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ABSTRACT

The invention relates to a method for manufacturing an
endoscope insertion tube (2). The insertion tube (2) has a
proximal passive flexible section (20) and a distal angled
section (A).

The passive flexible section (20) and the angled section
(A) are integrally formed.

Individual cuts (201, 202) are made in the flexible
section (20), provided as a tube-like element, in such a way
that adjacent individual cuts (201, 202) are equidistant

from one another.
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METHOD FOR MANUFACTURING AN ENDOSCOPE INSERTION TUBE, AND

ENDOSCOPE HAVING AN INSERTION TUBE

Description

The present invention relates to a method for
manufacturing an endoscope insertion tube, and an endoscope
having an insertion tube.

An endoscope is a device that may be used to examine the
interior of living organisms, and also technical cavities.
The flexible insertion tube is an important part of an
endoscope. The demands on an insertion tube are considerable
and numerous. On the one hand, it must be flexible to allow
it to be introduced into the human body. On the other hand,
the insertion tube must have a certain rigidity. During the
examination, the medical practitioner must be able to push
and turn the insertion tube by use of the control body. The
insertion tube must be rigid enough that it does not become
kinked or twisted. Therefore, conventional insertion tubes
require a very complex construction and high manufacturing
costs in order to meet the stated requirements.

To simplify the manufacture of a tube element for medical
purposes and to lower the manufacturing costs, in the prior
art the concept has arisen of manufacturing a tube element
for medical purposes from a single hard tube. Various highly

precise cuts are made on the hard tube with a laser cutting
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machine. Due to the cuts, a hard tube is flexible but can
maintain rigidity. The flexibility and rigidity of the tube
may be controlled via the shape, arrangement, and size of
the cuts.

The object of the present invention is to provide a
method for manufacturing an endoscope insertion tube and for
providing an endoscope having an insertion tube, which are
less complex and by means of which the costs may be even
further reduced.

With regard to the method, the object 1s achieved by a
method having the features of claim 1. BAn endoscope having
an insertion tube 1s set forth in claim 12. Advantageous
refinements are the subject matter of the dependent claims.

In this method, an insertion tube having a proximal
passive flexible section and a distal angled sectioh is
manufactured. The passive flexible section and the angled
section are integrally formed. Individual cuts are made in
the flexible section, provided as a tube-like element, in
such a way that adjacent individual cuts are equidistant
from one another.

The individual cuts may be made in the flexible section,
provided as a tube-like element, by laser cutting.

Cuts adjacent to the individual cuts may be offset by
180 degrees along the axis of the flexible section in the

longitudinal direction of the insertion tube.
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Alternatively, cuts adjacent to the individual cuts may
be offset by 90 degrees along the axis of the flexible
section in the longitudinal direction of the insertion tube.

The individual cuts may be made in the flexible section,
provided as a tube-like element, at an angle of 180 degrees
in relation to the axis of the flexible section.

The individual cuts may. be produced as straight cuts.

The overall tube element of the insertion tube may be
'produced by laser cutting.

The invention may be applied in a method for
manufacturing an endoscope insertion tube, in which the
entire insertion tube, including the proximal passive
flexible section and the distal angled section, is formed
from a single tube element.

Thus, it 1s necessary to provide only one tube element.
A joining operation between the proximal passive flexible
section and the distal angled section is dispensed with.
The production costs are lower than in previous methods for
manufacturing an insertion tube.

In this method, the entire insertion tube, including the
angled section, may be cut from a single tube element via
laser. The machining by laser allows a very precise design
of the overall insertion tube.

In this method, individual cuts may be made in the tube

element, and the manufacture is simple and cost-effective.
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In this method, the distal angled section has inwardly
bent guide protrusions on which a traction cable 1is
supported; the inwardly bent guide protrusions are cut from
the circumferential wall of the distal angled section and
then bent inwardly. In this way, guides for a traction cable
are easily produced on the inner circumferential side of the
angled section.

In this method, at the transition from the proximal
passive flexible section and the distal angled section, the
insertion tube has an inwardly bent bracket on which a guide
spring is supported; the inwardly bent bracket is cut from
the circumferential wall of the insertion tube and then bent
inwardly. The number of inwardly bent brackets on which a
guide spring is supported corresponds to the number of guide
springs, and thus, to the number of traction cables. In
this way, guides for guide springs are easily produced on
the inner circumferential side of the insertion tube.

In this method, multiple articulated joints may be
produced in the circumferential wall of the distal angled
section by cutting. Individual articulated joints that form
independent bodies and are Jjoined together in a form-fit
manner are easily and cost-effectively produced.

In this method, the ©particular articulated joint
produced by cutting has a coupling section that is coupled

to an adjacent articulated joint, produced by cutting, in
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such a way that an axial movement, but not a radial movement,
of the articulated joints relative to one another is blocked,
and a guide section that engages with an adjacent articulated
joint, produced by cutting, in such a way that an axial
movement of the articulated joints relative to one another
is made possible. Adjacent articulated joints are coupled
to one another via the coupling section, and adjacent
articulated joints are axially movable relative to one
another via the guide section.

In this method, the proximal passive flexible section is
produced by respective lateral indentations that are
provided perpendicular to the longitudinal extension of the
tube element. The proximal passive flexible section may be
quickly and easily manufactured in this way.

In this method, in the longitudinal extension of the
tube element the proximal passive flexible section has at
least two subsections which include the respective lateral
indentations at different spacings from one another in the
longitudinal extension of the tube element. Multiple
separate subsections having different degrees of flexibility
and bendability with respect to one another may thus be
formed in the proximal passive flexible section.

In this method, the tube element may be made of stainless
steel. The cuts may be easily made, and the material costs

are low.
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In this method, the tubeAelement may be made of plastic.
Any suitable plastic having sufficient strength may be used.
The plastic only needs to be able to provide the bendability
of the finished insertion tube.

In this method, from a control body situated proximally
from the proximal passive flexible section, a traction cable
may be situated on the inner circumferential side of the
tube element, wherein at an articulated joint of the distal
angled section situated farthest distally, the traction
cable is led through a first slot in a wall of the tube
element to the outer circumference of the tube element,
around the outer circumference of the tube element, to a
second slot in the wall of the tube element to the inner
circumference of the tube element, wherein the second slot
is opposite the first slot by 180 degrees, and is led back
to the control body on the inner circumferential side of the
tube element. Particularly cost-effective anchoring of the
traction cable to the distal side of the angled section may
be achieved in this way.

An endoscope according to the invention has an insertion
tube, the insertion tube having a proximal passive flexible
section and a distal angled section. The passive flexible
section and the angled section are integrally formed. The
flexible section, provided as a tube-like element, has

individual cuts, wherein adjacent individual cuts are
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equidistant from one another.

The individual cuts may be made in the flexible section,
provided as a tube-like element, with an accuracy that is
achievable by laser cutting.

Cuts adjacent to the individual cuts may be offset by
180 degrees along the axis of the flexible section in the
longitudinal direction of the insertion tube.

Alternatively, cuts adjacent to the individual cuts may
be offset by 90 degrees along the axis of the flexible
section in the longitudinal direction of the insertion tube.

The individual cuts may extend in the flexible section,
provided as a tube-like element, at an angle of 180 degrees
in relation to the axis of the flexible section.

The individual cuts may be straight cuts.

The overall tube element of the insertion tube may be
formed with an accuracy that is achievable by laser cutting.

The endoscope according to the invention may be used
witﬁ an insertion tube, wherein the entire insertion tube,
including the passive flexible section and the angled section,
is formed from a single tube element.

The distal angled section may have inwardly bent guide
protrusions on which a traction cable is supported.

At the transition from the proximal passive flexible
section and the distal angled section, the insertion tube

may have an inwardly bent bracket on which a guide spring is
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supported.

Multiple articulated Jjoints may be formed in the
clrcumferential wall of the distal angled section.

The particular articulated jdint may have a coupling
section that is coupled to an adjacent articulated joint in
such a way that an axial movement, but not a radial movement,
of the articulated joints relative to one another is blocked,
and a guide section that engages with an adjacent articulated
joint in such a way that an axial movement of the articulated
joints relative to one another is made possible.

The tube element may be made of stainless steel or
plastic.

From a control body situated proximally from the proximal
passive flexible section, a traction cable may be situated
on the inner circumferential side of the tube element,
wherein at an articulated joint of the distal angled section
situated farthest distally, the traction cable is led through
a first slot in a wall of the tube element to the outer
circumference of the tube element, around the outer
circumference of the tube element, to a second slot in the
wall of the tube element to the inner circumference of the
tube element, wherein the second slot is opposite the first
slot by 180 degrees, and is led back to the control body on
the inner circumferential side of the tube element.

The aspects of the present invention described above may
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be appropriately combined.

Brief Description of Drawings

Fig. 1 shows a schematic side view of an endoscope for
which the invention may be applied.

Fig. 2 shows a cut-away schematic view of an insertion
tube according to the invention.

Fig. 3 shows a cut-away schematic view of a portion of
a proximal passive flexible section of the insertion tube
according to the invention.

Fig. 4 shows a cut~away schematic view of a transition
area between the distal angled section and the proximal
passive flexible section of the insertion tube according to
the invention, a guide spring fixing section being shown.

Fig. 5 shows a cut-away perspective view of the~guide
spring fixing section from Fig. 4, from another side.

Fig. 6 shows a cut—away schematic view of a portion of
the angled section of the insertion tube according to the
invention.

Fig. 7 shows a cut-away schematic view of the portion of
the angled section of the insertion tube according to the
invention, a view from the direction of an arrow I from Fig.
6 being shown.

Fig. 8 shows a cut-away schematic view of a portion of

the angled section of the insertion tube according to the
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invention, a cable guide being shown.

Fig. 9 shows a cut-away perspective view of the cable
guide from Fig. 7.

Fig. 10 shows a cut-away schematic side view of the
angled section of the insertion tube according to the
invention.

Fig. 11 shows a cut-away schematic top view of the angled
section from Fig. 10.

Figs. 12 through 14 each show a cut-away perspective
view of the distal end of the angled section.

Fig. 15 shows a cut-away perspective view of the traction
cable anchor on the distal end of the angled section.

Fig. 16 shows a view, corresponding to Fig. 15, from
another side.

Fig. 17 shows a bending section of a second exemplary
embodiment in a side view.

Fig. 18 shows a top view of a distal area of the bending
section of the second exemplary embodiment.

Fig. 19 shows a cross-sectional view of the bending

section of the second exemplary embodiment.

The present invention is described in greater detail
below based on exemplary embodiments, with reference to the
drawings.

First exemplary embodiment

10
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A first exemplary embodiment of the present invention is
described below with reference to Figs. 1 through 16.

Firstly, Fig. 1 shows a schematic side wview of an
endoscope 1 for which the invention may be applied. It is
apparent from Fig. 1 that such an endoscope 1 has an
insertion tube 2 situated on the distal side of a control
body 3. The control body 3 is used as a control unit for
the endoscope 1.

The insertion tube 2 is a cylindrical tube- or hose-like
structure.

The insertion tube 2 is described in greater detail below
with reference to the direction in which it is inserted into
a patient. The insertion tube 2 is inserted with the distal
end leading.

The insertion tube 2 has a distal angled section A on
the distal side. The angled section A may be laterally bent
relative to the proximal portion of the insertion tube 2 by
means of one or more control wires (cable pulls). The
control wire or cable pull (referred to below only as
"control wire") is supported in a guided manner inside the
insertion tube 2 on an inner circumferential surface of the
insertion tube 2 in the direction of extension of the
insertion tube 2.

The distal end of the control wire is anchored on the

distal side of the angled section A. The proximal end of

11
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‘the control wire is connected to a control element situated
in the control body 3. This control element tensions the
control wires in order to achieve desired bending of the
angled section A.

Proximal from the angled section A, the insertion tube
2 is designed as a flexible tube element that forms a
proximal passive flexible section 20. When the insertion
tube 2 is inserted, the flexible section 20 follows the
angled section A.

It is shown in Fig. 1 that the flexible section 20 along
its longitudinal direction is formed in zones having
different degrees of flexibility. For example, the flexible
section 20 has a first zone B, a second zone C, and a third
zone D, viewed in the proximal direction. The first zone B
forms a distal area, the second zone C forms a middle area,
and the third zone D forms a proximal area.

The third =zone D is not shown in the cut-away
illustration in Fig. 2.

To avoid buckling between the angled section A and the
first zone B, the first zone B is preferably provided with
the highest flexibility of the zones in the flexible section
20. Since the first zone B is provided with very high
flexibility, there is no abrupt transition of the flexibility
betwéen the angled section A and the first zone B.

The second zone C has less flexibility than the first

12
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zone B. The third zone D in turn has less flexibility than
the second zone C.

The insertion tube 2 according to the invention is formed
from a single piece. That is, two elements are not joined
together at the transition from the angled section A to the
flexible section 20. Thus, the distal angled section A and
the proximal passive flexible section 20 are formed from a
single tube or hose having the three zones A, B, and C.

On the proximal side, the insertion tube 2 is fixed to
the distal end of the control body 3. The insertion tube 2
may be fixed to the control body 3, for example by means of
a locking ring or a sealing ring, or directly. The insertion
tube 2 may be adhesively bonded or screwed, for example, to
the control body 3. The control body 3 has a first control
wheel F, as a first control element, for controlling a
control wire or cable pull, and a second control wheel G, as
a second control element, for controlling a control wire or
cable pull. The first control wheel F may bend the angled
section A in a first plane (for example, toward and away
from the observer in Fig. 1) by pulling a control wire or
cable pull. The second control wheel G may bend the angled
section A in a second plane that is perpendicular to the
first plane (for example, up and down in Fig. 1) by pulling
a control wire or cable pull.

The angled section A may be bent by 200-270 degrees, for

13
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example. This is sufficient for most applications. 1In one
special form, the angled section A may even be bent by 300
degrees.

The insertion tube 2 according to the invention and its
manufacture are described in greater detail below.

The overall insertion tube 2 is formed from a single
tube element or hose element (referred to below simply as
"tube elemeﬁt"). The tube element is a tube made of a
preferably relatively hard material, particularly preferably
stainless steel. However, a tube made of hard plastic may
also be used. In principle, however, any material that is
usable for medical purposes may be employed.

Cuts are provided in the tube element by a laser cutting
machine, as explained in greater detail below. After the
cuts are provided, certain subsections of the tube element
are bent, as explained in greater detail below. In the
manufacture of the base body of the overall insertion tube
2, no further method steps are necessary besides providing
cuts and bending. The base body of the insertion tube 2 may
be subsequently provided with a control wire and encased
with a sheath element.

The individual sections of the insertion tube 2 are
described in greater detail below.

Flexible section 20

The flexible section 20 forms the proximal portion of

14
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the insertion tube 2 according to the invention. The
flexible section'ZO has the three zones B, C, and D, each
having different degrees of flexibility.

Fig. 3 shows one option for forming one of the three
zones B, C, and D of the flexible section 20, in a side view.

The flexible section 20 1s provided with a plurality of
cuts S oriented perpendicularly with respect to the axis of
the flexible section 20. More precisely, the cuts S are
configured in such a way that a cut 201 is made from above,
through the tube element perpendicular to the axis of the
tube element, to a depth that ends prior to the center axis
area. In addition, a cut 202 is made from below, through
the tube element perpendicular to the axis of the tube
element, to a depth that likewise ends prior to the center
axis area. The cuts 201 and 202 are situated on a plane,
and their ends are situated opposite from one another with
a space 203 left in between. The space 203 is an uncut spacé
in the center axis area of the tube element.

In addition, similarly as for the cuts 201 and 202, a
cut 204 is made from one (for example, left) side (the cut
204 shows a cut from the side of the observer), through the
tube element perpendicular to the axis of the tube element,
to a depth that ends prior to the center axis area.
Furthermore, a cut is made from the opposite (for example,

right) side (this cut is not shown in Fig. 3, since it is

15
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situated on the other side of the plane of the drawing),
through the tube element perpendicular to the axis of the
tube element, to a depth that likewise ends prior to the
center axis area. These cuts are also situated on a plane,
and their ends are situated opposite from one another,
likewise with a space left in between. This space is
likewise an uncut space in the center axis area of the tube
element.

The space 203 between the cuts 201 and 202 and the space
between the cut 204 and its associated cut on the opposite
side are offset by 90 degrees along the circumferential
direction of the tube element.

The cuts 201 and 202 and the cut 204 and its associated
cut on the opposite side are adjacently situated, and
alternate with one another in the flexible section 20 over
the length of the particular zone (see Fig. 3).

The flexible section 20 is thus laterally bendable, with
respect to its longitudinal axis, about the spaces.

The individual zones B, C, and D differ in that the
spacings between the cuts S in the longitudinal direction,
and thus the densities of the cuts S, are different.

The spacing between the cuts S is smallest in zone B.
Thus, the density of the cuts S is highest in zone B.

In zone C the spacing between the cuts S is greater than

in zone B. In zone D, the spacing between the cuts S is

16
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greater than in zone C.

Thus, the flexibility and bendability in =zone B are
greater than in zone C. In addition, the flexibility and
bendability in zone C are greater than in zone D. In other
words, the flexibility and the bendability of the respective
zones on the flexible section 20 decrease in the proximal
direction.

On the proximal side, zone D is provided with an area in
which no cuts are made. This area forms a transition to the
control body J.

Transition from the angled section A to the flexible
section 20

The transition area from the angled section A to the
flexible section 20 is denoted as area K in Fig. 2. The
angled section A ends in this area K. In other words, the
first member of the angled section A, i.e., the member
proximally farthest, is distal from the area K.

As shown in Fig. 2, in this area K the wall surface of
the tube element is incised by a cut 70 in the shape of a
backward letter C. In other words, the cut 70 is made in
the tube element in the shape of an incomplete circle. The
circle of the cut 70 does not go all the way through on the
distal side. The distal side of the cut 70, which does not
go all the way through, forms a hinge 71 for a bracket 72.

The bracket 72 has a lower lug 73, an upper lug 74, and a

17
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bracket middle piece 75. The lower lug 73 adjoins on an
upper side of the bracket middle piece 75. The upper lug 74
adjoins on a lower side of the bracket middle piece 75.

The bracket 72 is produced as follows. The location of
the cut 70 is specified. A hole 77 is cut in the center of
the cut 70. The cut 70 is formed by laser as shown in Fig.
2. The bracket middle piece 75 is supported from the rear
side, 1.e., by the inner side of the tube element, by a
punch. The lower lug 73 is bent inwardly by 90 degrees
relative to the bracket middle piece 75. The bend line of
the lug 73 relative to the bracket middle piece 75 extends
in parallel to the axis of the tube element (in Figs. 2 and
4, in the directions pointing to the left and to the right).
The upper lug 74 is likewise bent inwardly by 90 degrees
relative to the bracket middle piece 75. The bend line of
the lug 74 relative to the bracket middle piece 75 likewise
extends in parallel to the axis of the tube element. The
bracket middle piece 75 is subsequently bent inwardly by 90
degrees. The bend line of the bracket middle piece 75
relative to the tube element extends in the plane of the cut
perpendicular to the axis of the tube element {(in Figs. 2
and 4, in the directions pointing up and down). In other
words, the bracket middle piece 75 1s bent inwardly by 90
degrees at the hinge 71. The bracket middle piece 75 is in

particular bent inwardly until a distal side edge of the

18
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lower lug 73 and a distal side edge of the upper lug 74 rest
against the inner circumference of the tube element (see Fig.
5).

The bracket 72 is used to support a guide spring 8. In
particular, the proximal face of the bracket middle piece 75
forms a stop surface for the distal end of the guide spring
8. The two lugs 73, 74 support the bracket middle piece 75,
and absorb acting pressure forces from the guide spring 8
and further conduct them to the inner circumferential surface
of the tube element.

The bracket middle piece 75 has the central hole 77.
The hole 77 has a larger diameter than a control wire, and
a smaller diameter than the guide spring 8. The control
wire is guided in the guide spring 8 in the flexible section
20, passes through the hole 70, and extends further into the
angled section A.

In area K, brackets 72 are provided in the numerous (in
the present exemplary embodiment, four) control wires used.
The Dbrackets 72 are uniformly distributed in the
circumferential direction of the tube element.

Angled section A

A more detailed design of the angled section A is shown
in Figs. 6 through 11.

The angled section A has individual articulating members

6 situated in the longitudinal direction of the angled

19
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section A. The individual articulating members 6 are
pivotable relative to one another. Figs. 6 and 7 show three
articulating members 6 situated in succession: an
articulated joint 61, an articulated joint 62 proximal from
the articulated joint 61, and an articulated joint 63
proximal from the articulated joint 62.

The articﬁlating members 6 have an identical design,
except for the articulating member 6 situated distally
farthest and the articulating member 6 situated proximally
farthest.

The design of the particular articulating member 6 is
explained below with reference to the articulating member
62.

The articulating member 62 is formed as a tube section
of the stated tube -element by laser cutting. The
articulating member 62 has distal boundary lines 601, 602,
603, 604, and 605 and proximal boundary lines 606, 607, 608,
and 609 on the circumference of the tube element.

The individual distal boundary lines are made up of a
circularly shaped head line 601, two neck lines 602, two
shoulder lines 603, two arm lines 604, and an arm end line
605. More precisely, the distal side of the articulating
member 62 is formed as follows. The circularly shaped head
line 601 forms an incomplete circle which at each side merges

into a neck line 602 on the proximal side. Each of the two

20
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neck lines 602 is adjoined by a shoulder line 603 that
extends approximately perpendicularly with respect to the
axis of the tube element. FEach of the two shoulder lines
603 is adjoined by an arm line 604 that extends in the distal
direction, approximately parallel to the axis of the tube
element. The two distal ends of the arm lines 604 are
connected by an arm end line 605, which similarly extends
perpendicularly with respect to the axis of the tube element.

The articulating member 62 thus has a main body 621,
from which a first head 622, a first arm 623, a second head
622, and a second arm 623 in each case protrude by 90 degrees
toward the distal side along an imaginary circumferential
line that extends perpendicularly with respect to the axis
of the articulating member 62. The heads 622, 622 thus
extend in a first imaginary plane. The arms 623, 623 extend
in a second imaginary plane that is offset by 90 degrees
with respect to the first imaginary plane. The two heads
622, 622 of the articulating member 62 form a swivel axis
for the distally situated articulating member 61.

Each head 622 is formed by a head line 601 on the distal
side. A constriction is formed by the neck lines 602,
between the head 622 and the main body 621. Each head 622
protrudes farther in the distal direction than does the
respective arm 623.

The individual proximal boundary lines are made up of a

21
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bent foot line 606, two base lines 607, two straight foot
lines 608, and a stomach line 609. More precisely, the
proximal side of the articulating member 62 is formed as
follows. The bent foot line 606 forms an incomplete circle
that is open on the proximal side. At the open ends of the
incomplete circle, the bent foot line 606 in each case merges
into the base 1line 607, which in each case extends
approximately perpendicularly with respect to the axis of
the tube element.

Each of the two base lines 607 is adjoined by a straight
foot line 608 that extends approximately parallel to the
axis of the tube element in the distal direction. The two
distal ends of the straight foot lines 608 are connected by
a stomach line 609 which similarly extends perpendicularly
with respect to the axis of the tube element.

On the proximal side of the main body 621, the
articulating member 62 thus has two feet 624 that extend in
the proximal direction. 1In the direction of extension, each
foot 624 has a straight side on the straight foot line 608
and a curved side on the bent foot line 606.

An arm of the proximally situated articulating member 63
is situated so as to be displaceable in the longitudinal
direction, in the area between the two straight foot lines
608. A head of the proximally situated articulating member

63 is held so as to be immovable in the 1longitudinal

22
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direction in the area between the two bent foot lines 606.
In any event, a slight movement due to play between the inner
circumference of the bent foot line and the outer
circumference of the circularly shaped head line is possible.

In the unbent state of the angled section A, the stomach
line 609 is spaced apart from the arm end line 605 of the
proximally situated articulating member 63, as shown in Fig.
7. The arm end line 605 and the stomach line 609 of the
proximally situated articulating member 63 are parallel to
one another.

In the unbent state of the angled section A, the base
line 607 is spaced apart from the shoulder line 603 of the
proximally situated articulating member 63, as shown in Fig.
7. The base line 607 and the shoulder line 603 of the
proximally situated articulating member 63 may be parallel
to one another or approximately parallel to one another or
slightly angled with respect to one another, as shown in Fig.
7. Between the base line 607 and the shoulder line 603 of
the proximally situated articulating member 63, not only has
a single section line been created, but also the material of
the tube element has been cut out as a quadrangular piece.

Each head 622 forms a coupling section that is coupled
to an adjacent articulating member 6. The feet 624 form a
guide section that engages with an adjacent articulating

member 6 in such a way that an axial movement of the
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articulating members 6 relative to one another is made
possible.

Fig. 10 shows a top view of the aﬂgled section A with
the respective articulating members 6. The heads 622 of the
articulating members 6 are visible in the top view.

Fig. 11 shows a side view of the angled section A with
the respective articulating members 6. The feet 624 of the
articulating members 6 are visible in the side view.

The articulating member 6 situated distally farthest has
no head, and is shown in Figs. 2 and 10 through 14.

The articulating member 6 situated proximally farthest
has no foot, and is shown in Figs. 2, 4, and 11.

In the exemplary embodiment, the angled section A may be
bent in two angular directions, namely, upwardly and
downwardly in Figs. 6 and 7 (and Fig. 10), wherein the
respective heads 622 of the articulating members 6 form
bending axes of the articulating members 6. In other words,
the angled section A in Fig. 10 is pivotable upwardly and
downwardly. In the illustration in Fig. 11, the angled
section A is pivotable toward and away from the observer.

As shown in Figs. 8 and 9, the stomach line 609 forms a
hinge section for a cable guide lug 630. The cable guide
lug 630 extends from the stomach line 609. A material
section that extends along the straight foot line 608 to the

arm end line 605 of the proximally situated articulating
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member 63 is taken for the cable guide lug 630. The cable
guide lug 630 is hinged and bent inwardly by 90 degrees at
the stomach line 609. The cable guide lug 630 has a central
hole 631. The diameter of the hole 631 is larger than that
of the control wire.

Each of the articulating members 6 includes the cable
guide lugs 630 with the hole 631, so that for a specific
control wire, the cable guide lugs 630 are situated in
succession in the longitudinal direction of the angled
section A. The cable guide lugs 630 are used as guide
protrusions on which a control wire is supported. The cable
guide lugs 630 thus guide their assigned control wire through
the angled section A.

The articulating members 6 may be situated on the angled
section A in such a way that their heads point in the proximal
direction, as shown in Fig. 10. Alternatively, the
articulating members 6 may be situated on the angled section
A in such a way that their heads point in the distal direction,
as indicated in Fig. 6.

The distal end of the angled section A is shown in Figs.
12 through 14. The articulating member 69 of the angled
section A situated farthest on the distal side 1is apparent
in Figs. 12 through 14. The distal side of the control wire
9 is anchored in this articulating member 69 situated

farthest on the distal side. The control wire 9 extends
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from the control body 3 to the articulating member 69 of the
angled section A situated farthest on the distal side.

Fastening of the control wire

The fastening of the control wire 9 is shown in detail
in Figs. 15 and 16.

The control wire 9 is fastened to the control wheel G in
the control body 3. When the control wheel G is rotated in
a tensioning direction, the control wire 9 is tensioned.
When the control wheel G i1s rotated in the tensioning relief
direction opposite from the tensioning direction, the
control wire 9 is relieved bf tension.

The control wire 9 runs from the control body 3,
extending in the insertion tube 2, to the articulating member
69, forming a first section 91. This first section 91 of
the control wire 9 extends along the inner circumference of
the insertion tube 2. This first section 91 of the control
wire 9 is denoted by reference numeral 91 in Fig. 15. A
slot 691 that passes through the circumferential wall of the
articulating member 69 and extends in the longitudinal
direction of the articulating member 69 is formed on the
diStal side of the articulating member 69 (see Fig. 13).
Another similar slot 692 is provided on the distal side of
the articulating member 69, diametrically opposite from the
slot 691.

The control wire 9 extends on the inner circumference of
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the articulating member 69 in the distal direction, and
passes outwardly through the slot 691, is wound on the outer
circumference of the articulating member 69 in the
circumferential direction of the articulating member 69
until reaching the slot 692, passes inwardly through the
slot 692, and extends on the inner circumference of the
articulating member 69 in the proximal direction to the
control wheel G in the control body 3.

The control wire 9 is thus divided into a first section
91 that extends from the control wheel G in the control body
3 to the slot 691, a second section 92 that extends from the
slot 691 on the outer circumference of the articulating
member 69 in the circumferential direction of the
articulating member 69 to the slot 692, and a third section
93 that extends from the slot 692 to the control wheel G in
the control body 3.

The control wire 9 is tensioned, and the angled section
A is thus bent, by rotating the control wheel G in the
tensioning direction, due to the fact that the third section
93 that is anchored on the articulating member 69 is pushed
in the proximal direction. The third section 93 of the
control wire 9 thus forms a distal anchoring section of the
control wire 9.

Manufacturing method

The insertion tube 2 according to the invention is
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manufactured from a single tube element that is cut by laser.
The tube element is made of a relatively hard material such
as stainless steel, or also a suitable hard plastic. Due to
the cuts, the initially hard tube element becomes flexible,
but maintains its rigidity.

The cuts create the respective lateral indentations S in
the proximal passive flexible section 20, the hole 77, the
cut 70 in the transition area K, the hole 631, the respective
articulating members 6 in the distal angled section A, and
the slots 691, 692. This sequence is not to be construed as
limiting. For example, the slots 691, 692 may be cut before
the articulating members 6. In addition, the order of the
cuts may also be reversed.

The flexibility and also the rigidity of the tube element
may be controlled based on the shape, arrangement, and size
of the cuts.

The location of the particular cuts may be calculated in
advance and predetermined. The predefined data for the
particular cuts may be input into a programmable laser
cutting machine in order to automatically produce the
insertion tube 2.

The individual articulating members 6 are completely cut
out, and form Separate bodies that are connected only in a
form-fit manner.

After the laser cutting of the tube element, the brackets
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72 and the cable guide lugs 630 are bent inwardly. The blank
for the insertion tube 2 is finished in this way.

The control wire 9 may now be inserted and fastened in
this blank for the insertion tube 2. The blank for the
insertion tube 2 may be fasténed to the control body 3. 1In
addition, a covering, preferably made of metal, that encloses
the blank for the insertion tube 2 and shields the electrical
control system may be applied to the blank for the insertion
tube 2, and an elastic sheath made of plastic or rubber may
be fitted on same. The plastic or rubber elastic sheath may
be subjected to thermal shrinkage.

Second exemplary embodiment

A second exemplary embodiment of the present invention
is described below with reference to Figs. 17 through 19.

In the first exemplary embodiment, the individual
articulated joints are formed in the bending section based
on cuts in such a way that the cuts have protrusions and
depressions in the direction of extension of the endoscope.
The protrusions rest in the depressions of the adjacent
articulated Jjoint to allow a swivel movement of the
articulated joint. In other words, in the first exemplary
embodiment the individual articulated joints are connected
in a form—fit manner.

Figs. 17 through 19 show the angled section A' as a

bending section of the second exemplary embodiment. 1In the
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second exemplary embodiment, only straight cuts 801, 802,
811, 812 are provided in the bending section A‘.

The bending section A' is provided with a plurality of
cuts 801, 802 oriented perpendicularly with respect to the
axis of the bending section A‘'. More precisely, the cuts
801, 802 are designed in such a way that a cut 801 is made
from above, through the tube element perpendicular to the
axis of the tube element, to a depth that ends prior to the
center axis area. In addition, a cut 802 is made from below,
through the tube element perpendicular to the axis of the
tube element, to a depth that likewise ends prior to the
center axis area. The cuts 801 and 802 are situated on a
plane, and their ends are situated opposite from one another
with a space 803 left in between. The space 803 is an uncut
space in the center axis area of the tube element. The cuts
801 are parallel to one another. The cuts 802 are
analogously likewise parallel to one another.

The straight cuts 801, 802 function as an articulated
joint and allow the bending movement of the bending section
AV,

A predefined number of successive cuts 801 (and
analogously 802, of course) in the longitudinal direction of
the bending section A' are combined to form a group. In Fig.
18, every 10 cuts 801 belong to a group, wherein the number

of cuts 801, 802 for each group may be appropriately selected
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as desired. The more cuts 801, 802 a group has, the larger
the bending angle in the area of this group.

Each group of cuts 801, 802 is delimited in the
longitudinal direction of the bending section A' by an
annular section 805 having short cuts 811, 812.

More precisely, the short cuts 811, 812 are designed in
such a way that a short cut 811 is made from above, through
the tube element perpendicularly in the direction of the
axis of the tube element, to a very small depfh, as shown in
Fig. 17. This small depth may be, for example, one-tenth to
one~twentieth the diameter of the tube element. This results
in a short length of the particular cut 811, 812, as shown
in Fig. 18, in which short cuts 811 are shown from above.
The length of the short cuts 811, 812 may be appropriately
selected as desired.

In addition, a respective short cut 81é from below is
made, similarly as for the short cuts 811 from above. The
cuts 811 are parallel to one another. The cuts 812 are
analogously likewise parallel to one another.

The short cuts 811 and 812 each form a pair, and in each
case are situated on a plane, and their ends are situated
opposite from one another with a space left in between which
forms the annular section 805. The annular section 805 is
a section of the tube elements having only one pair of short

cuts 811, 812.

31



CA 03077505 2020-03~30

The material of the tube element situated adjaceﬁt to
the particular short cuts 811, 812 forms a strip section.
This strip section forms a cable guide lug 880 when it is
bent toward the center of the tube element, as shown in Fig.
19, A traction cable may thus be guided in the space that
is formed between the outwardly pointing face of the strip
section of the cable guide 1lug 880 and the inner
circumferential surface of the tube element that is adjacent
in the longitudinal direction.

The straight cuts 801, 802 may be provided on the bending
section A' in such a way that the rigidity is similar to
that in the first exemplary embodiment.

The machine run time necessary for manufacturing the
articulated Jjoints and cable guide 1lugs may be reduced
significantly by providing the straight cuts 801, 802, 811,
812, thus lowering the prodﬁction costs.

Further alternatives

In the exemplary embodiment, viewed in the proximal
direction the flexible section 20 has a first zone B, a
second zone C, and a third zone D having different degrees
of flexibility. The number of zones or areas with different
flexibilities is not limited. The flexible section 20 may
also have more or fewer zones with different flexibilities.
The invention is also applicable to an insertion tube in

which the flexible section 20 has a uniform flexibility
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throughout.

In the exemplary embodiment, the tube element of the
insertion tube 2 is made of stainless steel. The invention
is not limited thereto. The material of the insertion tube
2 may be any given matefial having sufficient rigidity, such
as a hard plastic. In another alternative, Nitinol (a
nickel-titanium alloy) may be used as the tube material.
This material has the property, among others, of so-called
superelasticity; i.e., 1t may be elastically deformed over
a wide range without being permanently distorted.

In one alternativg, cuts are provided in the tube element
by a laser cutting machine. These cuts may be provided very
precisely. Therefore, manufacture by laser is preferred.
In principle, however, it is conceivable to also make these
cuts by other manufacturing methods such as sawing, wire
sawing, etc.

In the exemplary embodiment, the angled section A may be
bent in two angular directions, namely, upwardly and
downwardly in Figs. 6 and 7. In one alternative, the
individual articulating members 6 may be designed in such a
way that their heads 622, from articulating member 6 to
articulating member 6, are rotated with an offset of 90
degrees about the axis of the angled section A (axis of the
articulating members 6). In this alternative, the angled

section A may be bent in four angular directions, namely,
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upwardly and downwardly, and toward and away from the
observer, in Figs. 6 and 7, respectively.

In the alternative in which the angled section A may be
bent in four angular directions, two control wires 9 may be
used that extend in the insertion tube 2 with an offset of
90 degrees relative to one another. The articulating member
92 is then provided with four distal slots, which likewise
are offset by 90 degrees relative to one another.

In the exemplary embodiment, a particular articulating
member 6 has a design with the described shape. The
invention 1is not limited with regard to the shape of the
articulating member 6. It is sufficient for articulating
members that are coupled to one another, and that allow a
deflection movement of the angled section A, to be cut in
the angled section A.

The invention may be advantageously used in a
duodenoscope, a gastroscope, a colonoscope, or a similar
endoscope. The principle of the invention may also be
applied to any other given type of endoscope.

The principle of the invention may also be applied to

other medical devices that use an insertion tube.

Reference Signs List
1 endoscope

2 insertion tube
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61

62

63

69

70

71

72

73

74

75

77

91

92

93

201

202

203

204

601

602
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control body

articulating member

guide spring

control wire

flexible section

articulating member

articulating member

articulating member

articulating member situated farthest on the distal side
section

hinge

bracket

lower lug

upper lug

bracket middle piece

hole

first section of the control wire
second section of the control wire
third section of the control wire
cut from above

cut from below

uncut spacé

cut from the side

head line

neck line
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604

605

606

607

608

609

621

622

623

624

630

631

691

692

801

802

803

805

811

812

880

A\

shoulder line
arm line

arm end line
bent foot line
base line
straight foot line
stomach line
main body

head

arm

foot

cable guide lug
central hole
slot

slot

cut from above
cut from below

uncut space
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annular section with short cuts

short cut from above

short cut from below

cable guide 1lug
angled section
angled section

first zone (distal

area)
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second zone {middle area)

third zone (proximal area)

first control wheel (first control element)
second control wheel (sécond control element)
control body housing

transition area

lateral indentation on the flexible section
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CLATIMS

1. A method for manufacturing an endoscope insertion tube
having a proximal passive flexible section and a distal
angled section,

the method comprising:

integrally forming the passive flexible section and the
angled section,

making individual cuts along a longitudinal direction of
the flexible section, provided as a tubular element, in such
a way that adjacent individual cuts are equidistant from one
another,

making a plurality of first transverse cuts along the
longitudinal direction of the flexible section such that
each first transverse cut of the plurality of first
transverse cuts is made after a same predetermined number of
consecutive individual cuts, each said first transverse cut
being shorter than the individual cuts in a width direction
of the flexible section;

making a plurality of second transverse cuts along the
longitudinal direction of the flexible section such that
each second transverse cut of the plurality of second
transverse cuts 1s made after the same predetermined number
of the consecutive individual cuts, wherein a said first
transverse cut and a respective said second transverse cut

are on opposite sides of a circumference of the flexible
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section, and are coplanar with each other along a plane
orthogonal to the longitudinal direction of the flexible
section;

providing a first strip section of the material of the
flexible section between a said first transverse cut and an
adjacent individual cut of the predetermined number of
consecutive individual cuts to form a first cable guide lug
when the first strip section is bent toward a center of the
insertion tube; and

providing a second strip section of the material of the
flexible section between a said second transverse cut and
another adjacent individual cut of the predetermined number
of consecutive individual cuts to form a second cable guide
lug when the second strip section is bent toward the center
of the insertion tube, wherein the first cable guide lug and
the second cable guide lug are on opposite sides of an inner
circumference of the flexible section.
2. The method according to claim 1, wherein

the individual cuts are made in the flexible section,
provided as a tube-like element, by laser cutting.
3. The method according to claim 1, wherein

cuts adjacent to the individual cuts are offset by 180
degrees along the axis of the flexible section in the
longitudinal direction of the insertion tube.
4. The method according to claim 1, wherein

cuts adjacent to the individual cuts are offset by 90
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degrees along the axis of the flexible section in the
longitudinal direction of the insertion tube.
5. The method according to claim 1, wherein

the individual cuts are made in the flexible section,
provided as a tube-like element, at an angle of 180 degrees
in relation to the axis of the flexible section.
6. The method according to claim 1, wherein

the individual cuts are made as straight cuts.
7. The method according to claim 1, wherein

the insertion tube is manufactured by laser cutting.
8. The method according to claim 1, wherein

the proximal passive flexible section is produced by
respective lateral indentations that are provided
perpendicular to the longitudinal extension of the insertion
tube.
9. The method according to claim 8, wherein

in the longitudinal extension of the insertion tube, the
proximal passive flexible section has at least two
subsections which include the respective lateral
indentations at different spacings from one another in the
longitudinal extension of the insertion tube.
10. The method according to claim 1, wherein

the insertion tube is made of stainless steel or plastic.
11. An endoscope comprising:

an insertion tube having a proximal passive tubular

flexible section integrally formed with a distal angled
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section;

individual cuts provided on the flexible section,
wherein adjacent individual cuts are equidistant from one
another;

a plurality of first transverse cuts provided along a
longitudinal direction of the flexible section such that
each first transverse cut of the plurality of first
transverse cuts 1s positioned after a same predetermined
number of consecutive individual cuts, each said first
transverse cut being shorter than the individual cuts in a
width direction of the flexible section;

a plurality of second transverse cuts provided in the
longitudinal direction of the flexible section such that
each second transverse cut of the plurality of second
transverse cuts 1s positioned after the same predetermined
number of the consecutive individual cuts, wherein a said
first transverse cut and a respective said second transverse
cut are on opposite sides of a circumference of the flexible
section, and are coplanar with each other along a plane
orthogonal to the longitudinal direction of the flexible
section;

a first strip section of the material of the flexible
section provided between a sald first transverse cut and an
adjacent individual cut of the predetermined number of
consecutive individual cuts to form a first cable guide lug

when the first strip section is bent toward a center of the
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insertion tube; and

a second strip section of the material of the flexible
section provided between a said second transverse cut and
another adijacent individual cut of the predetermined number
of consecutive individual cuts to form a second cable guide
lug when the second strip section is bent toward the center
of the insertion tube, wherein the first cable guide lug and
the second cable guide lug are on opposite sides of an inner
circumference of the flexible section and are coplanar with
each other along the plane orthogonal to the longitudinal
direction of the flexible section.
12. The endoscope according to claim 11, wherein

the individual cuts are made in the flexible section by
laser cutting.
13. The endoscope according to claim 11, wherein

cuts adjacent to the individual cuts are offset by 180
degrees along the axis of the flexible section in the
longitudinal direction of the insertion tube.
14. The endoscope according to claim 11, wherein

cuts adjacent to the individual cuts are offset by 90
degrees along the axis of the flexible section in the
longitudinal direction of the insertion tube.
15. The endoscope according to claim 11, wherein

the individual cuts extend in the flexible section at an
angle of 180 degrees in relation to the axis of the flexible

section.
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16. The endoscope according to claim 11, wherein

the individual cuts are straight cuts.
17. The endoscope according to claim 11, wherein

the insertion tube is formed by laser cutting.
18. The endoscope according to claim 11, wherein

the proximal passive flexible section has respective
lateral indentations that extend perpendicularly with
respect to the longitudinal extension of the insertion tube.
19. The endoscope according to claim 18, wherein

in the longitudinal direction, the proximal passive
flexible section has at least two subsections which include
the respective lateral indentations at different spacings
from one another 1in the longitudinal extension of the
insertion tube.
20. The endoscope according to claim 11, wherein

the insertion tube is made of stainless steel or plastic.
21. The method according to claim 1, wherein

a saild first transverse cut of the plurality of first
transverse cuts 1s spaced apart from an adjacent said first
transverse cut of the plurality of first transverse cuts
along the longitudinal direction of the flexible section by
a same distance, and

a sald second transverse cut of the plurality of second
transverse cuts is spaced apart from an adjacent said second
transverse cut of the plurality of second transverse cuts

along the longitudinal direction of the flexible section by
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a same distance.
22 . The endoscope according to claim 11, wherein

a saild first transverse cut of the plurality of first
transverse cuts 1s spaced apart from an adjacent said first
transverse cut of the plurality of first transverse cuts
along the longitudinal direction of the flexible section by
a same distance, and

a sald second transverse cut of the plurality of second
transverse cuts is spaced apart from an adjacent said second
transverse cut of the plurality of second transverse cuts
along the longitudinal direction of the flexible section by

a same distance.

44

Date Regue/Date Received 2024-01-11



FIG. 1

20

CA 03077505 2020-03-30

1/12

0—>

O—>




2/12

0¢

>

..mw.rw_,._ _ WM "
T :u_mﬂ _m_l.,?:w *ﬁ\r.i. UiUﬁlUimmH.ﬂl %neéem ="

b
v

LU J e

—
m é —

¢ 9ld



FIG. 3

201(S)

203

204(S)

CA 03077505 2020-03-30

3/12

202

J



FIG. 5

FIG. 4

CA 03077505 2020-03-30

4/12

i
N
r~ ~
\ ~
~
s
~
o
~
Shaeel
."; ) l-
"




CA 03077505 2020-03-30

5/12

144

(9)29

@5

L09

L

o

7
(9)e9

Z Old

|
809

609

A

£09
08 @% €9 (g9

m P
209
@8 sm ..,Nm ao : N\m

9 'Old



FIG. 9

FIG. 8

63(6)

63(6)

62(6)

CA 03077505 2020-03-30

6/12

|J ‘\‘
AN —
\‘!‘,»

ESY

630
631

605

608

609
\

62(6)



7/12

Ot 9Id






CA 03077505 2020-03-30

9/12

91 Old




FIG. 17

Vi 805

801

CA 03077505 2020-03-30

10/12

go2 812

803




CA 03077505 2020-03-30

11712

FIG. 18

811

801

880//\

~811




CA 03077505 2020-03-30

12/12

FIG. 19

881

880

880




201(8)

203
2048)




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - CLAIMS
	Page 41 - CLAIMS
	Page 42 - CLAIMS
	Page 43 - CLAIMS
	Page 44 - CLAIMS
	Page 45 - CLAIMS
	Page 46 - CLAIMS
	Page 47 - DRAWINGS
	Page 48 - DRAWINGS
	Page 49 - DRAWINGS
	Page 50 - DRAWINGS
	Page 51 - DRAWINGS
	Page 52 - DRAWINGS
	Page 53 - DRAWINGS
	Page 54 - DRAWINGS
	Page 55 - DRAWINGS
	Page 56 - DRAWINGS
	Page 57 - DRAWINGS
	Page 58 - DRAWINGS
	Page 59 - REPRESENTATIVE_DRAWING

