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ULTRASOUND ENDOSCOPE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
PCT/IP2015/080897 filed on Nov. 2, 2015 and claims
benefit of Japanese Application No. 2014-243427 filed in
Japan on Dec. 1, 2014, the entire contents of which are
incorporated herein by this reference.

BACKGROUND OF INVENTION

1. Field of the Invention

[0002] The present invention relates to an ultrasound
endoscope with a cable extended from an ultrasound trans-
mitting/receiving portion positioned inside a housing por-
tion provided on a distal end side of an insertion portion to
an outside of the housing portion via an inserting portion.

2. Description of the Related Art

[0003] An ultrasound endoscope configured to obtain an
ultrasound image by transmitting/receiving ultrasound to
and from an observation site is provided with an ultrasound
probe.

[0004] The ultrasound probe is provided with an ultra-
sound transmitting/receiving portion positioned in an insu-
lative housing portion provided on a distal end side in an
extension direction (hereinafter simply referred to as the
distal end side) of an insertion portion of an ultrasound
endoscope and configured to transmit/receive ultrasound,
and a cable extended from the ultrasound transmitting/
receiving portion.

[0005] The housing portion internally retains the ultra-
sound transmitting/receiving portion such that an ultrasound
transmitting/receiving surface of the ultrasound transmit-
ting/receiving portion is exposed outside the housing por-
tion.

[0006] Further, as for the cable, an outer periphery of the
cable is covered with an insulating tube or the like in order
to ensure electrical safety of the cable. The cable is inserted
through the insertion portion, an operation portion, a uni-
versal cord and an endoscope connector of the ultrasound
endoscope, and a connector provided on an extension end
side of the cable is electrically connected to a substrate for
connection with an ultrasound observation apparatus in the
endoscope connector.

[0007] Here, Japanese Patent Application Laid-Open Pub-
lication No. 2014-18282 discloses a configuration in which
an inserting portion cylindrically extended rearward in an
extension direction (hereinafter simply referred to as rear-
ward) of the housing portion from the housing portion is
provided.

[0008] A distal end side of the insulating tube is fixed to
the inserting portion, and the inserting portion is configured
to, by causing a cable to extend from an inside of the housing
portion and covering a distal end side of the cable outside the
housing portion, prevent the distal end side of the cable
inserted inside from being bent.

SUMMARY OF THE INVENTION

[0009] An ultrasound probe according to an aspect of the
present invention includes: an insertion portion configured
to be inserted into an observation site and provided with a
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housing portion on a distal end side in an extension direc-
tion; an ultrasound transmitting/receiving portion provided
in the housing portion and configured to transmit and receive
ultrasound to and from the observation site; a cable extended
rearward in the extension direction from the ultrasound
transmitting/receiving portion and configured to transmit
electric signals to be inputted to and outputted from the
ultrasound transmitting/receiving portion; an inserting pot-
tion extended rearward in the extension direction from the
housing portion, having a substantially cylindrical shape,
with a slit reaching a proximal end along the extension
direction being formed on an outer peripheral side potion,
the inserting portion being configured to cause the cable to
extend from an inside of the housing portion; and a fitted
member fitted on an outer face of the outer peripheral side
potion of the inserting portion so as to cover at least a part
of the outer face along the extension direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a diagram showing an ultrasound endo-
scope apparatus provided with an ultrasound endoscope of a
first embodiment;

[0011] FIG. 2is a diagram showing an ultrasound probe of
FIG. 1;
[0012] FIG. 3 is a partial perspective view showing a distal

end side of the ultrasound probe of FIG. 2 from which an
insulating tube has been removed,

[0013] FIG. 4 is a partial perspective view showing the
distal end side of the ultrasound probe of FIG. 3 from which
a fitted member has been removed;

[0014] FIG. 5 is a perspective view showing only a
housing portion and an inserting portion extracted from the
distal end side of the ultrasound probe of FIG. 3;

[0015] FIG. 6 is a partial cross-sectional view of the distal
end side of the ultrasound probe along a VI-VI line in FIG.
3;
[0016] FIG. 7 is a partial cross-sectional view showing a
state before the fitted member is covered over an outer face
of an outer peripheral side portion of the inserting portion on
the distal end side of the ultrasound probe of FIG. 6;
[0017] FIG. 8 is a partial perspective view showing a
modification of the distal end side of the ultrasound probe in
which the fitted member of FIG. 3 has a shape shorter than
shown in FIG. 3;

[0018] FIG. 9 is a perspective view showing a modifica-
tion of a slit formation position on the housing portion and
the inserting portion of FIG. 5;

[0019] FIG. 10 is a perspective view showing a modifi-
cation of the number of slits formed on the housing portion
and the inserting portion of FIG. 5;

[0020] FIG. 11 is a partial perspective view showing a
modification of the distal end side of the ultrasound probe in
which the fitted member of FIG. 3 is configured with a distal
end rigid member;

[0021] FIG. 12 is a partial perspective view showing the
distal end side of the ultrasound probe of an ultrasound
endoscope of a second embodiment from which the insu-
lating tube has been removed;

[0022] FIG. 13 is a diagram of the distal end side of the
ultrasound probe of FIG. 12 when seen from a XIII direction
in FIG. 12;

[0023] FIG. 14 is a partial perspective view showing the
distal end side of the ultrasound probe of FIG. 12 from
which the fitted member has been removed,
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[0024] FIG. 15 is a diagram of the distal end side of the
ultrasound probe of FIG. 14 when seen from a XV direction
in FIG. 14;

[0025] FIG. 16 is a perspective view showing only the
housing portion and the inserting portion extracted from the
distal end side of the ultrasound probe of FIG. 12;

[0026] FIG. 17 is a partial perspective view showing the
distal end side of the ultrasound probe of an ultrasound
endoscope of a third embodiment from which the insulating
tube has been removed;

[0027] FIG. 18 is a partial perspective view showing a
state in which the fitted member is pulled out from the outer
face of the outer peripheral side portion of the inserting
portion on the distal end side of the ultrasound probe of FIG.
17,

[0028] FIG. 19 is a partial perspective view showing the
distal end side of the ultrasound probe of an ultrasound
endoscope of a fourth embodiment by extracting only the
housing portion and the inserting portion;

[0029] FIG. 20 is a partial perspective view showing a
state in which a watertight member is fitted in a groove of
the inserting portion of FIG. 19;

[0030] FIG. 21 is a partial cross-sectional view of the
distal end side of the ultrasound probe when the distal end
rigid member is fitted on the outer face of the outer periph-
eral side portion of the inserting portion of FIG. 20,

[0031] FIG. 22 is a partial perspective view showing the
distal end side of the ultrasound probe of an ultrasound
endoscope of a fifth embodiment from which the insulating
tube has been removed;

[0032] FIG. 23 is a partial perspective view showing the
distal end side of the ultrasound probe of FIG. 22 from
which the fitted member has been removed,

[0033] FIG. 24 is a partial perspective view showing only
the housing portion and the inserting portion extracted from
the distal end side of the ultrasound probe of FIG. 22;

[0034] FIG. 25 is a partial perspective view showing a
state in which cables and connectors are caused to be close
to the housing portion and the inserting portion of FIG. 9
from frontward;

[0035] FIG. 26 is a partial perspective view showing a
state in which the cables and the connectors of FIG. 25 are
caused to be inserted into the housing portion and the
inserting portion; and

[0036] FIG. 27 is a diagram showing sections of the
housing portion and the inserting portion along a IIXVII-
IXVII line in FIG. 26 together with the cables and the
connectors.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT(S)

[0037] Embodiments of the present invention will be
described below with reference to drawings. Note that the
drawings are schematic, and it should be noticed that a
relationship between thickness and width of each member, a
thickness ratio among respective members and the like are
different from actual ones; and, among the mutual drawings,
portions having a different dimensional relationship or ratio
are, of course, included.
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First Embodiment

[0038] FIG. 1 is a diagram showing an ultrasound endo-
scope apparatus provided with an ultrasound endoscope of
the present embodiment.

[0039] As shown in FIG. 1, a main part of an ultrasound
endoscope apparatus 100 is configured with an ultrasound
endoscope 1, a light source apparatus 11, a video processor
12, an ultrasound observation apparatus 14, a suction pump
15 and a water feeding tank 16.

[0040] A main part of the ultrasound endoscope 1 is
configured with an elongated insertion portion 2 configured
to be inserted into an observation site and provided with a
housing portion 34 on a distal end side; an operation portion
3 provided on a proximal end in an extension direction E
(hereinafter simply referred to as the proximal end) of the
insertion portion 2; a universal cord 4 extended from the
operation portion 3, and an endoscope connector 5 provided
on an extension end of the universal cord 4.

[0041] The endoscope connector 5 is provided with a light
source connector 6, an electric connector 7, an ultrasound
connector 8, a suction pipe sleeve 9 and an air/water feeding
pipe sleeve 10.

[0042] A configuration is adopted in which the light source
apparatus 11 configured to supply illuminating light is
attachable to and detachable from the light source connector
6. Further, a configuration is adopted in which the video
processor 12 configured to perform various signal process-
ing and the like via a signal cable not shown is attachable to
and detachable from the electric connector 7.

[0043] A configuration is adopted in which the ultrasound
observation apparatus 14 is attachable to and detachable
from the ultrasound connector 8 via an ultrasound cable 13.
[0044] Further, a configuration is adopted in which the
suction pump 15 is attachable to and detachable from the
suction pipe sleeve 9 via a suction tube not shown. Further-
more, a configuration is adopted in which the water feeding
tank 16 is attachable to and detachable from the air/water
feeding pipe sleeve 10 via an air/water feeding tube not
shown.

[0045] The ultrasound observation apparatus 14 is such
that transmits electric signals to an ultrasound transmitting/
receiving portion 35 to be described later via the ultrasound
cable 13 and cables 41 to be described later (see FIG. 2) and
such that electric signals are inputted from the ultrasound
transmitting/receiving portion 35 via the ultrasound cable 13
and the cables 41. For example, the ultrasound observation
apparatus 14 performs an operation of performing drive
control of ultrasound transducers 355 to be described later
(see FIG. 6) and signal processing of an electric signal
acquired by the drive control of the ultrasound transducers
35b to generate a video signal.

[0046] Note that the video signal generated by the ultra-
sound observation apparatus 14 is outputted to a display
apparatus not shown. As a result, an ultrasound image is
displayed on a screen of the display apparatus which has
received the video signal.

[0047] The insertion portion 2 of the ultrasound endoscope
1 is configured with a distal end portion 21 internally
provided with an image pickup unit, an illumination unit and
the like not shown, a bending portion 22 configured to be
bendable, for example, in upward and downward directions
and left and right directions, and a long flexible tube portion
23 having flexibility, which are connectedly arranged in that
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order from the distal end side. Note that at least a part of the
housing portion 34 is exposed on a distal end side of the
distal end portion 21.

[0048] The operation portion 3 is provided with bending
operation knobs 25, 26 for performing a bending operation
of the bending portion 22. Further, at a position on the
insertion portion 2 side of the operation portion 3, a treat-
ment instrument insertion opening 27 is provided which is
for introducing a treatment instrument into a body via a
treatment instrument insertion conduit provided in the inser-
tion portion 2 and the operation portion 3, which is not
shown.

[0049] The video processor 12 is such that generates a
standard video signal by performing signal processing for an
electric signal transmitted from the image pickup unit pro-
vided in the distal end portion 21, which is not shown, and
outputs the video signal to the display apparatus not shown
to cause an endoscopic observation image to be displayed on
the screen of the display apparatus.

[0050] Further, the ultrasound endoscope 1 is provided
with an ultrasound probe 50 having the housing portion 34.
[0051] Next, a configuration of the ultrasound probe 50
will be described with reference to FIG. 2. FIG. 2 is a
diagram showing the ultrasound probe of FIG. 1.

[0052] As shown in FIG. 2, the ultrasound probe 50 is
provided with the housing portion 34, the ultrasound trans-
mitting/receiving portion 35 provided in the housing portion
34, an inserting portion 36, a fitted member 37 and an
ultrasound transducer cable 40.

[0053] A main part of the ultrasound transducer cable 40
1s configured with the cables 41 configured with a plurality
of signal lines and configured to transmit electric signals
inputted to and outputted from the ultrasound transmitting/
receiving portion 35, and an insulating tube 42 configured to
cover an outer periphery of the cables 41. The cables 41
configured with the plurality of signal lines are bundled as
one ultrasound transducer cable 40 by the insulating tube 42.
[0054] Note that, in order to ensure prescribed voltage
resistance of the cables 41 and prevent flexibility of the
insertion portion 2 from being hindered when the ultrasound
probe 50 is provided on the ultrasound endoscope 1, the
insulating tube 42 is configured, for example, with a heat-
shrinkable tube formed with rubber or the like which has
voltage resistance and which is thin and flexible.

[0055] Furthermore, the insulating tube 42 has a function
of preventing the cables 41 from coming into contact with
metal members such as a light guide, a balloon conduit, a
forceps channel and the like provided in the insertion portion
2, which are not shown, when the ultrasound probe 50 is
provided on the ultrasound endoscope 1. That is, the insu-
lating tube 42 has a function of insulating the cables 41
against other metal members.

[0056] Further, on a proximal end side in the extension
direction E (hereinafter simply referred to as the proximal
end side) of the ultrasound transducer cable 40, the cables 41
are exposed because the outer periphery of the cables 41 is
not covered with the insulating tube 42, and a plurality of
connectors 45 configured with flexible substrates or the like
for electrically connecting the cables 41 to a substrate of the
ultrasound connector 8 provided in the endoscope connector
5, which is not shown, are provided on the exposed part of
the cables 41.

[0057] Distal ends in the extension direction E (hereinafter
simply referred to as the distal end) of the cables 41 are
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introduced into an inside of the housing portion 34 via the
inserting portion 36 and electrically connected to the ultra-
sound transmitting/receiving portion 35 in the housing por-
tion 34. That is, the cables 41 are extended from the
ultrasound transmitting/receiving portion 35 in the housing
portion 34 to rearward via the inserting portion 36.

[0058] Note that a distal end side of the insulating tube 42
may be positioned, covering the outer periphery of the fitted
member 37 or may be positioned at a same position as a
proximal end of the inserting portion 36 without covering
the outer peripheries of the inserting portion 36 and the fitted
member 37.

[0059] In this case, however, it is necessary for the insu-
lating tube 42 to cover the cables 41 without a gap relative
to the cables 41, that is, without the cables 41 being exposed
in order to ensure the prescribed voltage resistance of the
cables 41.

[0060] Next, a configuration of a distal end side of the
ultrasound probe 50 will be described with use of FIGS. 3
to 7 together with FIG. 2.

[0061] FIG. 3 is a partial perspective view showing the
distal end side of the ultrasound probe of FIG. 2 from which
the insulating tube has been removed; FIG. 4 is a partial
perspective view showing the distal end side of the ultra-
sound probe of FIG. 3 from which the fitted member has
been removed; and FIG. 5 is a perspective view showing
only the housing portion and the inserting portion extracted
from the distal end side of the ultrasound probe of FIG. 3.
[0062] Further, FIG. 6 is a partial cross-sectional view of
the distal end side of the ultrasound probe along a VI-VI line
in FIG. 3; and FIG. 7 is a partial cross-sectional view
showing a state before the fitted member is covered over the
outer face of the outer peripheral side portion of the inserting
portion on the distal end side of the ultrasound probe of FIG.
6.

[0063] As shown in FIGS. 2, 6 and 7, the ultrasound
transmitting/receiving portion 35 configured to transmit and
receive ultrasound to and from an observation site is pro-
vided inside the housing portion 34. Note that, as shown in
FIGS. 6 and 7, the housing portion 34 retains the ultrasound
transmitting/receiving portion 35 such that an acoustic lens
354 to be an ultrasound transmitting/receiving surface of the
ultrasound transmitting/receiving portion 35, which is to be
described later, is exposed.

[0064] Further, the housing portion 34 is configured with
a member having voltage resistance, for example, a member
made of resin, for example, polysulphone, polyimide or PET
in order to ensure the prescribed voltage resistance of the
cables 41 similarly to the insulating tube 42.

[0065] As shown in FIGS. 6 and 7, the ultrasound trans-
mitting/receiving portion 35 is provided with the acoustic
lens 354, the ultrasound transducers 3554 and a substrate 35¢.
[0066] The ultrasound transducers 35 are such that radi-
ate ultrasound to an observation site via the acoustic lens 35a
and that receives the ultrasound reflected from the observa-
tion site after radiation, via the acoustic lens 352 and convert
the ultrasound to an electric signal.

[0067] The acoustic lens 35« is such that has a function of
collecting the ultrasound radiated from the ultrasound trans-
ducers 354 to the observation site so that the ultrasound does
not diffuse and radiates the ultrasound.

[0068] The substrate 35¢ is electrically connected to the
ultrasound transducers 355, and the distal ends of the cables
41 which are not covered with the insulating tube 42, that is,
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which are exposed are electrically connected to the substrate
35c¢ on a distal end side of the ultrasound transducer cable
40.

[0069] Thereby, the electric signal converted from the
ultrasound by the ultrasound transducers 355 is transmitted
to the cables 41 via the substrate 35¢.

[0070] Further, as shown in FIGS. 6 and 7, on a proximal
end side of the housing portion 34, a hole portion 344 for
guiding the cables 41 the distal ends of which are electrically
connected to the substrate 35¢ from the inside of the housing
portion 34 to an outside of the housing portion 34.

[0071] Here, as shown in FIGS. 2 to 7, the inserting
portion 36 communicating with the hole portion 342 and
extended rearward, having a cylindrical shape is provided on
a proximal end face of the housing portion 34.

[0072] Note that, though FIGS. 6 and 7 show a case where
the inserting portion 36 is formed integrally with the housing
portion 34 as an example, the inserting portion 36 may be a
member separated from the housing portion 34 fixed to the
proximal end face of the housing portion 34.

[0073] The inserting portion 36 is such that causes the
cables 41 to be extended from the housing portion 34. The
inserting portion 36 is inserted in the distal end portion 21
and is configured with a member having voltage resistance,
for example, a member made of resin, for example, poly-
sulphone, polyimide or PET in order to ensure the prescribed
voltage resistance of the cables 41 similarly to the housing
portion 34b. As shown in FIG. 3, the inserting portion 36 has
a minimum thickness T to ensure the electrical safety
standards of the cables 41 and has a function of preventing
other metal members from coming into contact with the
cables 41.

[0074] Note that, as the thickness T to ensure the electrical
safety standards, for example, a thickness of about 0.4 t0 0.5
mm is given as an example.

[0075] Further, as shown in FIGS. 4 and 5, for example,
two slits 36s along the extension direction E are formed on
the outer peripheral side portion of the inserting portion 36
in a direction orthogonal to a direction of an array of the
ultrasound transducers 35b (hereinafter referred to as a
lateral direction) R1 from a distal end to proximal end of the
inserting portion 36, facing each other. Note that the number
of slits 365 may be one.

[0076] Further, by the two slits 36s being formed on the
outer peripheral side portion of the inserting portion 36, the
outer peripheral side portion of the inserting portion 36 is
separated into two partial arc-shaped small pieces 36a, 365.
The small pieces 36a, 365 can be elastic to an inner side and
an outer side in a diameter direction by the two slits 36s.
[0077] As shown in FIGS. 3, 6 and 7, the cylindrical-
shaped fitted member 37 inserted in the distal end portion 21
is covered and fitted on each of outer faces 36g of the small
pieces 36a, 365 of the inserting portion 36 along the
extension direction E from the distal end to proximal end of
the inserting portion 36.

[0078] The fitted member 37 is such that, by causing the
small pieces 36a, 365 to be elastically deformed to the inner
side in the diameter direction via the slits 36s as shown in
FIG. 6, eliminates or minimizes a clearance S which has
occurred between the outer periphery of the cables 41 and
each of inner faces 36n of the small pieces 36a, 365 as
shown in FIG. 6.

[0079] Further, the fitted member 37 is configured with a
member having voltage resistance, for example, a member
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made of resin, for example, polysulphone, polyimide or PET
in order to ensure the prescribed voltage resistance of the
cables 41 similarly to the inserting portion 36 and is formed
thinner than the inserting portion 36 and the clearance S, for
example, formed to be of a thickness of about 0.1 mm.
[0080] Therefore, the fitted member 37 may be caused to
function as a member for ensuring the prescribed voltage
resistance of the cables 41 together with the inserting portion
36.

[0081] Note that, since other components of the ultrasound
probe 50 are same as those of an already-known ultrasound
probe, description of the components will be omitted.

[0082] Next, operation of the present embodiment will be
described.
[0083] At time of assembling the ultrasound probe 50,

first, a worker causes a proximal end side of the cables 41
to be inserted into the housing portion 34 and the inserting
portion 36 shown in FIG. 5 from frontward of the housing
portion 34, and fixes the acoustic lens 35a to the housing
portion 34 after the distal ends of the cables 41 are caused
to be inserted.

[0084] Inthe work, at time of causing the cables 41 to pass
through the inserting portion 36, it is difficult to perform the
work if the number of the cables 41 is large, and the
clearance S between the outer periphery of the cables 41 and
the inner face 36x of the outer peripheral side portion of the
inserting portion 36 is small as described above.

[0085] In the present embodiment, however, since the slits
36s are formed on the outer peripheral side portion of the
inserting portion 36, the worker can increase the clearance
S by causing the small pieces 36a, 365 to be elastically
deformed and spread to the outer side in the diameter
direction via the slits 365, and, therefore, insertability of the
cables 41 into the inserting portion 36 is improved.

[0086] After fixing the acoustic lens 354 to the housing
portion 34, the worker covers the fitted member 37 over the
outer faces 36g of the small pieces 36a, 365 from rearward
as shown in FIGS. 6 and 7.

[0087] As a result, by the small pieces 36a, 365 being
elastically deformed to the inner side in the diameter direc-
tion via the slits 36s, the clearance S which has occurred
between the outer periphery of the cables 41 and each of the
inner faces 36r of the small pieces 36a, 365 is eliminated or
minimized, and, therefore, a diameter of the inserting por-
tion 36 is reduced as shown in FIG. 6.

[0088] Note that, since other assembly works for the
ultrasound probe 50 are well known, description of the
assembly works will be omitted.

[0089] Thus, in the present embodiment, it has been
shown that the slits 36s are formed along the extension
direction E from the distal end to proximal end of the
inserting portion 36, on the outer peripheral side portion of
the inserting portion 36. Further, it has been shown that the
fitted member 37 is fitted on the outer face 36g of the outer
peripheral side potion of the inserting portion 36.

[0090] According to the above, at the time of performing
the work of inserting the cables 41 into the inserting portion
36, the worker can increase the clearance S between the
outer periphery of the cables 41 and the inner face 367 of the
inserting portion 36 even if the number of the cables 41
increases, by causing the small pieces 36a, 365 of the outer
peripheral side portion of the inserting portion 36 formed by
the slits 36s to be elastically deformed to the outer side in the
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diameter direction, and, therefore, the insertability of the
cables 41 into the inserting portion 36 is improved.

[0091] Further, after the cables 41 are inserted into the
inserting portion 36, the small pieces 36a, 36 are elastically
deformed to the inner side in the diameter direction via the
two slits 365 by the fitted member 37 being fitted over the
outer face 36g of the outer peripheral side portion of the
inserting portion 36, and, therefore, the clearance S between
the outer periphery of the cables 41 and the inner face 36n
of the inserting portion 36 is eliminated or minimized.

[0092] Therefore, because the clearance S can be substan-
tially ignored, it does not happen that the diameter of the
inserting portion 36 becomes larger than the minimum
thickness of the outer peripheral side portion to ensure the
electrical safety standards of the cables 41. Simultaneously,
since the fitted member 37 is thinner than the clearance S,
reduction in a diameter of the distal end portion 21 provided
with the inserting portion 36 can be realized.

[0093] Furthermore, since the clearance S is substantially
eliminated, it is possible to prevent positional displacement
of the cables 41 in the extension direction E inside the
inserting portion 36 by the inner face 36n of the outer
peripheral side potion of the inserting portion 36 which is in
contact with the outer periphery of the cables 41.

[0094] From the above, it is possible to provide the
ultrasound endoscope 1 provided with the configuration
capable of ensuring the electrical safety standards of the
cables 41 in the inserting portion 36 without damaging the
workability at the time of causing the cables 41 to be
inserted into the inserting portion 36, and realizing reduction
in the diameter of the distal end side of the insertion portion
2

[0095] Note that a modification will be shown below with
use of FIG. 8. FIG. 8 is a partial perspective view showing
a modification of the distal end side of the ultrasound probe
in which the fitted member of FIG. 3 has a shape shorter than
shown in FIG. 3.

[0096] In the present embodiment described above, it has
been shown that the fitted member 37 is covered and fitted
over the outer face 36g of the outer peripheral side potion of
the inserting portion 36 in the extension direction E from the
distal end to the proximal end.

[0097] This is not limiting. The fitted member 37 may
have a shape shorter than shown in FIG. 3, being fitted only
on a part of the outer face 36g of outer peripheral side potion
of the inserting portion 36, which is in contact with the
housing portion 34, as shown in FIG. 8 if it is possible to
cause the small pieces 36a, 360 of the inserting portion 36
to be elastically deformed to the inner side in the diameter
direction.

[0098] That is, the fitted member 37 is only required to be
fitted so as to be covered over at least a part of the outer face
of the outer peripheral side potion of the inserting portion 36
along the extension direction E.

[0099] Effects similar to those of the present embodiment
can be also obtained by such a configuration.

[0100] Further, another modification will be shown below
with use of FIG. 9. FIG. 9 is a perspective view showing a
modification of a slit formation position on the housing
portion and the inserting portion of FIG. 5.

[0101] In the present embodiment described above, it has
been shown that the two slits 365 are formed on the outer
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peripheral side potion of the inserting portion 36 facing each
other in a lateral direction R1 to form the small pieces 36a,
36b.

[0102] This is not limiting. As shown in FIG. 9, the two
slits 36s may be formed on the outer peripheral side potion
of the inserting portion 36 facing each other in an array
direction (hereinafter referred to as the longitudinal direc-
tion) R2 of the ultrasound transducers 354 to form the small
pieces 36a, 36b.

[0103] Thus, even if the two slits 36s are formed in the
longitudinal direction R2, effects similar to those of the
present embodiment described above can be obtained.
[0104] Furthermore, another modification will be shown
below with use of FIG. 10. FIG. 10 is a perspective view
showing a modification of the number of slits formed on the
housing portion and the inserting portion of FIG. 5.

[0105] In the present embodiment described above, it has
been shown that the two slits 365 are formed on the outer
peripheral side potion of the inserting portion 36 facing each
other in the lateral direction R1 to form the two small pieces
36a, 36b.

[0106] Further, in FIG. 9, it has been shown that the two
slits 365 are formed on the outer peripheral side potion of the
inserting portion 36 facing each other in the longitudinal
direction R2 to form the two small pieces 36a, 36b.
[0107] This is not limiting. As shown in FIG. 10, it is also
possible to form two slits 36s on the outer peripheral side
potion of the inserting portion 36 facing each other in the
lateral direction R1, and two slits 36s facing each other in the
longitudinal direction R2, that is, form the slits 36s in a cross
shape at equal intervals in a circumferential direction C so
that four partial arc-shaped small pieces 364, 360, 36c, 364
may be formed.

[0108] Thus, even if the four slits 365 are formed, effects
similar to those of the present embodiment described above
can be obtained.

[0109] Note that, as for the number of slits 36s, any
number is possible in addition to one, two and four as
described above if the number is such that can cause small
pieces of the outer peripheral side potion to be elastically
deformed to the inner side in the diameter direction after the
fitted member 37 is fitted over the outer face 36g of the outer
peripheral side potion of the inserting portion 36.

[0110] Further, another modification will be shown below
with use of FIG. 11. FIG. 11 is a partial perspective view
showing a modification of the distal end side of the ultra-
sound probe in which the fitted member of FIG. 3 is
configured with a distal end rigid member.

[0111] As shown in FIG. 11, the fitted member 37 may be
configured with a distal end rigid member 121 constituting
the distal end portion 21 and provided with the image pickup
unit, the illumination unit and the like not shown. That is, in
FIG. 11, the distal end rigid member 121 also serves as the
fitted member 37.

[0112] In this case, an inner peripheral face of a channel
121h which is formed so as to pass through the distal end
rigid member 121 along the extension direction E is fitted on
the outer peripheral side potion of the inserting portion 36
and causes the outer peripheral side potion to be elastically
deformed to the inner side in the diameter direction.
[0113] According to such a configuration, the fitted mem-
ber 37 may not be separately provided in order to cause the
outer peripheral side potion of the inserting portion 36 to be
elastically deformed to the inner side in the diameter direc-
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tion as in the present embodiment described above because
the fitted member 37 has the configuration of being inserted
in the channel 121/ of the distal end rigid member 121 in the
present embodiment also though it is not shown.

[0114] Therefore, it is possible to cause the diameter of the
distal end portion 21 to be smaller than that of the present
embodiment described above by a thickness of the fitted
member 37. Note that other effects are same as those of the
present embodiment described above.

Second Embodiment

[0115] FIG. 12 is a partial perspective view showing the
distal end side of the ultrasound probe of an ultrasound
endoscope of the present embodiment from which the insu-
lating tube has been removed; and FIG. 13 is a diagram of
the distal end side of the ultrasound probe of FIG. 12 when
seen from a XIII direction in FIG. 12.

[0116] Further, FIG. 14 is a partial perspective view show-
ing the distal end side of the ultrasound probe of FIG. 12
from which the fitted member has been removed; FIG. 15 is
a diagram of the distal end side of the ultrasound probe of
FIG. 14 when seen from a XV direction in FIG. 14; and FIG.
16 is a perspective view showing only the housing portion
and the inserting portion extracted from the distal end side
of the ultrasound probe of FIG. 12.

[0117] A configuration of the ultrasound endoscope of the
second embodiment is different in a point that the inserting
portion has an elliptical-cylindrical shape, in comparison
with the ultrasound endoscope of the first embodiment
shown in FIGS. 1 to 11 described above. Therefore, com-
ponents similar to those of the first embodiment will be
given same reference numerals, and description of the
components will be omitted.

[0118] As shown in FIGS. 12 to 16, the inserting portion
36 is extended from the proximal end face of the housing
portion 34 to rearward, having an elliptical-cylindrical shape
in the present embodiment.

[0119] More specifically, as shown in FIGS. 13 and 15, the
inserting portion 36 is extended, having an elliptical-cylin-
drical shape elongated in the lateral direction R1, with a
diameter A in the lateral direction R1 larger than a diameter
B in the longitudinal direction R2 (A>B).

[0120] Note that other components are same as those of
the first embodiment described above. Further, positions
where the slits 36s are to be formed may be in the longitu-
dinal direction R2 shown in FIG. 9 described above; the
number of slits 36s to be formed may be any number; and,
as for the fitted member 37, the distal end rigid member 121
may also serve as the fitted member 37 as shown in FIG. 11.
[0121] According to such a configuration, it is possible to
secure the clearance S between the outer periphery of the
cables 41 and the inner face 36x of the outer peripheral side
potion of the inserting portion 36 before the fitted member
37 is fitted, largely in the lateral direction R1, and, therefore,
the workability of inserting the cables 41 into the inserting
portion 36 is improved. Additionally, since it is possible to
cause the clearance S in the longitudinal direction R2 before
the fitted member 37 is fitted to be smaller than that of the
first embodiment described above, it is possible to reduce the
diameter of the inserting portion 36 in the longitudinal
direction R2 more than the first embodiment described
above,

[0122] Note that the configuration of the present embodi-
ment is especially effective when, at the time of providing
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the distal end side of the ultrasound probe 50 inside the distal
end rigid member 121, an outer diameter dimension in the
longitudinal direction R2 is insufficient, and outer diameter
dimension in the lateral direction R1 is sufficient in the distal
end rigid member 121.

[0123] Note that other effects are similar to those of the
first embodiment described above.

Third Embodiment

[0124] FIG. 17 is a partial perspective view showing the
distal end side of the ultrasound probe of an ultrasound
endoscope of the present embodiment from which the insu-
lating tube has been removed; and FIG. 18 is a partial
perspective view showing a state in which the fitted member
is pulled out from the outer face of the outer peripheral side
portion of the inserting portion on the distal end side of the
ultrasound probe of FIG. 17.

[0125] A configuration of the ultrasound endoscope of the
third embodiment is different in a point that projection
portions are formed on an inner face of the fitted member, in
comparison with the ultrasound endoscope of the first
embodiment shown in FIGS. 1 to 11 and the ultrasound
endoscope of the second embodiment shown in FIGS. 12 to
16, which have been described above. Therefore, compo-
nents similar to those of the first and second embodiments
will be given same reference numerals, and description of
the components will be omitted.

[0126] As shown in FIGS. 17 and 18, in the present
embodiment, projection portions 37¢ to be fitted with the
slits 36s of the inserting portion 36 are formed on an inner
face 37n of the fitted member 37 with a length corresponding
to a range of a slit 365 formed in the extension direction E.
Further, the same number of projection portions 37¢ as the
number of the slits 365 are formed on the inner face 37xn.
[0127] Note that other components are same as those of
the first embodiment described above. Further, positions
where the slits 36s are to be formed may be in the longitu-
dinal direction R2 shown in FIG. 9 described above, and the
number of slits 36s to be formed may be any number.
[0128] Furthermore, as for the fitted member 37, the distal
end rigid member 121 may also serve as the fitted member
37 as shown in FIG. 11 described above, and the inserting
portion 36 may be extended, having an elliptical-cylindrical
shape as in the second embodiment described above.
[0129] According to such a configuration, even if the
thickness T of the outer peripheral side potion of the
inserting portion 36 is such that cannot ensure the prescribed
voltage resistance of the cables 41, the projection portions
37: fit with the slits 36s and block the slits 365 when the
fitted member 37 is fitted over the outer face 36g of the outer
peripheral side potion of the inserting portion 36.

[0130] According to the above, since the fitted member 37
can also function as a member for ensuring the prescribed
voltage resistance of the cables 41 together with the insert-
ing portion 36, it is only required that the thickness T of the
outer peripheral side potion of the inserting portion 36+the
thickness of the fitted member 37 is the minimum thickness
to ensure the electrical safety standards of the cables 41.
Therefore, even if the thickness T of the outer peripheral side
potion of the inserting portion 36 is thin, the electrical safety
standards of the cables 41 can be sufficiently ensured.
[0131] Note that other effects are similar to those of the
first and second embodiments described above.
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Fourth Embodiment

[0132] FIG. 19 is a partial perspective view showing the
distal end side of the ultrasound probe of an ultrasound
endoscope of the present embodiment by extracting only the
housing portion and the inserting portion; FIG. 20 is a partial
perspective view showing a state in which a watertight
member is fitted in a groove of the inserting portion of FIG.
19; and FIG. 21 is a partial cross-sectional view of the distal
end side of the ultrasound probe when the distal end rigid
member is fitted on the outer face of the outer peripheral side
portion of the inserting portion of FIG. 20.

[0133] A configuration of the ultrasound endoscope of the
fourth embodiment is different in a point that a thin-thick-
ness portion is formed at a part of each small piece of the
inserting portion, which is in contact with the housing
portion, in comparison with the ultrasound endoscope of the
first embodiment shown in FIGS. 1 to 11, the ultrasound
endoscope of the second embodiment shown in FIGS. 12 to
16, and the ultrasound endoscope of the third embodiment
shown in FIGS. 17 and 18, which have been described
above. Therefore, components similar to those of the first to
third embodiments will be given same reference numerals,
and description of the components will be omitted.

[0134] As shown in FIG. 19, thin-thickness portions 36w,
which are thinner than other parts of the outer peripheral side
potion of the inserting portion 36, are formed at parts 36/ of
the four small pieces 36a to 36d of the outer peripheral side
potion of the inserting portion 36, which are in contact with
the housing portion 34, respectively.

[0135] The respective thin-thickness portions 36« are such
that reduce stress concentrated on the respective parts 36f'of
the respective small pieces 36a 10 364 which are elastically
deformed, and each thin-thickness portion 36u has a groove
M which is circumferentially formed in the circumferential
direction C.

[0136] A watertight member 39 such as an O-shaped ring
is fitted in the grooves M as shown in FIGS. 20 and 21. As
shown in FIG. 21, when the fitted member 37 also serves as
the distal end rigid member 121, the watertight member 39
secures watertightness between the inserting portion 36 and
the distal end rigid member 121.

[0137] Note that other components are same as those of
the first embodiment described above. Further, the number
of slits 36s to be formed may be any number; the inserting
portion 36 may be extended, having an elliptical-cylindrical
shape as in the second embodiment described above; and the
projection portions to be fitted with the slits 36s may be
provided on the distal end rigid member 121.

[0138] According to such a configuration, it is possible to
reduce stress added to the respective parts 36/ accompanying
elastic deformation of the respective small pieces 36a to 364
by the thin-thickness portions 36 when the distal end rigid
member 121 is fitted on the outer face 36g of the outer
peripheral side potion of the inserting portion 36. Addition-
ally, it is possible to secure watertightness between the
inserting portion 36 and the distal end rigid member 121 by
the watertight member 39 fitted with the grooves M of the
thin-thickness portions 36u. That is, the thin-thickness por-
tions 36u serve as such that perform the function of reducing
stress of the respective small pieces 36a to 364 and serve as
a position where the watertight member 39 is to be arranged.
[0139] Note that other effects are same as those of the first
to third embodiments described above.
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Fifth Embodiment

[0140] FIG. 22 is a partial perspective view showing the
distal end side of the ultrasound probe of an ultrasound
endoscope of the present embodiment from which the insu-
lating tube has been removed; FIG. 23 is a partial perspec-
tive view showing the distal end side of the ultrasound probe
of FIG. 22 from which the fitted member has been removed;
and FIG. 24 is a partial perspective view showing only the
housing portion and the inserting portion extracted from the
distal end side of the ultrasound probe of FIG. 22.

[0141] A configuration of the ultrasound endoscope of the
fifth embodiment is different in a point that retaining pro-
jections for the fitted portion are provided on the outer face
of the outer peripheral side potion of the inserting portion,
in comparison with the ultrasound endoscope of the first
embodiment shown in FIGS. 1 to 11, the ultrasound endo-
scope of the second embodiment shown in FIGS. 12 to 16,
the ultrasound endoscope of the third embodiment shown in
FIGS. 17 and 18, and the ultrasound endoscope of the fourth
embodiment shown in FIGS. 19 to 21, which have been
described above. Therefore, components similar to those of
the first to fourth embodiments will be given same reference
numerals, and description of the components will be omit-
ted.

[0142] As shown in FIGS. 23 and 24, retaining projections
36¢ for the fitted member 37 swelling to the outer side in the
diameter direction may be provided on substantially middle
parts of the outer faces 36g of the respective small pieces
36a to 364 of the outer peripheral side potion of the inserting
portion 36 in the extension direction E, respectively.
[0143] Note that other components are same as those of
the first embodiment described above. Further, the number
of slits 36s to be formed may be any number; and, further-
more, the distal end rigid member 121 may also serve as the
fitted member 37 as shown in FIG. 11.

[0144] Further, the inserting portion 36 may be extended,
having an elliptical-cylindrical shape as in the second
embodiment described above; the projection portions 37¢
may be formed on the inner face 37r of the fitted member
37 as in the third embodiment described above; and the
thin-thickness portions 36« may be formed on the respective
parts 36/ of the respective small piece portions 36a to 364,
respectively, as in the fourth embodiment described above.
[0145] According to such a configuration, when the fitted
member 37 is fitted on the outer face 36g of the outer
peripheral side potion of the inserting portion 36 as shown
in FIG. 22, the fitted member 37 is prevented from coming
off rearward by the retaining projections 36z.

[0146] Note that other effects are same as those of the first
to fourth embodiments described above.

[0147] By the way, as shown in FIG. 2 described above,
the plurality of connectors 45 are provided on the proximal
end side of the cables 41. Note that each connector 45 is
configured, for example, with a flexible substrate in a thin
plate shape.

[0148] However, since an outer diameter of each connec-
tor 45 is larger than that of the plurality of cables 41 as
shown in FIG. 2, there is a problem that it is difficult for the
connectors 45 to pass through the inserting portion 36.
[0149] A procedure for causing the cables 41 and the
connectors 45 to pass through the inserting portion 36 of
FIG. 9 will be shown below with use of FIGS. 25 to 27.
[0150] FIG. 25 is a partial perspective view showing a
state in which the cables and the connectors are caused to be
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close to the housing portion and the inserting portion of FIG.
9 from frontward; FIG. 26 is a partial perspective view
showing a state in which the cables and the connectors of
FIG. 25 are caused to be inserted into the housing portion
and the inserting portion of FIG. 25; and FIG. 27 is a
diagram showing sections of the housing portion and the
inserting portion along a IIXVII-IXVII line in FIG. 26
together with the cables and the connectors.

[0151] In a case of causing the cables 41 and the connec-
tors 45 to pass through the housing portion 34 and the
inserting portion 36, the worker causes the proximal end side
of the cables 41 and the connectors 45 to be close to the
housing portion 34 and the inserting portion 36 from front-
ward of the housing portion 34 as shown in FIG. 25 first.
[0152] After that, as shown in FIGS. 26 and 27, the worker
causes the cables 41 and the connectors 45 to pass through
the housing portion 34 and the inserting portion 36.

[0153] At this time, by causing the connectors 45 to pass
through along the slits 36sformed on the inserting portion
36, it is possible to cause the connectors 45 to pass through
with good workability using the slits 365, without necessity
of adjusting the inner diameter of the inserting portion 36 to
the outer diameter of the connectors 45. Therefore, it is
possible to improve passage of the connectors 45 through
the inserting portion 36 and realize reduction in the diameter
of the inserting portion 36.

What is claimed is:

1. An ultrasound endoscope comprising:

an insertion portion configured to be inserted into an
observation site and provided with a housing portion on
a distal end side in an extension direction;

an ultrasound transmitting/receiving portion provided in
the housing portion and configured to transmit and
receive ultrasound to and from the observation site;

a cable extended rearward in the extension direction from
the ultrasound transmitting/receiving portion and con-
figured to transmit electric signals to be inputted to and
outputted from the ultrasound transmitting/receiving
portion;

an inserting portion extended rearward in the extension
direction from the housing portion, having a substan-
tially cylindrical shape, with a slit reaching a proximal
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end along the extension direction being formed on an
outer petipheral side potion, the inserting portion being
configured to cause the cable to extend from an inside
of the housing portion; and

a fitted member fitted on an outer face of the outer

peripheral side potion of the inserting portion so as to
cover at least a part of the outer face along the exten-
sion direction.

2. The ultrasound endoscope according to claim 1,
wherein the inserting portion is extended from the housing
portion, having an elliptical-cylindrical shape.

3. The ultrasound endoscope according to claim 1,
wherein a projection portion configured to be fitted in the slit
of the inserting portion is provided on an inner face of the
fitted member.

4. The ultrasound endoscope according to claim 1,
wherein, on the outer peripheral side potion of the inserting
portion, a thin-thickness portion thinner than other parts of
the inserting portion is formed on at least a part of a portion
in contact with the housing portion in a circumferential
direction.

5. The ultrasound endoscope according to claim 4,
wherein

the thin-thickness portion includes a groove circumferen-

tially formed on the outer face of the outer peripheral
side potion of the inserting portion; and

a watertight member against the fitted member is fitted in

the groove.

6. The ultrasound endoscope according to claim 1,
wherein a retaining projection for the fitted member is
provided on the outer face of the outer peripheral side potion
of the inserting portion.

7. The ultrasound endoscope according to claim 1,
wherein the fitted member is a distal end rigid member
constituting a distal end portion positioned on a distal end
side of the insertion portion in the extension direction.

8. The ultrasound endoscope according to claim 1,
wherein the slit is formed on the outer peripheral side potion
along the extension direction from a distal end to the
proximal end.
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