adopted
or matched shape or curvature. In another method as
Figure 17D illustrates, an elongate instrument may be
inserted into a patient percutaneously through the skin
either by way of an incision or orifice, as shown in Step
1732. The elongate instrument may include a first portion,
a second portion, and a third portion, or a distal portion,
a mid portion, and a proximal portion. The first portion or
distal portion and the second portion or mid portion of
the elongate instrument may be advanced through a
pathway inside the patient, as described in Step 1734.
At least a portion, e.g., second portion or mid portion, of
the elongate instrument may be manipulated to conform,
adopt, or match a shape or curvatures of the pathway as
the elongate instrument is being advanced through the
pathway, as described in Step 1736. The second portion
or mid portion of the elongate instrument may be locked

in place to maintain the conformed, adopted, or matched
shape or curvatures of the pathway while the first portion
or distal portion of the elongate instrument may be ma-
nipulated to assume a curvature independent of the sec-
ond portion or mid portion, as described in Step 1738. In
another method as Figure 17E illustrates, an elongate
instrument may be inserted into a patient percutaneously
through the skin either by way of an incision or orifice,
as shown in Step 1742. The elongate instrument may
include a first portion, a second portion, and a third por-
tion, or a distal portion, a mid portion, and a proximal
portion. The first portion or distal portion and the second
portion or mid portion of the elongate instrument may be
advanced through a pathway inside the patient, as de-
scribed in Step 1743. At least a portion, e.g., second por-
tion or mid portion, of the elongate instrument may be
manipulated to conform, adopt, or match a shape or cur-
vatures of the pathway as the elongate instrument is be-
ing advanced through the pathway, as described in Step
1744. Controlling the displacement of a flex member with-
in the elongate instrument, wherein the flex member may
be configured to assist with steering or articulation of the
elongate instrument, as described in Step 1746. Steering
a first portion or a second portion of the elongate instru-
ment around curvatures of the pathway inside the patient,
as described in Step 1748. In another method as Figure
17F illustrates, an elongate instrument may be inserted
into a patient percutaneously through the skin either by
way of an incision or orifice, as shown in Step 1752. The
elongate instrument may include a first portion, a second
portion, and a third portion, or a distal portion, a mid por-
tion, and a proximal portion. The first portion or distal
portion and the second portion or mid portion of the elon-
gate instrument may be advanced through a pathway
inside the patient, as described in Step 1753. At least a
portion, e.g., second portion or mid portion, of the elon-
gate instrument may be manipulated to conform, adopt,
or match a shape or curvatures of the pathway as the
elongate instrument is being advanced through the path-
way, as described in Step 1754. Controlling the displace-
ment of a flex member along a length of the elongate
instrument, wherein the flex member may be disposed
within the elongate instrument and the flex member may
be configured to assist with steering or articulation of the
elongate instrument, as described in Step 1755. The stiff-
ness of at least a portion, e.g., first portion or distal por-
tion, of the elongate instrument may be altered by the
displacement of the flex member, as described in Step
1756. In addition, the radius of curvature for a least a
portion of the elongate instrument may be changed by
the displacement of the flex member, as described in
Step 1757. After altering the stiffness and/or radius of
curvature of at least a portion of the elongate instrument,
steer a portion, e.g., first portion or second portion, of the
elongate instrument around curvatures of the pathway
inside the patient, as described in Step 1758.
[0044] In certain embodiments, an instrument having
a flexible and elongated body and having at least a lumen
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and a flex member disposed within the lumen is provided.
The flex member may be capable of providing steering
control to a first portion of the elongate body while pro-
viding load bearing support to a second portion of the
elongate body. A pull wire may be disposed within the
flex member, and at least a distal portion of the pull wire
may be coupled to the elongate body and a proximal
portion of the pull wire may be operatively coupled to a
control unit. The control unit may be coupled to a proximal
portion of the elongate body. In addition, a control mem-
ber may be operatively coupled to the control unit such
that a distal portion of the control member may be posi-
tioned near a proximal portion of the flex member. The
control member may be configured to support the flex
member and control the movement or displacement of
the flex member. Furthermore, the flex meber may be
configured to selectively decouple articulation or steering
forces of a first portion of the elongate body away from
a second portion of the elongate body; thereby, prevent-
ing compression of the second portion of the elongate
body while maintaining elasticity or flexibility of the sec-
ond portion of the elongate body.
[0045] Multiple embodiments and variations of the var-
ious aspects of the invention have been disclosed and
described herein. Many combinations and permutations
of the disclosed system may be useful in minimally inva-
sive medical intervention and diagnostic procedures, and
the system may be configured to support various flexible
robotic instruments. One of ordinary skill in the art having
the benefit of this disclosure would appreciate that the
foregoing illustrated and described embodiments of the
invention may be modified or altered, and it should be
understood that the invention generally, as well as the
specific embodiments described herein, are not limited
to the particular forms or methods disclosed, but also
cover all modifications, equivalents and alternatives. Fur-
ther, the various features and aspects of the illustrated
embodiments may be incorporated into other embodi-
ments, even if not so described herein, as will be apparent
to those ordinary skilled in the art having the benefit of
this disclosure. Although particular embodiments of the
present invention have been shown and described, it
should be understood that the above discussion Is not
intended to limit the present invention to these embodi-
ments. It will be obvious to those skilled in the art that
various changes and modifications may be made without
departing from the spirit and scope of the present inven-
tion. Thus, the present invention is intended to cover al-
ternatives, modifications, and equivalents that may fall
within the scope of the claims.

Claims

1. A steerable elongate instrument (300), comprising:

an elongate body (900) comprising a proximal
portion and a distal portion, a first lumen (318)

within the elongate body (900), and a second
lumen within the elongate body (900);
a flex member (306) disposed within the second
lumen, wherein the flex member (306) includes
a service length or buffer length (402) configured
such that at least a portion of the service length
or buffer length (402) can slide into and out of
the elongate body (900) at a proximal end of the
elongate body (900), and wherein a distal end
of the flex member (306) is anchored to the distal
portion of the elongate body (900) to transfer
force or load from the flex member (306) to the
elongate body (900); and
a pull wire (314) disposed within the flex member
(306), wherein a distal portion of the pull wire
(314) is coupled to the distal portion of the elon-
gate body (900) and a proximal portion of the
pull wire (314) is operatively coupled to a control
unit (202), wherein the control unit (202) is cou-
pled to the proximal portion of the elongate body
(900).

2. The elongate instrument of claim 1, wherein a prox-
imal end of the flex member (306) is coupled to the
control unit (202).

3. The elongate instrument of claim 1, wherein a prox-
imal end of the flex member (306) is fixedly coupled
to the control unit (202).

4. The elongate instrument of claim 1, wherein the dis-
tal portion of the pull wire (314) is coupled to the
elongate body (900) through a control ring (316),
wherein the control ring (316) is fixedly coupled to
the elongate body (900).

5. The elongate instrument of claim 1, further compris-
ing an operational tube (304) disposed within the
second lumen.

6. The elongate instrument of claim 5, wherein the op-
erational tube (304) is disposed between the second
lumen and the flex member (306).

7. The elongate instrument of claim 1, further compris-
ing a support member (310) wherein a distal portion
of the support member (310) is fixedly coupled to the
distal portion of the elongate body (900) and a prox-
imal portion of the support member (310) being op-
eratively coupled to the distal end of the flex member
(306), wherein the support member (304) is config-
ured to provide structural support to the distal portion
of the elongate body (900).

8. The elongate instrument of claim 7, wherein the prox-
imal portion of the support member (310) slidably
engages the distal end of the flex member (306).
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9. The elongate instrument of claim 8, wherein the sup-
port member (310) engages the flex member (306)
through a lumen of the flex member (306).

10. The elongate instrument of claim 1, wherein the flex
member (306) is a coil tube.

11. The elongate instrument of claim 1, wherein the flex
member (306) is configured to provide steering con-
trol to a first portion of the elongate body (900) and
load bearing support to a second portion of the elon-
gate body (900).

12. The elongate instrument of claim 1, wherein the an-
choring is configured to decouple articulation or
steering forces of the first portion of the elongate
body (900) away from the second portion of the elon-
gate body (900) to the flex member (306), thereby
preventing compression of the second portion of the
elongate body (900) from the articulation or steering
forces while maintaining elasticity or flexibility of the
second portion of the elongate body (900).

13. The elongate instrument of claim 1, further compris-
ing an operational tube (304) disposed within the
second lumen configured to provide a slidable sur-
face for the flex member (306) to slide within the
second lumen, and wherein the slidable surface of
the operational tube (304) decouples the flex mem-
ber (306) from the elongate body (900).

14. The elongate instrument of claim 1, further compris-
ing:

a stop disposed within the second lumen, where-
in the stop is configured to couple the elongate
body (900) with the flex member (306) and pre-
vent the flex member (306) from advancing
through the second lumen beyond the stop, and
wherein the coupling of the stop with the flex
member (306) decouples forces from the first
portion of the elongate body (900) from being
transmitted to the second portion of the elongate
body (900), such that articulation or steering
forces from the first portion are transmitted to
the flex member (306).

15. The elongate instrument of claim 1, further compris-
ing:

multiple secondary lumens disposed within the
elongate body (900);
multiple flex members (306), wherein each of
the multiple flex members (306) is disposed
within one of the secondary lumens; and
multiple pull wires (314), wherein each of the
multiple pull wires (314) is disposed within one
of the multiple flex members (306),

wherein a distal portion of each of the pull wires (314)
is coupled to a portion of the elongate body (900),
and wherein a proximal portion of each of the pull
wires (314) is operatively coupled to the control unit
(202).

Patentansprüche

1. Lenkbares längliches Instrument (300), das Folgen-
des umfasst:

einen länglichen Körper (900), der Folgendes
umfasst: einen proximalen Abschnitt und einen
distalen Abschnitt, ein erstes Lumen (318) in
dem länglichen Körper (900) und ein zweites Lu-
men in dem länglichen Körper (900);
ein flexibles Element (306), das in dem zweiten
Lumen angeordnet ist, wobei das flexible Ele-
ment (306) eine Betriebslänge oder Pufferlänge
(402) umfasst, die so konfiguriert ist, dass min-
destens ein Abschnitt der Betriebslänge oder
der Pufferlänge (402) an einem proximalen En-
de des länglichen Körpers (900) in den längli-
chen Körper (900) hinein und aus demselben
heraus gleiten kann, und wobei ein distales En-
de des flexiblen Elements (306) an dem distalen
Abschnitt des länglichen Körpers (900) veran-
kert ist, um eine Kraft oder Last von dem flexib-
len Element (306) auf den länglichen Körper
(900) zu übertragen; und
einen Zugdraht (314), der in dem flexiblen Ele-
ment (306) angeordnet ist, wobei ein distaler Ab-
schnitt des Zugdrahts (314) mit dem distalen Ab-
schnitt des länglichen Körpers (900) gekoppelt
ist und ein proximaler Abschnitt des Zugdrahts
(314) mit einer Steuereinheit (202) betriebsfähig
gekoppelt ist, wobei die Steuereinheit (202) mit
dem proximalen Abschnitt des länglichen Kör-
pers (900) gekoppelt ist.

2. Längliches Instrument nach Anspruch 1, wobei ein
proximales Ende des flexiblen Elements (306) mit
der Steuereinheit (202) gekoppelt ist.

3. Längliches Instrument nach Anspruch 1, wobei ein
proximales Ende des flexiblen Elements (306) fest
mit der Steuereinheit (202) gekoppelt ist.

4. Längliches Instrument nach Anspruch 1, wobei der
distale Abschnitt des Zugdrahts (314) über einen
Steuerring (316) mit dem länglichen Körper (900)
gekoppelt ist, wobei der Steuerring (316) fest mit
dem länglichen Körper (900) gekoppelt ist.

5. Längliches Instrument nach Anspruch 1, das ferner
ein Betätigungsrohr (304) umfasst, das in dem zwei-
ten Lumen angeordnet ist.
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6. Längliches Instrument nach Anspruch 5, wobei das
Betätigungsrohr (304) zwischen dem zweiten Lu-
men und dem flexiblen Element (306) angeordnet ist.

7. Längliches Instrument nach Anspruch 1, das ferner
ein Stützelement (310) umfasst, wobei ein distaler
Abschnitt des Stützelements (310) fest mit dem dis-
talen Abschnitt des länglichen Körpers (900) gekop-
pelt ist und ein proximaler Abschnitt des Stützele-
ments (310) mit dem distalen Ende des flexiblen Ele-
ments (306) betriebsfähig gekoppelt ist, wobei das
Stützelement (304) so konfiguriert ist, dass es den
distalen Abschnitt des länglichen Körpers (900)
strukturell stützt.

8. Längliches Instrument nach Anspruch 7, wobei der
proximale Abschnitt des Stützelements (310) ver-
schiebbar in das distale Ende des flexiblen Elements
(306) eingreift.

9. Längliches Instrument nach Anspruch 8, wobei das
Stützelement (310) durch ein Lumen des flexiblen
Elements (306) in das flexible Element (306) ein-
greift.

10. Längliches Instrument nach Anspruch 1, wobei das
flexible Element (306) ein Spiralrohr ist.

11. Längliches Instrument nach Anspruch 1, wobei das
flexible Element (306) so konfiguriert ist, dass es ei-
nem ersten Abschnitt des länglichen Körpers (900)
eine Lenksteuerung und einem zweiten Abschnitt
des länglichen Körpers (900) eine Lasttragstütze be-
reitstellt.

12. Längliches Instrument nach Anspruch 1, wobei die
Verankerung dafür konfiguriert ist, Gelenk- oder
Lenkkräfte des ersten Abschnitts des länglichen Kör-
pers (900) von dem zweiten Abschnitt des länglichen
Körpers (900) weg und zu dem flexiblen Element
(306) hin zu entkoppeln, wodurch eine Kompression
des zweiten Abschnitts des länglichen Körpers (900)
durch die Gelenk- oder Lenkkräfte verhindert wird,
während die Elastizität oder Flexibilität des zweiten
Abschnitts des länglichen Körpers (900) beibehalten
wird.

13. Längliches Instrument nach Anspruch 1, das ferner
ein Betätigungsrohr (304) umfasst, das in dem zwei-
ten Lumen angeordnet ist, das dafür konfiguriert ist,
eine verschiebbare Oberfläche für das flexible Ele-
ment (306) bereitzustellen, auf der es in dem zweiten
Lumen gleiten kann, und wobei die verschiebbare
Oberfläche des Betätigungsrohrs (304) das flexible
Element (306) von dem länglichen Körper (900) ent-
koppelt.

14. Längliches Instrument nach Anspruch 1, das ferner

Folgendes umfasst:

einen Anschlag, der in dem zweiten Lumen an-
geordnet ist, wobei der Anschlag dafür konfigu-
riert ist, den länglichen Körper (900) mit dem
flexiblen Element (306) zu koppeln und das fle-
xible Element (306) daran zu hindern, sich durch
das zweite Lumen über den Anschlag hinaus
vorwärts zu bewegen, und wobei durch die
Kopplung des Anschlags mit dem flexiblen Ele-
ment (306) die Übertragung von Kräften von
dem ersten Abschnitt des länglichen Körpers
(900) zu dem zweiten Abschnitt des länglichen
Körpers (900) entkoppelt wird, so dass Gelenk-
oder Lenkkräfte von dem ersten Abschnitt zu
dem flexiblen Element (306) übertragen wer-
den.

15. Längliches Instrument nach Anspruch 1, das ferner
Folgendes umfasst:

mehrere sekundäre Lumen, die in dem längli-
chen Körper (900) angeordnet sind;
mehrere flexible Elemente (306), wobei jedes
der mehreren flexiblen Elemente (306) in einem
der sekundären Lumen angeordnet ist; und
mehrere Zugdrähte (314), wobei jeder der meh-
reren Zugdrähte (314) in einem der mehreren
flexiblen Elemente (306) angeordnet ist,

wobei ein distaler Abschnitt jedes Zugdrahts (314)
mit einem Abschnitt des länglichen Körpers (900)
gekoppelt ist und ein proximaler Abschnitt jedes
Zugdrahts (314) mit der Steuereinheit (202) be-
triebsfähig gekoppelt ist.

Revendications

1. Instrument orientable allongé (300) comprenant :

un corps allongé (900) comprenant une partie
proximale et une partie distale, une première lu-
mière (318) à l’intérieur du corps allongé (900)
et une deuxième lumière à l’intérieur du corps
allongé (900) ;
un élément flexible (306) disposé à l’intérieur de
la deuxième lumière, l’élément flexible (306)
présentant une longueur utile ou longueur butoir
(402) configurée de sorte qu’au moins une partie
de la longueur utile ou longueur butoir (402)
puisse coulisser à l’intérieur et à l’extérieur du
corps allongé (900) au niveau d’une extrémité
proximale du corps allongé (900), et une extré-
mité distale de l’élément flexible (306) étant an-
crée sur la partie distale du corps allongé (900)
afin de transférer une force ou une charge de
l’élément flexible (306) au corps allongé (900) ;
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et
un câble de traction (314) disposé à l’intérieur
de l’élément flexible (306), une partie distale du
câble de traction (314) étant couplée à la partie
distale du corps allongé (900) et une partie proxi-
male du câble de traction (314) étant couplée
en fonctionnement à une unité de commande
(202), l’unité de commande (202) étant couplée
à la partie proximale du corps allongé (900).

2. Instrument allongé de la revendication 1, dans lequel
une extrémité proximale de l’élément flexible (306)
est couplée à l’unité de commande (202).

3. Instrument allongé de la revendication 1, dans lequel
une extrémité proximale de l’élément flexible (306)
est fixement couplée à l’unité de commande (202).

4. Instrument allongé de la revendication 1, dans lequel
la partie distale du câble de traction (314) est couplée
au corps allongé (900) au moyen d’un anneau de
commande (316), l’anneau de commande (316)
étant fixement couplé au corps allongé (900).

5. Instrument allongé de la revendication 1, compre-
nant en outre un tube fonctionnel (304) disposé à
l’intérieur de la deuxième lumière.

6. Instrument allongé de la revendication 5, dans lequel
le tube fonctionnel (304) est disposé entre la deuxiè-
me lumière et l’élément flexible (306).

7. Instrument allongé de la revendication 1, compre-
nant en outre un élément de support (310), une partie
distale de l’élément de support (310) étant fixement
couplée à la partie distale du corps allongé (900) et
une partie proximale de l’élément de support (310)
étant couplée en fonctionnement à l’extrémité distale
de l’élément flexible (306), l’élément de support
(304) étant configuré pour fournir un support struc-
turel à la partie distale du corps allongé (900).

8. Instrument allongé de la revendication 7, dans lequel
la partie proximale de l’élément de support (310)
vient en prise par coulissement avec l’extrémité dis-
tale de l’élément flexible (306).

9. Instrument allongé de la revendication 8, dans lequel
l’élement de support (310) vient en prise avec l’élé-
ment flexible (306) par une lumière de l’élément flexi-
ble (306).

10. Instrument allongé de la revendication 1, dans lequel
l’élément flexible (306) est un tube serpentin.

11. Instrument allongé de la revendication 1, dans lequel
l’élément flexible (306) est configuré pour permettre
d’orienter la première partie du corps allongé (900)

et pour apporter un support de portage de charge à
une deuxième partie du corps allongé (900).

12. Instrument allongé de la revendication 1, dans lequel
l’ancrage est configuré pour découpler les forces
d’articulation ou d’orientation de la première partie
du corps allongé (900) en éloignement de la deuxiè-
me partie du corps allongé (900) vers l’élément flexi-
ble (306), empêchant ainsi la compression de la
deuxième partie du corps allongé (900) par les forces
d’articulation ou d’orientation tout en conservant
l’élasticité ou la flexibilité de la deuxième partie du
corps allongé (900).

13. Instrument allongé de la revendication 1, compre-
nant en outre un tube fonctionnel (304) disposé à
l’intérieur de la deuxième lumière configuré pour
fournir une surface coulissante pour le coulissement
de l’élément flexible (306) à l’intérieur de la deuxième
lumière, et la surface coulissante du tube fonctionnel
(304) découplant l’élément flexible (306) du corps
allongé (900).

14. Instrument allongé de la revendication 1, compre-
nant en outre :

une butée disposée dans la deuxième lumière,
la butée étant configurée pour coupler le corps
allongé (900) à l’élément flexible (306) et empê-
cher l’élément flexible (306) d’aller au-delà de
la butée dans la deuxième lumière, et le coupla-
ge de la butée et de l’élément flexible (306) em-
pêchant les forces de la première partie du corps
allongé (900) de se transmettre à la deuxième
partie du corps allongé (900), de manière que
des forces d’articulation ou d’orientation de la
première partie sont transmises à l’élément
flexible (306).

15. Instrument allongé selon la revendication 1, compre-
nant en outre :

de multiples lumières auxiliaires disposées à
l’intérieur du corps allongé (900) ;
de multiples éléments flexibles (306), chacun
des multiples éléments flexibles (306) étant dis-
posé à l’intérieur de l’une des lumières
auxiliaires ; et
de multiples câbles de traction (314), chacun
des multiples câbles de traction (314) étant dis-
posé à l’intérieur de l’un des multiples éléments
flexibles (306),

une partie distale de chacun des câbles de traction
(314) étant couplée à une partie du corps allongé
(900), et une partie proximale de chacun des câbles
de traction (314) étant couplée en fonctionnement à
l’unité de commande (202).

39 40 



EP 2 424 609 B1

22



EP 2 424 609 B1

23



EP 2 424 609 B1

24



EP 2 424 609 B1

25



EP 2 424 609 B1

26



EP 2 424 609 B1

27



EP 2 424 609 B1

28



EP 2 424 609 B1

29



EP 2 424 609 B1

30



EP 2 424 609 B1

31



EP 2 424 609 B1

32



EP 2 424 609 B1

33



EP 2 424 609 B1

34



EP 2 424 609 B1

35



EP 2 424 609 B1

36



EP 2 424 609 B1

37



EP 2 424 609 B1

38



EP 2 424 609 B1

39



EP 2 424 609 B1

40



EP 2 424 609 B1

41



EP 2 424 609 B1

42



EP 2 424 609 B1

43



EP 2 424 609 B1

44



EP 2 424 609 B1

45



EP 2 424 609 B1

46



EP 2 424 609 B1

47



EP 2 424 609 B1

48



EP 2 424 609 B1

49



EP 2 424 609 B1

50



EP 2 424 609 B1

51



EP 2 424 609 B1

52



EP 2 424 609 B1

53



EP 2 424 609 B1

54



EP 2 424 609 B1

55



EP 2 424 609 B1

56



EP 2 424 609 B1

57



EP 2 424 609 B1

58



EP 2 424 609 B1

59



EP 2 424 609 B1

60



EP 2 424 609 B1

61



EP 2 424 609 B1

62

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• WO 2005081202 A1 [0004]
• US 2007270679 A1 [0005]
• EP 0904796 A2 [0006]
• WO 2005032637 A2 [0007]
• US 4748969 A [0008]
• WO 2004039273 A2 [0009]
• US 5168864 A [0010]
• US 07336305 A [0016]

• US 41839806 A [0016]
• US 63795106 A [0016]
• US 07950008 A [0016]
• US 073363 A [0016]
• US 418398 A [0016]
• US 637951 A [0016]
• US 079500 A [0016]


	bibliography
	description
	claims
	drawings
	cited references

