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(57) Abstract: A surgical instrument and its method of use are disclosed. In one embodiment, the surgical instrument may include a
handle and an elongated shatt assembly extending distally from the handle. The elongated shaft assembly may include an articulable
portion with an articulation direction. The elongated shaft assembly may also include a tubular member with a flexible portion with a
O preferential bending direction and a direction of bending resistance. The tubular member may permit articulation of the elongated
shaft assembly when the preferential bending direction is aligned with the articulation direction.
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ARTICULATING SURGICAL INSTRUMENTS

FIELD
[0001] Articulating surgical instruments.
BACKGROUND
[0002] A surgical mesh fabric or other prosthetic repair fabric may be used to

surgically repair a hernia. The prosthetic repair fabric is typically placed in an open
procedure or laparoscopically. Oftentimes a surgical instrument is used to secure the repair
fabric in place by deploying one or more fasteners from a distal end of the surgical instrument
through the prosthetic repair fabric and into the underlying tissue. However, a surgical
instrument that includes a rigid elongated shaft assembly for deploying the fasteners may
have a limited range of motion within the surgical field. Consequently, many surgical
instruments include at least one articulable portion along the elongated shaft assembly to

facilitate the orientation and placement of fasteners within the surgical field.

SUMMARY
[0003] In one embodiment, a surgical instrument includes a handle and an elongated
shaft assembly extending distally from the handle. The elongated shaft assembly includes an
articulable portion with an articulation direction. The elongated shaft assembly also includes
a tubular member with a flexible portion with a preferential bending direction and a direction
of bending resistance. The tubular member permits articulation of the elongated shaft
assembly when the preferential bending direction is aligned with the articulation direction.
[0004] In another embodiment, a surgical instrument includes a handle and an
elongated shaft assembly extending distally from the handle. The elongated shaft assembly
includes a first tubular member including a first flexible portion with a first preferential
bending direction, a second tubular member including a second flexible portion with a second
preferential bending direction, and a third tubular member including a third flexible portion
with a third preferential bending direction and a direction of bending resistance. The first
tubular member, the second tubular member, and the third tubular member are coaxially

located. The first tubular member and the second tubular member are axially fixed relative to
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one another at a position distal from the first flexible portion and the second flexible portion.
The third tubular member is displaceable relative to the first tubular member and the second
tubular member.

[0005] In yet another embodiment, a surgical instrument includes a handle and an
elongated shaft assembly extending distally from the handle. The elongated shaft assembly
includes a first tubular member including a first flexible portion with a first spine, a second
tubular member including a second flexible portion with a second spine, and a third tubular
member including a third flexible portion with a third spine and a fourth spine. The first
tubular member, the second tubular member, and the third tubular member are coaxially
located. The first tubular member and the second tubular member are also axially fixed
relative to one another at a position distal from the first flexible portion and the second
flexible portion. Additionally, the third tubular member is displaceable relative to the first
tubular member and the second tubular member.

[0006] In another embodiment, a surgical instrument includes a handle and an
elongated shaft assembly extending distally from the handle. The elongated shaft assembly
includes a first tubular member including a first flexible portion with a first spine and a
second tubular member including a second flexible portion with a second spine and a third
spine. The first tubular member and the second tubular member are coaxially located.
Additionally, the first tubular member and the second tubular member are axially fixed
relative to one another at a position distal from the first flexible portion and the second
flexible portion. The second tubular member is also rotatable relative to the first tubular
member.

[0007] In yet another embodiment, a method of operating a surgical instrument
includes: providing: a handle; an elongated shaft assembly extending distally from the
handle, wherein the elongated shaft assembly includes an articulable portion with an
articulation direction, and wherein the elongated shaft assembly includes a tubular member
with a flexible portion with a preferential bending direction and a direction of bending
resistance; and displacing the tubular member to selectively align the preferential bending
direction of the tubular member with the articulation direction of the elongated shaft

assembly to permit articulation of the elongated shaft assembly.
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[0008] It should be appreciated that the foregoing concepts, and additional concepts
discussed below, may be arranged in any suitable combination, as the present disclosure is
not limited in this respect. Further, the foregoing and other aspects, embodiments, and
features of the present teachings can be more fully understood from the following description

in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS
[0009] The accompanying drawings are not intended to be drawn to scale. In the
drawings, each identical or nearly identical component that is illustrated in various figures
may be represented by a like numeral. For purposes of clarity, not every component may be

labeled in every drawing. In the drawings:

[0010] Fig. 1 is a schematic representation of an articulable surgical instrument;
[0011] Fig. 2 is a schematic representation of an articulable portion of an elongated
shaft assemblys;

[0012] Fig. 3A is a schematic side view of the inner tubular member;

[0013] Fig. 3B is a schematic side view of the inner tubular member of Fig. 3A

rotated 90°;

[0014] Fig. 4A is a schematic side view of the intermediate tubular member;
[0015] Fig. 4B is a schematic side view of the intermediate tubular member of Fig.
4A rotated 90°;

[0016] Fig. 5A is a schematic side view of the outer tubular member;

[0017] Fig. 5B is a schematic side view of the outer tubular member of Fig. SA

rotated 90°;

[0018] Fig. 6A is a schematic perspective view of the inner and intermediate tubular
members in an unarticulated position;

[0019] Fig. 6B is a schematic perspective view of the inner and intermediate tubular
members in an articulated position;

[0020] Fig. 7A is a schematic perspective view of the distal portion of the inner and

intermediate tubular members;
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[0021] Fig. 7B is a cross-sectional view of the inner and intermediate tubular
members depicted in Fig. 7A;
[0022] Fig. 8 is an exploded schematic representation of the tubular members in the
articulable configuration;
[0023] Fig. 9 is a schematic cross-sectional view of the tubular members in the
articulable configuration;
[0024] Fig. 10 is an exploded schematic representation of the tubular members in the
locked configuration;
[0025] Fig. 11 is a schematic cross-sectional view of the tubular members in the
locked configuration; and
[0026] Fig. 12 is a schematic representation of the interior of the surgical instrument
handle.

DETAILED DESCRIPTION
[0027] The inventors have recognized that it may be desirable to selectively permit or

prevent the articulation of a surgical instrument in particular instances. For example, it may
be desirable to prevent the articulation of a surgical instrument during the insertion and
extraction of the surgical instrument into a surgical field as might occur during laparoscopic
surgery.

[0028] In one embodiment, an elongated shaft assembly extends distally from the
handle of a surgical instrument and includes an articulable portion. The articulable portion of
the elongated shaft assembly may articulate in at least one direction between a first position,
such as an unarticulated position, and a second position, such as a fully articulated position.
In addition to the elongated shaft assembly, the surgical instrument may include a rotatable
tubular member with a flexible portion that is associated with the articulable portion of the
elongated shaft assembly. For example, the flexible portion of the tubular member may be
axially aligned and at least partially coextensive with the articulable portion of the elongated
shaft assembly. The flexible portion of the tubular member may have a preferential bending
direction as well as a direction of bending resistance. Rotation of the tubular member relative
to the articulable portion of the elongated shaft assembly may selectively align either the

preferential bending direction or the direction of bending resistance of the flexible portion
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with the articulation direction of the elongated shaft assembly. When the preferential
bending direction of the flexible portion is aligned with the articulation direction, the
elongated shaft assembly may articulate. In contrast, when the direction of bending
resistance of the flexible portion is aligned with the articulation direction, articulation of the
elongated shaft assembly may be prevented. Thus, rotation of the tubular member relative to
the articulable portion of the elongated shaft assembly may selectively permit or prevent
articulation of the surgical instrument.

[0029] The various tubular members associated with the articulation locking
mechanism as well as the articulable portion of the elongated shaft assembly may be
constructed and arranged in any number of ways to provide one or more preferential bending
directions and/or directions of bending resistance. For example, in one embodiment, a
tubular member may include one or more weakened sections along one or more sides of the
tubular member to provide one or more preferential bending directions and directions of
bending resistance. These weakened sections may be provided by: an appropriate pattern of
slots, cuts, and/or spines; composite structures of flexible and rigid materials; combinations
of the above; or any other appropriate construction. Alternatively, in some embodiments, a
tubular member might include a plurality of interconnected segments to form the flexible
portion. These interconnected segments could be constructed and arranged to permit
movement in one or more directions, corresponding to preferential bending directions and
resist movement in one or more directions corresponding to directions of bending resistance.
For example, the interconnected segments may only have a single axis of rotation due to the
use of pin joints in the same orientations to connect the segments thus permitting pivoting of
adjacent interconnected segments in one direction and resisting all other directions of
movement.

[0030] While several possible embodiments related to the construction of the
articulable elongated shaft assembly are described herein, it should be understood that the
current disclosure is not limited to only the described embodiments. For example, the
articulable portion of the elongated shaft assembly may be constructed and arranged in any
appropriate fashion to provide articulation in a desired direction. Further, while a specific
type of articulation mechanism using tubular members with offset neutral bending axes is

described, the currently disclosed articulation locking mechanism may be used with any
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appropriate method of articulating an elongated shaft assembly. For example the articulable
portion of the elongated shaft assembly may be articulated using: one or more control wires,
ribbons, or slats associated with the articulable portion; prestressed members and retractable
sheaths, rigid linkages associated with pivot joints; or any other appropriate structure capable
of articulating the articulable portion.

[0031] In addition to the above, while several patterns of slots and spines are
disclosed regarding the flexible portions of the tubular members, it should be understood that
other patterns of slots and spines are also possible. For example, the flexible portions of the
tubular members corresponding to the articulable portion of the elongated shaft assembly
may be constructed and arranged in any appropriate fashion such that the flexible portion
preferentially bends in at least one direction and provides an increased resistance to bending
in at least one other direction.

[0032] For the sake of clarity, the currently disclosed embodiments discussed below
in regards to the figures are directed to a laparoscopic device for deploying one or more
fasteners. However, the current disclosure is not limited to laparoscopic devices for
deploying one or more fasteners. Instead, the disclosed articulation locking mechanisms
could be used in any appropriate surgical instrument including an articulable portion. For
example, an articulation locking mechanism, as disclosed herein, could be incorporated into
an endoscopic device, a borescopic device, a catheter, a surgical instrument for use in “open”
procedures, or any other appropriate surgical instrument. Further, the disclosed surgical
instruments may include any appropriate end effector and are not limited to the deployment
of fasteners. However, in those embodiments including fasteners, the instrument including
the articulation locking mechanism may be loaded with one or more fasteners, or it may be
constructed to allow the user to load the instrument with one or more fasteners. In addition,
disclosed embodiments that include fasteners are described with regards to a generic fastener.
Consequently, it should also be understood that any appropriate fastener might be used with
the currently disclosed articulation locking mechanisms including a tack, a clip, a staple, a
pin, a tissue anchor, a bone anchor, or any other appropriate type of fastener.

[0033] Turning now to the figures, specific embodiments of an articulation locking

mechanism incorporated into a surgical instrument are described.
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[0034] Fig.1 presents one embodiment of a surgical instrument 2. The surgical
instrument includes a handle 4 and an elongated shaft assembly 6 extending distally from the
handle 4. In addition to fasteners being deployed from a distal end of the elongated shaft
assembly 6, the elongated shaft assembly may include an articulable portion 8. Articulation
of the articulable portion 8§ may be controlled by an articulation control 10 which may be
moved between one or more positions to shift articulable portion 8 to a desired articulation
angle. The surgical instrument 2 may also include a trigger 12 for actuating a fastener
deployment system 210 to deploy a fastener, see Fig. 12.

[0035] The articulable portion 8 depicted in Fig. 1 may be shifted between a first
position, such as an unarticulated (i.e. straight) position, and second position, such as a fully
articulated position, using the articulation control 10. Depending on the embodiment, the
articulable portion 8 may be shifted to one or more preselected articulation angles, or the
articulable portion 8 may be adjusted to one or more arbitrary (i.e. not preselected)
articulation angles. The articulable portion 8 may be articulated in at least a first direction.
Embodiments in which the articulable portion articulates in at least a second direction are
also envisioned. For example, the articulable portion 8§ may be articulated in a first direction
corresponding to an articulation angle greater than approximately 0° and in a second direction
corresponding to an articulation angle less than approximately 0°. Alternatively, or in
addition to the above, the articulable portion 8§ might be articulated about two different axes
(e.g. articulation in the horizontal direction and the vertical direction) such that it articulates
in at least two directions.

[0036] In some embodiments, it may be desirable to rotate the elongated shaft
assembly 6 to facilitate positioning of the distal tip. One such embodiment is depicted in
Figs. 1 and 12. The rotation of the elongated shaft assembly 6 may be provided in any
appropriate manner. For example, the elongated shaft assembly 6 may simply be adapted to
be rotatable to at least a portion of the handle 4. Alternatively, a portion of the handle 4
including the elongated shaft assembly 6 may be rotatable relative to a another portion of the
handle 4, such as the portion including the grip. One such embodiment is depicted in Fig. 1.
In the depicted embodiment, the surgical instrument 2 includes a first handle portion 16 and a
second handle portion 18 including the elongated shaft assembly 6. The first and second

handle portions 16 and 18 may be constructed and arranged in any appropriate fashion to be
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rotatable relative to one another. It should be understood that while a surgical instrument
including a rotatable elongated shaft assembly 6 or handle 4 is depicted in the figures, a
surgical instrument including a unitary handle and/or an elongated shaft assembly 6 that is
stationary relative to the handle are also possible as the current disclosure is not limited in
this manner.

[0037] In certain applications, it may be advantageous to include a distal rigid straight
portion 12 that is distally located from the articulable portion 8. The rigid straight portion 12
may include a number of features to aid in the deployment of fasteners from the distal end of
the elongated shaft assembly 6. For example, the distal rigid straight portion 12 may include
fastener retaining elements such as tabs to retain a distal most fastener in a fastener
deployment position prior to actuation of the surgical instrument. Additionally, without
wishing to be bound by theory, when a driveshaft of a fastener deployment system applies a
force to a fastener as it goes around an articulated portion of the elongated shaft assembly, the
force applied by the drive shaft to the head of the fastener may not be fully aligned with the
deployment direction of the associated fastener. Thus, it may be desirable to include the
distal rigid straight portion 12 to provide a straight portion of the elongated shaft assembly
with a sufficient length accommodate a fastener and to permit the actuation force from the
fastener deployment system to be applied to that fastener in the same direction as the fastener
deployment direction. Without wishing the bound by theory, this may result in reduced
actuation forces required to deploy a fastener from the surgical instrument. While a surgical
instrument 2 including a distal rigid straight portion 12 has been described herein, and
depicted in figures, it should also be understood that embodiments are envisioned in which
the articulable portion 8 extends all the way to the distal end of the elongated shaft assembly
6 such that the surgical instrument does not include a distal rigid straight portion.

[0038] Fig. 2 depicts an enlarged view of the distal end of the elongated shaft
assembly 6 of Fig. 1 including the articulable section 8. In the depicted embodiment, the
elongated shaft assembly 6 includes coaxially aligned first, second, and third tubular
members. The depicted tubular members include an inner tubular member 20a, an
intermediate tubular member 20b, and a rotatable outer tubular member 20c. In the
embodiment depicted in figures, the inner tubular member 20a and intermediate tubular

member 20b are axially affixed to one another at a distal position 136 distally located from
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the articulable portion 8. However, the rotatable outer tubular member 20c may, or may not,
be axially affixed to either of the other tubular members depending on the particular
embodiment. In the depicted embodiment, the inner tubular member 20a may be biased
relative to the intermediate tubular member 20b to articulate the articulable portion &8 of the
surgical instrument. Additionally, as described in more detail below, the outer tubular
member 20c may be rotated relative to the other tubular members to prevent articulation of
the articulable portion 8.

[0039] Figs. 3A-5A present side views of the various tubular members that are rotated
90° between the paired figures to better visualize the flexible portions of the tubular
members.

[0040] Figs. 3A and 3B depict side and bottom views of the flexible portion of the
inner tubular member 20a. The flexible portion of the inner tubular member 20a includes a
single spine 100 extending along one side of the tubular member. The spine 100 corresponds
to a continuous portion of the tubular member capable of transmitting axial forces along the
length of the tubular member. The spine 100 may be defined by a series of slots 102 formed
in the inner tubular member 20a. The spine 100 and the slots 102 may interact to form a
plurality of flexible segments 104 joined together by a plurality of living hinges 106. The
adjacent flexible segments 104 may be pivoted relative to one another about the intervening
living hinges 106. It is this relative pivoting of the individual flexible segments 104 that
imparts flexibility to the inner tubular member 20a. In addition, it is the orientation of the
spine 100 and the slots 102 that define the preferential bending direction 124 about an axis of
rotation of the living hinges 106. Without wishing to be bound by theory, the living hinges
106 exhibit increased bending resistance in directions other than those corresponding to
pivoting of the living hinges 106 about the axes of rotation of the living hinges 106. Thus,
directions in which the living hinges 106 exhibit increased stiffness may be viewed as
corresponding to directions of bending resistance. In the depicted embodiment, a direction of
bending resistance 126 may correspond to a direction that is perpendicular to the preferential
bending direction and parallel to the axes of rotation of the living hinges 106 of the inner
tubular member 20a.

[0041] Figs. 4A and 4B depict side and bottom views of the intermediate tubular

member 20b. The intermediate tubular member 20b may be sized and shaped to
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accommodate the inner tubular member 20a when they are coaxially disposed in the
assembled elongated shaft assembly. Similar to the above, the intermediate tubular member
20b may include a flexible portion defined by a plurality of slots 110 formed in the tubular
member. However, in contrast to the inner tubular member, the depicted embodiment of the
intermediate tubular member 20b includes two spines 108 that are defined by the slots 110
arranged on both sides of the two spines. In the depicted embodiment, the spines 108 extend
distally along the flexible portion of the tubular member and are arranged on opposite sides
of the tubular member, though other arrangements of the spines relative to one another are
also possible. The depicted arrangement of the spines 108 and the slots 110 results in two
separate sets of adjacent flexible segments 112 located above and below the spines 108. Each
of the flexible segments 112 are pivotable about living hinges 114 formed between the
junctions of the spines 108 and the slots 110. In some embodiments, and as depicted in the
figures, each slot 110 may be associated with one or more secondary slots 111. The depicted
secondary slots 111 are horizontally arranged slots located at the ends of the slots 110.
Without wishing to be bound by theory, the secondary slots 111 may reduce the amount of
material corresponding to the living hinges 114 which may impart greater flexibility to the
flexible segments 112 for a given articulation force. While the secondary slots have been
depicted as being horizontal slots located at the junction between the spines and flexible
segments, other arrangements are also possible.

[0042] Without wishing to be bound by theory, due to the inclusion of two spines 108
located on opposite sides of the intermediate tubular member, the preferential bending
direction and direction of bending resistance are different than that described above with
regards to inner tubular member 20a. More specifically, the inclusion of the two spines 108
results in the living hinges 114 having axes of rotation that are oriented perpendicular to the
spines in a direction that is parallel to a plane extending between the spines 108 (i.e. the axes
of rotation extend between the two opposing spines). In addition, due to the symmetry of the
slot patterns on either side of the spines, the living hinges 114 located above and below the
spines 108 have axes of rotation that are aligned with one another. Consequently, the
individual flexible segments 112, and the overall flexible portion of the intermediate tubular

member 20b, exhibit a preferential bending direction 128 that corresponds to a direction of
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rotation around the living hinges 114 which is perpendicular to the plane extending between
the spines 108.

[0043] Due to the individual flexible segments 112 of the intermediate tubular
member 20b being associated with two spines 108 on either side of the tubular member, the
intermediate tubular member 20b also exhibits directions of increased bending resistance that
are different than described above with regards to the inner tubular member 20a. Without
wishing to be bound by theory, the intermediate tubular member 20b exhibits an increased
bending resistance in a direction that is parallel to the plane extending between the two
spines. The observed increase in bending resistance may be due to the spines on either side
of the tubular member resisting extension and contraction of the tubular member as might
occur during bending of the tubular member in a direction that is parallel to the plane
extending between the two spines. Further, each of the flexible segments 112 are connected
to both of the spines 108 on either side of the tubular member. Thus the movement of the
two spines 108 relative to one another may be further limited since the spines are in effect
fixed to one another at points extending along their lengths which may lead to an additional
increase in the resistance to bending of the tubular member. This behavior may be contrasted
with the flexible segments 112 and slots 110 which are specifically configured to
accommodate both extension and contraction of the tubular member to facilitate bending of
the elongated shaft assembly. In view of the above, the inclusion of the two spines 108 in the
intermediate tubular member 20b results in a direction of increased bending resistance 130
that is perpendicular to the preferential bending direction 128 and the direction of rotation of
the living hinges 114. Additionally the direction of increased bending resistance 130 may
also be parallel to the plane extending between the two spines 108 as well as axes of rotation
for the living hinges 114.

[0044] Figs. 5A and 5B depict the outer tubular member 20c which may be sized and
shaped to accommodate the inner tubular member 20a and the intermediate tubular member
20b when they are coaxially disposed within the elongated shaft assembly 6. In addition, the
depicted embodiment of the outer tubular member 20c may exhibit a similar arrangement of
spines 116, slots 118, flexible segments 120, and living hinges 122 as described above with
regards to the intermediate tubular member 20b. Consequently, similar to the intermediate

tubular member 20b, the outer tubular member 20c may exhibit a preferential bending



WO 2014/158523 PCT/US2014/017680

-12-

direction 132 that corresponds to a direction of rotation around the living hinges 122 and is
perpendicular to a plane extending between the spines 116. Additionally, the outer tubular
member 20c may exhibit a direction of increased bending resistance 134 which is
perpendicular to the preferential bending direction 132. The direction of increased bending
resistance 134 may also be parallel to the plane extending between the two spines 116 and the
axes of rotation of the living hinges 122.

[0045] Figs. 6A-7B depict one embodiment of how the elongated shaft assembly 6
may be articulated. For the sake of clarity in illustrating how the elongated shaft assembly is
articulated, only the inner tubular member 20a and the intermediate tubular 20b are depicted
in the figures.

[0046] In the depicted embodiment, the inner tubular member 20a may be coaxially
disposed within the intermediate tubular member 20b. The flexible portions of the tubular
members 20a and 20b may be aligned to form articulable portion 8. Further, the tubular
members 20a and 20b may be axially affixed to one another at the distal position 136 which
is distally located relative to the articulable portion 8. The tubular members may be affixed
to one another using welding, brazing, soldering, adhesives, mechanical interlocking features,
or any other appropriate method capable of affixing the tubular members to one another. It
should be noted, that while the tubular members 20a and 20b may be axially affixed to one
another at a distal position 136, the tubular members 20a and 20b may be free to move
relative to one another at their proximal ends. As depicted in figures, the tubular members
20a and 20b may also include retaining elements 126 and 128 to interact with components
within the handle to bias the inner tubular member 20a relative to the intermediate tubular
member 20b.

[0047] Fig. 6A depicts the tubular members 20a and 20b in the unbiased position in
which neither tubular member is under compression or tension. When a user wishes to
articulate articulable portion 8, inner tubular member 20a may be distally displaced relative to
the intermediate tubular member 20b by a force F, see Fig. 6B. Depending upon the
particular embodiment, a force directed in the distal direction may result in articulation in a
first direction and a force directed in the proximal direction may result in articulation in a
second direction opposite from the first. Without wishing to be bound by theory, as the inner

tubular member 20a is displaced relative to the intermediate tubular member 20b, a
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compressive or tensile force is created in the inner tubular member 20a and a corresponding
tensile or compressive force is created in the intermediate tubular member 20b depending on
the direction of the relative displacement. It is the interaction of the compressive and tensile
forces with the flexible portions of the tubular members that results in the articulation
depicted in Fig. 6B.

[0048] Figs. 7A-7B present an external perspective view, as well as a cross-sectional
view, of the articulable portion 8 formed by the inner tubular member 20a and the
intermediate tubular member 20b to better illustrate how the articulation motion is created by
biasing the inner tubular member 20a relative to the intermediate tubular member 20b. As
noted previously, the inner tubular member 20a and the intermediate tubular member 20b are
axially affixed to one another at a distal position 136, but are free to move relative to one
another at positions proximal to the distal position 136. Without wishing to be bound by
theory, when a force is applied to one of the tubular members a compressive force is applied
to one tubular member and a tensile force is applied to the other tubular member. It should
be noted that the flexible segments 104 and 112 of the tubular members of the depicted
embodiment do not carry the compressive and tensile loads applied to the tubular members
since each flexible segment 104 and 112 is free to move relative to the other adjacent flexible
segments. Instead, the spines 100 and 108 carry the compressive and tensile loads applied to
the tubular members 20a and 20b. In addition to carrying the compressive and tensile loads,
the spines 100 and 108 tubular members remain the same length when a biasing force is
applied for the reasons noted previously. In contrast, the flexible segments 104 and 112 of
the tubular members may expand and contract relative to one another when a biasing force is
applied.

[0049] As best illustrated by Fig. 7B, and without wishing to be bound by theory,
when a force is applied to the inner tubular member 20a, the spine 100 applies the force to
one side of the elongated shaft assembly at the distal position 136 where the tubular members
20a and 20b are axially affixed to one another. A corresponding force is applied to the
elongated shaft assembly by the spines 108 of the intermediate tubular member 20b which are
spaced from the spine 100 of the inner tubular member 20a. This application of spaced apart
forces from the spine 100 and the spines 108 creates a bending moment in the elongated shaft

assembly 6 resulting in compression of the flexible segments 104 and 112 of the tubular
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members on one side of the articulable portion 8. Since the spines 100 and 108 stay the same
size while the flexible segments 104 and 112 pivot to accommodate the applied bending
moment, articulable portion 8 articulates. It should be noted, that if a force is applied to the
inner tubular member in the opposite direction, the flexible segments 104 and 112 would
expand on one side of the articulable portion 8§ to articulate the elongated shaft assembly 6 in
the opposite direction.

[0050] In addition to looking at how the spines of the tubular members carry the
applied forces to articulate the articulable portion 8, the articulation of articulable portion 8
may also be described using the neutral bending axes of the tubular members relative to one
another. Without wishing to be bound by theory, when an axially oriented force is applied to
an object, the force may be approximated as a force applied along the neutral bending axis.
Within the articulable portion 8, the neutral bending axis 138 of the inner tubular member 20a
corresponds to the spine 100. In contrast, due to the inclusion of the two distally extending
spines 108 located on opposite sides of the intermediate tubular member 20b, intermediate
tubular member 20b has a neutral bending axis 140 that corresponds to the central axis of the
intermediate tubular member 20b. Thus, a biasing force applied to one of the tubular
members may result in equal and opposite forces being applied along the two offset neutral
bending axes. The forces applied to the tubular members along the offset neutral bending
axes may again create a bending moment within the elongated shaft assembly 6 to articulate
the articulable portion 8 as described above.

[0051] It should be understood that while tubular members with particular patterns of
slots and spines have been depicted in the figures and described herein, other arrangements of
tubular members with different patterns of slots and spines as well as different numbers of
spines are also possible to provide the desired articulation of the surgical instrument. Further,
other types of articulation may be incorporated into the surgical instrument as the current
disclosure is not limited to any particular form of articulation control or any particular form
of articulation.

[0052] Turning now to how an articulation locking mechanism might operate, Figs. 8-
11 depict the elongated shaft assembly 6 with the rotatable outer tubular member 20c which

may be rotated between an articulable configuration and a non-articulable configuration.
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[0053] Figs. 8-9 depict an exploded schematic view, as well as a cross-sectional view,
of the elongated shaft assembly 6 in the articulable configuration. In the depicted
embodiment, the inner tubular member 20a is disposed within the intermediate tubular
member 20b which is disposed within the outer tubular member 20c. In the depicted
configuration, the preferential bending directions 124, 128, and 132 of each of the tubular
members 20a-20c are aligned with one another. Correspondingly, the spine 100 of inner
tubular member 20a is perpendicular to the spines 108 of the intermediate tubular member
20b and the spines 116 of the outer tubular member 20c. In the depicted embodiment, the
articulation direction of the elongated shaft assembly 6 may correspond to the preferential
bending direction 124 of the inner tubular member 20a. Consequently, the preferential
bending direction 132 of the outer tubular member 20c is aligned with the articulation
direction of the elongated shaft assembly 6. Since the preferential bending directions of each
of the tubular members are aligned with one another as well as being aligned with the
articulation direction of the elongated shaft assembly 6, the elongated shaft assembly 6 may
be articulated when it is biased by the associated articulation control.

[0054] When it is desired to prevent articulation of the elongated shaft assembly 6,
outer tubular member 20c may be rotated relative to the inner tubular member 20a and
intermediate tubular member 20b to the non-articulable configuration as depicted in Figs. 10-
11. While this rotation may be of any appropriate angle, in the depicted embodiment the
outer tubular member 20c is rotated approximately 90° between the articulable configuration
and the non-articulable configuration. As illustrated in the figures, the preferential bending
directions 124 and 128 of the inner tubular member 20a and the intermediate tubular member
20b remain aligned for the purposes of articulation. However, the preferential bending
direction 132 of the outer tubular member 20c is no longer aligned with the preferential
bending directions 124 and 128. Instead, the direction of bending resistance 134 of the outer
tubular member 20c is aligned with the preferential pending directions 124 and 128. Further,
the spine 100 of the inner tubular member 20a is perpendicular to the spines 108 of the
intermediate tubular member 20b and aligned with the spines 116 of the outer tubular
member 20c. As noted above, the articulation direction of the elongated shaft assembly 6
may correspond to the preferential bending direction 124 the inner tubular member 20a.

Consequently, the direction of bending resistance 134 is aligned with the articulation
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direction of the elongated shaft assembly 6 in the depicted embodiment. Due to the direction
of bending resistance 134 of the outer tubular member 20c being aligned with the articulation
direction, as well as the preferential bending directions of the other tubular members 20a and
20b, the outer tubular member 20c may prevent articulation of the elongated shaft assembly
in the depicted configuration.

[0055] It should be understood that while a particular arrangement of spines and slots
have been described above with regards to the tubular members to provide the desired
preferential bending directions and directions of bending resistance, the current disclosure is
not limited to only the depicted tubular members. For example, in addition to use with
tubular members including a pattern of slots and spines, the current disclosure may be used
with tubular members including flexible sections comprised of individual articulating links
that are constructed and arranged to be displaceable in one or more preselected directions.
Consequently, the current disclosure should be viewed generally as applying to the
articulation of any device including any appropriately adapted component that is capable of
being moved to selectively align a preferential bending direction and a direction of bending
resistance with an articulable portion of the device to selectively permit or prevent
articulation of the device.

[0056] The above embodiments have depicted the tubular member used to selectively
prevent articulation of the surgical instrument as being located at the exterior of the elongated
shaft assembly. However, the current disclosure is not limited as to the particular position of
the tubular member. For example, the elongated shaft assembly may include a tubular
member to selectively prevent articulation that is arranged as an interior tubular member, an
intermediate tubular member, or an exterior tubular member.

[0057] In some embodiments, it may be advantageous to provide an elongated shaft
assembly that may be articulated and selectively prevented from articulating using two
tubular members instead of the three tubular members as disclosed above. In such an
embodiment, the tubular members may be constructed and arranged to provide a similar
functionality as described above with regards to the inner tubular member and the
intermediate tubular member to articulate the elongated shaft assembly. In addition, similar
to the embodiment described above, the tubular members may be axially affixed to one

another at a distal position to facilitate articulation of the elongated shaft assembly.
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However, in addition to being axially affixed to one another to facilitate articulation of the
elongated shaft assembly, the tubular members may also be rotatable relative to one another
to selectively permit or prevent articulation of the elongated shaft assembly. Similar to the
above described embodiments, the elongated shaft assembly might be articulable when the
preferential bending directions of the tubular members are aligned with one another. Further,
the elongated shaft assembly may be prevented from articulating when a direction of bending
resistance of one tubular member is aligned with the preferential bending direction of the
other tubular member and/or the articulation direction of the elongated shaft assembly 6.
[0058] The two tubular members of the above embodiment may be rotatably coupled
while being axially affixed to one another at a distal position using any appropriate
connection. For example, in one embodiment, the tubular members may include a boss and a
corresponding shelf that would axially constrain the tubular members relative to one another
while permitting rotation. In another embodiment, the tubular members may include
interlocking mechanical elements that axially constrain the tubular members while permitting
rotation of the tubular members relative to one another. One example of such an embodiment
may include a tubular member with a lip at a distal end that is captured by a corresponding
feature on the other tubular member. It should be understood that other configurations are
possible and that the current disclosure is not limited to only the rotatable couplings noted
above. In addition, in some embodiments, it may be desirable to decrease the friction present
within the rotatable coupling to aid in the rotation of the tubular members relative to one
another. Consequently, it may be advantageous to include features to facilitate the rotation of
the tubular members relative to another such as lubrication, bearings, low friction materials,
and other appropriate features.

[0059] In some embodiments, it may be desirable to provide a different configuration
or pattern of slots and spines on one or more of the tubular members. Different arrangements
of slots and spines on the tubular members may provide benefits including different
articulation characteristics, reduced interference between moving components, increased
bending resistance in selected directions, decreased bending resistance in selected directions,
increased articulation ranges, complex articulation directions and other benefits as would be
obvious to one of ordinary skill in the art. The different configurations and patterns of the

slots and spines may include helically arranged slots, slanted slots, a plurality of distally
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extending spines circumferentially arranged around the tubular members, spines oriented at
an angle relative to the tubular member axis, and any other appropriate pattern or
arrangement as the current disclosure is not limited to any particular construction. In
addition, the tubular members may be formed using laser cutting, grinding, water cutting,
milling, or any other appropriate method.

[0060] Without wishing to be bound by theory, large articulation angles of the tubular
members may result in contact between adjacent flexible segments which may prevent
additional articulation of the elongated shaft assembly. However in some embodiments, large
articulation angles may be desirable for a particular use. Consequently, in some
embodiments, large articulation angles may be accommodated by providing longer
articulable portions capable of articulating to larger angles while maintaining the same
angular displacement per flexible segment. Alternatively, in some embodiments, the
maximum angular displacement per flexible segment may be increased to accommodate the
large articulation angle. The maximum angular displacement per flexible segment may be
increased by increasing a width of the slots, or by including reliefs or cutouts on the flexible
segments to increase the angle at which contact occurs between adjacent flexible segments.
Combinations of the above embodiments may also be used (e.g., a longer articulable portion
and reliefs formed on the flexible segments). While the above embodiments are directed to
increasing the permissible articulation angle, in some embodiments, it may be desirable to
limit the articulation angle of the elongated shaft assembly. In such an embodiment, the
length of the articulable portion and/or the maximum angular displacement per flexible
segment may be selected to provide a desired maximum articulation angle.

[0061] In some embodiments, and as noted above, it may be desirable to articulate the
surgical instrument in more than one direction. For example, it may be desirable to articulate
the surgical instrument in a vertical direction, a horizontal direction, or a direction between
the vertical and horizontal directions. These complex articulations may be provided in any
number of ways. For example, in one embodiment, three or more tubular members including
appropriately oriented spines and slots might be used to provide articulation in multiple
directions. Alternatively, a flexible tubular member may include appropriate articulation
mechanisms such as wires or slats capable of articulating the tubular member in multiple

directions. In addition to articulating the surgical instrument in multiple directions, it may
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also be desirable to selectively permit or prevent the articulation of the surgical instrument in
one, or all, of the articulable directions. In such an embodiment, one or more tubular
members may be used to permit or prevent the articulation of the surgical instrument in any
one, or all, of the articulation directions. For example, a single tubular member may include
a plurality of preferential bending directions as well as a plurality of directions of bending
resistance which may be selectively aligned with the plurality of articulation directions to
selectively permit or prevent articulation of the surgical instrument in one, or all of the
articulable directions. Alternatively, a plurality of tubular members each including a
preferential bending direction and a direction of bending resistance might be used. In such an
embodiment, each of the plurality of tubular members may be oriented to selectively permit
or prevent articulation of the surgical instrument in a particular direction. Other
configurations using a plurality of tubular members are also possible.

[0062] Fig. 12 depicts the elongated shaft assembly 6 including the inner tubular
member, the intermediate tubular member, and the outer tubular member, as described above,
incorporated in a surgical instrument 2. In the depicted embodiment, the elongated shaft
assembly 6 extends distally from the handle 4 and is associated with an articulation control
10. More specifically, articulation control 10 is a rotatable component that includes a slot
202. The slot 202 is sized and shaped to interact with a corresponding pin 204 associated
with an articulation coupling 200. The articulation coupling 200 is coupled to the elongated
shaft assembly 6 to control the articulation of the articulable portion 8 depicted in Fig. 1 by
selectively displacing one of the inner tubular member and the intermediate tubular member
as noted above. More specifically, as the articulation control 10 is rotated, the pin 204, the
articulation coupling 200, and the associated tubular member are selectively moved in either
a proximal or distal direction to articulate, or straighten, the articulable portion 8.

[0063] In some instances, and as depicted in the figure, the slot 202 may be shaped to
provide two resting positions for pin 204. These positions may correspond to the
unarticulated position and the fully articulated position of articulable portion 8. In other
embodiments, the slot 202 may be shaped and arranged to include more than two resting
positions to provide multiple articulated positions of articulable portion §. Alternatively, the
slot 202 may provide a gradual transition between the unarticulated and fully articulated

position. In such an embodiment, the articulation control 10 may include a locking
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mechanism or have sufficient friction to maintain the pin 204, and correspondingly the
articulable portion 8, at any desired articulation angle between the unarticulated and fully
articulated position. Additionally, as noted above, in some instances it may be desirable to
provide articulation in two directions (i.e. up and down). In such an embodiment, the slot
202 may be shaped and arranged to include a first resting position corresponding to the
unarticulated position as well as one or more resting positions on either side of that first
resting position to enable articulation of the articulable portion 8§ in both directions.

[0064] While a specific articulation control and articulation coupling have been
depicted in the figures and described herein, the current disclosure is not limited to only the
depicted embodiments. Therefore, it should be understood that any appropriate articulation
coupling and articulation control could be used. Further, any appropriate method for
transferring movement of the articulation control to the articulation coupling and/or
articulable portion 8 could also be used. The articulation control may also be moved between
the various articulation positions using any appropriate motion including linear movement in
a proximal and distal direction, linear movement in the vertical direction, linear movement in
the horizontal direction, rotation in a proximal or distal direction, rotation in the vertical
direction, and/or rotation in the horizontal direction. Combinations of the above movements,
as well as other types of movements, to move the articulation control between two or more
positions are also possible.

[0065] In order to control the rotation of the outer tubular member 20c to selectively
permit or prevent articulation of the surgical instrument, the handle 4 may include a rotatable
collar 205 associated with the outer tubular member 20c. In the depicted embodiment,
rotation of the rotatable collar 205 directly rotates the outer tubular member 20c relative to
the articulable portion 8 of the elongated shaft assembly to selectively move the preferential
bending direction of the outer tubular member 20c into and out of alignment with the
articulation direction of the elongated shaft assembly 6. Consequently, rotation of the
rotatable collar 205, and the associated outer tubular member 20c, may selectively permit, or
prevent, articulation of the elongated shaft assembly 6. In some embodiments, the rotatable
collar 205 may only be rotatable between an articulable position and a non-articulable
position. Alternatively, the rotatable collar 205 may be positioned at any number of distinct

positions between the articulable position and the non-articulable position to provide partial
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locking of the articulable portion of the elongated shaft assembly. To facilitate positioning of
the rotatable collar 205, the rotatable collar 205 may include detent mechanisms, or any other
appropriate feature, to facilitate the positioning and retention of the outer tubular member 20c
in any number of preselected positions. However, embodiments not including a detent
mechanism, or other appropriate feature to control the position of the outer tubular member
20c, are also envisioned. Further, while a particular rotatable collar has been depicted for
controlling the positioning of the outer tubular member 20c, any appropriate construction
capable of positioning the outer tubular member 20c in the desired orientation might be used.
For example, both direct couplings such as the depicted rotatable collar as well as indirect
couplings including transmissions might be used to move the outer tubular member 20c
between the articulable position and the non-articulable position.

[0066] As noted previously, the surgical instrument 2 may also include a fastener
deployment system as depicted in Fig. 12. The fastener deployment system 102 may be
embodied in a number of different ways. However, in the particular embodiment depicted in
Fig. 12 the fastener deployment system may include a trigger 14, a rigid linkage 206, a
shuttle 208, a power assist device 210, and a driveshaft 212 as well as other components that
are not depicted. When the surgical instrument 2 is actuated, actuation of the trigger 14 may
distally displace the rigid linkage 206 to distally displace the shuttle 208 and store energy in
the power assist device 210. After a preselected amount of actuation, the power assist device
210 may release the stored energy to distally accelerate driveshaft 212 and deploy a fastener
from the distal end of the elongated shaft assembly 6.

[0067] The power assist device 210 may correspond to any appropriate construction
capable of aiding in deploying a fastener from the elongated shaft assembly of the surgical
instrument. Further, depending on the particular embodiment, the power assist device 210
may supply all of the power necessary to deploy a fastener, or it may only supply a portion of
the power necessary to deploy a fastener. In one specific embodiment, the power assist
device 106 corresponds to the power assist device disclosed in application number
13/804,043 entitled POWER ASSIST DEVICE FOR A SURGICAL INSTRUMENT filed on
the same day as the current application. While a surgical instrument including a power assist
device has been depicted, in some embodiments, the surgical instrument 2 may not include a

power assist device, in which case actuation of the trigger 14 may directly, or indirectly,
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displace driveshaft 212 to deploy a fastener from a distal end of the elongated shaft assembly
6.

[0068] While the present teachings have been described in conjunction with various
embodiments and examples, it is not intended that the present teachings be limited to such
embodiments or examples. On the contrary, the present teachings encompass various
alternatives, modifications, and equivalents, as will be appreciated by those of skill in the art.

Accordingly, the foregoing description and drawings are by way of example only.

[0069] What is claimed is:
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CLAIMS

A surgical instrument comprising:

a handle; and

an elongated shaft assembly extending distally from the handle, wherein the
elongated shaft assembly includes an articulable portion with an articulation direction,
and wherein the elongated shaft assembly includes a tubular member with a flexible
portion with a preferential bending direction and a direction of bending resistance,
wherein the tubular member permits articulation of the elongated shaft assembly

when the preferential bending direction is aligned with the articulation direction.

The surgical instrument of claim 1, wherein the tubular member prevents articulation
of the elongated shaft assembly when the direction of bending resistance is aligned

with the articulation direction.

The surgical instrument of claim 1, wherein the tubular member is rotatable.

The surgical instrument of claim 1, wherein the direction of bending resistance is
parallel to a plane extending between a first spine and a second spine located on

opposite sides of the tubular member.

The surgical instrument of claim 1, wherein the preferential bending direction is

provided by slots cut on one or more sides of the tubular member.

The surgical instrument of claim 1, wherein a distal end of the tubular member is free

to move axially relative to the elongated shaft assembly.

The surgical instrument of claim 1, wherein the elongated shaft assembly comprises
an inner tubular member and an outer tubular member disposed within the outer
tubular member, wherein the inner and outer tubular members have offset neutral

bending axes.
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A surgical instrument comprising:
a handle; and
an elongated shaft assembly extending distally from the handle, the elongated
shaft assembly comprising:
a first tubular member including a first flexible portion with a first
preferential bending direction;
a second tubular member including a second flexible portion with a
second preferential bending direction; and
a third tubular member including a third flexible portion with a third
preferential bending direction and a direction of bending resistance, wherein
the first tubular member, the second tubular member, and the third tubular
member are coaxially located, wherein the first tubular member and the
second tubular member are axially fixed relative to one another at a position
distal from the first flexible portion and the second flexible portion; and
wherein the third tubular member is displaceable relative to the first tubular

member and the second tubular member.

The surgical instrument of claim §, wherein the third tubular member is rotatable

relative to the first tubular member and the second tubular member.

The surgical instrument of claim §, wherein a distal end of the third tubular member is
free to move axially relative to the first tubular member and the second tubular

member.

The surgical instrument of claim 8, wherein the first tubular member and the second

tubular member are disposed within the third tubular member.

The surgical instrument of claim 8, wherein the first preferential bending direction

and the second preferential bending direction are aligned.
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The surgical instrument of claim §, wherein the third tubular member prevents
articulation of the first tubular member and the second tubular member when the
direction of bending resistance is aligned with at least one of the first preferential

bending direction and the second preferential bending direction.

The surgical instrument of claim 8, wherein the third tubular member permits
articulation of the first tubular member and second tubular member when the third
preferential bending direction is aligned with the first preferential bending direction

and the second preferential bending direction.

The surgical instrument of claim §, wherein a proximal end of the first tubular
member is axially displaceable relative to a proximal end of the second tubular

member to articulate the first flexible portion and the second flexible portion.

A surgical instrument comprising:

a handle; and

an elongated shaft assembly extending distally from the handle, the elongated
shaft assembly comprising:

a first tubular member including a first flexible portion with a first
spine;

a second tubular member including a second flexible portion with a
second spine, wherein the first tubular member and the second tubular member
are axially fixed relative to one another at a position distal from the first
flexible portion and the second flexible portion; and

a third tubular member including a third flexible portion with a third
spine and a fourth spine, wherein the first tubular member, the second tubular
member, and the third tubular member are coaxially located, and wherein the
third tubular member is displacable relative to the first tubular member and the

second tubular member.
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The surgical instrument of claim 16, wherein the third tubular member is rotatable

relative to the first tubular member and the second tubular member.

The surgical instrument of claim 16, wherein a distal end of the third tubular member
is free to move axially relative to the first tubular member and the second tubular

member.

The surgical instrument of claim 16, wherein the first tubular member and the second

tubular member are disposed within the third tubular member.

The surgical instrument of claim 16 wherein the second tubular member includes a
fifth spine, and wherein the second spine and the fifth spine are perpendicular to the
first spine to permit articulation of the first flexible portion and the second flexible

portion.

The surgical instrument of claim 16, wherein the third tubular member prevents
articulation of the first tubular member and second tubular member when the third

spine and the fourth spine are aligned with the first spine.

The surgical instrument of claim 16, wherein the third tubular member permits
articulation of the first tubular member and second tubular member when the third

spine and the fourth spine are perpendicular to the first spine.

The surgical instrument of claim 16, wherein a proximal end of the first tubular
member is axially displacable relative to a proximal end of the second tubular

member to articulate the first flexible portion and the second flexible portion.

A surgical instrument comprising:
a handle;
an elongated shaft assembly extending distally from the handle, the elongated

shaft assembly including:
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a first tubular member including a first flexible portion with a first
spine;

a second tubular member including a second flexible portion with a
second spine and a third spine, wherein the first tubular member and the
second tubular member are coaxially located, wherein the first tubular member
and the second tubular member are axially fixed relative to one another at a
position distal from the first flexible portion and the second flexible portion,
and wherein the second tubular member is rotatable relative to the first tubular

member.

The surgical instrument of claim 24, wherein the first tubular member is disposed

within the second tubular member.

The surgical instrument of claim 24, wherein the second tubular member prevents
articulation of the elongated shaft assembly when the second spine and third spine are

aligned with the first spine.

The surgical instrument of claim 24, wherein the second tubular member permits
articulation of the elongated shaft assembly when the second spine and third spine are

perpendicular to the first spine.

The surgical instrument of claim 24, wherein a proximal end of the first tubular
member is axially displacable relative to a proximal end of the second tubular

member to articulate the elongated shaft assembly.

A method of operating a surgical instrument, the method comprising:
providing:
a handle;
an elongated shaft assembly extending distally from the handle,
wherein the elongated shaft assembly includes an articulable portion

with an articulation direction, and wherein the elongated shaft
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assembly includes a tubular member with a flexible portion with a
preferential bending direction and a direction of bending resistance;
and
displacing the tubular member to selectively align the preferential bending
direction of the tubular member with the articulation direction of the elongated shaft

assembly to permit articulation of the elongated shaft assembly.

30. The method of claim 29 further comprising displacing the tubular member to
selectively align the direction of bending resistance with the articulation direction of

the elongated shaft assembly to prevent articulation of the elongated shaft assembly.

31. The method of claim 29, wherein displacing the tubular member comprises rotating

the tubular member.

32. The method of claim 29, wherein rotating the tubular member comprises rotating the

tubular member by 90°.



WO 2014/158523

16

18

1/8

12

S
N
§§§ Ty
R
N
A,
Sl N
a ‘\
SN

14

Fig. 1

PCT/US2014/017680



WO 2014/158523

2/8

PCT/US2014/017680

a
en

©

o




PCT/US2014/017680

WO 2014/158523
3/8
20a 104
124y Ee r J“H*ﬂr
2 8 4 ¥ i \ » :
Fig. 3A
& 100 106
20a
102
s
? S T T et A T T {JI ----- ——
(] @ ..
S J%Biqpp_fgbbg
/ Fig. 3B
102
20b 114 112 1oy
S WA ;
sl = n.;:»wmm d “,;“. I1ILL
T T F ™ ”%“' . \ CT
110 Fig. 4A  ‘ios
20b 108
S w0/
130< /
Fig. 4B
20¢ 122 120 118
S NN
13 LIANLA DL L LD L
PT’?”“““”"“TTT T@\w‘*‘:‘ :‘\H:“@’P‘
Flg. 5A 116
118
20c¢ 16
118
S y /
134( /
Fig.5B \



WO 2014/158523 PCT/US2014/017680

4/8

126

Fig. 6A
Fig.6B




PCT/US2014/017680

WO 2014/158523

5/8




WO 2014/158523 PCT/US2014/017680

6/8




WO 2014/158523 PCT/US2014/017680

7/8




PCT/US2014/017680

WO 2014/158523

01¢

Cl¢

4L |

LN

—



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/017680

ADD.

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61B17/29

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

A61B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

US 5 669 926 A (AUST GILBERT M [US] ET AL)
23 September 1997 (1997-09-23)

column 2, lines 57-68; figures 1,5-8
column 3, Tlines 1-11

US 20127143175 A1l (HERMANN REINER [DE] ET
AL) 7 June 2012 (2012-06-07)

paragraphs [0088], [0089]; figures 1,3
WO 2006/119495 A2 (HANSEN MEDICAL INC
[US]; ROSENBERG CRAIG R [US]; MOORE DAVID
F [US]; S) 9 November 2006 (2006-11-09)
paragraphs [0203], [0220], [0321] -
[0323]; figures 88,174

US 20137023923 Al (MUELLER PETER M [US])
24 January 2013 (2013-01-24)

paragraphs [0025], [0033]; figures 1,2

_/__

1-8
9-28

1-28

1-28

1-28

Further documents are listed in the continuation of Box C.

See patent family annex.

means

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other

* Special categories of cited documents :

"T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination

being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed

"&" document member of the same patent family

Date of the actual completion of the international search

21 May 2014

Date of mailing of the international search report

28/05/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik
Tel. (+31-70) 340-2040,

Authorized officer

Fax: (+31-70) 340-3016 Lee . Ronan

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/017680

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

US 20127130173 Al (LUTZE THEODOR [DE] ET
AL) 24 May 2012 (2012-05-24)

paragraphs [0015] - [0017], [0097] -
[0098]; figures 3,5

1-28

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




International application No.
INTERNATIONAL SEARCH REPORT PCT/US2014/017680
BoxNo.ll  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:
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because they relate to subject matter not required to be searched by this Authority, namely:

see FURTHER INFORMATION sheet PCT/ISA/210

2. |:| Claims Nos.:
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