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(57) Abstract: An articulated tip part (3) for an endoscope (1). The articulated tip part (3) comprises a distal end segment (4), a
proximal end segment (6) and a number of intermediate segments (5) arranged between the distal end segment (4) and the proximal
end segment (6). Each intermediate segment (5) comprises a first passage (8) adapted to accommodate and support an outer wall (11)
of a tube (9) providing a working channel of the endoscope (1).
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An articulated tip part for an endoscope

The present invention relates to endoscopes, and more specifically to an
articulated tip part for an endoscope.

Endoscopes are well known devices for visually inspecting inaccessible
places such as human body cavities. Typically, the endoscope comprises an elon-
gated insertion tube with a handle at the proximal end as seen from the operator
and visual inspections means, such as a built in camera, at the distal end of the
elongated insertion tube. Electrical wiring for the camera and other electronics
such as LED lighting run along the inside of the elongated insertion tube from the
handle to the tip at the distal end. Instead of using cameras, endoscopes may
also be fibre-optic, in which case the optical fibres run along inside of the elon-
gated insertion tube.

In order to be able to manoeuvre the endoscope inside the body cavity,
the distal end of the endoscope may comprise a section with increased flexibility,
e.g. an articulated tip part allowing the operator to bend this section. Typically
this is done by tensioning or slacking pull wires also running along the inside of
the elongated insertion tube from the articulated tip part to a control mechanism
of the handle. Furthermore, a working channel may run along the inside of the
insertion tube from the handle to the tip, e.g. allowing liquid to be removed from
the body cavity or allowing the insertion of surgical instruments or the like into
the body cavity.

US-A-4911148 discloses a fibre-optic endoscope with an articulated tip
part. The articulated tip part is an integrally moulded member with cut-out pro-
gressively increasing in size towards the distal end. The cut-outs are provided in
one side only, thus only allowing the bending of the articulated tip in one direc-
tion. The articulated tip comprises a central working channel. The pull wire and
the fibre-optic cables are located in lumens arranged in the wall part of the ar-
ticulated tip part.

US-A-2004/0199052 discloses a camera endoscope with an articulated
tip part. The articulated tip comprises a central lumen. Though not clearly de-
scribed, a working channel appears to be arranged in this central lumen. All ca-
bles except the pull wires are also arranged in this central lumen. The pull wires
are located in lumens arranged in the wall part of the articulated tip part.

US-A-4580551 discloses an articulated tip part for a fibre-optic endo-
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scope. The cross-section of the articulated tip part comprises several lumens. In
one of the lumens a tube for air or water is provided. This tube is comparatively
narrow and will not be able to serve as a working channel as such.

Based on the above prior at it is an object of the present invention to
provide an improved articulated tip part for an endoscope.

According to a first aspect of the invention this object is achieved by an
articulated tip part for an endoscope where the articulated tip part comprises a
distal end segment, a proximal end segment and a number of intermediate seg-
ments arranged between the distal end segment and the proximal end segment,
each intermediate segment comprising a passage, characterized in that the pas-
sage is adapted to accommodate and support an outer wall of a tube providing a
working channel of the endoscope.

Adapting the passage to accommodate and support the outer wall of the
tube providing the working channel allows the use of a large diameter tube with a
relatively thin wall because the support provided by the passage through the in-
dividual segments makes the tube less prone to kinking when bending and/or
collapsing when vacuum suction is applied. Having a large diameter tube with a
relatively thin wall, in turn, provides for a large working channel, through which
tools may be inserted and/or fluids withdrawn.

According to a preferred embodiment of the invention, the intermediate
segments have a generally circular cross-section with a centre and the passage is
off-set with respect to said centre. This allows the diameter of the working chan-
nel to be further increased. Preferably, the diameter is so large that centre of the
generally circular cross-section of the segments lies within the passage.

According to a further preferred embodiment of the invention, each of
said intermediate segments comprises a further passage adapted for accommo-
dating electrical wires. Thus the working channel is separated from the electrical
wires.

According to another preferred embodiment of the invention, adjacent
intermediate segments are connected via flexible hinge members arranged in a
plane corresponding to the first diameters of the cross-sections said two adjacent
segments. This allows the location of the passage for the working channel and
the further passages in the bending plane, thus providing maximum radius of the
curvature of the working channel when bending, thus further reducing the risk
kinking of collapsing of the tube.

According to another preferred embodiment of the invention, at least
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some of the flexible hinge members are adapted to engage and support the outer
wall of the tube providing said working channel of the endoscope. Having the
hinge members engage the outer wall of the tube further supports the tube. The
tube thus becomes even less prone to kinking and/or collapsing.

According to yet a further preferred embodiment of the invention, the
individual thickness of the flexible members decreases from one to the next in
the direction from the proximal end segment to the distal end segment. Thus, the
bending ability increases towards the distal end, which, in turn, increases ma-
noeuvrability.

According to another preferred embodiment of the invention, pull wire
passages are arranged symmetrically opposite each other on a second diameter
orthogonal to and on either side of the first diameter in each of said intermediate
segments. This allows the pull wire passages to be located where the wall thick-
ness of the segment is the largest, thus giving good support against the forces
occurring when the pull wires are tensioned.

According to yet another preferred embodiment of the invention, the
distal end segment, the proximal end segment and said number of intermediate
segments is provided as a one-piece integrally moulded part. This facilitates
manufacturing in a cost-efficient manner.

According to another preferred embodiment of the present invention,
the surface of at least some of the segments comprises recesses or cut outs. This
ensures good connections between the articulated tip part and other parts of the
endoscope, such as the plastic material moulded around the camera and elec-
tronics, adhesion to the outer sheath of the elongated insertion tube and the like.

According to a second aspect of the invention an endoscope comprising
an articulated tip part as described above is provided.

According to a preferred embodiment of the second aspect of the inven-
tion, the tube providing the working channel comprises a first section and a sec-
ond section along the length thereof, wherein the second section has a higher
degree of flexibility than the first section. This provides the working channel with
a high degree of flexibility where it needs to bend in tight curves, but is sup-
ported by the segments of articulated tip part according to the first aspect of the
invention.

The present invention will now be described in greater detail based on
non-limiting exemplary embodiments, and with reference to the drawings on

which:
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Fig. 1 shows an endoscope with an articulated tip part according to the
invention at the distal end of the insertion tube,

fig. 2 shows details of the articulated tip part at the distal end of the in-
sertion tube,

figs. 3 to 7 show various views of a first embodiment of the articulated
tip part according to the invention, and

figs. 8 to 12 show various views of a second embodiment of the articu-
lated tip part according to the invention.

Referring first to fig. 1, an endoscope 1 is shown. The endoscope is dis-
posable, and not intended to be cleaned and reused. The endoscope 1 comprises
an elongated insertion tube 12. At the proximal end of the insertion tube 12 an
operating handle 13 is arranged. The operating handle 13 has a control lever 14
for manoeuvring an articulated tip part 3 at the distal end of the insertion tube
12 by means of pull wires 15 (visible in fig. 2 only). The control lever 14 is se-
cured by means of a removable securing clip 16 to be removed before use.

Turning now to fig. 2 details of the distal end of the insertion tube 12
with the articulated tip part 3 is shown, i.e. details from in the circle marked II in
fig. 1. Some parts, such as an external sheath normally covering the articulated
tip part 3, have been removed for clarity. The articulated tip part 3 comprises a
number of segments 4, 5, 6. More specifically a distal end segment 4, a proximal
end segment 6 (not visible in fig. 2) and a number of intermediate segments 5.
In the illustrated embodiments, the number of intermediate segments 5 is eight,
but the skilled person will understand that the precise number is less important.
The distal end segment 4 comprises a camera 17, light emitting diodes 18 as well
as a tube 9. The tube 9 extends inside the insertion tube 12 all the way from the
distal end segment 4 of the articulated tip part 3 to the operating handle 13, so
as to form a working channel. The working channel may via a suction port on the
handle (not visible) be connected to a standard external suction, e.g. wall suction
present in hospital environment by means of an attached tube. The external suc-
tion may be activated by means of a push-button 20 on the operating handle.

One embodiment of the articulated tip part 3 is shown in figs. 3 to 7
without any attached parts. It can be seen that there is one distal end segment 4
one proximal end segment 6 and eight intermediate segments 5. The segments
4,5, 6 are interconnected by means of flexible hinge members 10, 10’. As can be
seen the individual thickness of the flexible hinge members 10, 10’ vary from one
to the next, increasing in thickness from the distal end towards the proximal end
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of the articulated tip part 3, i.e. from left to right in fig. 3. By comparison with
fig. 4, it can also be seen that flexible hinge members 10, 10’ interconnecting
intermediate segments are arranged in a plane corresponding to the first diame-
ters of the cross-sections of said two adjacent segments.

The flexibility of the articulated tip part 3 is thus higher at the distal end
of the articulated tip part 3 than at the proximal end of the articulated tip part 3.
The intermediate segments 5 generally have the same cross-section, which gen-
erally correspond to the end view of fig. 4. That is to say a generally circular
cross-section with four passages 8, 21, 22. The first passage 8 is circular and
adapted to engage and support the outer wall of a tube 9 forming the working
channel. This first passage is relatively large, and the centre 7 of the cross-
section of the intermediate segments actually lies within the first passage 8. In a
second embodiment of the articulated tip member 3 shown in figs. 8 to 12 this is
even more pronounced. Cf. fig. 9. The second passage 21 is adapted to accom-
modate the electrical supply wires for the camera 17 and the light emitting di-
odes 18, signal wires for the camera 17 etc. The camera 17 and the light emitting
diodes 18 are mounted on a small circuit board to which the supply and signal
wires are connected. The last two passages are pull wire passages 22 for guiding
the pull wires 15. As can be seen in fig. 4 the two pull wire passages 22 are ar-
ranged symmetrically opposite each other on either side of the plane in which the
hinge members 10, 10’ extend. That is to say, symmetrically opposite each other
on a second diameter orthogonal to and on either side of the first diameter in
each of said intermediate segments 5. At his location plenty of material surround
the guide passages 22, thus giving good support for the pull wires 15 when ten-
sioned. The ends of the pull wires are secured in the distal end section as well as
connected to the control lever 14 in the operating handle 13. Thus by manipulat-
ing the control lever 14 the pull wire may be tensioned on one side of the plane
of the hinge members 10, 10" and slacked on the other, thus allowing the articu-
lated tip member 3 to bend in a desired direction.

As can best be seen from fig. 5 three hinge members 10, 10’ intercon-
nect the intermediate segments 5. The location of these hinge members 10, 10’
as seen in an end view correspond to the outer walls of the intermediate seg-
ments 5 and the wall formed between the circular passage 8 and the second pas-
sage 21. There is thus two outer hinge members 10 and one central hinge mem-
ber 10’ interconnecting two intermediate segments 5. By having not only the
outer hinge members 10 but also the central hinge member 10’ allows the tube 9
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forming the working channel to be supported on either side between two inter-
mediate segments, thereby reducing the tendency of the tube 9 to kink or col-
lapse between the intermediate segments 5, where unlike in the passages 8 it is
not tightly accommodated and supported by the wall of the first passage 8.

The extra central hinge member 10’ in also advantageous in another
way. Were there only the lateral hinge members 10, the articulated tip member
would be less resistant to torsions. More importantly there would be the risk that
one or both would be compressed and two adjacent intermediate segments 5
thereby pre-bent in an undesired direction with respect to each other by external
forces from e.g. the body cavity. If just one lateral hinge member 10 or even
both leads to pre-bending in this uncontrolled manner, the tension from the pull
wires 15 might further bend two intermediate segments 5 in the opposite direc-
tion of what is expected and desire by the operator. Having the extra central
hinge member 10’ mitigates this.

The proximal end segment 6 has a number of recesses or cut-outs 23 in
the surface. These cut-outs aid in securing the articulated tip member 3 to the
insertion tube 12 of the endoscope 1. The distal end segment 4 also has a num-
ber of cut-outs, preferably through holes 24. These help securing the camera 17,
light emitting diodes 18, the end of the tube 9 etc. when these are moulded-in by
means of plastic material, e.g. in a process similar to the one described in WO-A-
2010/066790 incorporated herein by reference. This is particularly important
when, as preferred, the articulated tip part 3 is moulded as a one-piece polypro-
pylene member, which has good bending properties, but relatively poor adhesive
properties.

As indicated above, figs. 8 to 12 illustrate a different embodiment of the
articulated tip part 3. The difference from the first embodiment is mainly that it is
adapted for a larger working channel. Consequently many parts are the same and
need no repeated explanation. For the same reason corresponding reference nu-
merals have been used. It will be noted that because the diameter of the passage
8 is larger in order to accommodate and support a larger diameter tube 9, the
intermediate segments 5 as well as the distal end segment 4 and the proximal
segment 6 have been made shorter as compared to the overall diameter of the
cross-section of the intermediate segments 5. More specifically the outer diame-
ter of the cross-section of the intermediate segments 5 of the first embodiment is
about 4 mm and the inner diameter of the tube 9 forming the working channel
about 1.2 mm, whereas in the second embodiment the outer diameter of the
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cross-section of the intermediate segments 5 is about 5 mm and the inner di-
ameter of the tube 9 forming the working channel is about 2.5 mm. Furthermore
the cut-outs and through holes 24 of the distal end segment 4 differ in order to
better accommodate both the camera and the working channel in the distal end
surface of the endoscope.

Both of the embodiments, however, have in common the feature of in-
termediate segments with first passages 8, adapted to accommodate and in par-
ticular support the outer wall of the tube 9 forming the working passage. That is
to say, the outer diameter of the tube 9 corresponds essentially to the inner di-
ameter of the passage 8 in the intermediate segments 5. This in turn allows the
use of a working canal made from a tube, which does not have the same flexibil-
ity all the way from the operating handle 13 to the distal end of the endoscope 3.
Rather, the tube 9 providing the working channel may comprise a first proximal
section and a second distal section along the length thereof, wherein the second
section has a higher degree of flexibility than the first section. Preferably, the
material for both the first proximal section and the second distal section is poly-
urethane but with different flexibility.

The skilled person will understand that many variations and deviations
from the above exemplary embodiments are possible without parting from the
gist of the invention. In particular other materials, other dimensions, or other
numbers of segments than those mentioned above could be used.
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PATENT CLAIMS

1. An articulated tip part (3) for an endoscope (1) where the articulated
tip part (3) comprises a distal end segment (4), a proximal end segment (6) and
a number of intermediate segments (5) arranged between the distal end segment
(4) and the proximal end segment (6), each intermediate segment (5) compris-
ing a passage (8), characterized in that the passage (8) is adapted to
accommodate and support an outer wall (11) of a tube (9) providing a working
channel of the endoscope (1).

2. An articulated tip part (3) according to claim 1, wherein the interme-
diate segments (5) have a generally circular cross-section with a centre (7) and
that said passage (8) is off-set with respect to said centre (7).

3. An articulated tip part (3) according to claim 2, wherein said centre
(7) lies within said passage (8).

4. An articulated tip part (3) according to any one of the preceding
claims wherein each of said intermediate segments (5) comprises a further pas-
sage adapted for accommodating electrical wires.

5. Articulated tip part (3) according to any one of the preceding claims
wherein adjacent intermediate segments (5) are connected via flexible hinge
members (10, 10") arranged in a plane corresponding to the first diameters of
the cross-sections said two adjacent segments (5).

6. Articulated tip part (3) according to claim 5, wherein some of the
flexible hinge members (10, 10’) are adapted to engage and support the outer
wall (11) of the tube (9) providing said working channel of the endoscope (1).

7. Articulated tip part (3) according to any one of claims 5 or 6, wherein
the individual thickness of the flexible decreases from one to the next in the di-
rection from the proximal end segment (6) to the distal end segment (4).

8. Articulated tip part (3) according to any one of claims 5 to 7, wherein
pull wire passages (22) are arranged symmetrically opposite each other on a
second diameter orthogonal to and on either side of the first diameter in each of
said intermediate segments (5).

9. An articulated tip part (3) according to any one of the preceding
claims, wherein the distal end segment (4), the proximal end segment (6) and
said number of intermediate segments (5) is provided as a one-piece integrally
moulded part.

10. An articulated tip part (3) according to any one of the preceding
claims, wherein the surface of at least some of the segments (4, 5, 6) comprises
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recesses or cut outs.
11. An endoscope (1) comprising an articulated tip part (3) according to
any one of the preceding claims.
12. An endoscope (1) wherein the tube (9) providing the working chan-
5 nel comprises a first section and a second section along the length thereof,
wherein the second section has a higher degree of flexibility than the first sec-

tion.
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