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(57) ABSTRACT

An insertion device comprising an insertion portion config-
ured to be inserted into a subject and having a longitudinal
axis in a state of forming a straight line. A bending portion
is provided at a distal end side of the insertion portion. A
bending tube is provided in the bending portion. A traction
member is disposed in the bending portion. The bending
tube includes a first joint ring and a second joint ring. The
first joint ring is joined to the second joint ring in an adjacent
manner. The first joint ring has a first contact portion where
the traction member contacts an outer peripheral portion of
the first joint ring. The second joint ring has a second contact
portion where the traction member contacts an inner periph-
eral portion of the second joint ring. Application of tension
on the traction member bends the bending portion.
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FIG. 1
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FIG. 4
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FIG. 6
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INSERTION DEVICE, BENDING PORTION
OF INSERTION DEVICE, AND TRACTION
MEMBER FOR BENDING PORTION OF
INSERTION DEVICE

RELATED APPLICATION DATA

[0001] This application is based on and claims priority
under 37 U.S.C. § 119 to U.S. Provisional Application No.
63/249,632 filed on Sep. 29, 2021, the entire contents of
which are incorporated herein by reference.

FIELD OF THE DISCLOSURE

[0002] The disclosure relates to an insertion device in
which an insertion portion includes a bending portion which
is bent when a wire is pulled, to the bending portion of the
insertion device, and to a traction member for the bending
portion.

BACKGROUND

[0003] In recent years, endoscopes, which are one type of
insertion device, have been widely used in a medical field
and an industrial field. Endoscopes allow observation and
treatment of a site to be examined inside a subject by
inserting an elongated insertion portion into the subject. For
such an endoscope, there is a known configuration in which
a bendable bending portion is provided in the insertion
portion.

[0004] The bending portion of the endoscope is provided
to improve ease of advance of the insertion portion at a bent
part of a conduit and, in addition to the above, to vary an
observation direction of an observation optical system pro-
vided at a distal end portion located at a position forward of
the bending portion.

[0005] For example, Japanese Patent Application Laid-
Open Publication No. 2005-7068 discloses a configuration
of a bending portion where a plurality of bending pieces is
continuously provided in a direction of a longitudinal axis
and a plurality of wires penetrate through wall portions of
these bending pieces.

SUMMARY OF THE DISCLOSURE

[0006] An aspect of the present disclosure is directed to an
insertion device comprising an insertion portion configured
to be inserted into a subject and having a longitudinal axis
in a state of forming a straight line. A bending portion is
provided at a distal end side of the insertion portion. A
bending tube is provided in the bending portion. A traction
member is disposed in the bending portion. The bending
tube includes a first joint ring and a second joint ring. The
first joint ring is joined to the second joint ring in an adjacent
manner. The first joint ring has a first contact portion where
the traction member contacts an outer peripheral portion of
the first joint ring. The second joint ring has a second contact
portion where the traction member contacts an inner periph-
eral portion of the second joint ring. Application of tension
on the traction member bends the bending portion.

[0007] Another aspect of the present disclosure is directed
to a bending portion of an insertion device. The bending
portion includes a bending tube and a traction member. The
bending tube includes a first joint ring and a second joint
ring. The first joint ring is joined to the second joint ring in
an adjacent manner. The traction member contacts an outer
peripheral portion of the first joint ring at a first contact
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portion. The traction member contacts an inner peripheral
portion of the second joint ring at a second contact portion.
Application of tension on the traction member bends the
bending portion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a partial perspective view showing an
endoscope of an embodiment where a bending portion is
provided in an insertion portion;

[0009] FIG. 2 is a side view showing a configuration of a
bending tube provided in the bending portion of the insertion
portion of the endoscope of the embodiment;

[0010] FIG. 3 is a partial cross-sectional view showing the
configuration of the bending tube of the endoscope of the
embodiment;

[0011] FIG. 4 is a cross-sectional view showing a con-
figuration of a first bending piece of the bending tube of the
endoscope of the embodiment invention taken along line
IV-1V in FIG. 3;

[0012] FIG. 5 is a cross-sectional view showing a con-
figuration of a second bending piece of the bending tube of
the endoscope of the embodiment taken along line V-V in
FIG. 3,

[0013] FIG. 6 is a side view partially showing a state
where the bending tube of the endoscope of the embodiment
is bent upward;

[0014] FIG. 7 is a cross-sectional view showing a dimen-
sional relationship of the first bending piece of the endo-
scope of the embodiment;

[0015] FIG. 8 is a cross-sectional view showing a portion
of a mold used for forming the first bending piece of the
endoscope of the embodiment by injection molding;
[0016] FIG. 9 is a cross-sectional view showing a portion
of'the mold used for forming the second bending piece of the
endoscope of the embodiment by injection molding;
[0017] FIG. 10 is a front view showing inner molds used
for forming gaps for the endoscope of the embodiment;
[0018] FIG. 11 is a side view showing the inner molds
used for forming the gaps for the endoscope of the embodi-
ment as viewed in a direction indicated by an arrow XI in
FIG. 10;

[0019] FIG. 12 is a front view showing inner molds for the
endoscope of the embodiment, the inner molds being
capable of being divided in a lateral direction from a center;
[0020] FIG. 13 is a top plan view showing a configuration
of a bending tube of a first modification having recessed
portions being wire escape holes;

[0021] FIG. 14 is a cross-sectional view showing the
configuration of the bending tube of the first modification
having the recessed portions being the wire escape holes;
[0022] FIG. 15 is a partial cross-sectional view showing a
state where the bending tube of the first modification having
the recessed portions being the wire escape holes is bent
upward;

[0023] FIG. 16 is a cross-sectional view showing a con-
figuration of a bending tube of the first modification having
tapered surfaces serving as wire escape portions;

[0024] FIG. 17 is a partial cross-sectional view showing a
state where the bending tube of the first modification having
the tapered surfaces serving as the wire escape portions is
bent upward;

[0025] FIG. 18 is a cross-sectional view showing a con-
figuration of a bending tube of a second modification;
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[0026] FIG. 19 is a cross-sectional view showing a con-
figuration of a first bending piece of a bending tube of a third
modification;

[0027] FIG. 20 is a cross-sectional view showing a con-
figuration of a second bending piece of the bending tube of
the third modification;

[0028] FIG. 21 is a cross-sectional view showing a portion
of' a mold used for forming the first bending piece and the
second bending piece in the third modification by injection
molding;

[0029] FIG. 22 is a cross-sectional view showing a dimen-
sional relationship between the first bending piece and the
second bending piece in the third modification;

[0030] FIG. 23 is a cross-sectional view showing a con-
figuration of a first bending piece of a bending tube of a
fourth modification;

[0031] FIG. 24 is a cross-sectional view showing a con-
figuration of a second bending piece of the bending tube of
the fourth modification; and

[0032] FIG. 25 is a cross-sectional view showing a portion
of' a mold used for forming the first bending piece and the
second bending piece in the fourth modification by injection
molding.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0033] Hereinafter, description will be made by taking an
endoscope as an example of an insertion device. In the
description made hereinafter, drawings based on respective
embodiments are schematic views. Note that relationships
between a thickness and a width of respective parts, thick-
ness ratios between the respective parts, and the like differ
from actual ones. Some parts may have different dimen-
sional relationships or different size ratios between draw-
ings.

[0034] In the description made hereinafter, an endoscope
for urinary organs where an insertion portion has a small-
diameter, such as a ureteropelvic endoscope, is shown as an
example of the insertion device.

[0035] The endoscope is not limited to a ureteropelvic
endoscope, and is also applicable to various so-called flex-
ible endoscopes and so-called rigid endoscopes, the flexible
endoscopes having a flexible insertion portion to be inserted
into the upper or lower digestive organs of a living body, the
rigid endoscopes having a rigid insertion portion used for
surgical purposes.

[0036] As shown in FIG. 1, an endoscope 1 is configured
to include an endoscope insertion portion (hereinafter sim-
ply referred to as “insertion portion™) 2, an operation portion
3, and a universal cord 4, the insertion portion 2 having an
elongated flexible tube shape, the operation portion 3 being
provided on a proximal end side of the insertion portion 2,
the universal cord 4 extending from the operation portion 3.
An endoscope connector connected to an image processing
device, a light source device, or other device is provided on
an extension end of the universal cord 4 (neither shown in
the drawing).

[0037] For the purpose of preventing infection, reducing
costs, or the like, it is preferable that the endoscope 1 be a
disposable single-use endoscope that is disposed after use
(used once). However, needless to say, the endoscope 1 may
be a reusable product that is reused after being subjected to
disinfection and sterilization treatment.
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[0038] A main part of the insertion portion 2 includes, in
order from a distal end side, a rigid distal end portion 6, a
bending portion 7, and a soft flexible tube portion 8. The
distal end portion 6 includes an observation optical system
not shown in the drawing in the inside thereof, for example.
The bending portion 7 is an active bending portion that is
continuously provided on a proximal end side of the distal
end portion 6, and is actively bendable in a plurality of
directions, for example, two directions including an upward
direction and a downward direction (U/D). The flexible tube
portion 8 is continuously provided on a proximal end side of
the bending portion 7 and has flexibility.

[0039] The bending portion 7 is bent in either one of the
upward direction or the downward direction with an opera-
tion of a bending operation lever 15 provided on the opera-
tion portion 3. The bending portion 7 may be configured to
be bendable in two directions including a leftward direction
and a rightward direction (L/R), may be configured to be
bendable in four directions including the upward direction,
the downward direction, the leftward direction, and the
rightward direction, or may be configured to be bendable in
a composite direction of the upward direction, the down-
ward direction, the leftward direction, and the rightward
direction. The endoscope 1 may be configured to be pro-
vided with a passive bending portion that is continuously
provided on the proximal end side of the bending portion 7.
[0040] The operation portion 3 is provided with remote
switches 14, a suction button 16, and a suction pipe sleeve
17, for example. The remote switches 14 are provided, for
example, for instructing to perform image control, such as
freezing or releasing. The suction button 16 is provided for
performing a suction operation. The suction pipe sleeve 17
communicates with a suction channel not shown in the
drawing provided in the insertion portion 2. The operation
portion 3 is also provided with a treatment instrument
insertion port 18 for insertion of a treatment instrument, such
as forceps, into the suction channel. A forceps plug 19 is
mounted on the treatment instrument insertion port 18.
[0041] As shown in FIG. 2, in the present embodiment, a
bending tube 20 having a substantially cylindrical shape is
provided in the bending portion 7. An outer periphery of the
bending tube 20 is covered by a braid, being a mesh-like
tube, and bending rubber. However, the braid and the
bending rubber are omitted in FIG. 2 for the sake of
simplifying the drawing.

[0042] The bending tube 20 includes a distalmost-end
bending piece 20a connected to a distal end rigid portion
(not shown in the drawing) of a distal end frame (distal end
forming portion), which forms the distal end portion 6 of the
insertion portion 2. The bending tube 20 is configured to
include first bending pieces 21, being a plurality of first joint
rings, and second bending pieces 22, being a plurality of
second joint rings, the first bending pieces 21 and the second
bending pieces 22 being continuously provided on a proxi-
mal end side of the distalmost-end bending piece 20a.
[0043] The first bending pieces 21 and the second bending
pieces 22 are alternately arranged in a direction of a longi-
tudinal axis X in which the bending portion 7 forms a
straight line. The distalmost-end bending piece 20aq, the first
bending pieces 21, and the second bending pieces 22 are
coupled with each other by coupling portions 23, the first
bending pieces 21 and the second bending pieces 22 being
alternately disposed, the coupling portions 23 forming rota-
tion support portions at two portions, that is, both side
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portions in a left-and-right direction of each of the first
bending pieces 21 and the second bending pieces 22.
[0044] The bending tube 20 is formed of a synthetic resin
by injection molding such that the distalmost-end bending
piece 20q, the plurality of first bending pieces 21, and the
plurality of second bending pieces 22 are integrally and
continuously provided via the coupling portions 23. The
number of first bending pieces 21 and the number of second
bending pieces 22 are suitably determined according to an
entire length of the bending portion 7. The bending tube 20
may be connected to a flexible tube 8 via a passive bending
portion, being another bending tube that is bent only by a
force from the outside. In such a case, a structure is adopted
where a connection part (not shown in the drawing) is
attached to a proximal end side (last piece) of the bending
tube 20 so as to allow the bending tube 20 to be connected
to the passive bending portion.

[0045] As shown in FIG. 3 to FIG. 5, each first bending
piece 21 and each second bending piece 22 has an annular
shape, and the first bending piece 21 has an inner surface 21a
and the second bending piece 22 has an inner surface 224 so
as to allow various internal components, such as a light
guide and an image pickup cable, to be inserted through the
first bending piece 21 and the second bending piece 22.
[0046] In the present embodiment, the first bending piece
21 has a distal end surface 215 and a proximal end surface
21c¢ each of which has a predetermined curved surface
shape. The first bending piece 21 has grooves 27 on an outer
peripheral portion over an entire length at upper and lower
portions in an up-and-down direction, the grooves 27 serv-
ing as wire guide portions extending along the longitudinal
axis X. In the present embodiment, the second bending piece
22 also has a distal end surface 226 and a proximal end
surface 22¢ each of which has a predetermined curved
shape.

[0047] The distal end surface 225 of each second bending
piece 22 is brought into contact with the proximal end
surface 21¢ of each first bending piece 21, so that an angle
at which the bending tube 20 of the bending portion 7 is bent
at maximum is defined.

[0048] Bending operation wires 24, 25 are disposed in the
bending tube 20, the bending operation wires 24, 25 being
two traction members that causes the respective first bending
pieces 21 and the respective second bending pieces 22 to
rotate. When two bending operation wires 24, 25 are pulled
or loosened, each coupling portion 23 that couples the first
bending piece 21 with the second bending piece 22 is
deformed, thus forming a rotation fulcrum, so that the
bending tube 20 is bent in either of two directions, the
upward direction or the downward direction (U/D).

[0049] In other words, the bending tube 20 has a rivetless
configuration where the first bending pieces 21 and the
second bending pieces 22 are not connected by rivets or the
like.

[0050] The two bending operation wires 24, 25 are caused
to extend along an outer peripheral side of each first bending
piece 21 in a state of being accommodated in the grooves 27
of the first bending piece 21, and are caused to pass through
an inner peripheral side being the inside of each second
bending piece 22.

[0051] Specifically, the bending operation wire 24 is dis-
posed in the groove 27 of each first bending piece 21 in the
direction of the longitudinal axis X, the groove 27 being
located at the upper position in the upward direction (U).
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The bending operation wire 25 is disposed in the groove 27
of each first bending piece 21 in the direction of the
longitudinal axis X, the groove 27 being located at the lower
position in the downward direction (D). The bending opera-
tion wires 24, 25 are disposed in the inside of each second
bending piece 22.

[0052] In other words, the bending operation wires 24, 25
are inserted through the first bending pieces 21 and the
second bending pieces 22 such that the bending operation
wires 24, 25 alternately lie along an outer side of each first
bending piece 21 and an inner side of each second bending
piece 22. When the bending operation wires 24, 25 are
inserted through the first bending pieces 21 and the second
bending pieces 22, the bending operation wires 24, 25 in the
second bending piece 22 are pulled out from gaps by
tweezers or the like, each gap being formed between the
proximal end surface 21¢ of the first bending piece 21 and
the distal end surface 2256 of the second bending piece 22
which face each other.

[0053] The bending operation wires 24, 25 which are
pulled out from the gaps are caused to extend along the
grooves 27 formed on the outer peripheral portion of the
adjacent first bending piece 21, and are then inserted through
the inside of another adjacent second bending piece 22. By
repeating such a procedure, the bending operation wires 24,
25 are caused to alternately be positioned along the inner
wall and the outer side (the grooves 27) of the pieces.
[0054] Distal ends of the bending operation wires 24, 25
are joined to a distal end rigid portion (not shown in the
drawing) by welding or the like, the distal end rigid portion
being fitted in the distalmost-end bending piece 20a. Proxi-
mal ends of the bending operation wires 24, 25 are con-
nected to a rotating mechanism, such as a pulley or a
sprocket, which is rotated by the bending operation lever 15.
[0055] Inthe bending tube 20 having the above-mentioned
configuration, when a predetermined tension T toward a
proximal end side is applied to the bending operation wires
24, 25 as shown in FIG. 3, a stress IF from the outside
toward the inside is generated in each first bending piece 21
and a stress OF from the inside toward the outside is
generated in each second bending piece 22.

[0056] Inother words, each of the bending operation wires
24, 25 is inserted through the first bending pieces 21 and the
second bending pieces 22 such that each of the bending
operation wires 24, 25 comes into contact with the groove 27
of each first bending piece 21 and the inner surface 22a,
being the inner wall, of each second bending piece 22, thus
being disposed at different positions in a direction orthogo-
nal to the longitudinal axis X.

[0057] Specifically, as shown in FIG. 4 and FIG. 5, each
first bending piece 21 has a hole portion 21A formed by the
inner surface 21a, each second bending piece 22 has a hole
portion 22A formed by the inner surface 22a, and the hole
portion 21A and the hole portion 22A are set to have the
same cross-sectional shape. The same cross-sectional shape
can include the substantially same cross-sectional shape.
Therefore, stepped portions are formed, each stepped por-
tion having a wall thickness (A) ranging from the groove 27
of each first bending piece 21 to the inner surface 22a of
each second bending piece 22 (see FIG. 3).

[0058] Accordingly, since each of the bending operation
wires 24, 25 is inserted through the inside of the adjacent
second bending piece 22 from the outer side of the first
bending piece 21, when the tension T toward the proximal
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end side is applied, each of the bending operation wires 24,
25 comes into contact with each first bending piece 21, thus
generating the stress IF in each first bending piece 21, and
comes into contact with each second bending piece 22, thus
generating the stress OF, the stress IF being a pushing force
that contracts each first bending piece 21 inward, the stress
OF being a pushing force that causes each second bending
piece 22 to expand outward.

[0059] Therefore, the bending operation wires 24, 25 push
down the grooves 27 of each first bending piece 21 inward,
and lift the inner wall being the inner surface 22a of each
second bending piece 22 outward. In other words, the
respective grooves 27 formed on the outer peripheral surface
of each first bending piece 21 form first contact portions with
which the bending operation wires 24, 25 come into contact,
and wall portions of each inner surface 224, being an inner
peripheral surface of each second bending piece 22, form
second contact portions with which the bending operation
wires 24, 25 come into contact.

[0060] With such a configuration of the bending tube 20,
when the tension T is applied to the bending operation wires
24, 25, so that the bending operation wires 24, 25 come into
contact with the first bending pieces 21 and the second
bending pieces 22, the stress IF toward the inside is gener-
ated in each first bending piece 21 and the stress OF toward
the outside is generated in each second bending piece 22.
Accordingly, twisting of each first bending piece 21 and
twisting of each second bending piece 22 are suppressed and
hence, it is possible to achieve a structure that is resistant
against twisting.

[0061] Inthe present embodiment, also in a state where the
bending tube 20 is bent in the upward direction (UP) as
shown in FIG. 6, the stress IF is applied to each first bending
piece 21 from the pulled bending operation wire 24 which is
disposed on the upper side and the stress OF is applied to
each second bending piece 22. With such a configuration,
twisting of each first bending piece 21 and twisting of each
second bending piece 22 are suppressed and hence, the
bending tube 20 can achieve a structure that is resistant
against twisting. The bending operation wire 25 which is
disposed on the lower side is loosened, thus being in a state
where the bending operation wire 25 is released from the
tension T and a loosening pushing force R is generated.
[0062] Also, in a state where the bending tube 20 is bent
in the downward direction (DOWN), the same action occurs,
so that the stress IF is applied to each first bending piece 21
from the pulled bending operation wire 25 disposed on the
lower side and the stress OF is applied to each second
bending piece 22. With such a configuration, twisting of
each first bending piece 21 and twisting of each second
bending piece 22 are suppressed and hence, the bending tube
20 can achieve a structure that is resistant against twisting.
Further, in such a state, the bending operation wire 24 which
is disposed on the upper side is loosened, thus being in a
state where the bending operation wire 24 is released from
the tension T and a loosening pushing force (R) is generated.
[0063] The dimensional relationship of the first bending
piece 21 will be described. As shown in FIG. 7, for example,
assume that a wall thickness of a thinnest portion of the first
bending piece 21, that is, a wall thickness from the groove
27 to the inner surface 21aq, is taken as A, a depth of the
groove 27 in which the bending operation wires 24, 25 are
disposed is taken as B, a minor axis, in the present embodi-
ment, a dimension in the up-and-down direction of the hole
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portion 21A, being an inner space, is taken as C, a major
axis, that is, a dimension in the left-and-right direction of the
hole portion 21A is taken as D, and a wall thickness in a
direction in the major axis is taken as E. In such a case, an
outer diameter F, the wall thickness E, and inner dimensions
D, C can be defined by the following equation 1 to expres-
sion 3.

F=D+2E equation 1
E<(B+4) expression 2
D>C expression 3
[0064] The depth B of the groove 27 can be defined by the

following expression 4 based on equation 1 and expression
2.

B>(F-D-24)/2
[0065] The dimension C of the minor axis can be defined

by the following expression 5 based on equation 1 and
expression 3.

expression 4

C<F-2F

[0066] When D=3 mm, E=0.5 mm, F=4 mm, and A=0.1
mm are set, for example, the depth B of the groove 27
satisfies B>0.4 mm and the dimension C of the minor axis
satisfies C<3 mm based on the above-mentioned equation 1
to expression 5. When D=3 mm, E=0.2 mm, F=3.4 mm, and
A=0.1 mm are set, for example, the depth B of the groove
27 satisfies B>0.1 mm and the dimension C of the minor axis
satisfies C<3 mm.

[0067] Hereinafter, the description will be made for a
mold used in forming the bending tube 20 by injection
molding. As shown in FIG. 8 and FIG. 9, in the bending tube
20, each first bending piece 21 has the hole portion 21A,
forming the inner space, each second bending piece 22 has
the hole portion 22A, forming the inner space, and the hole
portion 21A and the hole portion 22A have the same
cross-sectional shape. The same cross-sectional shape can
include the substantially same cross-sectional shape. There-
fore, it is possible to use an inner mold having the same outer
shape for an inner mold 101 of the mold used for molding
the hole portion 21A of each first bending piece 21 and the
hole portion 22A of each second bending piece 22.

[0068] For an external shape of the bending tube 20, a first
outer mold 102 and a second outer mold 103 of the mold are
used, the first outer mold 102 and the second outer mold 103
being obtained by dividing the mold into two portions in the
up-and-down direction, the first outer mold 102 and the
second outer mold 103 forming the same cross-sectional
shape as the external shape of the bending tube 20. The same
cross-sectional shape can include the substantially same
cross-sectional shape. When the first outer mold 102 is
opened in the upward direction (UP) indicated by an arrow
and the second outer mold 103 is opened in the downward
direction (DOWN) indicated by an arrow, the molded bend-
ing tube 20 is removed from the mold.

[0069] For each first bending piece 21, the grooves 27 are
mold. The bending operation wires 24, 25 are disposed in the
grooves 27. Therefore, each of a portion of the first outer
mold 102 corresponding to the first bending piece 21 and a
portion of the second outer mold 103 corresponding to the
first bending piece 21 has a shape that includes a protruding
portion 104 for molding the groove 27 in cross section.

expression 5
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[0070] Further, gaps are formed between each first bend-
ing piece 21 and each second bending piece 22 to achieve a
desired curved shape and hence, each of the first outer mold
102 and the second outer mold 103 includes protrusions not
shown in the drawing for the entire length of the bending
tube 20, the protrusions being used for molding the gaps.

[0071] A plurality of gaps is formed between each first
bending pieces 21 and each second bending pieces 22 to
achieve a desired curved shape. In other words, a plurality
of portions shown in FIG. 3 are provided which are obtained
by partially reducing the wall thickness of the bending tube
20, each of the portions being formed by the proximal end
surface 21c¢ of the first bending piece 21, the distal end
surface 225 of the second bending piece 22, and the coupling
portion 23. Therefore, the mold includes inner molds 110
shown in FIG. 10 and FIG. 11 used for molding the plurality
of gaps in addition to the first outer mold 102, the second
outer mold 103, and the inner mold 101, the number of inner
molds 110 corresponding to the number of gaps.

[0072] Each of these inner molds 110 has a shape that
allows the inner molds 110 to be drawn in a vertical direction
with respect to the arrows in FIG. 8, 9 (in the lateral
direction) after the first outer mold 102 and the second outer
mold 103 are opened in directions indicated by arrows in
FIGS. 8 and 9 and the inner mold 101 is drawn in an axial
direction. The plurality of inner molds 110 may be config-
ured to be able to be divided in the lateral direction being a
direction away from the center as shown in FIG. 12.

(First Modification)

[0073] As shown in FIG. 13 and FIG. 14, to prevent the
bending operation wires 24, 25 from being caught and bitten
between the first bending piece 21 and the second bending
piece 22 when the bending tube 20 is bent, a bending tube
20 of the present modification has recessed portions 28 at
both upper and lower end portions of each second bending
piece 22, the recessed portions 28 being wire escape holes
for the bending operation wires 24, 25. By taking into
account moldability of the bending tube 20, these recessed
portions 28 are formed into a round hole shape by inserting
pin-shaped round rods (not shown in the drawing) at both
end portions of the second bending piece 22 where the
bending operation wires 24, 25 pass.

[0074] As shown in FIG. 15, in a state where the bending
tube 20 is bent, in the present modification, is bent upward,
the bending operation wire 24 that is inserted through the
inside of the second bending piece 22 from the groove 27 of
the first bending piece 21 enters the recessed portion 28 of
the second bending piece 22 and hence, it is possible to
prevent the bending operation wire 24 from being caught
and bitten between the distal end surface 215 of the first
bending piece 21 and the proximal end surface 22¢ of the
second bending piece 22 or between the proximal end
surface 21c¢ of the first bending piece 21 and the distal end
surface 225 of the second bending piece 22.

[0075] Also in a state where the bending tube 20 is bent
downward, in the same manner, the bending operation wire
25 enters the recessed portion 28 of the second bending
piece 22 and hence, it is possible to prevent the bending
operation wire 25 from being caught and bitten between the
distal end surface 215 of the first bending piece 21 and the
proximal end surface 22¢ of the second bending piece 22 or
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between the proximal end surface 21c¢ of the first bending
piece 21 and the distal end surface 226 of the second
bending piece 22.

[0076] The configuration that prevents the bending opera-
tion wire 24 from being caught and bitten by the distal end
surface 225 or the proximal end surface 22¢ of the second
bending piece 22 as described above may be achieved by
tapered surfaces 29 serving as wire escape portions formed
by obliquely cutting away both upper and lower end portions
of each second bending piece 22 as shown in FIG. 16 and
FIG. 17.

[0077] The present modification shows, as an example, the
configuration where each second bending piece 22 has the
recessed portions 28 or the tapered surfaces 29. However,
the configuration is not limited to the above, and each first
bending piece 21 may have the recessed portions 28 or the
tapered surfaces 29.

(Second Modification)

[0078] Inabending tube 20 of the present modification, as
shown in FIG. 18, a gap formed between the distal end
surface 215 of each first bending piece 21 and the proximal
end surface 22¢ of each second bending piece 22 and a gap
formed between the proximal end surface 21c¢ of each first
bending piece 21 and the distal end surface 226 of the
second bending piece 22 have a V shape. Even with such a
configuration of the bending tube 20, it is possible to obtain
the manner of operation and advantageous effects substan-
tially equal to the manner of operation and advantageous
effects of the above-mentioned embodiment and modifica-
tion.

(Third Modification)

[0079] A bending tube 20 of the present modification has
a configuration where, as shown in FIG. 19 and FIG. 20,
each of the first bending piece 21 and the second bending
piece 22 has the grooves 27, and grooves 31 are further
provided on upper and lower inner walls in the up-and-down
direction of each of the inner surfaces 21a, 22a over the
entire length, the grooves 31 serving as wire guide portions
that store the bending operation wires 24, 25 along the
longitudinal axis X.

[0080] Inthebending tube 20 having such a configuration,
it is possible to dispose two bending operation wires 24, 25
along the grooves 31 formed on the inner surface 22a of
each second bending piece 22. In other words, the bending
operation wires 24, 25 are disposed along the grooves 27
formed on the outer side in each first bending piece 21, and
the bending operation wires 24, 25 are disposed along the
grooves 31 formed on the inner side in each second bending
piece 22.

[0081] Therefore, in addition to the above-mentioned
manner of operation and advantageous effects, the bending
tube 20 can increase a space of the hole portion 22A into
which internal components are accommodated, the hole
portion 22A being an inner space of the second bending
piece 22. Further, the bending operation wires 24, 25 are also
fitted in the grooves 31 formed on the inner side of each
second bending piece 22. Accordingly, positional displace-
ment of the wires 24, 25 is suppressed and hence, it is
possible to enhance an effect to suppress twisting. In addi-
tion to the above, the first bending piece 21 and the second
bending piece 22 have the same shape in cross section
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orthogonal to the longitudinal axis X and hence, it is
possible to manufacture the inner mold 101 and two kinds of
outer molds, that is, the first outer mold 102 and the second
outer mold 103 at a low cost, the inner mold 101, the first
outer mold 102, and the second outer mold 103 forming a
mold used for forming the bending tube 20 by injection
molding as shown in FIG. 21. The same shape can include
the substantially same shape.

[0082] Each of a portion of the first outer mold 102
corresponding to the first bending piece 21, a portion of the
first outer mold 102 corresponding to the second bending
piece 22, a portion of the second outer mold 103 corre-
sponding to the first bending piece 21, and a portion of the
second outer mold 103 corresponding to the second bending
piece 22 has a cross-sectional shape that includes the pro-
truding portion 104 for molding the groove 27. Each of a
portion of the inner mold 101 corresponding to the first
bending pieces 21 and a portion of the inner mold 101
corresponding to the second bending piece 22 has a cross-
sectional shape that includes two protruding portions 105,
that is, upper and lower protruding portions 105, for molding
the grooves 31.

[0083] The dimensional relationship of the first bending
piece 21 and the second bending piece 22 will be described.
As shown in FIG. 22, for example, assume that a wall
thickness of a thinnest portion of the first bending piece 21
and the second bending piece 22, that is, a wall thickness
from the groove 27 to the groove 31, is taken as A, a depth
of the groove 31 which is formed on the inner side and in
which the bending operation wires 24, 25 are disposed is
taken as B, a minor axis, in the present modification, a
dimension in the up-and-down direction of the hole portion
21A, 22A being an inner space, is taken as C, a major axis,
that is, a dimension in the left-and-right direction of the hole
portion 21A, 22A is taken as D, and a wall thickness in a
direction in the major axis is taken as E. In such a case, the
outer diameter F, the wall thickness E, and the inner dimen-
sions D, C can be defined by the following equation 6 to
expression 8.

F=D+2E equation 6
E<(B+4) expression 7
D>C expression 8
[0084] The depth B of the groove 31 can be defined by the

following expression 9 based on equation 6 and expression
7.

B>(F-D-24)/2 expression 9
[0085] The dimension C of the minor axis can be defined
by the following expression 10 based on equation 6 and
expression 8.

C<F-2F expression 10
[0086] When D=3 mm, E=0.5 mm, F=4 mm, and A=0.1
mm are set, for example, the depth B of the groove 31
satisfies B>0.2 mm and the dimension C of the minor axis
satisfies C<3 mm based on the above-mentioned equation 6
to expression 10. When D=3 mm, E=0.2 mm, F=3.4 mm,
and A=0.1 mm are set, for example, the depth B of the
groove 27 satisfies B>0.75 mm and the dimension C of the
minor axis satisfies C<3 mm.
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(Fourth Modification)

[0087] As shown in FIG. 23 and FIG. 24, a bending tube
20 of the present modification has a configuration where, in
the same manner as in the third modification, each of the first
bending piece 21 and the second bending piece 22 has the
grooves 27, and the grooves 31 are further provided on
upper and lower inner walls in the up-and-down direction of
each of the inner surfaces 21a, 22a, the grooves 31 serving
as wire guide portions that store the bending operation wires
24, 25 along the longitudinal axis X.

[0088] In addition to the above, each of the first bending
piece 21 and the second bending piece 22 further has a
plurality of; in the present modification, four recessed por-
tions 32, being recessed, on the upper and lower inner walls
in the up-and-down direction of each of the inner surfaces
21a, 22a along the longitudinal axis X, internal components
not shown in the drawing, such as a light guide, an image
pickup cable, and a conduit, being stored in the recessed
portions 32.

[0089] The bending tube 20 has the plurality of recessed
portions 32 on the inner side of each of the first bending
piece 21 and the second bending piece 22 as described
above, thus further increasing the inner space.

[0090] In the bending tube 20, the internal components,
such as a light guide, an image pickup cable, and a conduit,
are stored in the respective recessed portions 32 and hence,
it is possible to restrict positions and movements of these
internal components over the entire length. Therefore, it is
possible to prevent the internal components, such as the light
guide, the image pickup cable, and the conduit, from being
broken due to interference with another internal component
provided in the bending tube 20. Further, these internal
components act as a framework and hence, it is possible to
further enhance torque followability of the bending portion
7 in which the bending tube 20 is incorporated.

[0091] As shown in FIG. 25, each of a portion of the inner
mold 101 corresponding to the first bending piece 21 and a
portion of the inner mold 101 corresponding to the second
bending piece 22 has a shape that includes two protruding
portions 105 and protruding portions 106 on upper and
lower sides of the inner mold 101, the protruding portions
105 being provided for molding the grooves 31, the pro-
truding portions 106 being provided for molding four
recessed portions 32.

[0092] The bending portion 7 is provided in the insertion
portion 2 of the endoscope 1, being the above-described
insertion device, and the bending tube 20 provided inside of
the bending portion 7 is formed of a resin as an injection
molded product. Therefore, the bending tube 20 can be
manufactured at a low cost by suppressing an increase in
cost caused by the bending tube 20 being formed by machin-
ing in a conventional technique.

[0093] Unlike the conventional technique, it is unneces-
sary to join parts made of a different material by ultrasonic
welding, the parts having holes for guiding the bending
operation wires 24, 25. Accordingly, the bending tube 20 has
a configuration that can prevent an increase in a material cost
and a processing cost.

[0094] Further, unlike the conventional technique, the
bending tube 20 has a simple structure where the respective
first bending pieces 21 and the respective second bending
pieces 22 are connected to each other only via the coupling
portions 23 without using joining members, such as rivets.
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[0095] To reduce a twisting load when each first bending
piece 21 and each second bending piece 22 are twisted, the
bending operation wires 24, 25 are caused to lie along the
outer side of each first bending piece 21 and the inner side
of each second bending piece 22. Accordingly, it is possible
to increase resistance against twisting.

[0096] As described above, the endoscope 1 and the
bending portion 7 can achieve the bending tube 20 that is
resistant against twisting and suppress a component cost and
an assembly cost.

[0097] The present disclosure is not limited to the above-
mentioned Embodiment, and may be suitably changed with-
out departing from the gist and concept of the disclosure that
can be read from the claims, the entire specification, and the
drawings.

(Example 1) An insertion device comprising:

[0098] an insertion portion configured to be inserted into
a subject and having a longitudinal axis in a state of forming
a straight line;

[0099] a bending portion provided on a distal end side of
the insertion portion;

[0100] a bending tube provided in the bending portion;
and
[0101] a pulling member configured to cause the bending

portion to bend by being pulled or loosened by an operation
from an outside, wherein
[0102] the bending tube includes
[0103] at least one first joint ring having a first contact
portion where the pulling member comes into contact
with an outer peripheral portion of the first joint ring,
and
[0104] at least one second joint ring joined to the first
joint ring in an adjacent manner, and having a second
contact portion where the pulling member comes into
contact with an inner peripheral portion of the second
joint ring.
(Example 2) The insertion device according to Example 1,
wherein
[0105] the bending portion includes a coupling portion
configured to integrally couple a plurality of joint rings
including the first joint ring and the second joint ring in a
direction of the longitudinal axis.
(Example 3) The insertion device according to Example 2,
wherein
[0106] the first contact portion forms a first guide portion
configured to guide the pulling member in the direction of
the longitudinal axis on the outer peripheral portion of the
first joint ring, and
[0107] the second contact portion forms a second guide
portion configured to guide the pulling member in the
direction of the longitudinal axis on the inner peripheral
portion of the second joint ring.
(Example 4) The insertion device according to Example 3,
wherein
[0108] the first guide portion and the second guide portion
are each a groove formed to extend in the direction of the
longitudinal axis on the first joint ring or the second joint
ring.
(Example 5) The insertion device according to Example 4,
wherein
[0109] the groove is provided only on the outer peripheral
portion of the first joint ring.
(Example 6) The insertion device according to Example 3,
wherein
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[0110] the first guide portion and the second guide portion
are each provided over an entire length in the direction of the
longitudinal axis on the first joint ring or the second joint
ring.
(Example 7) The insertion device according to Example 3,
wherein
[0111] at least one of the first guide portion or the second
guide portion is provided on all of the first joint ring or the
second joint ring.
(Example 8) The insertion device according to Example 3,
wherein
[0112] the second guide portion is provided only on a
portion of the second joint ring.
(Example 9) The insertion device according to Example 1,
wherein
[0113] an inner space formed by an inner surface of the
first joint ring and an inner space formed by an inner surface
of the second joint ring have a same shape in cross section
orthogonal to a direction of the longitudinal axis.
(Example 10) The insertion device according to Example 1,
wherein
[0114] the first joint ring and the second joint ring have a
substantially same shape in cross section orthogonal to a
direction of the longitudinal axis.
(Example 11) The insertion device according to Example 1,
wherein
[0115] each of an inner surface of the first joint ring and an
inner surface of the second joint ring has a recessed portion
in which an internal component other than the pulling
member is accommodated.
(Example 12) The insertion device according to Example 1,
wherein
[0116] the first joint ring in plurality and the second joint
ring in plurality are alternately provided in a direction of the
longitudinal axis.
(Example 13) The insertion device according to Example 1,
wherein
[0117] the insertion device is a single-use endoscope being
used once.
(Example 14) The insertion device according to Example 1,
wherein
[0118] the bending portion including the first joint ring and
the second joint ring is molded by using a resin.
(Example 15) The insertion device according to Example 1,
wherein
[0119] the first contact portion extends in a direction of the
longitudinal axis on an outer peripheral surface of the first
joint ring, and
[0120] the second contact portion extends in the direction
of the longitudinal axis on an inner peripheral surface of the
second joint ring.
(Example 16) A bending portion of an insertion device that
is provided in an insertion portion, and that is bent when a
pulling member is pulled or loosened by an operation from
an outside, the insertion portion being configured to be
inserted into a subject and having a longitudinal axis in a
state of forming a straight line, wherein
[0121] a bending tube is provided in the bending portion,
the bending tube including
[0122] a first joint ring having a first contact portion
where the pulling member comes into contact with an
outer peripheral portion of the first joint ring, and
[0123] asecond joint ring joined to the first joint ring in
an adjacent manner, and having a second contact por-
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tion where the pulling member comes into contact with

an inner peripheral portion of the second joint ring.
(Example 17) A pulling member for a bending portion of an
insertion device, the pulling member causing the bending
portion to bend by being pulled or loosened by an operation
from an outside, the bending portion being provided in an
insertion portion configured to be inserted into a subject and
having a longitudinal axis in a state of forming a straight
line, wherein
[0124] the pulling member is disposed on a bending tube
obtained by causing a plurality of first joint rings and a
plurality of second joint rings to be alternately joined in a
direction of the longitudinal axis, and is alternately inserted
through the plurality of first joint rings and the plurality of
second joint rings such that a state where the pulling member
comes into contact with a first contact portion and a state
where the pulling member comes into contact with a second
contact portion are achieved, the first contact portion being
provided on an outer peripheral portion of each of the
plurality of first joint rings, the second contact portion being
provided on an inner peripheral portion of each of the
plurality of second joint rings.

What is claimed is:

1. An insertion device, comprising:

an insertion portion configured to be inserted into a

subject and having a longitudinal axis in a state of
forming a straight line;

a bending portion provided on a distal end side of the

insertion portion;

a bending tube provided in the bending portion; and

a traction member disposed in the bending portion,

wherein the bending tube includes a first joint ring and a

second joint ring,

wherein the first joint ring is joined to the second joint

ring in an adjacent manner,

wherein the first joint ring has a first contact portion where

the traction member contacts an outer peripheral por-
tion of the first joint ring,

wherein the second joint ring has a second contact portion

where the traction member contacts an inner peripheral
portion of the second joint ring, and

wherein application of tension on the traction member

bends the bending portion.

2. The insertion device according to claim 1, wherein, in
a direction of the longitudinal axis, the first joint ring is
joined to the second joint ring by a coupling portion that is
integrally formed with the first joint ring and the second joint
ring.

3. The insertion device according to claim 2, wherein the
first contact portion forms a first guide portion that guides
the traction member in the direction of the longitudinal axis
on the outer peripheral portion of the first joint ring, and

wherein the second contact portion forms a second guide

portion that guides the traction member in the direction
of the longitudinal axis on the inner peripheral portion
of the second joint ring.

4. The insertion device according to claim 3, wherein the
first guide portion includes a first groove that extends in the
direction of the longitudinal axis.

5. The insertion device according to claim 4, wherein the
second guide portion includes a second groove that extends
in the direction of the longitudinal axis.

6. The insertion device according to claim 3, wherein the
first joint ring is one of a plurality of first joint rings and the
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first guide portion is provided over an entire length in the
direction of the longitudinal axis on one or more of the first
joint rings, and

wherein the second joint ring is one of a plurality of

second joint rings and the second guide portion is
provided over an entire length in the direction of the
longitudinal axis on one or more of the second joint
rings.

7. The insertion device according to claim 3, wherein the
first joint ring is one of a plurality of first joint rings and the
first guide portion is provided over an entire length in the
direction of the longitudinal axis on all of the first joint rings,
and

wherein the second joint ring is one of a plurality of

second joint rings and the second guide portion is each
provided over an entire length in the direction of the
longitudinal axis on all of the second joint rings.

8. The insertion device according to claim 1, wherein, in
cross section orthogonal to a direction of the longitudinal
axis, a first inner space formed by an inner surface of the first
joint ring and a second inner space formed by an inner
surface of the second joint ring have the same shape.

9. The insertion device according to claim 1, wherein the
first joint ring and the second joint ring have a same shape
in cross section orthogonal to a direction of the longitudinal
axis.

10. The insertion device according to claim 1, wherein
each of an inner surface of the first joint ring and an inner
surface of the second joint ring includes a recessed portion
configured to accommodate an internal component selected
from the group consisting of a light guide, an image pickup
cable, and a conduit.

11. The insertion device according to claim 1, wherein the
first joint ring is one of a plurality of first joint rings and the
second joint ring is one of a plurality of second joint rings,
and

wherein the first joint rings and the second joint rings are

alternately arranged in a direction of the longitudinal
axis.

12. The insertion device according to claim 1, wherein the
insertion device is a single-use endoscope.

13. The insertion device according to claim 1, wherein the
bending tube including the first joint ring and the second
joint ring is formed of a resin.

14. The insertion device according to claim 1, wherein the
first contact portion extends in a direction of the longitudinal
axis on an outer peripheral surface of the first joint ring, and

wherein the second contact portion extends in the direc-

tion of the longitudinal axis on an inner peripheral
surface of the second joint ring.
15. The insertion device according to claim 1, wherein the
first joint ring is one of a plurality of first joint rings and the
second joint ring is one of a plurality of second joint rings,
wherein the first joint rings and the second joint rings are
alternately arranged in a direction of the longitudinal
axis and joined together by coupling portions, and

wherein a circumferential position of each of the plurality
of coupling portions is the same.

16. The insertion device according to claim 15, wherein
the bending tube further includes a plurality of gaps, wherein
one of the plurality of gaps is provided between each the
coupled first joint ring and second joint ring, and wherein a
circumferential position of each of the plurality of gaps is the
same.
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17. The insertion device according to claim 16, wherein
the circumferential position of each of the plurality of
coupling portions is a first circumferential position,

wherein the circumferential position of each of the plu-

rality of gaps is a second circumferential position, and
wherein the first circumferential position is different from
the second circumferential position.

18. A bending portion of an insertion device, comprising:

a bending tube; and

a traction member,

wherein the bending tube includes a first joint ring and a

second joint ring, the first joint ring joined to the second
joint ring in an adjacent manner,
wherein the traction member contacts an outer peripheral
portion of the first joint ring at a first contact portion,

wherein the traction member contacts an inner peripheral
portion of the second joint ring at a second contact
portion, and

wherein application of tension on the traction member

bends the bending portion.
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19. The bending portion according to claim 18, wherein
the first joint ring is one of a plurality of first joint rings and
the second joint ring is one of a plurality of second joint
rings, and

wherein the first joint rings and the second joint rings are

alternately arranged in a direction of the longitudinal
axis and joined together by coupling portions.

20. The bending portion according to claim 19, wherein a
first circumferential position of each of the coupling portions
is the same,

wherein the bending tube further includes a plurality of

gapSS

wherein one of the plurality of gaps is provided between

each the coupled first joint ring and second joint ring,
wherein a second circumferential position of each of the
plurality of gaps is the same, and

wherein the first circumferential position is different from

the second circumferential position.
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