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Steerable instrument comprising a cylindrical diameter adaptation section

@ A steerable instrument (10) for endoscopic and/or invasive type of applications, such as in surgery, which has an
elongated tubular body (18) having a proximal end part (11) with a first actuation flexible zone (14, 15) having a
first diameter and a distal end part (13) having a first distal flexible zone (16, 17) having a second diameter that is
different from the first diameter. A cylindrical diameter adaptation section (164) is arranged to connect the proximal
end part (11) to the distal end part (13) such that a flexion in a radial direction relative to a longitudinal center axis
of the longitudinal tubular body of the first actuation flexible zone (14, 15) results in an amplified or attenuated
flexion of the first distal flexible zone (16, 17).

Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de
techniek en schriftelijke opinie. Het octrooischrift komt overeen met de oorspronkelijk ingediende
stukken.
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Steerable instrument comprising a cylindrical diameter adaptation section

The invention relates to a steerable instrument for endoscopic and/or invasive
type of applications, such as in surgery, the instrument comprising an elongated
tubular body having a cylindrical diameter adaptation section. The steerable
instrument according to the invention can be used in both medical and non-medical
applications. Examples of the latter include inspection and/or repair of mechanical
and/or electronic hardware at locations that are difficult to reach. Hence, terms
used in the following description such as endoscopic application or invasive
instrument, must be interpreted in a broad manner.

Transformation of surgical interventions that require large incisions for
exposing a target area into minimal invasive surgical interventions, i.e. requiring
only natural orifices or small incisions for establishing access to the target area, is a
well-known and ongoing process. In performing minimal invasive surgical
interventions, an operator such as a physician, requires an access device that is
arranged for introducing and guiding invasive instruments into the human or
animal body via an access port of that body. In order to reduce scar tissue
formation and pain to a human or animal patient, the access port is preferably
provided by a single small incision in the skin and underlying tissue. In that respect
the possibility to use a natural orifice of the body would even be better.
Furthermore, the access device preferably enables the operator to control one or
more degrees of freedom that the invasive instruments offer. In this way, the
operator can perform required actions at the target area in the human or animal
body in an ergonomic and accurate manner with a reduced risk of clashing of the
instruments used.

Surgical invasive instruments and endoscopes through which these instruments
are guided towards the target area are well-known in the art. Both the invasive
instruments and endoscopes can comprise a steerable tube that enhances its
navigation and steering capabilities. Such a steerable tube preferably comprises a
proximal end part including at least one flexible zone, a distal end part including at
least one flexible zone, and a rigid intermediate part, wherein the steerable tube
further comprises a steering arrangement that is adapted for translating a deflection

of at least a part of the proximal end part relative to the rigid intermediate part into
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a related deflection of at least a part of the distal end part.

Furthermore, the steerable tube preferably comprises a number of co-axially
arranged cylindrical elements including an outer element, an inner element and
one or more intermediate elements depending on the number of flexible zones in
the proximal and distal end parts of the tube and the desired implementation of the
steering members of the steering arrangement, i.e. all steering members can be
arranged in a single intermediate element or the steering members are divided in
different sets and each set of steering members is arranged in a different
intermediate member. In most prior art devices, the steering arrangement comprises
conventional steering cables with, for instance, sub 1 mm diameters as steering
members, wherein the steering cables are arranged between related flexible zones
at the proximal and distal end parts of the tube. However, as steering cables have
many well-known disadvantages, it is preferred to avoid them and to implement the
steering members by one or more sets of longitudinal elements that form integral
parts of the one or more intermediate elements. Each of the intermediate elements
can be fabricated either by using a suitable material addition technique, such as
injection moulding or plating, or by a suitable material removal technique, such as
laser cutting, photochemical etching, deep pressing, conventional chipping
techniques such as drilling or milling or high-pressure water jet cutting systems. Of
the aforementioned material removal techniques, laser cutting is very advantageous
as it allows a very accurate and clean removal of material under reasonable
economic conditions. Further details regarding the design and fabrication of the
abovementioned steerable tube and the steering arrangement thereof have been
described for example in WO 2009/112060 A1, WO 2009/127236 A1, US
13/160,949, and US 13/548,935 of the applicant, all of which are hereby
incorporated by reference in their entirety.

Steerable invasive instruments typically comprise a handle that is arranged at
the proximal end part of the steerable tube for steering the tube and/or for
manipulating a tool that is arranged at the distal end part of the steerable tube. Such
a tool can for example be a camera, a manual manipulator, e.g. a pair of scissors,
forceps, or manipulators using an energy source, €.g. an electrical, ultrasonic or
optical energy source.

In this application, the terms “proximal” and “distal” are defined with respect
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to an operator, e.g. a physician that operates the instrument or endoscope. For
example, a proximal end part is to be construed as a part that is located near the
physician and a distal end part as a part located at a distance from the physician.

It is known from the prior art that amplification of a flexion of a distal flexible
zone of a distal end part of an elongated tubular body of a steerable instrument, i.e.
a bending angle of a flexible zone in the distal end part is at least the same and
preferably larger than a bending angle of a corresponding flexible zone in the
proximal end part of the elongated tubular body, can be achieved by using a
proximal end part having a larger diameter than the distal end part. In the event that
the proximal end part has a smaller diameter than the distal end part, a flexion in
the proximal end part leads to a corresponding attenuated flexion of the distal end
part.

Of course, the same technique can be used vice versa such that a proximal
deflection to a certain first extent causes a corresponding distal deflection to
another second extent which is reduced relative to the first extent.

The requirement for an amplified or attenuated flexion of the distal end part in
response to a flexion of the proximal end part depends on the specific intervention
for which the steerable instrument is used. Amplified flexion of the distal end part
may be required in order to be able to exert a larger force at the operating site
and/or to compensate for the loss in response due to stretch of the longitudinal
steering elements. Attenuated flexion of the distal end part may be required to
improve the maneuverability accuracy of the distal end part. It is known that in
order to connect the proximal end part and the distal end part having different
diameters a diameter adaptation arrangement is required.

A disadvantage of steerable instruments comprising diameter adaptation
arrangements known from the prior art is that the construction of these instruments
is quite cumbersome and therefore costly at least in part of the diameter adaptation
arrangement. Another disadvantage of steerable instruments comprising known
diameter adaptation arrangements is that such arrangements have a reduced
reliability as they are more susceptible to failure due to damage. A further
disadvantage of steerable instruments comprising known diameter adaptation
arrangements is that such arrangements add to the diameter of the elongated tubular

bodies of the steerable instruments. In the event that multiple steerable instruments
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are being used during an intervention, an increased diameter of the elongated
tubular bodies of the steerable instruments may compromise their maneuverability
which of course is highly undesirable.

Such disadvantages of prior art arrangements have been addressed and solved
by the steerable instruments comprising a diameter adaptation arrangement as
described in not yet published Dutch patent application NL2015185 (attorney
docket no. P6056194NL) filed at July 17, 2015.

It is an object of the invention to provide a steerable instrument for endoscopic
and/or invasive type of applications comprising a cylindrical diameter adaptation
section, which instrument preempts or at least reduces the disadvantages of
steerable instruments comprising known diameter adaptation arrangements
mentioned above.

This is achieved by a steerable instrument as claimed in claim 1.

The steerable instrument according to the invention comprises an internally
arranged cylindrical diameter adaptation section that adds significantly less to the
diameter of the elongated tubular body of the steerable instrument than diameter
adaptation arrangements known from the prior art. It also comprises less cylindrical
elements than e.g. the one as described in above mentioned, non-published patent
application NL2015185. In this way the maneuverability of a steerable instrument
according to the invention is improved. In addition, as the cylindrical diameter
adaptation section is arranged inside the elongated tubular body of the steerable
instrument, the reliability of the steerable instrument according to the invention is
improved as it is less vulnerable to damage. Furthermore, the steerable instrument
according to the invention can be manufactured in a less cumbersome and therefore

less costly way.

In a second aspect, the present invention relates to spacers used between
adjacent longitudinal elements in steerable instruments in order to keep adjacent
longitudinal elements at a predetermined tangential distance from each other and,
therefore, prevent tangential movement of the longitudinal elements as much as
possible.

Such spacers are known in the art. Examples of such spacers are e.g. known

from WO 2009/112060 A1, WO 2009/127236 A1, US 13/160,949, and US



10

15

20

25

30

5
13/548,935 of the applicant. Another example of such a spacer is described in not
yet published PCT patent application PCT/NL2015/050798 (attorney docket no.
P6058139NL) filed at November 15, 2015 of the applicant.

It is observed that WO2009112060A discloses spacers between adjacent
flexible portions of longitudinal elements in an intermediate cylindrical element,
which are shaped as slidable islands. In an embodiment, it is disclosed that these
slidable islands are attached, e.g. by laser welding, to another cylindrical element
located either inside or outside the intermediate cylindrical element.

Using break islands during the manufacturing of steerable instruments which
are broken off by exerting a longitudinal force on them to render separately
moveable parts is described in not pre-published application PCT/NL2014/050837.

In its second aspect, the present invention is directed to manufacturing a
steerable instrument with spacers between adjacent flexible portions of longitudinal
clements.

Such a manufacturing process is claimed in independent claim 14,

Further features and advantages of the invention will become apparent from
the description of the invention by way of non-limiting and non-exclusive
embodiments. These embodiments are not to be construed as limiting the scope of
protection. The person skilled in the art will realize that other alternatives and
equivalent embodiments of the invention can be conceived and reduced to practice
without departing from the scope of the present invention. Embodiments of the
invention will be described with reference to the figures of the accompanying
drawings, in which like or same reference symbols denote like, same or
corresponding parts, and in which:

Figure 1 shows a schematic perspective view of a non-limiting embodiment
of an invasive instrument assembly having two steerable instruments.

Figure 2a shows a side view of a non-limiting embodiment of a rigid invasive
instrument.

Figure 2b shows a side view of a non-limiting embodiment of a steerable
invasive instrument.

Figure 2¢ provides a detailed perspective view of a non-limiting embodiment

of the elongated tubular body of the steerable instrument.
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Figure 2d provides a more detailed view of the distal end part of the
elongated tubular body as shown in figure 2c.

Figure 2e shows a longitudinal cross-sectional view of the elongated tubular
body of the steerable instrument as shown in figure 2c.

Figure 2f shows a longitudinal cross-sectional view of the elongated tubular
body of the steerable instrument as shown in figure 2¢, wherein the first proximal
and first distal flexible zones are bent, thereby illustrating the operation of the
steering arrangement.

Figure 2g shows a longitudinal cross-sectional view of the elongated tubular
body of the steerable instrument as shown in figure 2f, wherein additionally the
second proximal and second distal flexible zones are bent, thereby further
illustrating the operation of the steering arrangement.

Figure 2h shows a perspective view of a part of the elongated tubular body as
shown in figure 2c, wherein the outer cylindrical element partially has been
removed to show an exemplary embodiment of the longitudinal steering elements
that have been obtained after providing longitudinal slits to the wall of an
intermediate cylindrical element that interconnects the first proximal flexible zone
and the first distal flexible zone of the elongated tubular body.

Figure 21 shows a longitudinal cross-sectional view of an exemplary
embodiment of a steerable instrument having one proximal and one distal flexible
zone.

Figure 2j shows a perspective exploded view of the three cylindrical elements
of the steerable instrument shown in figure 2i.

Figure 2k shows a top view of an unrolled version of an exemplary
embodiment of the intermediate cylindrical element of the steerable instrument
shown in figure 2j. The intermediate cylindrical element can be formed by rolling
the unrolled version into a cylindrical configuration and attaching adjacent sides of
the rolled-up configuration by any known attaching means such as by a welding
technique.

Figures 3a, 3b and 3¢ show schematic representation of unrolled views of
embodiments of flexible proximal and distal parts of inner, outer and intermediate
cylindrical elements.

Figure 4 shows a perspective exploded view of three cylindrical elements of a
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steerable tube analogous to the exploded view of figure 2j, but with a varying
diameter of the cylindrical elements.

Figure 5a shows a schematic cross-section of a first exemplary embodiment
of a steerable instrument with cylindrical elements comparable as shown in
figures 3a, 3b and 3c. The proximal actuating portion of the cylindrical elements
has a larger diameter compared to the distal handling end portion. A frusto-conical
part schematically representing a cylindrical diameter adaptation section according
to the invention has been incorporated in the intermediate rigid part that is arranged
between the proximal end part and the distal end part to connect the parts of the
elongated tubular body having different diameters.

Figure 5b shows a schematic cross-section of a second exemplary
embodiment of a steerable instrument in which a proximal actuation flexible zone
of the actuating portion of the cylindrical elements as well as an intermediate rigid
part that is arranged between said proximal actuation flexible zone and a distal
actuation flexible zone have a larger diameter than the other parts of the elongated
tubular body. A frusto-conical part is shown that schematically represents a
diameter adaptation section according to the invention.

Figures 6-10 show consecutive manufacturing steps for producing a steerable
instrument with an example of a diameter adaptation section according to the
present invention.

Figure 11 shows an enlarged 3D view of a portion of the steerable instrument
after the manufacturing step of figure 8.

Figure 12 shows a cross section of the steerable instrument in its assembled
state.

Figures 13a and 13b show an alternative implementation of a diameter
adaptation section.

Figures 14a and 14b, respectively, show a design of a steerable instrument
with spacers to keep portions of adjacent longitudinal elements at a certain distance

from each other according to the prior art and to the invention, respectively.

Figure 2a shows a side view of a non-limiting embodiment of a rigid invasive
instrument 240 and figure 2b shows a non-limiting embodiment of a steerable

invasive instrument 10. Figure 1 shows a non-limiting embodiment of an invasive
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instrument assembly 1 having an introducer with two such steerable invasive
instruments 10. Details of the non-limiting embodiment of the steerable invasive
instruments 10 are explained in relation to figures 2c¢ to 2k.

The rigid invasive instrument 240 as shown in figure 2a comprises an
clongated shaft 242 having a proximal end part 241 and a distal end part 243. At
the distal end part 243 a tool 2, for example a forceps, is arranged. At the proximal
end part 241 a handle 3 is arranged that is adapted for manipulating the tool 2, i.e.
opening and closing the jaw of the forceps. To that effect, a control rod (not shown)
is present within the elongated shaft 242, which rod connects the handle 3 with the
tool 2. The rod can be moved by the handle 3 and the movement of the rod is
translated into a predetermined movement of the tool 2, as is known to persons
skilled in the art and need no further explanation here. Also, the shaft 242 may
comprise conducting wires to allow a current to flow to a tool, e.g. to heat said tool
in order to perform a heat treatment within a human or animal body.

Figure 2b shows a side view of a steerable invasive instrument 10. The
steerable instrument 10 comprises an elongated tubular body 18 having a proximal
end part 11 including two actuation flexible zones 14, 15, a distal end part 13
including two distal flexible zones 16, 17, and a rigid intermediate part 12. The
actuation flexible zones 14, 15 in the present embodiment are configured as
flexible proximal zones, and will further be referred to as flexible proximal zones.
At the distal end part 13 a tool, like a forceps 2 is arranged. At the proximal end
part 11 a handle 3 is arranged that is adapted for opening and closing the jaw of the
forceps 2.

Figure 2c¢ provides a detailed perspective view of the distal portion of the
elongated tubular body 18 of the steerable instrument 10 and shows that the
elongated tubular body 18 comprises of a number of co-axially arranged layers or
cylindrical elements including an outer cylindrical element 104 that ends after the
first distal flexible zone 16 at the distal end portion 13. The distal end portion 13
of the outer cylindrical element 104 1s fixedly attached to the cylindrical element
103 located within and adjacent to the outer cylindrical element 104, e.g. by means
of spot welding at welding spots 100. However, any other suitable attachment
method can be used, including any mechanical snap fit connection or gluing by a

suitable glue.



10

15

20

25

30

9

Figure 2d provides a more detailed view of the distal end part 13 and shows
that it includes three co-axially arranged layers or cylindrical elements being an
inner cylindrical element 101, a first intermediate cylindrical element 102 and a
second intermediate cylindrical element 103. The distal ends of inner cylindrical
element 101, first intermediate cylindrical element 102 and second intermediate
cylindrical element 103 are all three fixedly attached to one another. This may be
done by means of spot welding at welding spots 100. However, any other suitable
attachment method can be used, including any mechanical snap fit connection or
gluing by a suitable glue. The points of attachment may be at the end edges of inner
cylindrical element 101, first intermediate cylindrical element 102 and second
intermediate cylindrical element 103, as shown in the figures. However, these
points of attachment may also be located some distance away from these edges, be
it, preferably, between the end edges and the locations of the flexible zone 17.

It will be clear to the skilled person that the elongated tubular body 18 as
shown in figure 2¢ comprises four cylindrical elements in total. The elongated
tubular body 18 according to the embodiment shown in figure 2¢c comprises two
intermediate cylindrical elements 102 and 103 in which the steering members of
the steering arrangement are arranged. The steering arrangement in the exemplary
embodiment of the elongated tubular body 18 as shown in figure 2¢c comprises the
two flexible zones 14, 15 at the proximal end part 11 of the elongated tubular body
18, the two flexible zones 16, 17 at the distal end part 13 of the elongated tubular
body 18 and the steering members that are arranged between related flexible zones
at the proximal 11 and distal 13 end parts. An exemplary actual arrangement of the
steering members is shown in figure 2e, which provides a schematic longitudinal
cross-sectional view of the exemplary embodiment of the elongated tubular body
18 as shown in figure 2c.

Figure 2e shows the four layers or cylindrical elements mentioned above, i.e.
the inner cylindrical element 101, the first intermediate cylindrical element 102, the
second intermediate cylindrical element 103, and the outer cylindrical element 104.

The inner cylindrical element 101, as seen along its length from the distal end
to the proximal end of the instrument, comprises a rigid ring 111, which is arranged
at the distal end part 13 of the steerable instrument 10, a first flexible portion 112, a

first intermediate rigid portion 113, a second flexible portion 114, a second
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intermediate rigid portion 115, a third flexible portion 116, a third intermediate
rigid portion 117, a fourth flexible portion 118, and a rigid end portion 119, which
is arranged at the proximal end portion 11 of the steerable instrument 10.

The first intermediate cylindrical element 102, as seen along its length from the
distal end to the proximal end of the instrument, comprises a rigid ring 121, a first
flexible portion 122, a first intermediate rigid portion 123, a second flexible
portion 124, a second intermediate rigid portion 125, a third flexible portion 126, a
third intermediate rigid portion 127, a fourth flexible portion 128, and a rigid end
portion 129. The longitudinal dimensions of the rigid ring 121, the first flexible
portion 122, the first intermediate rigid portion 123, the second flexible portion
124, the second intermediate rigid portion 125, the third flexible portion 126, the
third intermediate rigid portion 127, the fourth flexible portion 128, and the rigid
end portion 129 of the first intermediate element 102, respectively, are aligned
with, and preferably approximately equal to the longitudinal dimensions of the
rigid ring 111, the first flexible portion 112, the first intermediate rigid portion
113, the second flexible portion 114, the second intermediate rigid portion 115, the
third flexible portion 116, the third intermediate rigid portion 117, the fourth
flexible portion 118, and the rigid end portion 119 of the inner cylindrical element
101, respectively, and are coinciding with these portions as well. In this
description “approximately equal” means that respective same dimensions are
equal within a margin of less than 10%, preferably less than 5%.

The second intermediate cylindrical element 103, as seen along its length from
the distal end to the proximal end of the instrument, comprises a first rigid
ring 131, a first flexible portion 132, a second rigid ring 133, a second flexible
portion 134, a first intermediate rigid portion 135, a first intermediate flexible
portion 136, a second intermediate rigid portion 137, a second intermediate flexible
portion 138, and a rigid end portion 139. The longitudinal dimensions of the first
rigid ring 131, the first flexible portion 132 together with the second rigid ring 133
and the second flexible portion 134, the first intermediate rigid portion 135, the
first intermediate flexible portion 136, the second intermediate rigid portion 137,
the second intermediate flexible portion 138, and the rigid end portion 139 of the
second intermediate cylinder 103, respectively, are aligned with, and preferably

approximately equal to the longitudinal dimensions of the rigid ring 111, the first
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flexible portion 112, the first intermediate rigid portion 113, the second flexible
portion 114, the second intermediate rigid portion 115, the third flexible portion
116, the third intermediate rigid portion 117, the fourth flexible portion 118, and
the rigid end portion 119 of the first intermediate element 102, respectively, and are
coinciding with these portions as well.

The outer cylindrical element 104, as seen along its length from the distal end
to the proximal end of the instrument, comprises a first rigid ring 141, a first
flexible portion 142, a first intermediate rigid portion 143, a second flexible portion
144, and a second rigid ring 145. The longitudinal dimensions of the first flexible
portion 142, the first intermediate rigid portion 143 and the second flexible portion
144 of the outer cylindrical element 104, respectively, are aligned with, and
preferably approximately equal to the longitudinal dimension of the second flexible
portion 134, the first intermediate rigid portion 135 and the first intermediate
flexible portion 136 of the second intermediate element 103, respectively, and are
coinciding with these portions as well. The rigid ring 141 has approximately the
same length as the rigid ring 133 and is fixedly attached thereto, e.g. by spot
welding or gluing. Preferably, the rigid ring 145 overlaps with the second
intermediate rigid portion 137 only over a length that is required to make an
adequate fixed attachment between the rigid ring 145 and the second intermediate
rigid portion 137, respectively, e.g. by spot welding or gluing. The rigid rings 111,
121 and 131 are attached to each other, e.g., by spot welding or gluing. This may
be done at the end edges thereof but also at a distance of these end edges.

In an embodiment, the same may apply to the rigid end portions 119, 129 and
139, which can be attached together as well in a comparable manner. However, as
will be explained hereinafter, the construction may be such that the diameter of the
cylindrical elements at the proximal portion is larger, or smaller, with respect to the
diameter at the distal portion. In such embodiment the construction at the proximal
portion differs from the one shown in figure 2e. As a result of the increase or
decrease in diameter an amplification or attenuation is achieved, i.e., the bending
angle of a flexible zone at the distal portion will be larger or smaller than the
bending angle of a corresponding flexible portion at the proximal portion. This will
be further described below with reference to figure 4.

The inner and outer diameters of the cylindrical elements 101, 102, 103, and
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104 are chosen in such a way at a same location along the elongated tubular body
18 that the outer diameter of inner cylindrical element 101 is slightly less than the
inner diameter of the first intermediate cylindrical element 102, the outer diameter
of the first intermediate cylindrical element 102 is slightly less than the inner
diameter of the second intermediate cylindrical element 103 and the outer diameter
of the second intermediate cylindrical element 103 is slightly less than the inner
diameter of the outer cylindrical element 104, in such a way that a sliding
movement of the adjacent cylindrical elements with respect to each other is
possible. The dimensioning should be such that a sliding fit is provided between
adjacent elements. A clearance between adjacent elements may generally be in the
order of 0.02 to 0.1 mm, but depends on the specific application and material used.
The clearance preferably is smaller than a wall thickness of the longitudinal
elements to prevent an overlapping configuration thereof. Restricting the clearance
to about 30% to 40% of the wall thickness of the longitudinal elements is generally
sufficient.

As can be seen in figure 2e, flexible zone 14 of the proximal end part 11 1s
connected to the flexible zone 16 of the distal end part 13 by portions 134, 135
and 136, of the second intermediate cylindrical element 103, which form a first set
of longitudinal steering members of the steering arrangement of the steerable
instrument 10. Furthermore, flexible zone 15 of the proximal end part 11 is
connected to the flexible zone 17 of the distal end part 13 by portions 122, 123,
124, 125, 126, 127, and 128 of the first intermediate cylindrical element 102, which
form a second set of longitudinal steering members of the steering arrangement.
The use of the construction as described above allows the steerable instrument 10
to be used for double bending. The working principle of this construction will be
explained with respect to the examples shown in figures 2f and 2g.

For the sake of convenience, as shown in figures 2e, 2f and 2g, the different
portions of the cylindrical elements 101, 102, 103, and 104 have been grouped into
zones 151 - 160 that are defined as follows. Zone 151 comprises the rigid rings
111, 121, and 131. Zone 152 comprises the portions 112, 122, and 132. Zone 153
comprises the rigid rings 133 and 141 and the portions 113 and 123. Zone 154
comprises the portions 114, 124, 134 and 142. Zone 155 comprises the portions
115, 125, 135 and 143. Zone 156 comprises the portions 116, 126, 136 and 144.
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Zone 157 comprises the rigid ring 145 and the parts of the portions 117, 127, and
137 coinciding therewith. Zone 158 comprises the parts of the portions 117, 127,
and 137 outside zone 157. Zone 159 comprises the portions 118, 128 and 138.
Finally, zone 160 comprises the rigid end portions 119, 129 and 139.

In order to deflect at least a part of the distal end part 13 of the steerable
instrument 10, it is possible to apply a bending force, in any radial direction, to
zone 158. According to the examples shown in figures 2f and 2g, zone 158 is bent
downwards with respect to zone 155. Consequently, zone 156 is bent downwards.
Because of the first set of steering members comprising portions 134, 135, and 136
of the second intermediate cylindrical element 103 that are arranged between the
second intermediate rigid portion 137 and the second rigid ring 133, the downward
bending of zone 156 is transferred by a longitudinal displacement of the first set of
steering members into an upward bending of zone 154 with respect to zone 155.
This is shown in both figures 2f and 2g.

It is to be noted that the exemplary downward bending of zone 156, only
results in the upward bending of zone 154 at the distal end of the instrument as
shown in figure 2f. Bending of zone 152 as a result of the bending of zone 156 is
prevented by zone 153 that is arranged between zones 152 and 154. When
subsequently a bending force, in any radial direction, is applied to the zone 160,
zone 159 is also bent. As shown in figure 2g, zone 160 is bent in an upward
direction with respect to its position shown in figure 2f. Consequently, zone 159 is
bent in an upward direction. Because of the second set of steering members
comprising portions 122, 123, 124, 125, 126, 127 and 128 of the first intermediate
cylindrical element 102 that are arranged between the rigid ring 121 and the rigid
end portion 129, the upward bending of zone 159 is transferred by a longitudinal
displacement of the second set of steering members into a downward bending of
zone 152 with respect to its position shown in figure 2f.

Figure 2g further shows that the initial bending of the instrument in zone 154
as shown in figure 2f will be maintained because this bending is only governed by
the bending of zone 156, whereas the bending of zone 152 is only governed by the
bending of zone 159 as described above. Due to the fact that zones 152 and 154
are bendable independently with respect to each other, it is possible to give the

distal end part 13 of the steerable instrument 10 a position and longitudinal axis
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direction that are independent from each other. In particular the distal end part 13
can assume an advantageous S-like shape. The skilled person will appreciate that
the capability to independently bend zones 152 and 154 with respect to each other,
significantly enhances the maneuverability of the distal end part 13 and therefore of
the steerable instrument 10 as a whole.

Obviously, it is possible to vary the lengths of the flexible portions shown in
figures 2e to 2g as to accommodate specific requirements with regard to bending
radii and total lengths of the distal end part 13 and the proximal end part 11 of the
steerable instrument 10 or to accommodate amplification or attenuation ratios
between bending of at least a part of the proximal end part 11 and at least a part of
the distal end part 13.

The steering members comprise one or more sets of longitudinal elements that
form integral parts of the one or more intermediate cylindrical elements 102, 103.
Preferably, the longitudinal elements comprise remaining parts of the wall of an
intermediate cylindrical element 102, 103 after the wall of the intermediate
cylindrical element 102, 103 has been provided with longitudinal slits that define
the remaining longitudinal steering elements.

Further details regarding the fabrication of the latter longitudinal steering
elements are provided with reference to figures 2i to 2k regarding an exemplary
embodiment of a steerable instrument that comprises only one flexible zone at both
its proximal 11 and distal end 13 parts.

Figure 2i shows a longitudinal cross-section of a steerable instrument 2201
comprising three co-axially arranged cylindrical elements, i.e. inner cylindrical
element 2202, intermediate cylindrical element 2203 and outer cylindrical
element 2204. Suitable materials to be used for making the cylindrical elements
2202, 2203, and 2204 include stainless steel, cobalt-chromium, shape memory
alloy such as Nitinol®, plastic, polymer, composites or other cuttable material.

The inner cylindrical element 2202 comprises a first rigid end part 2221, which
is located at the distal end part 13 of the instrument 2201, a first flexible part 2222,
an intermediate rigid part 2223, a second flexible part 2224 and a second rigid end
part 2225, which is located at the proximal end part 11 of the instrument 2201.

The outer cylindrical element 2204 also comprises a first rigid end part 2241, a

first flexible part 2242, an intermediate rigid part 2243, a second flexible part 2244
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and a second rigid end part 2245. The lengths of the different parts of the
cylindrical elements 2202 and 2204 are substantially the same so that when the
inner cylindrical element 2202 is inserted into the outer cylindrical element 2204,
the different parts are positioned against each other.

The intermediate cylindrical element 2203 also has a first rigid end part 2331
and a second rigid end part 2335 which in the assembled condition are located
between the corresponding rigid parts 2221, 2241 and 2225, 2245 respectively of
the two other cylindrical elements 2202, 2204. The intermediate part 2333 of the
intermediate cylindrical element 2203 comprises three or more separate
longitudinal elements which can have different forms and shapes as will be
explained below. After assembly of the three cylindrical elements 2202, 2203 and
2204 whereby the element 2202 is inserted in the element 2203 and the two
combined elements 2202, 2203 are inserted into the element 2204, at least the first
rigid end part 2221 of the inner cylindrical element 2202, the first rigid end part
2331 of the intermediate cylindrical element 2203 and the first rigid end part 2241
of the outer cylindrical element 2204 at the distal end of the instrument are attached
to each other. In the embodiment shown in figures 2i and 2j, also the second rigid
end part 2225 of the inner cylindrical element 2202, the second rigid end part 2335
of the intermediate cylindrical element 2203 and the second rigid end part 2245 of
the outer cylindrical element 2204 at the proximal end of the instrument are
attached to each other such that the three cylindrical elements 2202, 2203, 2204
form one integral unit.

In the embodiment shown in figure 2j the intermediate part 2333 of
intermediate cylindrical element 2203 comprises a number of longitudinal
elements 2338 with a uniform cross-section so that the intermediate part 2333 has
the general shape and form as shown in the unrolled condition of the intermediate
cylindrical element 2203 in figure 2k. From figure 2k it also becomes clear that the
intermediate part 2333 is formed by a number of over the circumference of the
intermediate cylindrical part 2203 equally spaced parallel longitudinal elements
2338. Advantageously, the number of longitudinal elements 2338 1is at least three,
so that the instrument 2201 becomes fully controllable in any direction, but any
higher number is possible as well. Preferably, the number of longitudinal elements

2338 is 6 or 8.
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The production of such an intermediate part is most conveniently done by
injection moulding or plating techniques or starting from a cylindrical tube with the
desired inner and outer diameters and removing parts of the wall of the cylindrical
tube required to end up with the desired shape of the intermediate cylindrical
element 2203. However, alternatively, any 3D printing method can be used.

The removal of material can be done by means of different techniques such as
laser cutting, photochemical etching, deep pressing, conventional chipping
techniques such as drilling or milling, high pressure water jet cutting systems or
any suitable material removing process available. Preferably, laser cutting is used
as this allows for a very accurate and clean removal of material under reasonable
economic conditions. The above mentioned processes are convenient ways as the
member 2203 can be made so to say in one process, without requiring additional
steps for connecting the different parts of the intermediate cylindrical element as
required in the conventional instruments, where conventional steering cables must
be connected in some way to the end parts. The same type of technology can be
used for producing the inner and outer cylindrical elements 2202 and 2204 with
their respective flexible parts 2222, 2224, 2242 and 2244.

Figure 2h shows an exemplary embodiment of longitudinal (steering) elements
4 that have been obtained after providing longitudinal slits 5 to the wall of the
second intermediate cylindrical element 103 that interconnects proximal flexible
zone 14 and distal flexible zone 16 as described above. l.e., longitudinal steering
elements 4 are, at least in part, spiraling about a longitudinal axis of the instrument
such that an end portion of a respective steering element 4 at the proximal portion
of the instrument is arranged at another angular orientation about the longitudinal
axis than an end portion of the same longitudinal steering element 4 at the distal
portion of the instrument. Were the longitudinal steering elements 4 arranged in a
linear orientation, than a bending of the instrument at the proximal portion in a
certain plane would result in a bending of the instrument at the distal portion in the
same plane but in a 180 degrees opposite direction. This spiral construction of the
longitudinal steering elements 4 allows for the effect that bending of the instrument
at the proximal portion in a certain plane may result in a bending of the instrument
at the distal portion in another plane, or in the same plane in the same direction. A

preferred spiral construction is such that the end portion of a respective steering
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element 4 at the proximal portion of the instrument is arranged at an angularly
shifted orientation of 180 degrees about the longitudinal axis relative to the end
portion of the same longitudinal steering element 4 at the distal portion of the
instrument. However, e.g. any other angularly shifted orientation, e.g. 90 degrees,
is within the scope of this document. The slits are dimensioned such that movement
of a longitudinal element is guided by adjacent longitudinal elements when
provided in place in a steerable instrument.

The flexible portions 112, 132, 114, 142, 116, 144, 118, and 138 as shown in
figure 2e, as well as the flexible parts 2222, 2224, 2242, and 2244 shown in
figures 21 and 2j can be obtained by the methods described in European patent
application 08 004 373.0 filed on 10.03.2008, page 5, lines 15-26, but any other
suitable process can be used to make flexible portions.

Such flexible parts may have a structure as shown in figures 2¢ and 2d. I.e., the
flexibility may be obtained by a plurality of slits 14a, 15a, 16a, 17a. E.g., two
circumferential slits may be provided in a cylindrical element along a same
circumferential line where both slits are located at a certain distance from one
another. A plurality of identical sets of circumferential slits 14a, 15a, 16a, 17a is
provided at a plurality of distances in the longitudinal direction of the instrument ,
where consecutive sets are arranged at an angularly rotated position, e.g. each time
90 degrees rotated. In such an arrangement, all parts of the cylindrical element are
still connected to each other.

Figures 3a, 3b and 3c show alternative manners of how such flexibility in part
can be obtained. Figure 3a shows a schematic representation of a flat rolled-out
flexible proximal or distal cylindrical zone. The intermediate cylindrical elements
are then made by rolling-up the flat element and attaching the side edges together
in any suitable fashion that is known as such, such as by a welding technique. In
the embodiment shown in figure 3a, the part of the cylindrical tube to become
flexible has been provided with slits 14a, 15a, 16a, 17a extending in a helical
manner over the length of the flexible zone. The flexibility can be controlled by the
number of slits and/or the angle of the slits with respect to the axial direction of the
cylindrical element. In the embodiment of figure 3b the part of the cylindrical tube
to become flexible has been provided with a number of short slits 14a, 15a, 16a,

17a. The slits can be divided into groups, the slits in each group being located in



10

15

20

25

30

18
the same line extending perpendicular to the axis of the cylindrical element. The
slits of two neighboring groups are offset. In the embodiment of figure 3¢ the part
of the cylindrical tube to become flexible has been provided by making slits 14a,
15a, 16a, 17a producing a number of swallow's tails between the slits, which fit
into each other as shown. It will be obvious that other systems of providing a
flexible zone in a cylindrical tube wall may be used as well. More specifically it is
possible to use combinations of the systems shown above. However, any other
suitable flexible construction may be used instead. For instance, any of the flexible
constructions shown and described in EP 0 764 423 A and EP 0 782 836 A may be
used as well.

Furthermore, if the portions 122, 123, 124, 125, 126, 127, and 128 of the first
intermediate cylindrical element 102 and the portions 134, 135, and 136 of the
second intermediate cylindrical element 103 that respectively form the first and
second set of longitudinal steering members, as shown in figure 2e, are
implemented as longitudinal steering elements 4 as shown in figure 2h, the
fabrication methods described above can be used. The same applies to the
longitudinal elements 2338 of figures 2j and 2k. Moreover, any embodiment
described in EP 2 762 058 A can be used according to the invention.

Otherwise, the longitudinal elements 4, 2338 can also be obtained by any other
technique known in the art such as for example described in EP 1 708 609 A. The
only restriction with respect to the construction of the longitudinal elements used in
these portions is that the total flexibility of the instrument in these locations where
the flexible portions coincide must be maintained.

The different co-axially arranged layers or cylindrical elements 101, 102, 103,
104, 2202, 2203 and 2204 as described above in relation to the exemplary
embodiments of the steerable instruments shown in figures 2e and 21, respectively,
may be produced by any of the known methods, provided that they are suitable to
make a multilayer system. A multilayer system is to be understood as being a
steerable instrument that comprises at least two separate sets of longitudinal
elements 4, 2338 for transferring the movement of the proximal end part to the
distal end part. The assembly of the different cylindrical elements can be realized
in the same way as well. Preferred methods of producing the different cylindrical

elements have been described in the above mentioned EP 2 762 058 A which is
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hereby incorporated by reference in its entirety.

In the above embodiments, the proximal portions and distal portions are
constructed in a similar way. However, that need not be the case always as will be
explained now.

E.g., the proximal portion may have a wider diameter as shown in figure 4,
which shows a special embodiment of an instrument according to the invention.
The inner cylindrical element 2202 is composed of a first rigid end part 2225, a
first flexible part 2224, an intermediate rigid part 2223, a second flexible part 2222
and a second rigid end part 2221 which is normally used as the operating part of
the instrument in that it serves to steer the other end of the unit. The outer
cylindrical element 2204 is in the same way composed of a first rigid part 2245 , a
first flexible part 2244, an intermediate rigid part 2243, a second flexible part 2242
and a second rigid part 2241. The intermediate cylindrical element 2203 also has a
first rigid end part 2335 and a second rigid end part 2331 which in the assembled
condition are located between the corresponding rigid parts 2225 , 2245 and 2221,
2241, respectively, of the two other cylindrical elements 2202, 2204. In the
embodiment shown the longitudinal elements 2338 are of the type shown in
figure 2j, but it will be obvious that any other type described above may be used as
well. So far the construction is comparable to the instruments described above. The
main difference with respect to the above embodiments is the use of a different set
of diameters for some parts of the instrument. In the embodiment shown in figure 4
the parts 2222, 2221, 2331, 2242 and 2241 have a larger diameter than the other
parts. In the parts 2223, 2333 and 2243 frusto-conical portions 2212, 2213, 2214
have been made in order to connect the small diameter parts with the large
diameter parts. As shown in figure 4 the different parts can easily be assembled by
inserting one into the other. The main reason, however, to have such an instrument
with different diameters is that by using an operating part with a larger diameter,
the movement of the other end is amplified, whereas if a smaller diameter is used
the movement of the other end is attenuated. Dependent of the application and its
requirements larger diameters can be used to have the amplified movement or
smaller diameters can be used to attenuate the movement and increase
maneuverability accuracy of the handling head.

Such widening of the instrument with increasing diameter towards the
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proximal portions can also be applied in an instrument with more than two
bendable portions, as shown in figures 5a and 5b.

In figure Sa there is shown a first exemplary embodiment of a steerable
instrument according to the invention having four layers and as such the instrument
is comparable to the instrument of figure 2e but the distal actuation flexible zone
156 and the proximal actuation flexible zone 159 of the proximal end part of the
instrument have a larger diameter compared to the respective corresponding distal
flexible zones 154 and 152 of the distal end part of the instrument. In the zone 155
a frusto-conical part has been incorporated that schematically represents a
cylindrical diameter adaptation section 162 of a steerable instrument according to
the invention. The cylindrical diameter adaptation section 162 in the context of this
invention occupies at least a distance in an axial or longitudinal direction of the
elongated tubular body over which the longitudinal elements change from a second
diameter at a first side of the cylindrical diameter adaptation section to a third
diameter at a second side of the cylindrical diameter adaptation section. As a result
of the larger diameter of the proximal actuation flexible zone 156 and the proximal
actuation flexible zone 159 of the proximal end part, the flexion of the respective
corresponding distal flexible zones 154 and 152 will be amplified upon bending,
thereby amplifying the flexion of the handling head. It is also possible to work in
the opposite direction with distal flexible zones 154 and 152 having a larger
diameter than the proximal actuation flexible zones 156 and 159, whereby the
degree of flexion is attenuated, thereby improving accuracy of movement of the
handling head.

Figure 5b shows a schematic cross-section of a second exemplary
embodiment of a steerable instrument according to the invention in which a
proximal actuation flexible zone 159 of the actuating portion of the cylindrical
clements as well as an intermediate rigid zone 158, that is arranged between said
proximal actuation flexible zone 159 and a proximal actuation flexible zone 156,
have a larger diameter than the other parts of the elongated tubular body. A frusto-
conical part schematically representing a cylindrical diameter adaptation section
164 of a steerable instrument according to the invention has been incorporated in
zone 158. The cylindrical diameter adaptation section 164 in the context of this

invention extends at least along distance in an axial or longitudinal direction of the
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clongated tubular body over which the longitudinal elements change from a second
diameter at a first side of the cylindrical diameter adaptation section to a third
diameter at a second side of the cylindrical diameter adaptation section. It will be
clear to the skilled person that only the flexion of the corresponding distal flexible
zone 152 will be amplified upon bending of the corresponding proximal actuation
flexible zone 159 of the proximal end part. The degree of flexion of the distal
flexible zone 154 will in principle be the same as the degree of flexion of the
corresponding proximal actuation flexible zone 156, because of the fact that the
intermediate cylindrical element, which comprises the longitudinal elements that
are configured and arranged to transfer the flexion of the proximal actuation
flexible zone 156 to the corresponding distal flexible zone 154, has the same
diameter in these zones. In practice there may be slight differences between these

degrees of flexion due to stretching of the longitudinal elements.

Figures 6-13b show how an increasing or decreasing diameter of a radius of a
flexible actuation zone can be implemented and manufactured. IL.e., figures 6-10
show consecutive manufacturing actions performed to make a diameter adaptation
section of a steerable instrument having five cylindrical elements inserted into one
another.

Figure 6 shows an inner protective cylindrical element 600 having two
opposing ends 601, 603. End 601 will be called the distal end, here, whereas end
603 will be called the proximal end. However, that could in practice be the other
way around. The inner protective cylindrical element 600 is, preferably, a single
cylindrical tube of any suitable material like stainless steel, cobalt-chromium,
shape memory alloy such as Nitinol®, plastic, polymer, composites or other
cuttable material. The thickness of that tube depends on its application. For medical
applications the thickness may be in a range of 0.1-2.0mm, preferably 0.1-1.0mm,
more preferably 0.1-0.5mm, and most preferably 0.2-0.4mm. The diameter of the
inner protective cylindrical element 600 depends on its application. For medical
applications the diameter may be in a range of 0.5-20mm, preferably 0.5-10mm,
more preferably 0.5-6mm.

Figure 7 shows the inner protective cylindrical element 600 inserted into an

intermediate cylindrical element 619. The intermediate cylindrical element 619 is
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provided with slits 605 which define adjacent longitudinal elements 602. As will
become clear hereinafter, those longitudinal elements 602 can be used as pushing /
pulling wires in the assembled state of the steerable instrument. The slits 605 can
be made by laser cutting and have a width, preferably, in a range of 5-50um, more
preferably 15-30um.

Atend 615, i.e. the proximal end of the steerable instrument, the intermediate
cylindrical element 619 comprises a rigid, ring-shaped element 610. The rigid,
ring-shaped element 610 is attached to a set of finger-shaped elements 608.
Preferably, the number of finger-shaped elements 608 equals the number of
longitudinal elements 602.

Preferably, each longitudinal element 602, at the same end as rigid, ring-
shaped element 610 is provided with one or more finger-shaped elements 611, each
one being located between two adjacent finger-shaped elements 608.

Preferably, the intermediate cylindrical element 619 is made from a single
cylindrical tube of any suitable material that may be the same material as the one
from inner protective cylindrical element 600. The thickness of that tube depends
on its application. For medical applications the thickness may be in a range of 0.1-
2.0mm, preferably 0.1-1.0mm, more preferably 0.1-0.5mm, and most preferably
0.2-0.4mm. Intermediate cylindrical element 619 has a slightly larger diameter than
inner protective cylindrical element 600, such that when inner protective
cylindrical element 600 is inserted into intermediate cylindrical element 619, there
is a clearance between them in a range of e.g. 0.02 to 0.1 mm. The diameter of the
intermediate cylindrical element 619 depends on its application. For medical
applications the diameter may be in a range of 0.5-20mm, preferably 0.5-10mm,
more preferably 0.5-6mm.

As explained above, the longitudinal elements 605 can then be made by laser
cutting the cylindrical tube such as to render the slits 605, and thus, the longitudinal
elements 602. If the slits 605 would be present along the entire length of the
intermediate cylindrical elements 602 directly after the cutting process, it would be
difficult to keep them together during the manufacturing process of the steerable
instrument. Therefore, the cutting process is arranged such that after the cutting
process is finished, at the end of the intermediate cylindrical element 619 opposing

end 615 (or at any other desired location) adjacent longitudinal elements 602 are
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connected by so-called “break islands™ 604.

These break islands 604 are, at two opposing ends, attached to two adjacent
longitudinal elements 602. The break islands 604 are shown to have a circular
shape and to be attached to adjacent longitudinal elements 602 by means of thin
flexible bridges. In use, when the longitudinal elements 602 are used to control
deflection of flexible portions of the steerable instrument, adjacent longitudinal
elements 602 move relative to one another in the longitudinal direction of the
steerable instrument. By this movement, at least one of the attachments of the break
islands 604 to the adjacent longitudinal elements 602 will break such that the
adjacent longitudinal elements 602 can move freely in the longitudinal direction.
Such movement can be postponed until the steerable instrument has reached its
assembled state. This greatly facilitates the manufacturing process of the steerable
instrument since all adjacent longitudinal elements 602 can be kept together in a
position such that, together, they still form their original cylindrical shape as long
as possible.

Manufacturing of a steerable instrument while using break islands 604 can be
summarized as follows. Such a steerable instrument comprises at least an elongated
tubular body having a proximal end part, a distal end part and an intermediate part
between the proximal and distal end parts, the proximal end part having at least one
actuation proximal zone, the distal end part having at least one flexible distal zone,
and the elongated tubular body being configured such that a movement of an
actuation proximal zone is transferred to a corresponding flexible distal zone for a
corresponding movement thercof. The elongated tubular body comprises an inner
cylindrical element, an outer cylindrical element and at least one intermediate
cylindrical element having longitudinal elements and provided between the inner
and outer cylindrical elements, the inner, outer and intermediate cylindrical
elements being coupled such that movement of an actuation proximal zone is
transferred by the longitudinal elements of one of the intermediate cylindrical
elements to a corresponding flexible distal zone.

The manufacturing actions can be summarized as follows:

- providing the inner and outer cylindrical elements;

- providing an intermediate cylindrical element such that adjacent

longitudinal elements are attached to one another at one or more positions by one
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or more attachments distributed along a length of the longitudinal elements
arranged to allow relative movement of the longitudinal elements with respect to
one another in a longitudinal direction of the longitudinal elements, and so as to
restrict movement of longitudinal elements in a radial direction of the intermediate
cylindrical element; and

- incorporating the intermediate cylindrical element between the inner and
outer cylindrical elements,

wherein the one or more attachments are releasable attachments and the
method comprises releasing said releasable attachments during said manufacturing.

Preferably, the steerable instrument is manufactured at to such a state that the
intermediate cylinder with the longitudinal elements is inserted between a
protective inner cylindrical element and a protective outer cylindrical element
before the longitudinal elements are moved relative to one another such that the
break islands will break off. Then, after these break islands have been broken off
adjacent longitudinal elements keep their respective locations on a virtual cylinder
between the protective inner and outer cylindrical elements.

A break island 604 is a fracture element which can be defined as follows.
Each fracture element is configured and arranged to fracture when adjacent
longitudinal elements 602 to which each such fracture element is attached are
moved in a longitudinal direction relative to one another such as to develop an
actual fracture element stress, Gact,fe, in €ach such fracture element which is larger
than or equal to an ultimate tensile stress, curs, e, of each individual fracture
element, while, at the same time, the actual longitudinal element stress, Gact,le, as
developed in each one of these adjacent longitudinal elements 602 remains lower
than their own respective yield stresses, Gy,le, which can be stated in the equation:

Cactle < Oy,le and Gact,fe = GUTS, fe.

Such break islands 604 have been described in detail and claimed in PCT
application PCT/NL/2014/050837 of the present applicant, which is only published
after the priority date of the present application. Its content is incorporated in the
present application by reference in its entirety. PCT/NL/2014/050837 shows and
explains break island 604 as shown in the present application in more detail. It is to
be understood that the term “break island” is not meant to be limited to the

embodiment shown in the present application but may be implemented in any
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suitable form, including any one of the examples shown in PCT/NL/2014/050837.

The cylindrical tube used to manufacture the intermediate cylindrical element
619 is cut such as to render finger-shaped elements 608 attached to rigid, ring-
shaped element 610, as well as finger-shaped elements 611 of the longitudinal
elements 602. Moreover, the cutting process is arranged such that, at the end of the
cutting process, adjacent finger-shaped elements 608 and finger-shaped elements
611 have an interleaved position relative to one another.

The cutting process is also arranged such that it renders an open space 627
between each end face of finger-shaped element 611 and rigid, ring-shaped element
610, such that, in use of the steerable instrument, the finger-shaped elements 611
can freely move in a longitudinal direction between adjacent finger-shaped
elements 608. However, when the cutting process is finished, preferably, each
finger-shaped element 611 is still attached to an adjacent finger-shaped element
608 by one or more break islands 606. As explained above, such break islands 608
are designed such that, when in use of the steerable instrument finger-shaped
elements 611 move in a longitudinal direction relative to adjacent finger-shaped
elements 608, each break island 608 will break off from at least one of the adjacent
finger-shaped elements 608, 611. This breaking apart will result in a situation
where finger-shaped elements 608 can move freely relative to finger-shaped
elements 611, and vice versa. Again, this breaking apart can be postponed until the
steerable instrument is in its assembled state. This facilitates the manufacturing
process seriously. These break islands 606 may have a circular shaped portion
attached to adjacent finger-shaped elements 608, 611 by thin flexible bridges like
the break islands 604. If desired, the break islands 606 may have any other suitable
design including any one described in PCT/NL/2014/050837.

It is observed that, once break islands 606 are broken off, intermediate
cylindrical element 619 falls apart into two independently moveable sections at
either side of dotted line 613.

Figure 8 shows how the set of cylindrical elements comprising cylindrical
element 600 inserted in intermediate cylindrical element 619 is inserted in a
cylindrical element 621. In the shown embodiment, cylindrical element 621 does
not have longitudinal elements itself. Cylindrical element 621 is, preferably made

from a single cylindrical tube which may be made from the same material and may
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have the same thickness as inner protective cylindrical element 600 and
intermediate cylindrical element 619.

The outer diameter of intermediate cylindrical element 619 and the inner
diameter of intermediate cylindrical element 621 are chosen such that the clearance
between the two is so small that they can easily move relative to one another in the
longitudinal direction but that mutual radial play is kept at a minimum. The
clearance may be in a range of 0.02 to 0.1 mm. Preferably, the intermediate
cylindrical element 621 is made from a single cylindrical tube of any suitable
material that may be the same material as the one from inner protective cylindrical
element 600. The thickness of that tube depends on its application. For medical
applications the thickness may be in a range of 0.1-2.0mm, preferably 0.1-1.0mm,
more preferably 0.1-0.5mm, and most preferably 0.2-0.4mm. The diameter of the
intermediate cylindrical element 621 depends on its application. For medical
applications the diameter may be in a range of 0.5-20mm, preferably 0.5-10mm,
more preferably 0.5-6mm.

At the right-hand side of figure 8, i.e. the proximal side, intermediate
cylindrical element 621 comprises a rigid, ring-shaped element 626 having an end
628. The rigid, ring-shaped element 626 is connected to a flexible portion 624
which extends along a predetermined distance of intermediate cylindrical element
621. Flexible portion 624 comprises one or more hinges such that flexible portion
624 can be deflected to a certain, predetermined angle relative to a central axis of
the steerable instrument (i.e. the central axis of inner protective cylindrical element
600). Any suitable hinge known from the prior art can be used, e.g. the hinges
shown in figures 2c, 2d, 3a, 3b, and 3¢ of the present document. However, other
hinges can be used including any suitable future one.

Towards the distal side of the intermediate cylindrical element 621, flexible
portion 624 is connected to a rigid portion 622. The rigid portion 622 comprises
rigid, cylindrical portions 612a, 612b which are attached to one another by means
of longitudinally arranged connection elements 617. Preferably, these connection
elements 617 have the form of straight strips with a constant width and thickness.
Rigid, cylindrical portion 612b is connected to flexible portion 624.

As can better be seen in the enlarged view of figure 11, the rigid, cylindrical

portions 612a, 612b and the connection elements 617 are arranged to define open
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spaces 631, one associated with one longitudinal element 602. Again, these open
spaces 631 result from a cutting process, such as laser cutting. The cutting process
is arranged such it also renders a sliding island 618 in each open space 631. When
the cutting process is finished, preferably, each sliding island 618 is still attached to
at least one of an adjacent connection element 617 and rigid, cylindrical portion
612a, 612b by means of one or more break islands 616, 620. Such break islands
616 have the same function as break islands 604 and 606 and may have the same
form.

However, since break islands 616, 620 are connected to a connection element
617 and not to a longitudinal element, their definition is slightly different. L.e., here
break islands 616, 620 are fracture elements which can be defined as follows. Each
fracture element is configured and arranged to fracture when adjacent connection
elements 617 to which each such fracture element is attached are moved in a
longitudinal direction relative to one another such as to develop an actual fracture
element stress, Cactfe, in €ach such fracture element which is larger than or equal to
an ultimate tensile stress, curs,f, of each individual fracture element, while, at the
same time, the actual connection element stress, Gact.ce, as developed in each one of
these adjacent connection elements 617 remains lower than their own respective
yield stresses, oy.ce, which can be stated in the equation:

Cactce < Oy,ce AN Gact,fe = OUTS, fe-

For example, as shown in figures 8 and 11, at the end of the cutting process
sliding island 618 is attached to one of the adjacent connection elements 617 by
means of a break island 616, 620 at either longitudinal end. The length of sliding
island 618, as measured in the longitudinal direction, is shorter than the
longitudinal length of open space 631 in which it is located. Thus, when in the
assembled state of the steerable instrument break islands 616, 620 are broken off
sliding island 618 can freely move in open space 631 along a predetermined
distance. To provide the sliding islands 618 with a guiding function as will become
apparent hereinafter, their width, as measured in a tangential direction, is,
preferably at least along a predetermined portion of e.g. more than 50% of their
total length, only slightly smaller than the width of open space 631, as measured in
the tangential direction. In an embodiment, the difference between these two

widths is less than 60pum, preferably less than 40pum.
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During inserting intermediate cylindrical element 619 into intermediate
cylindrical element 621, every sliding island 618 is aligned with one longitudinal
element 602 now located at its inside. After the sliding islands 618 have been
properly aligned with the longitudinal elements 602 each sliding island 618 is
connected or attached to one longitudinal element 602. The connection /
attachment may be to finger-shaped island 611 as is schematically indicated with
dotted arrow 634 between figures 8 and 7.

Such a connection/attachment can be made by welding, like laser welding.
However, also a mechanical connection/attachment can be made, e.g., by means of
a snap fit connection. Alternatively, glue can be used. The connection/attachment is
preferably made when the longitudinal elements 602 are still attached to each other
by means of break islands 604 at the distal end, the finger-shaped elements 611 are
still attached to the finger-shaped elements 608 by means of the break islands 606
and the sliding islands 618 are still attached to at least one of the connection
elements 617 and the rigid cylindrical portions 612a, 612b by means of break
1slands 616, 620. Moreover, the connection/attachment should be such that each
sliding island 618 moves together with the longitudinal element 602 to which it is
connected/attached with as little play as possible. This common movement of
longitudinal elements 602 and respective sliding island 618 causes the break
islands 616 and 620 to break off during the first time the longitudinal elements 602,
after being connected / attached to the respective sliding islands 618, move relative
to intermediate cylindrical element 621.

In order to provide stability to the steerable instrument, rigid ring-shaped
element 610 of intermediate cylindrical element 619 is, preferably, connected /
attached to rigid portion 612b of intermediate cylindrical element 621, as shown by
dotted arrow 636 between figures 8 and 7. This connection/attachment can be done
by welding, like laser welding, or any suitable mechanical connection, like a snap
fit connection. Alternatively, glue can be used. This connection/attachment is
preferably such that rigid, ring-shaped element 610 and rigid portion 612b cannot
move independently from each other.

Thus, when longitudinal elements 602 are connected / attached to sliding
islands 618, they are guided in a longitudinal direction both by their finger-shaped
elements 611 between finger-shaped elements 608 and by the sliding islands 618 in
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open spaces 631. Their possible tangential movement is limited by the width of the
slits between their finger-shaped elements 611 and finger-shaped elements 608 and
between the sliding islands 618 and adjacent connection elements 617.

As shown in figure 9, the set of cylindrical elements inserted into each other
as shown in figure 8 and comprising inner cylindrical element 600, intermediate
cylindrical element 619 and intermediate cylindrical element 621, is inserted in an
intermediate cylindrical element 623.

The outer diameter of intermediate cylindrical element 621 and the inner
diameter of intermediate cylindrical element 623 are chosen such that the clearance
between the two is so small that they can easily move relative to one another in the
longitudinal direction but that mutual radial play is kept at a minimum. The
clearance may be in a range of 0.02 to 0.1 mm.

Preferably, the intermediate cylindrical element 623 is made from a single
cylindrical tube of any suitable material that may be the same material as the one
from inner protective cylindrical element 600. The thickness of that tube depends
on its application. For medical applications the thickness may be in a range of 0.1-
2.0mm, preferably 0.1-1.0mm, more preferably 0.1-0.5mm, and most preferably
0.2-0.4mm. The diameter of the intermediate cylindrical element 623 depends on
its application. For medical applications the diameter may be in a range of 0.5-
20mm, preferably 0.5-10mm, more preferably 0.5-6mm.

At the left hand, distal, side, in the embodiment of figure 9, intermediate
cylindrical element 623 comprises a rigid, ring-shaped element 642. The rigid,
ring-shaped element 642 is provided with a set of finger-shaped elements 627.

At the right hand, proximal, side, in the embodiment of figure 9, intermediate
cylindrical element 623 comprises a rigid, cylindrical portion 656. Towards the
distal side, the rigid, cylindrical portion 656 is attached to one or more flexible
longitudinal elements 633. In a portion of the intermediate cylindrical element 623
that should be aligned with flexible portion 624 of intermediate cylindrical element
621, the flexible longitudinal elements 633 should be flexible enough to allow
deflection of the steerable instrument. To that end, in the embodiment as shown,
the flexible longitudinal elements 633 have a relative small width measured in the
tangential direction. Their width is, preferably, constant along their length. In order

to ensure that the flexible longitudinal elements 633 are secured in the tangential
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direction in this flexible portion, flexible spacers 654 are provided between them.
Any suitable design of spacers may be used, e.g. the ones described in not yet
published application PCT/NL2015/050798 of the present applicant.

At the distal side of the flexible portion, each flexible longitudinal element
633 is attached to a longitudinal element 635 which may have a larger width to
provide them with a certain desired strength. E.g., adjacent longitudinal elements
635 may substantially touch one another. Here, the term “substantially” indicates
that adjacent longitudinal elements 635 can be as close as possible along at least
part of their length, the mutual distance only being determined by the cutting
process used to make slits 650 between them.

At their distal ends, the longitudinal elements 635 are provided with finger-
shaped elements 646 that are each located between two adjacent finger-shaped
elements 627.

Again, all the shown slits, open spaces and spacers are preferably made by
cutting, like laser cutting, a cylindrical tube. At the end of the cutting process, the
finger-shaped elements 646 are still attached to the finger-shaped elements 627 by
means of break islands 644. Such break islands 644 have the same function as
explained with reference to break islands 604, 606, 616, 620. Therefore, break
islands 644 may have the same design as break islands 604, 606, 616, 620. Break
islands 644, preferably, remain intact and attached to both finger-shaped elements
627 and 646 during the assembling process of the steerable instrument and will
only be broken off by, e.g., a user after finishing the assembling process.

As indicated by a dotted arrow 638, each longitudinal element 635 is
connected / attached to one sliding island 618, after proper tangential and
longitudinal alignment of the intermediate cylindrical element 621 and intermediate
cylindrical element 623 such that each longitudinal element 635 is aligned with one
sliding island 618. Thus, in this embodiment, the number of longitudinal elements
635 equals the number of sliding islands 618, and equals the number of
longitudinal elements 602 in intermediate cylindrical element 619. The connection
/ attachment can be made by welding, e.g. laser welding, or any suitable
mechanical connection like a snap fit connection. Alternatively, glue can be used.
Again any play in such a connection should be kept to a minimum.

As an alternative, one or more of the longitudinal elements 635 are provided
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with a flexible lip 648. Such a lip 648, can then, again after proper alignment, be
connected / attached to one sliding island 618, e.g. by laser welding. The advantage
of using such a lip 648 is that it is flexible in a radial direction and, thus, can cope
with tolerances in internal / external diameters of the intermediate cylindrical
elements 621, 623.

Figure 9 shows that also intermediate cylindrical element 623 will be
separated into two independently moveable sections, as indicated with dotted line
652, once the break islands 644 have been broken off. Then, the longitudinal
elements 635 will be guided in their longitudinal direction both by their finger-
shaped elements 646 each located between two adjacent finger-shaped elements
627 and by the respective sliding islands 618 to which they are connected /
attached.

In order to provide enough stability to the steerable device and align all
cylindrical elements properly to one another, preferably, proximal end 658 is
connected / attached to proximal end 628 of intermediate cylindrical element 621,
as indicated with dotted arrow 640 between figures 9 and §.

Figure 10 shows how a last, outer protective cylindrical element 625 is
shifted over the set of cylindrical elements shown in figure 9, including inner
cylindrical element 600 and three intermediate cylindrical elements 619, 621 and
623. Of course, a plastic sleeve or the like may be shifted over at least one or more
portions of the steerable instrument as is clear to persons skilled in the art.

Outer protective cylindrical element 625 has a flexible portion 666 that
should be longitudinally aligned with flexible longitudinal elements 633 of
intermediate cylindrical element 623 and with flexible portion 624 of intermediate
cylindrical element 621. At opposite sides of the flexible portion 666, outer
protective cylindrical element 625 is provided with bend-resistive portions 664 and
668. Preferably, all flexible portions of the steerable instrument are at least 5 times,
but more preferably at least 10 times more flexible than the bend-resistive or rigid
portions of the steerable instrument.

The outer diameter of intermediate cylindrical element 623 and the inner
diameter of outer cylindrical element 625 are chosen such that the clearance
between the two is so small that they can easily move relative to one another in the

longitudinal direction but that mutual radial play is kept at a minimum. The
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clearance may be in a range of 0.02 to 0.1 mm. Preferably, the outer cylindrical
element 625 is made from a single cylindrical tube of any suitable material that
may be the same material as the one from inner protective cylindrical element 600.
The thickness of that tube depends on its application. For medical applications the
thickness may be in a range of 0.1-2.0mm, preferably 0.1-1.0mm, more preferably
0.1-0.5mm, and most preferably 0.2-0.4mm. The diameter of the outer cylindrical
element 625 depends on its application. For medical applications the diameter may
be in a range of 0.5-20mm, preferably 0.5-10mm, more preferably 0.5-6mm.

In order to provide enough stability to the steerable device and align all
cylindrical elements properly to one another, preferably, proximal end 670 is
connected / attached to proximal end 658 of intermediate cylindrical element 623,
as indicated with dotted arrow 662 between figures 10 and 9. For the same reason,
distal end 663 of outer cylindrical element 625 is connected / attached to
intermediate cylindrical element 623, as indicated with dotted arrow 660 between
figures 10 and 9. Such connection / attachment may be made by (laser) welding or
by mechanical means including a snap-fit connection. Alternatively, glue can be
used.

Figure 12 shows a cross section view of a steerable instrument in accordance
with an embodiment of the invention in its assembled state, comprising a diameter
adaptation section 164 as described with reference to figures 6-11. The same
reference numbers refer to the same elements / components as in earlier figures.

In the example of figure 12, inner cylindrical element 600, intermediate
cylindrical elements 619, 621, 623 and outer cylindrical element 625 are all
coaxially arranged about a common axis of symmetry 692. The diameter of inner
cylindrical element 600 is smaller than the diameter of intermediate cylindrical
element 619, which is smaller than the diameter of intermediate cylindrical element
621, which is smaller than the diameter of intermediate cylindrical element 623,
which is smaller than the diameter of outer cylindrical element 625.

Figure 12 shows how different sections of inner cylindrical element 600,
intermediate cylindrical elements 619, 621, 623, and outer cylindrical element 625
are longitudinally aligned in order to form the cylindrical diameter adaptation
section 164.

L.e. bend-resistive portion 668 of outer cylindrical element 625 is aligned with
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and connected / attached to rigid, cylindrical portion 656 of intermediate
cylindrical element 623, whereas rigid, cylindrical portion 656 itself is aligned with
and connected / attached to rigid, ring-shaped 626 of intermediate cylindrical
element 621.

Similarly, flexible portion 666 of outer cylindrical element 625 is aligned
with flexible longitudinal elements 633, as well as with flexible portion 624 of
intermediate cylindrical element 621.

Longitudinal elements 635 of intermediate cylindrical element 623 are
aligned with rigid, cylindrical portion 612b of intermediate cylindrical element
621, as well as with rigid, ring-shaped element 610 of intermediate cylindrical
element 619.

Each longitudinal element 635 of intermediate cylindrical element 623 is, at
its inside, connected / attached to the outside of one of the sliding islands 618 of
intermediate cylindrical element 621. Moreover, each sliding island 618 is, at its
inside, connected / attached to one of the longitudinal elements 602, possibly via
finger-shaped element 611, of intermediate cylindrical element 619.

As best shown in figure 11, each sliding island 618 is located in an open
space 631 allowing the sliding island 618 to be moved back and forth in the
longitudinal direction in space 631 once break islands 616, 620 have been broken
off from connection element 617. Such breaking off will happen once the sliding
island 618 is connected / attached to longitudinal element 635 and to longitudinal
element 602, and the distal end of the stecrable instrument is deflected about the
flexible part of the steerable instrument defined by flexible portion 666, flexible
longitudinal elements 633 and flexible portion 624. I.¢., such a deflection causes,
for instance, the longitudinal element 635 at the upper side of figure 12 to be
shifted to the right. Consequently, because this longitudinal element 635 is
connected / attached to one sliding island 618 and to one longitudinal element 602,
also that sliding island 618 and that longitudinal element 602 will shift to the right,
effectively developing a force on the attachments of the break islands 616, 620 to
the adjacent connection elements 617 and breaking them off from the connection
elements 617. However, the longitudinal elements 635 remain connected / attached
to a respective one of the longitudinal elements 602 via a respective sliding island

618.
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Towards the distal side of the steerable instrument, the steerable instrument
is, in an embodiment, similarly designed as the steerable instrument shown in
figure 5b. Therefore, the same reference numbers in figure 12b refer to the same
elements as in figure 5b. One difference between the embodiments of figures 5b
and 12 is that the device of figure 5b only shows 3 cylindrical elements inserted
into one another, because the inner protective cylindrical element 600 and outer
protective cylindrical element 625 are not shown.

In the arrangement of figure 12, inner protective cylindrical element 600
comprises a rigid portion as shown in figure 6 which is located at the proximal side
of the steerable instrument. This rigid portion is, at its distal end, connected to a
flexible portion 680 which may be made of one or more hinges like flexible portion
666. At its distal end, flexible portion 680 is connected to a rigid portion 681
which, at its distal end, is connected to a flexible portion 682. This flexible portion
682 is, at its distal end, connected to a rigid portion 683 which itself, at its distal
end, connected to a flexible portion 684. Flexible portion 684 is, at its distal end,
connected to a rigid portion 685 which may be a rigid ring. As will be evident to a
person skilled in the art, inner protective cylindrical element 600 with all its rigid
and flexible portions may be made from a single cylindrical tube, e.g. by laser
cutting.

In the arrangement of figure 12, longitudinal elements 602 of intermediate
cylindrical element 619 have a flexible portion 670 at the longitudinal location of
flexible portion 680 of inner protective cylindrical element 600. At its distal end,
each flexible portion 670 may be attached to a less flexible portion 671 which
itself, at its distal end, may be connected to a flexible portion 672. Flexible portions
672 are located at the same longitudinal location as flexible portion 682 of inner
protective cylindrical element 600. At its distal end, each flexible portion 672 may
be attached to a less flexible portion 673 which itself, at its distal end, is attached to
a flexible portion 674. Finally, all flexible portions 674, at their distal ends, are
connected to a single rigid ring 675. Rigid ring 675 is attached to rigid portion 685
of inner protective cylindrical element 600, e.g. by laser welding or by any suitable
mechanical connection including a snap-fit connection. Alternatively, glue can be
used. As will be evident to a person skilled in the art, intermediate cylindrical

element 619 with all its rigid portions, longitudinal elements, flexible portions, and
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less flexible portions may be made from a single cylindrical tube, e.g. by laser
cutting.

In the arrangement of figure 12, rigid, cylindrical portion 612a of
intermediate cylindrical element 621, at its distal end, is attached to a plurality of
longitudinal elements. Each such longitudinal element is provided with a flexible
portion 676 at the longitudinal location of flexible portion 680 of inner protective
cylindrical element 600. At its distal end, each flexible portion 676 may be attached
to a less flexible portion 677 of the longitudinal element which itself, at its distal
end, may be connected to a flexible portion 678. Flexible portions 678 are located
at the same longitudinal location as flexible portion 682 of inner protective
cylindrical element 600. At its distal end, each flexible portion 678 is attached to a
rigid portion 689 which has the form of a rigid ring. The rigid portion 689 is, at its
distal end, attached to a flexible portion 690. The flexible portion 690 may be
implemented by hinges like flexible portion 666. Finally, flexible portion 690, at its
distal end, is connected to a single rigid ring 691. Rigid ring 691 may be attached
to rigid ring 675 of inner intermediate cylindrical element 619, e.g. by laser
welding or by any suitable mechanical connection including a snap-fit connection.
Alternatively, glue can be used. As will be evident to a person skilled in the art,
intermediate cylindrical element 621with all its rigid portions, longitudinal
elements, flexible portions, and less flexible portions may be made from a single
cylindrical tube, e.g. by laser cutting.

In the arrangement of figure 12, intermediate cylindrical element 623 has
different functions. As explained above, at its proximal side the intermediate
cylindrical element 623 is provided with a plurality of longitudinal elements 635
which, at their distal ends, have finger-shaped elements 646. These finger-shaped
elements 646 are interleaved with finger-shaped elements 627 (cf. figure 9). These
finger-shaped elements 627 are, at their distal ends, attached to rigid, ring-shaped
element 642. At its distal end, the rigid, ring-shaped element 642 is connected to a
flexible portion 686 which is located at the same longitudinal location as flexible
portion 680 of inner protective cylindrical element 600. Flexible portion 686 may
be designed in the same way as flexible portion 666 of outer protective cylindrical
element 625. At its distal end, flexible portion 686 is connected to a rigid, bend-

resistive portion 687, preferably, designed such as to completely cover longitudinal
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elements 677 and, thus, protect them against dust, liquids, moisture, and other
contaminations. At its distal end, the rigid, bend-resistive portion 687 is connected
to a flexible portion 688 which may be designed in a similar way as flexible portion
666. Finally, at its distal end, flexible portion 688 is connected to a rigid, ring-
shaped portion 691. Rigid, ring-shaped portion 691 is attached to rigid portion 689
of intermediate cylindrical element 621, e.g. by laser welding or by any suitable
mechanical connection including a snap-fit connection. Alternatively, glue can be
used. As will be evident to a person skilled in the art, intermediate cylindrical
element 623with all its rigid portions, longitudinal elements, flexible portions, and
less flexible portions may be made from a single cylindrical tube, ¢.g. by laser
cutting.

First actuation zone 15 at the proximal side of the steerable instrument is
formed by flexible portion 666, flexible longitudinal elements 633, and flexible
portion 624, respectively, which are connected / attached to rigid, ring-shaped
elements 668, 656, and 626, respectively. By deflecting the first actuation zone 15
longitudinal elements 635 will move in a longitudinal direction of the steerable
instrument.

As explained above, any longitudinal movement of one or more of the
longitudinal elements 635 translates into a longitudinal movement of respective
ones of the longitudinal elements 602 because each one of the longitudinal
elements 635 is connected / attached to a respective one of the longitudinal
elements 602 via a sliding island 618. Consequently bendable zone 152, which
forms first deflectable zone 17, at the distal side will be deflected. Because
longitudinal elements 635 are located at a greater distance from the axis of
symmetry 692 of the steerable instrument than the longitudinal elements 602, a
certain deflection angle of the first actuation zone 15 results in a larger deflection
of deflectable zone 17 at the distal side. Thus, an amplification effect is obtained.
Some of the amplification may be lost due to elasticity of the longitudinal elements
635, 602.

Similarly, flexible zone 156 forms second actuation zone 14 comprising
flexible portion 686, flexible portions 676 of the longitudinal elements in the
intermediate cylindrical element 623, flexible portions 670 of longitudinal elements

602, and flexible portion 680. By deflecting the steerable instrument about the
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second actuation zone 14 bendable zone 154, which forms deflectable zone 16, will
be deflected too due to longitudinal movement of the longitudinal elements 678,
677, 676. Deflectable zone 16 comprises flexible portion 688, flexible portions 678
of the longitudinal elements in the intermediate cylindrical element 623, flexible
portions 672 of longitudinal elements 602, and flexible portion 682.

As will be evident to persons skilled in the art, the longitudinal elements in
the different cylindrical elements may be oriented in a spiral form such that a
bending of the first and/or second actuation zone 14, 15 in a certain surface results
in a deflection of the deflectable zones 16, 17 in a different surface with a different
orientation. One preferred orientation change is in a range of 170-190°, more
preferably in a range of 175-185°. Reference is made to figure 2h.

Diameter adaptation zone 164 is shown between actuation zones 14, 15.
However, as shown in figure 5a, diameter adaptation zone 164 can, alternatively,

equally well be located at the distal side of actuation zone 14.

Now, some alternative embodiments are briefly explained.

First of all, it is observed that in the above explanation of figures 6-12 the
increase of the distance to the axis of symmetry of longitudinal elements 602 to the
longitudinal elements 635 equals the sum of the thickness of intermediate
cylindrical element 619 and the thickness of intermediate cylindrical element 621.
Alternatively, a longitudinal element in first cylindrical element can simply be
attached, e.g. by laser welding or any desired mechanical connection, to a
longitudinal element in a second cylindrical element that is adjacent to the first
cylindrical element. As a further alternative, sliding island 618 may itself be
attached to another sliding island in another cylindrical element adjacent to
cylindrical element 621 in which sliding island 618 is located, such that there are
two (or even more) sliding islands located between longitudinal elements 602 and
635. This would increase the amplification factor.

Sliding islands can be also used in an embodiment where they are attached to
longitudinal elements arranged in a spiral form (cf. figure 2h). Such sliding islands
can prevent out-of-plane reactions of the tip, support a linear load of flexible
longitudinal elements and cause less fatigue.

As a further alternative, no sliding island 618 is used in space 631 but lip 648



10

15

20

25

30

38
of longitudinal element 635 is folded inwardly through space 631 such that it
engages and is welded to longitudinal element 602.

A still further alternative embodiment of a cylindrical diameter adaptation
section 164 is shown in figures 13a and 13b. These figures show a mechanical
connection between longitudinal element 635 and longitudinal element 602. Such a
mechanical connection can be made by providing longitudinal element 635 with an
inwardly (i.e. towards the axis of symmetry) extending lip 700. This lip 700 may
result from a T-shaped longitudinal element 635 of which the upper two small
branches are folded inwardly, as shown in figure 13a. Of course, if desired there
may only be one such lip 700, or more than two such lips 700. Lip 700 is arranged
such that, in the assembled state, the most extending portion of lip 700 is located in
a hole 702 in longitudinal element 602. Preferably, that most extending portion of
lip 700 has a tight fit into hole 702 such that play of lip 700 in hole 702 is kept to
an absolute minimum.

Figure 13b shows how such a lip extends through space 631 in cylindrical
element 621. Thus, again longitudinal elements 635 are located at a distance from
axis of symmetry 692 equal to the distance of longitudinal elements 602 from axis
of symmetry 692 plus the thickness of cylindrical element 619 and of cylindrical
element 621. Of course, such a lip 700 can be made smaller or larger. This lip 700
can be used to connect adjacent longitudinal elements in adjacent cylindrical
elements or longitudinal elements divided by more than one cylindrical element.

Even though the present invention has been mainly explained with reference
to the embodiment of figures 6-12 in which the steerable instrument has two
actuation zones at a proximal side of the instrument and two bendable zones at a
distal side, each one being controlled by one actuation zone, it should be
understood that the invention is not restricted to two such actuation zones and two
such controlled bendable zones. It can be applied in an instrument having one or
more actuation zones and one or more controlled bendable zones. Moreover, even
though the embodiment of figure 5b has been used as a starting point for explaining
the invention with reference to cylindrical diameter adaptation section 164 in
figures 6-12, the invention can also be applied in the embodiment of figure 5a with

reference to cylindrical diameter adaptation section 162.
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To summarize, in the above examples a steerable instrument has been
described and explained with at least the following features.

The steerable instrument 10 is designed for endoscopic and/or invasive type
of applications, such as in surgery, and comprises an elongated tubular body 18
having at least one actuation zone 14, 15 at a proximal side of the steerable
imstrument and at least one bendable zone 16, 17 at a distal side of the steerable
instrument. The at least one actuation zone 14, 15 is arranged to control bending of
the at least one flexible zone 16, 17 by means of a plurality of longitudinal
elements. The steerable instrument has a cylindrical diameter adaptation section
164 comprising a first side and a second side. The longitudinal elements are located
at a first distance from an axis of symmetry 692 of the steerable instrument at the
first side and at a second distance from the axis of symmetry 692 at the second
side, where the first distance is different from the second distance.

The longitudinal elements comprise at least a first set of one or more
longitudinal elements 602 and a second set of one or more longitudinal elements
635.

The one or more longitudinal elements 602 of the first set of longitudinal
elements are located at the first distance from the axis of symmetry 692 at the first
side as well as within the cylindrical diameter adaptation section 164.

The one or more longitudinal elements 635 of the second set of longitudinal
elements are located at the second distance from the axis of symmetry 692 at the
second side as well as within the cylindrical diameter adaptation section 164.

Each one of the one or more longitudinal elements 602 of the first set of
longitudinal elements overlaps with one of the one or more longitudinal elements
635 of the second set of longitudinal elements within the cylindrical diameter
adaptation section 164 as seen in a radial direction from the axis of symmetry 692,
and is at least one of connected and attached to the one of the one or more
longitudinal elements 635 of the second set of longitudinal elements, such that a
movement of the one of the one or more longitudinal elements 602 of the first set
of longitudinal elements in a longitudinal direction of the steerable instrument
results in a same movement of the one of the one or more longitudinal elements

635 of the second set of longitudinal elements in the longitudinal direction.
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Advantages of the presented design may be as follows.

The proximal side of the steerable instrument can made from a rigid intact
portion of a tube.

No longitudinal elements need to be guided to another diameter layer of the
instrument during manufacturing, thus simplifying the manufacturing process.

The longitudinal elements undergo less stress and compression.

All flexible portions are cut in the same way resulting in less play between
spacers and longitudinal elements.

A cylindrical element with sliding islands forms a mask during (laser)
welding of the sliding islands to innerly located longitudinal elements. This
prevents welding of adjacent longitudinal elements to one another or to other tube
portions.

Sliding islands are guiding longitudinal elements when they move in a
longitudinal direction and prevent tangential movement of them which also
compensates torque.

The presented design can be used to implement more than one diameter
adaptation section easily.

By using break islands, a tube can be separated into different independent
sections (as indicated with dotted lines 613, 652) which can be used for different

functions.

Spacers

A second aspect of the invention relates to using sliding islands as spacers and
guiding elements between adjacent longitudinal elements in the same cylindrical
element. This second aspect elaborates upon prior art disclosed in
WO2009112060A of the present applicant. To illustrate this second aspect, first
figure 8 and its related description from WO2009112060A will be repeated here.
WO2009112060A figure 8 is copied here as figure 14a.

Figure 14a shows an unrolled version of a part of an intermediate cylindrical
element 810. The figure shows two end portions 831, 835 which are mutually
connected by means of a plurality of longitudinal elements 800 of which two are

shown. In this figure, the two adjacent longitudinal elements 802 are shown as
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having a first flexible portion 801 attached to end portion 831 and a second flexible
portion 803 attached to end portion 835. The first flexible portion 801 is attached to
the second flexible portion 803 by means of an intermediate portion 802 which
may be more rigid than the first flexible portion 801 and the second flexible portion
802 e.g., at least twice as rigid. The end portions 831, 835 and the longitudinal
elements 800 can be made by laser cutting from a single cylindrical tube.

The first flexible portions 801 and the second flexible portions 803,
respectively, have a circumferential width such that there is a circumferential gap
804 and 805, respectively, between each pair of adjacent first flexible portions 801
and second flexible portions 803, respectively. The intermediate portions 802 have
a circumferential width such that two adjacent intermediate portions 802 are
substantially in contact with each other, meaning that they are only separated from
one another by a slit remaining after laser cutting the single cylindrical tube to
render the end portions X31, X35 and the longitudinal elements 800 connecting
them.

In each gap 804 and 805, respectively, sliding islands 806 and 807,
respectively, have been placed which sliding islands 806 and 807, respectively,
have a circumferential width filling the width of the gap 804 and 805, respectively.
Thus, sliding islands 806 and 807 provide guiding elements for the adjacent first
flexible portions 801 and adjacent second flexible portions 803, respectively, such
that they prevent substantial tangential movement of adjacent first flexible portions
801 relative to one another and of adjacent second flexible portions 803 relative to
one another.

The sliding islands 806, 807 may be made by laser cutting them from the same
single cylindrical tube from which the end portions 831, 835 and the longitudinal
elements 800 have been made. Then, the sum of the separations at either sides
between sliding island 806 and the first flexible portions 801 and between sliding
island 807 and the second flexible portions 803 may be two times the width of a slit
remaining after such laser cutting.

Free movement of the longitudinal elements 800 in the longitudinal direction is
achieved in that in the longitudinal direction the sliding islands 806 and 807,
respectively, do not completely fill up the entire space of the gaps 804 and 805,

respectively, but leave a predetermined free space.
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For the production of such a system as shown in figure 14a, as explained in
WO2009112060A, it is possible to first make the intermediate cylindrical elements
by means of, e.g., laser cutting from a single cylindrical tube, which results in an
intermediate cylindrical element in which each sliding islands 806 and 807 are still
connected either to an adjacent longitudinal element 800 or to end portions 831 or
835. In this form, the connection point between the sliding island element 806 and
807 and the remaining of the intermediate cylindrical element 810 remains intact
when the intermediate cylindrical element 810 is shifted into another cylindrical
element external to the intermediate cylindrical element 810, which is provided
with holes coinciding with the connection points. Once the assembly is finished,
the connection points can then be destroyed.

As also explained in WO2009112060A, the sliding islands 806 and 807 are not
completely free from the remaining of the instrument, but each sliding island 806
and 807 is connected either to another cylindrical element either internal to or
external to the intermediate cylindrical element 810. In the embodiment shown this
has been achieved by welding at one point 808 and 809, respectively, the sliding
islands 806 and 807 to an intermediate rigid portion of the other cylindrical element
external or internal to the intermediate cylindrical element 810. In this way the
longitudinal elements 800 are accurately guided by the sliding island 806 and 807
in the flexible portions of the instrument, but the sliding island element 806 and
807 themselves are not free to move whereby the control of movement has been
improved.

Figure 14b shows how sliding islands can be used as spacers between adjacent
longitudinal elements which sliding islands are first connected to adjacent
longitudinal elements by means of break islands which are later in in the
manufacturing process broken off such that the sliding islands can freely move in
an open space between adjacent longitudinal elements. This breaking off process
can be performed without needing any holes in other cylindrical elements to
destroy connection points as disclosed in WO2009112060A.

Figure 14b is based on figure 4 described above and the same reference
numbers refer to the same components. So, second aspect of the invention is
explained with reference to a steerable instrument with one actuation zone at a first,

e.g. proximal, side and arranged to control deflection of a single bendable zone at a
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second other, e.g. distal, side of the instrument. The shown steerable instrument
comprises a diameter adaptation zone at the first side. However, the steerable
instrument according to the second aspect may have no or more than one diameter
adaptation zone at any desired location. Moreover, the steerable instrument
according to the second aspect may also have more than one actuation zone and
more than one bendable zone, wherein a deflection of each one is controlled by one
actuation zone by means of its own set of longitudinal elements and wherein the
sets are arranged in one or more intermediate cylindrical elements.

During the manufacturing process, the following actions are performed.

Inner cylindrical element 2202 is provided with its flexible parts 2222 and
2224, and intermediate rigid part 2223. Inner cylindrical element 2202 is preferably
produced from a single tube, e.g. by laser cutting. Its material and dimensions,
respectively, are selected from the same materials and dimensions, respectively, as
indicated above with reference to inner cylindrical element 600.

Intermediate cylindrical element 2203 is provided. It comprises rigid ring 2331
at the proximal side and rigid ring 2335 at its distal side. Rigid ring 2331 and rigid
ring 2335 are attached to one another by means of a plurality of longitudinal
elements 2338. Intermediate cylindrical element 2203 is preferably produced from
a single tube, e.g. by laser cutting. Its material, diameter and thickness,
respectively, are selected from the same materials, diameter and thickness,
respectively, as indicated above with reference to intermediate cylindrical elements
619, 621, 623. Between adjacent longitudinal elements 2338, the intermediate
cylindrical element 2203 comprises one or more sliding islands 618a, 618b, 618c.
Each sliding island 618a, 618b, 618c is still attached to at least one adjacent
longitudinal element 2338 by means of at least one break island 616a/620a,
616b/620b, 616¢/620¢c. Each one of these break islands 616a/620a, 616b/620D,
616¢/620c meet the requirements of the definition given above with reference to
break islands 604, 606, 616, 620, 644.

At predetermined portions, sliding islands 618a, 618b, 618c are separated from
adjacent longitudinal elements 2338 by means of a small slit which is not wider
than as caused by the manufacturing process to cut into the cylindrical tube.
Smallest widths of these slits may be between 5-50um, preferably between 15-

30um, as resulting from e.g. laser cutting.
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Inner cylindrical element 2202 is inserted into intermediate cylindrical element
2203 such that flexible parts 222 and 2224 are longitudinally aligned with flexible
portions of longitudinal elements 2338§.

In the shown example, after such alignment, sliding islands 618a, 618b and
618c, respectively, are longitudinally aligned with flexible part 2224, intermediate
rigid part 2223, and flexible part 2222 of inner cylindrical element 2202,
respectively. A portion of sliding island 618a is arranged such that it extends
beyond flexible part 2224 as seen in the longitudinal direction. The other portion,
which is longitudinally aligned with flexible part 2224 should be flexible in a
longitudinal direction because, if not, the steerable instrument cannot be deflected
about flexible part 2224. This can be done by making suitable transverse slits in
that other portion of sliding island 618a, as persons skilled in the art will
understand.

Similarly, a portion of sliding island 618c is arranged such that it extends
beyond flexible part 2222 as seen in the longitudinal direction. The other portion,
which is longitudinally aligned with flexible part 2222 should be flexible in a
longitudinal direction because, if not, the steerable instrument cannot be deflected
about flexible part 2222. This can be done by making suitable transverse slits in
that other portion of sliding island 618c, as persons skilled in the art will
understand.

Since sliding island 618b is entirely aligned with intermediate rigid part 2223 it
need not be flexible in its longitudinal direction.

Now, sliding islands 618a, 618b, 618c can be attached to inner cylindrical
element 2202. To that effect, each one of said sliding islands 618a, 618b, 618c is
attached, preferably, to a location on a rigid part of inner cylindrical element 2202.
The attachment is made on one or more locations on each sliding island 618a,
618b, 618c. Instead of these attachments, or in addition to them, the sliding islands
618a, 618b, 618c may be attached at one or more locations to outside cylindrical
element 2204, as will be explained below.

The set of inner cylindrical element 2202 and intermediate cylindrical element
2203 is inserted into outer cylindrical element 2204. Flexible parts 2242 and 2244,
respectively, are aligned with flexible parts 2222 and 2224, respectively.

Sliding island 618b is now aligned with intermediate rigid part 2243. Portions
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of sliding islands 618a and 618c are aligned with rigid parts of outer cylindrical
element 2204 too.

As indicated with respective arrows 840, 841, 842, 843, 844, 845, 846, and 847
sliding islands 618a, 618b, 618c may be attached at one or more suitable locations
to a rigid part of outer cylindrical element 2204.

It is observed that inner cylindrical element 2202 and outer cylindrical element
2204 need not be provided both. One of them is sufficient. Moreover, if they are
both present, sliding islands 618a, 618b, 618c may be attached at one or more
suitable locations to rigid parts of only one of inner cylindrical element 2202 and
outer cylindrical element 2204.

After the inner cylindrical element 2202, intermediate cylindrical element 2203
and outer cylindrical element 2204 have been inserted into one another the flexible
zone as defined by flexible parts 2222, 2242 and/or the flexible zone as defined by
flexible parts 2224 and 2244 is deflected. By doing so, a longitudinal force in
longitudinal elements 2338 is applied resulting in a counter-force in respective
break islands 616a, 620a, 616b, 620b, 616¢, 620¢ such that they break off from the
respective longitudinal elements 2338 to which they are attached. However, they
remain attached to said inner and/or outer cylindrical element 2202, 2204 and will
function as longitudinal guides between adjacent longitudinal elements 2338 which
prevent tangential movement.

It is observed that exerting a longitudinal force in the longitudinal elements
2338 to let the break islands 616a, 620a, 616b, 620b, 616¢, 620c break off may be

generated in any desired way.

It will be clear to a person skilled in the art that the scope of the invention is
not limited to the examples discussed in the foregoing, but that several amendments
and modifications therecof are possible without deviating from the scope of the
invention as defined in the attached claims. While the invention has been illustrated
and described in detail in the figures and the description, such illustration and
description are to be considered illustrative or exemplary only, and not restrictive.
The present invention is not limited to the disclosed embodiments but comprises
any combination of the disclosed embodiments that can come to an advantage.

Variations to the disclosed embodiments can be understood and effected by a
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person skilled in the art in practicing the claimed invention, from a study of the
figures, the description and the attached claims. In the description and claims, the
word “comprising” does not exclude other elements, and the indefinite article “a”
or “an” does not exclude a plurality. In fact it is to be construed as meaning “at
least one”. The mere fact that certain features are recited in mutually different
dependent claims does not indicate that a combination of these features cannot be
used to advantage. Any reference signs in the claims should not be construed as
limiting the scope of the invention. Features of the above described embodiments
and aspects can be combined unless their combining results in evident technical

conflicts.
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Conclusies

1. Stuurbaar instrument (10) voor toepassingen van een endoscopisch en/of
invasief type, zoals in de chirurgie, waarbij het instrument een langwerpig buisvormig
lichaam (18) omvat dat ten minste ¢¢én activeringszone (14; 15) aan een proximale zijde
van het stuurbare instrument en ten minste één buigbare zone (16; 17) aan een distale
zijde van het stuurbare instrument heeft, waarbij de ten minste ene activeringszone (14;
15) is ingericht om het buigen van de ten minste ene flexibele zone (16; 17) te besturen
door middel van een veelheid longitudinale elementen, waarbij het stuurbare instrument
een cilindrische-diameter-aanpassingssectie (164) heeft die een eerste zijde en een
tweede zijde omvat, waarbij de longitudinale elementen zich bevinden op een eerste
afstand van een symmetrieas (692) van het stuurbare instrument aan de eerste zijde, en
zich bevinden op een tweede afstand van de symmetrieas (692) aan de tweede zijde,
waarbij de eerste afstand verschillend is van de tweede afstand,

met het kenmerk, dat

de longitudinale elementen ten minste een eerste set van één of meer
longitudinale elementen (602) en een tweede set van één of meer longitudinale
elementen (635) omvatten,

waarbij de één of meer longitudinale elementen (602) van de eerste set
longitudinale elementen zich bevinden op de eerste afstand van de symmetricas (692)
aan de eerste zijde alsmede binnen de cilindrische-diameter-aanpassingssectie (164),

waarbij de één of meer longitudinale elementen (635) van de tweede set
longitudinale elementen zich bevinden op de tweede afstand van de symmetrieas (692)
aan de tweede zijde alsmede binnen de cilindrische-diameter-aanpassingssectie (164),

waarbij elk van de één of meer longitudinale elementen (602) van de eerste set
longitudinale elementen overlapt met één van de één of meer longitudinale elementen
(635) van de tweede set longitudinale elementen binnen de cilindrische-diameter-
aanpassingssectie (164) zoals gezien in een radiale richting vanuit de symmetrieas
(692), en is verbonden met en/of bevestigd aan het ene van de één of meer
longitudinale elementen (635) van de tweede set longitudinale elementen, zodanig, dat
een beweging van het ene van de één of meer longitudinale elementen (602) van de

eerste set longitudinale elementen in een longitudinale richting van het stuurbare
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instrument leidt tot eenzelfde beweging van het ene van de één of meer longitudinale

elementen (635) van de tweede set longitudinale elementen in de longitudinale richting.

2. Stuurbaar instrument volgens conclusie 1, waarbij de ten minste ene
activeringszone (15) flexibel is en is ingericht voor het besturen van de afbuiging van
de ten minste ene flexibele zone (17) door het afbuigen van de activeringszone (15)
onder een eerste hoek ten opzichte van de symmetrieas (692), zodanig, dat de ten
minste ene flexibele zone (17) wordt afgebogen onder een tweede hoek die verschillend

is van de eerste hoek.

3. Stuurbaar instrument volgens conclusie 1 of 2, waarbij de ¢¢én of meer
longitudinale elementen (602) van de eerste set longitudinale elementen deel zijn van
een eerste tussengelegen cilindrisch element (619) dat een eerste radius heeft die gelijk
is aan de eerste afstand, en de één of meer longitudinale elementen (635) van de tweede
set longitudinale elementen deel zijn van een tweede tussengelegen cilindrisch element

(623) dat een tweede radius heeft die gelijk is aan de tweede afstand.

4. Stuurbaar instrument volgens conclusie 3, waarbij het ene van de één of meer
longitudinale elementen (635) van de tweede set longitudinale elementen is bevestigd
aan een flexibel longitudinaal element (633) dat ook deel is van het tweede cilindrische
element (623) en zich bevindt buiten de cilindrische-diameter-aanpassingssectic (164)

en binnen de activeringszone (15).

5. Stuurbaar instrument volgens conclusie 3 of 4, waarbij het stuurbare
instrument ten minste ¢én derde tussengelegen cilindrisch element (621) omvat dat een
derde radius tussen de eerste radius en de tweede radius heeft en zich bevindt tussen het
eerste tussengelegen cilindrische element (619) en het tweede tussengelegen
cilindrische element (623), waarbij het ten minste ene derde tussengelegen cilindrische
element (621) ¢én of meer open ruimten (631) in de cilindrische-diameter-
aanpassingssectie (164) heeft, waarbij elke open ruimte (631) is ingericht om het voor
het ene van de één of meer longitudinale elementen (602) van de eerste set
longitudinale elementen mogelijk te maken om verbonden te worden met of bevestigd

te worden aan, of om zowel verbonden te worden met als bevestigd te worden aan het
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ene van de één of meer longitudinale elementen (635) van de tweede set longitudinale

elementen.

6. Stuurbaar instrument volgens conclusie 5, waarbij het ene van de één of meer
longitudinale elementen (635) van de tweede set longitudinale elementen is bevestigd
aan een flexibel longitudinaal element (633) dat ook deel is van het tweede cilindrische
element (623) en zich bevindt buiten de cilindrische-diameter-aanpassingssectic (164)
en binnen de activeringszone (15), en waarbij het ten minste ene derde tussengelegen
cilindrische element (621) is voorzien van een flexibel gedeelte (624) binnen de

activeringszone (15).

7. Stuurbaar instrument volgens conclusie 5 of 6, waarbij een schuifeiland (618)
is voorzien in elke open ruimte (631), waarbij elk schuifeiland (618) ten minste ¢én is
van verbonden met en bevestigd aan zowel het ene van de ¢én of meer longitudinale
elementen (602) van de eerste set longitudinale elementen als het ene van de é¢n of
meer longitudinale elementen (635) van de tweede set longitudinale elementen, en
waarbij elk schuifeiland (618) een longitudinale afmeting heeft die kleiner is dan een

longitudinale afmeting van de open ruimte (631).

8. Stuurbaar instrument volgens conclusie 5 of 6, waarbij het ene van de é¢n of
meer longitudinale elementen (602) van de eerste set longitudinale elementen en het
ene van de ¢én of meer longitudinale elementen (635) van de tweede set longitudinale
elementen zijn verbonden met elkaar en/of bevestigd aan elkaar door de open ruimte

(631) door middel van een lip (648; 700).

9. Stuurbaar instrument volgens ¢én van de voorgaande conclusies, waarbij het
ene van de ¢én of meer longitudinale elementen (602) van de eerste set longitudinale
clementen en het ene van de één of meer longitudinale elementen (635) van de tweede
set longitudinale elementen aan elkaar zijn bevestigd door middel van ten minste één

van een lasproces en lijmen.

10. Stuurbaar instrument volgens ¢én van de conclusies 1 — 8, waarbij het ene

van de ¢¢én of meer longitudinale elementen (602) van de eerste set longitudinale
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clementen en het ene van de één of meer longitudinale elementen (635) van de tweede
set longitudinale elementen met elkaar zijn verbonden door middel van een

mechanische verbinding.

11. Stuurbaar instrument volgens één van de voorgaande conclusies, waarbij het
langwerpige buisvormige lichaam (18) ten minste ¢én andere activeringszone (14) aan
de proximale zijde van het stuurbare instrument en ten minste ¢én andere buigbare zone
(16) aan de distale zijde van het stuurbare instrument heeft, waarbij de ten minste ene
andere activeringszone (14) is ingericht om het buigen van de ten minste ene andere
flexibele zone (16) te besturen door middel van een andere veelheid longitudinale

clementen (677).

12. Werkwijze voor het produceren van een stuurbaar instrument (10) voor
toepassingen van een endoscopisch en/of invasief type volgens conclusie 7, waarbij de
werkwijze omvat:

a. verschaffen van het eerste cilindrische element (619),

b. verschaffen van het derde cilindrische element (621), waarbij het derde
cilindrische element (621) starre, cilindrische gedeelten (612a, 612b) omvat die aan
elkaar zijn bevestigd door middel van verbindingselementen (617), waarbij de
cilindrische gedeelten (612a, 612b) en verbindingselementen (617) een open ruimte
(631) definiéren, waarbij het ten minste ene schuifeiland (618) is bevestigd aan ten
minste ¢én van de verbindingselementen (617) en de starre, cilindrische gedeelten
(612a, 612b) door middel van één of meer breekeilanden (616; 620),

c. inbrengen van het eerste cilindrische element (619) in het derde cilindrische
element (621),

d. uitlijnen van het ten minste ene schuifeiland (618) met het ten minste ene van
de ¢¢n of meer longitudinale elementen (602) van het eerste cilindrische element (619),

e. verbinden en/of bevestigen van het ten minste ene schuifeiland (618) met/aan
het ten minste ene van de één of meer longitudinale elementen (602) van het eerste
cilindrische element (619),

f. verschaffen van het tweede cilindrische element (623) en inbrengen van het
eerste cilindrische element (619) en het derde cilindrische element (621) in het tweede

cilindrische element (623),
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g. uitlijnen van het ten minste ene schuifeiland (618) met het ten minste ene van
de één of meer longitudinale elementen (635) van het tweede cilindrische element
(623),

h. verbinden en/of bevestigen van het ten minste ene schuifeiland (618) met/aan
het ten minste ene van de één of meer longitudinale elementen (635) van het tweede
cilindrische element (623),

1. afbreken van de ¢én of meer breckeilanden (616; 620) door het ten minste ene
schuifeiland (618) in de open ruimte (631) te bewegen, zodanig, dat het ten minste ene

schuifeiland (618) vrijelijk kan bewegen in de open ruimte (631).

13. Werkwijze volgens conclusie 12, waarbij de handeling 1 wordt uitgevoerd
door het bewegen van het ten minste ene van de één of meer longitudinale elementen
(602) van het eerste cilindrische element (619) en het ten minste ene van de ¢én of
meer longitudinale elementen (635) van het tweede cilindrische element (623) ten

opzichte van het derde cilindrische element (621).

14. Werkwijze voor het produceren van een stuurbaar instrument (10) voor
toepassingen van een endoscopisch en/of invasief type, waarbij het instrument een
langwerpig buisvormig lichaam omvat dat ten minste é¢n activeringszone aan een
proximale zijde van het stuurbare instrument en ten minste ¢én buigbare zone aan een
distale zijde van het stuurbare instrument heeft, waarbij de ten minste ene
activeringszone is ingericht om het buigen van de ten minste ene buigbare zone te
besturen door middel van een veelheid longitudinale elementen (2338), waarbij de
werkwijze omvat:

a. verschaffen van ten minste één van:

1. een binnenste cilindrisch element (2202) omvattend ten minste één
eerste proximaal flexibel deel (2222) aan een proximale zijde, ten minste ¢¢n eerste
distaal flexibel deel (2224) aan een distale zijde, en een eerste tussengelegen star deel
(2223) tussen het ten minste ene eerste proximale flexibele deel (2222) en het ten
minste ene eerste distale flexibele deel (2224),

ii. een buitenste cilindrisch element (2204) omvattend ten minste één
tweede proximaal flexibel deel (2242) aan de proximale zijde, ten minste één tweede

distaal flexibel deel (2244) aan de distale zijde, en een tweede tussengelegen star deel
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(2243) tussen het ten minste ene tweede proximale flexibele deel (2242) en het ten
minste ene tweede distale flexibele deel (2244),

b. verschaffen van ten minste ¢én tussengelegen cilindrisch element (2203)
omvattend de veelheid longitudinale elementen (2338) en ten minste ¢én schuifeiland
(618a; 618b; 618c¢) tussen twee aangrenzende longitudinale elementen (2338), waarbij
het ten minste ene schuifeiland (618a; 618b; 618¢) is bevestigd aan ten minste één van
de twee aangrenzende longitudinale elementen (2338) door middel van ten minste één
breekeiland (616a/620a; 616b/620b; 616¢/620c),

c. uitvoeren van ten minste ¢¢n van de volgende handelingen:

1. inbrengen van het binnenste cilindrische element (2202) in het
tussengelegen cilindrische element (2203) en bevestigen van het ten minste ene
schuifeiland (618a; 616b; 618c) aan een star deel van het binnenste cilindrische
element (2202), uitoefenen van een longitudinale kracht op het ten minste ene van de
twee aangrenzende longitudinale elementen (2338), om zo het ten minste ene van de
twee aangrenzende longitudinale elementen (2338) te bewegen ten opzichte van het
starre deel van het binnenste cilindrische element (2202), en het ten minste ene
breckeiland (616a/620a; 616b/620b; 616¢/620c¢) af te breken, en zodanig dat het ten
minste ene breekeiland (616a/620a; 616b/620b; 616¢/620c¢) vrijelijk kan bewegen
tussen de twee aangrenzende longitudinale elementen (2338) en een tangentiéle
beweging van de twee aangrenzende longitudinale elementen (2338) verhindert,

ii. inbrengen van het tussengelegen cilindrische element (2203) in het
buitenste cilindrische element (2204) en bevestigen van het ten minste ene schuifeiland
(618a; 618b; 618c) aan een star deel van het buitenste cilindrische element (2204),
uitoefenen van een longitudinale kracht op het ten minste ene van de twee
aangrenzende longitudinale elementen (2338) om zo het ten minste ene van de twee
aangrenzende longitudinale elementen (2338) te bewegen ten opzichte van het starre
deel van het buitenste cilindrische element (2204) en het ten minste ene breekeiland
(616a/620a; 616b/620b; 616¢/620c¢) af te breken en zodanig, dat het ten minste ene
breekeiland (616a/620a; 616b/620b; 616¢/620c¢) vrijelijk kan bewegen tussen de twee
aangrenzende longitudinale elementen (2238) en een tangenti€le beweging van de twee

aangrenzende longitudinale elementen (2338) verhindert.
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15. Werkwijze volgens conclusie 14, waarbij een eerste schuifeiland (618b) zich

geheel bevindt in een star gedeelte van het langwerpige buisvormige lichaam.

16. Werkwijze volgens conclusie 14 of 15, waarbij een tweede schuifeiland
(618a) cen flexibel gedeelte in de ten minste ene buigbare zone van het langwerpige

buisvormige lichaam omvat.

17. Werkwijze volgens conclusie 14, 15 of 16, waarbij een derde schuifeiland
(618c¢) een flexibel gedeelte in de ten minste ene activeringszone van het langwerpige

buisvormige lichaam omvat.

ok o ok sk s skook
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Abstract

A steerable instrument (10) for endoscopic and/or invasive type of applications,
such as in surgery, which has an elongated tubular body (18) having a proximal end
part (11) with a first actuation flexible zone (14, 15) having a first diameter and a
distal end part (13) having a first distal flexible zone (16, 17) having a second
diameter that is different from the first diameter. A cylindrical diameter adaptation
section (164) is arranged to connect the proximal end part (11) to the distal end part
(13) such that a flexion in a radial direction relative to a longitudinal center axis of
the longitudinal tubular body of the first actuation flexible zone (14, 15) results in

an amplified or attenuated flexion of the first distal flexible zone (16, 17).

[Fig. 12]



SAMENWERKINGSVERDRAG (PCT)

RAPPORT BETREFFENDE NIEUWHEIDSONDERZOEK VAN INTERNATIONAAL TYPE

IDENTIFICATIE VAN DE NATIONALE AANVRAGE KENMERK VAN DE AANVRAGER OF VAN DE GEMAGHTIGDE

FE061440N1L

Nederlands aanvraag ny ingianingegatum

2016900 06-06-20186

Ingeroepen vaorrangsdatum

Aanvrager (Naem}

Fortimedix Surgical B.V.

Deaturm van bad verzosi woor enn onderzosk van Door de nslaniis voor internationaal Onderssek aan
tntarrationaal type hiet verzoeikvost sen onterzesk van interoationaal ype

oegekand nf.

15-10-2016 BN&7567

L CLASSIFICATIE VAN HET ONDERWERP: (by toepassing var wirschiliende olassificaties, alie clyssificatiosyimbolen opgovert

Volgens de namatiovate slussiffoatie (1PO)

AB1B1/00;A61B1/005;A61B1/008; A6 1M25/01

i ONDERZOCHTE GEBIEDEN VAN DE TECHNIEK

Ornderzochts minimumdocumentatie

Classificatiesysieem Classificatiesymbolen
PG ABTRABIM
Onderrachie gndars docurnoniatie dan de minimum docwmsatatie voor 2over dorgalifke donumaten s ondarzochte gebisden 2in
CRETRRTIEH
. JoEEN ONDERFOEK MOGELIUK VOOR BERPAALDE CONCLUSIES {oprasrkingern o ganalingsbilad).
Y. GEBREK AAN EENHEID VAN UITVINDING fopmsridagen op asviingstdad)

Form POT/ISA 201 A {11/2000)




ONDERZOEKSRAPPORT BETREFFENDE HET

RESULTAAT VAN HET ONDERZOEK NAAR DE STAND Nirmimar dar Pl Yszomk ot e ErerioeK So80
VAN DE TEGHNIEK VAN HET INTERNATIONALE TYPE L 01680
NL 2016500
B, CLASSIFIGATIE VAN RET ORDERWERP
TNV, AG1B1/00 AG1B1/005 A5181/008 ABIM25/01

ADD.

‘{f‘ciyeng de imernaonads Ulazsificatie van scdrosisn {IFG) of zowsl volgens de nafinnals clsssifivalie als volgens. de PG,

B ONDERRNEHTE GEBIEDEN VAN DE TROMMER

shderzochie mimbsn dosurmeniatie lassificatie gevolgd door clsssificaiogymbalen)

AGLIB ABIM

Onderzochte mndere dosumentatie dan de mimiswim dooumentatie, voor dengeiijke docsyrmerden, vaor Zovar ::ﬁergeb;ke dosunienten in de anderzoahia
gebipdRa 2l opgenamen

Tijders bt snderzosk gersadoiaagde slektonisahe geg bastenden {pasmvan de gegevenshestanden an, wasr uitvosrbaar, gebriikie treéfwanrdan)
EPO-Internal, WP Data
VAN BELANG GEACHTE DOCLHIMENTEM
Categons ™| Guntesnds dosimentan, svontysesl st agoiduiding var spediaal v hetsng zinde bagtages Wan Belang veor
] B SRy Ay
X WO 20087127236 Al {FORTIMEDIX B ¥ [HL]y 1-6,
VERBEEK MARCEL ANTONIUS ELISAB [NL1) 1117
22 oktober 2009 (2009~10-22)
A * samenvatting: figuren 1, 4, 9, 16~ 7~10
* bladzijde 4, regel 5 - bladzijde 2,
regel 28 0%
X EP 2 762 088 Al (FSRTXMEDIX SURGICAL B ¥ =8,
{NL1} 6 sugustus 2014 {2014-88-06) 11-17
A * samenvatting; figuren 1-7¢ 14-18 * 7-18
* alineas [0009] - [0011], {0028]
[on32) *
E WO 2&16f8892@2 Al {FORTIMEDIX SURGICAL B V =317
[NLI} ¢ juni 2016 {2016-06-09)
* samenvatting; figuren 1-5 *
* alineas [0001] - [0023]. [0058] -
[0059], [DO66] - [0067], [0090] -
jgoell, [B1Bs} *
D Verdars dosiraedisn worden vermaig inhet vervolg van vak G Ladeiy van dedelids sotibotiammiie 2ijn vermald n eeh Bijlags

“Spaciale cotagariadn van aingehaablba o T

T e lhdisﬁ‘mgsdah;sm of de vaoTTangRaatim gey
Btevaduur dig pigh b&.w,amﬂd is vawr de peiresisgnvrage,
s wordt vermehd ter \zm rseiziarmg van de theore of
hef princiy datten g siagy Hgh aan de w&vmﬁmg

‘A niet lol de pategotie ¥ of Y behorende Hreratuur die de stand van de
tachiis basobriit
AN in de aoteairanvrege yvermeld

"X de vanchsie wordt ale st niaww. of nist mventist beschouwd:

BT sergans eatm%ganvza @3, gopub aeesed op o s sl ngieningedatum, ten opriohbe van deze Baratur
wagin dez UAVIEING e J.sc:h rRVE

BTN

¥ e gonciusis wondt als niadinventisf besaho f howy
van de combinstie van dese literatuur met anders g:scsd&endss
taradinr van Weralide ca&zt}ane waarbi de sombinatie voar
de valenan oo de hand liges nd-wordt geanht

LT ooy anders fedhenan Ve melds. Bty

"3 et pohriftetiis stand van de technisk

"Fsgen oy coorrangsdatum en deimbsningedatint gepublivesrde fiveratuty "R I van dezelfde aatrooifaritis nt ov Ramstige ostroaipubisabis
atumrwasron het onderzoek naar de sland van de techniek dar Yerzenddatian van het mppert var hetonderzoel naards stand yan
isterationadl type Ward volteaid de teshnisl dan temsionast hige

27 {ebruari 2017
Naanyen adhes van-de instantic D bavoegde arvienaar

European Patert Office, P8 5213 Patentlaan
Wk~ 2280 MY Fijswip

Tel, (+34-70) 802040, ; , iqs
én%ﬂﬁﬂ%%ﬂ?mﬁ Lahorte, Philippe

-
B

wier POTARARD Thwasde ‘mﬂd\ {anusni "v"\_’\)u‘r




ONDERZOEKSRAPPORT BETREFFENDE HET

RESULTAAT VAN HET ONDERZOEK NAAR DE STAND GRS V3R 48 tanhatek o eon onderzosk s
VAN DE TECHNIEK VAN HET INTERNATIONALE TYPE NL 2016000
nforipatie over lecher Yah dezelfds oolvaofdmiie )
frebeet rappart Datumvan Dyveresnkomend{e) Datusn van
genvemdontromigesehrift publicatie geschrft{sn} prebbinntie

WO 2008127236 Al 22-13-2009  BR PIOBZZ25R0 A2 23-06-2015
N 182006816 A 06-04-2011
EA 201871287 Al £9-04-2011
ER 2262408 Al 22-12-2010
Jp 5400867 B2 29-01~2814
JP 2011516221 A 26-05-2011
KR 28110815557 A 16~02-2011
Us 2011065990 Al 17-03-2011
US 2014287151 Al 24-07-2014
WO 2009127236 Al 22 18-2669

E? 2?62@58 Al 05 68 2814 BR P1082241% A2 16 ~06~2015
£N 102066815 A 06-84-2G11
CN 104337481 A 11-p2-2015
EA 201871049 AL 29-04-2811
EA 201300520 Al 30-12-2813
EP 2273911 Al 19-01-2011
Ep 2762058 Al 06-08-2014
EP 2915476 Al 08-09~20815
ES 2541117 13 16-07-2815
ES 2562918 T3 09-03-~2016
JP . 5331826 B2 30-10-2013
JP 2011517250 A 02-06~2811
KR 20110002830 A 06~01-2011
USs 2011834764 Al 18-82-2011
U5 2el5151080 Al 04-06-2815
WQ 2008112660 Al 17 ~-09-2009

WO 2916@89282 Al 09 06-2016 GEEN

B T e R PP I R OB UG US W S WE SORI

-
By

prmtier POTASARI Tranaigtiad ootracfanmlisl {danuw

PO




WRITTEN OPINION

Fila N Filing date (daydrontfyiearn Priceity date: (dayinenitvesn Application Mg
ENBT567 46.08 2018 NL2OTE200

imierrsa‘limaiﬁ Paient Classification (IPC)

V. AB1B100 AGTR1005 AGTRT1H08 AB1M25101

Applicant
Fortimedix Surgical BV,

This: opirdonoantains ingications redaling (o e following tems:;

Bax Mol Basis of the gpinian

Bax No. il Pricrity

Box Mo L Nen-satablishmant of a‘piniﬂn‘ with regard to novedty, inventive steg and induatrial applicakility
Box Ne, T Lack ol unity of inventian

Box No ¥V Fessoned stalement with regard to novelly, inventive step or industirial
applicahilty; ciigiions and explanations sugpoging such sfatement

Box No. VWi Ceriain deoumenis ofted
Bowo NG Vi Cartgin delects in the application
Box Na. Vi Cartain obaervations off the application

BOR HODCOHE

{ Fxariner

{-ahorte, Phitippe

Form ML2ITR (Dekbid) (July 20083



Application numbee

WRITTEN OPINION NL2016800

Box No. i Basis of this opinion

. This opinion has bean established on the basis of the latest sotof ¢laims fied Defore tha stark of the search.

2. With regard to any niclectide andior amino acid sequence disclosedt irihé application and necessary o the

claimed invention, Hiis opinion has been established on ths basis of:
a. type of material:

1 asequence listing

L1 tablets) refateddo the sequence listing
b format of materiak

O onpaper

£ i electronic form
¢, Hme of filingfuraishing:

£l contained in the application asfiled.

L3 filed together with the application: in electranic form.

1 fumished subsequently for the purposes of search.
. B} ncaddition, in the case thal more than ong-version oy copy of a sequence listing andor table relating thersto
hag bean filed orfumishad, the required staternenis that the.nformation in the subseguent or additional
coplas isddentical to that in the gpplication as hled or doas not go beyond the application ag filad, as
gppropriate, wera furnishad

- Adgitional comments:

Box No. V' Reasoned statement with regard 10 novelty, inventive step or industrial applicability;
citations and explanations supporting such siatement

P

1. Statement
Novelty Yes: Claims 7410
No: Claims 18, F117
inventive step Yes: Claims 710
Mo Claims -6, 1117
indusirial applicability Yeog: Claims 117

Mo Claims

Citations and explanations

see separate shest
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Box No. Vi Certain documents cited

Certain published documents
see the Search Report

£l Nomswritten disslosurss

Box No.vill Certain ghservations on.the application

see separate sheet
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WRITTEN OPINION Application number
{SEPARATE SHEET) NL20O168900

Beltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1

2.1

2.2

Hefarence is made to the following documents:

D1 WO 2009/127236 A1 {FORTIMEDIX B V [NL}; VERBEEK MARCEL
ANTONIUS ELISAB [NL]) 22 oktober 2008 {2009-10-22)

D2 EP 2762058 A1 (FORTIMEDIX SURGICAL B V [NL]) 6 augustus
2014 (2014-08-08}

The pragent application does not mest the ¢riteria of patentability, because
the subject-matter of claim 1 {8 not new:

D1 discloses {abstract; Fig 4 and 18; ) a steerable instrument camprising at
least one activation zone (see Fig 16), at least one flexible portion (12, 14,
16}, longitudinal elements and cylindrical diameter agdaptation section {see Fig
4, as defined by claim 1.

The subject-matter of claim 1 is also disclosed by document D2 (see D2
abstract; Fig 17-18).

Dependent claims 2-8, 11-17 do not contain any features which, in
combination with the featurss of any claim to which they refer, meel the
requirements of novelty andior inventive step, in view of conventional design
and manufacturing options considered by the skilled person and in view of the
disclosure by documents Dt and B2, e.g.

gclaim 2: see DY, Fig 16; see D2, Fig 18.

claims 3-8 and 11-17:see D1, p. 4. 1. Stop. 7. 1. 28,

Re tem Vi

Certain documents cited

Application No Publication date | Filing date

| patent No (day/monthiyear) | (day/monthivear)

i claim)

{daw/monthivear)

FormNL2STR Istpaiaiasheatl fduly SUEEY (sheet 1}
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s rirdie

09.06.2016 05.12.2014

%
b
3

§ WO2016/088202

Re ltem Vili
Certain observations on the application

4 Although claims 12 and 14 have been drafted as separate independent
method claims, they appear to relate effectively (o the same subject-matter
and to differ from each other only with regard to the definition of the subject-
matter for which protection is sought and/or in raspect of the lerminology used
for the features of that subject-matier. The aforementioned claims therefore
lack conciseness:
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