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(54) CAPSULE TYPE ENDOSCOPE, AND GASTER OBSERVATION METHOD

(57)  An object is to provide a capsule endoscope
which allows an observation while floating on a liquid with
a low specific gravity in total in an inside of a subject body
without impairing an insertion property into the subject
body even in including contents whose specific gravity
is high. A shape memory alloy spring (14) presents a
memorized shape of causing a volume changing unit (13)
to be displaced to a storage position where the volume
changing unit (13) is stored in a capsule casing (11)
based on a body temperature of the subject body when
the capsule endoscope is inserted into the subject body,
so that a size not impairing the insertion property into the
subject body can be realized. After the insertion into the
subject body, water (3) is fed appropriately into the sub-
ject body and the shape memory alloy spring (14) then
presents, based on a temperature of the water, a mem-
orized shape of causing the volume changing unit (13)
to be exposed to an outside of the capsule casing (11)
and to be displaced to an exposure position where a vol-
ume of the casing is increased, so that the volume chang-
ing unit (13) can be displaced to the exposure position
while absorbing an outer air into the inside from a venti-
lation hole (13a) in the subject body, the volume of the
casing is increased, and an observation with the capsule
endoscope floating on the water (3) can be performed
due to a low specific gravity in total even in including
contents (12) whose specific gravity is high.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a capsule en-
doscope which allows an observation of an inside of a
subject body in a state of floating on a liquid fed into the
subject body and an intra-stomach observing method.

BACKGROUND ART

[0002] Recently,acapsule endoscopeincludinganim-
aging function and a wireless communication function
has appeared in the field of endoscopes. The capsule
endoscope has a configuration of travelling inside of or-
gans such as the esophagus, the stomach, and the small
intestine (inside of a body cavity) according to their per-
istalsis and of sequentially capturing images by using the
imaging function during an observation period which
starts when the capsule endoscope is swallowed for the
purpose of an observation (examination) from a mouth
of a test subject as a subject body (human body) and
ends when it is naturally excreted from a living body of
the test subject.

[0003] Here, a technology of making a capsule endo-
scope, whose specific gravity is set to not more than one
and which is swallowed with a liquid (drinking water), float
on the liquid inside the stomach to which the liquid is fed,
and enabling an observation of a wall of the stomach is
disclosed in Patent Document 1.

[0004]

Patent Document 1: International Publication Pam-
phlet No. 02/95351 (PCT National Publication No.
2004-529718)

Patent Document 2: Japanese Patent Application
Laid-Open No. H10-213384

Patent Document 3: Japanese Patent Application
Laid-Open No. 2004-305635

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0005] However, the capsule endoscope houses con-
tents including an imaging unit, an illumination unit, a
wireless communication unit, a battery, and the like in a
capsule casing, and a specific gravity of the contents is
usually not less than one in most cases. Therefore, it is
necessary to form the capsule casing in a size larger than
the required size to make the specific gravity of the cap-
sule endoscope not more than one, so that the capsule
endoscope has a problem of having a difficulty in swal-
lowing from an oral cavity of the test subject as shown in
Patent Document 1.

[0006] The present invention has been achieved in
view of the foregoing and an object of the present inven-
tion is to provide: a capsule endoscope which allows,
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with a low specific gravity in total in a subject body, an
observation in a state of floating on a liquid without im-
pairing a property of an insertion into the subject body
even when a specific gravity of contents of the capsule
endoscope is high; and an intra-stomach observing
method.

MEANS FOR SOLVING PROBLEM

[0007] To solve the problem described above and
achieve the object, a capsule endoscope according to
the present invention includes: a capsule casing which
contains therein contents including an imaging unit and
is inserted into an inside of a subject body; a hollow vol-
ume changing unit which is connected to the capsule
casing in an air-tight state, and changes a connection
position with the capsule casing to change a volume of
the capsule casing; and an actuator which is connected
to the capsule casing and changes the connection posi-
tion.

[0008] In the capsule endoscope according the
present invention in the invention described above, the
actuator operates based on a change in a temperature
of an outside of the capsule casing.

[0009] In the capsule endoscope according to the
present invention in the invention described above, the
actuator is a shape memory alloy spring.

[0010] In the capsule endoscope according to the
present invention in the invention described above, the
connection position is a storage position where the vol-
ume of the capsule casing is minimum and an exposure
position where the volume of the capsule casing is not
minimum, a specific gravity of the capsule casing with
respect to a water is not less than one at the storage
position, and a specific gravity of the capsule casing with
respect to the water is less than one at the exposure
position.

[0011] In the capsule endoscope according to the
present invention in the invention described above, the
volume changing unit has a rigid body of a cylindrical
shape and is connected to the capsule casing to be freely
movable inward and outward with respect to the capsule
casing.

[0012] In the capsule endoscope according to the
present invention in the invention described above, the
volume changing unit is formed of a soft member of an
accordion shape and connected to be freely stretchable
inward and outward with respect to the capsule casing.
[0013] In the capsule endoscope according to the
present invention in the invention described above, the
capsule casing is constituted by divided two casings, and
the volume changing unit is connected between the two
casings.

[0014] In the capsule endoscope according to the
present invention in the invention described above, each
of the two casings has a bottomed shape.

[0015] In the capsule endoscope according to the
present invention in the invention described above, the
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actuator is formed by a shape memory alloy spring which
causes the volume changing unit to be displaced from
the storage position to the exposure position at a tem-
perature not more than a predetermined temperature.
[0016] The capsule endoscope according to the
presentinventioninthe invention described above further
includes a sealing member which is formed of a material
that dissolves when inserted into the subject body and
retains the volume changing unit at the storage position
against a memorized shape, which causes the displace-
ment to the exposure position, of the shape memory alloy
spring.

[0017] In the capsule endoscope according to the
present invention in the invention described above, a
ventilation hole is formed in the volume changing unit.
[0018] In the capsule endoscope according to the
present invention in the invention described above, a
center of gravity of the capsule endoscope is set at a
position where the ventilation hole is oriented upward
with respect to a gravity direction.

[0019] In the capsule endoscope according to the
present invention in the invention described above, a
sheet member which allows only a gas to pass through
is attached to the ventilation hole.

[0020] An intra-stomach observing method includes
the steps of: making a capsule endoscope before an ex-
amination at a predetermined temperature; making a
subject swallow the capsule endoscope; making the sub-
ject take in a water whose temperature is lower than the
predetermined temperature; increasing a volume of the
capsule endoscope; and observing an inside of a stom-
ach by the capsule endoscope.

[0021] An intra-stomach observing method includes
the steps of: storing a capsule endoscope under an en-
vironment of a predetermined temperature; making a
subject swallow the capsule endoscope; making the sub-
ject take in a water whose temperature is lower than the
predetermined temperature; increasing a volume of the
capsule endoscope; and observing an inside of a stom-
ach by the capsule endoscope.

[0022] In the intra-stomach observing method accord-
ing to the present invention in the invention described
above, the predetermined temperature is about 36°C to
40°C and the temperature lower than the predetermined
temperature is about 25°C.

[0023] An intra-stomach observing method includes
the steps of: making a subject swallow the capsule en-
doscope; making the subject take in a water of a prede-
termined temperature and filling an inside of a stomach
with a liquid; increasing a volume of the capsule endo-
scope; and observing the inside of the stomach by the
capsule endoscope.

EFFECT OF THE INVENTION
[0024] A capsule endoscope and an intra-stomach ob-

serving method according to the present invention have
advantageous effects that since an actuator changes a
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connecting position of a volume changing unit with a cap-
sule casing based on a body temperature of a subject
body when the capsule endoscope is inserted into the
subject body to change a volume of the casing, a volume
condition which does notimpair a property of an insertion
into the subject body can be realized, when a liquid is
arbitrarily fed into the subject body after the capsule en-
doscope is inserted into the subject body, the actuator
changes the connecting position of the volume changing
unit with the capsule casing based on a temperature of
the liquid to change and increase the casing volume, and
thereby a total specific gravity can be reduced and an
observation can be performed with the capsule endo-
scope floating on the liquid even when a specific gravity
of contents is high.

BRIEF DESCRIPTION OF DRAWINGS
[0025]

FIG. 1 is a view showing an observation of an inside
of a subject body by using a capsule endoscope ac-
cording to a first embodiment.

FIG. 2 is a schematic side view of examples of con-
stitutions respectively before and after a volume in-
crease of the capsule endoscope according to the
first embodiment.

FIG. 3 is a schematic side view of examples of con-
stitutions respectively before and after a volume in-
crease of a capsule endoscope according to a sec-
ond embodiment.

EXPLANATIONS OF LETTERS OR NUMERALS

[0026]

1 Capsule endoscope
2 Subject body

3 Water

11 Capsule casing

11A, 11B  Casing

12 Contents

13 Volume changing unit
13a Ventilation hole

14 Shape memory alloy spring
15 Sealing member

16 Volume changing unit
16a Ventilation hole

BEST MODE(S) FOR CARRYING OUT THE INVEN-
TION

[0027] A capsule endoscope according to best modes
(s) for carrying out the invention will be explained below
with reference to the accompanying drawings.
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First Embodiment

[0028] FIG. 1 is a view showing an observation of an
inside of a subject body by using a capsule endoscope
according to a firstembodiment and FIG. 2 is a schematic
side view of examples of constitutions respectively before
and after a volume increase of the capsule endoscope
according to the first embodiment.

[0029] As shown in FIG. 1, a capsule endoscope 1
according to the first embodiment is inserted into a sub-
ject body 2 by being swallowed from an oral cavity 2a of
the subject body 2, and images and observes a stomach
wall as a target site by floating on a surface of water 3
whose specific gravity is one in a stomach 2b to which a
liquid, for example, the water 3 is fed. A numeral 4 de-
notes a receiver which receives image data wirelessly
transmitted from the capsule endoscope 1 having an im-
aging function and a wireless communication function.
The receiver 4 includes a receiving antenna 4a such as
a loop antenna which is attached on an outside surface
of the subject body 2, and receives the image data and
the like wirelessly transmitted from the capsule endo-
scope 1 via the receiving antenna 4a.

[0030] Here, the capsule endoscope 1 according to
the first embodiment is explained by taking, as one ex-
ample, an application to a compound-eye capsule endo-
scope which can capture images at both sides in a lon-
gitudinal axis direction of the capsule, and includes a
capsule casing 11 whose size is small enough to be swal-
lowed from the oral cavity 2a of the subject body 2 and
contents 12 including an imaging unit, an illumination
unit, a wireless communication unit, a substrate member,
abattery, and the like which are embedded in the capsule
casing 11.

[0031] The capsule casing 11 includes semispherical,
transparent or translucent head covers 11a and 11b and
a body cover 11c which has a cylindrical shape and is
formed of a colored material which does not allow visible
light to pass through. The capsule casing 11 according
to the embodiment, since the body cover 11c¢ is divided
into two pieces in the axial direction, is formed by sepa-
rated two casings, thatis, afirst casing 11A and a second
casing 11B. Both of the divided surfaces of the divided
body cover 11c are configured to be bottomed and to
seal insides of the casings 11A and 11B in a liquid-tight
manner, respectively.

[0032] The illumination unit in the contents 12 is con-
stituted by a light emitting element such as an LED which
emits illumination light for illuminating a site to be imaged
in the subject body 2 via the head covers 11a and 11b.
The imaging unit in the contents 12 includes an imaging
element such as a CCD and a CMOS sensor which re-
ceives reflection light by the illumination light via the head
covers 11a and 11b and captures images of the site to
be imaged, an image forming lens, and the like. The con-
tents 12 are separated and embedded into the two cas-
ings 11A and 11B respectively to fit a symmetrical struc-
ture of the compound-eye capsule endoscope, and each
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casing includes contents whose specific gravity in total
is not less than one and higher than that of the water 3.
[0033] In addition to the configuration described
above, the capsule endoscope 1 according to the em-
bodiment includes a volume changing unit 13 and a
shape memory alloy spring 14 as an actuator which ac-
tivates the volume changing unit 13. The volume chang-
ing unit 13 is schematically a tank having a hollow rigid
body of a cylindrical shape, arranged between the cas-
ings 11A and 11B with respect to the volume changing
unit 13, and connected to be freely movable inward and
outward with respect to the casings 11A and 11B along
the longitudinal axis direction with an air-tight state with
respect to the bottomed parts of the casings 11A and
11B maintained. By this, the volume changing unit 13
can be displaced to a storage position where the volume
changing unit 13 is stored half and half by the casings
11Aand 11B as shown at(a) in FIG. 2 and to an exposure
position where the volume changing unit 13 is exposed
outward from the casings 11A and 11B as shown at (b)
in FIG. 2 to increase a total casing volume of the capsule
endoscope 1 and make the specific gravity not more than
one. To perform the displacement between the storage
position and the exposure position, the volume changing
unit 13 is provided, at a center part on a side surface,
with one ventilation hole 13a through which an outer air
is taken in and an inner air is discharged. Here, a heavy
content in the contents 12, for example, a battery 12a is
arranged on an inner wall opposite to the ventilation hole
13ainthe casings 11Aand 11B, so thata center of gravity
G of the capsule endoscope 1 is set at a position where
the ventilation hole 13a is oriented to an upper direction
when the capsule endoscope 1 lies on its side.

[0034] The shape memory alloy spring 14, both ends
thereof being connected to freely turn with respect to the
bottomed parts of the casings 11A and 11B, causes the
volume changing unit 13 to be displaced to the storage
position by presenting a memorized shape of a folded
shape as shown at (a) in FIG. 2 at a temperature around
36°C to 40°C corresponding to a body temperature of
the subject body 2 and causes the volume changing unit
13 to be displaced to the exposure position by presenting
a memorized shape of an expanded open shape as
shown at (b) in FIG. 2 at a temperature around 25°C
corresponding to a temperature of the water 3 fed into
the subject body 2. The shape memory alloy spring 14
is arranged to the side of the center of gravity G position
away from the side of the ventilation hole 13a position.
[0035] Besides, the capsule endoscope 1 according
to the embodiment includes, on a front surface, a sealing
member 15 which seals the casings 11A and 11B to be
a connected state so that the volume changing unit 13
is maintained at the storage position against the memo-
rized shape of the shape memory alloy spring 14 that
causes the displacement to the exposure position under
a condition of a normal temperature before the capsule
endoscope 1 is swallowed by the subject body 2. The
sealing member 15 is formed of an edible material such
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as a wafer which dissolves by stomach juices and the
like by being inserted into the subject body 15.

[0036] In this configuration, since the casings 11A and
11B are sealed by the sealing member 15, the volume
changing unit 13 is maintained at the storage position
against the memorized shape of the shape memory alloy
spring 14 though the capsule endoscope 1 before starting
an examination is under the condition of the normal tem-
perature and the shape memory alloy spring 14 will try
to present the memorized shape of the expanded open
shape when the normal temperature is, for example, at
about 25°C. By this, the capsule endoscope 1 can be
maintained in a size of the state shown at (a) in FIG. 2
in which the casings 11A and 11B are coupled as one
unit without causing the volume changing unit 13 to be
exposed. The size is a normal capsule size and does not
impair the swallowing performance from the oral cavity
2a.

[0037] At a time of starting the examination, the cap-
sule endoscope 1 in the state as shown at (a) in FIG. 2
is swallowed from the oral cavity 2a and inserted into the
stomach 2b. Upon the insertion into the subject body 2,
the sealing member 15 dissolves by the stomach juices
and the like and the sealed state is released. On this
occasion, the capsule endoscope 1 is already inserted
into the subject body 2 and subjected to a body temper-
ature environment, the shape memory alloy spring 14
presents the memorized shape of the folded shape and
therefore the volume changing unit 13 is maintained at
the storage position even when the sealed state is re-
leased. By this, the capsule endoscope 1 can be main-
tained in the size of the state shown at (a) in FIG. 2 in
which the casings 11A and 11B are coupled as one unit
without causing the volume changing unit 13 to be ex-
posed. In this state, the specific gravity of the capsule
endoscope 1 is not less than one.

[0038] Thereafter, when the time is right, the water 3
at 25°C is taken little by little to be fed into the stomach
2b. On this occasion, though the specific gravity of the
capsule endoscope 1 is notless than one and the capsule
endoscope 1 does not float on a surface of the water 3
fed into the stomach 2b, the capsule endoscope 1 be-
comes a state of lying on its side in which the ventilation
hole 13a is oriented upward according to the position of
the center of gravity G. Then, the shape memory alloy
spring 14 of the lying capsule endoscope 1 comes to be
present in the fed water 3 (the water 3 is assumed to be
an amount not causing the capsule endoscope 1 to go
under the water as shown at (b) in FIG. 2 at this point)
and performs the displacement to present the memorized
shape of the expanded open shape from the folded shape
according to the temperature (25°C) of the water 3. In
response to the displacement to the expanded open
shape of the shape memory alloy spring 14, the casings
11A and 11B are displaced to a direction of becoming
away from each other, and the volume changing unit 13
connected between the casings 11A and 11B makes the
displacement to the exposure position as shown at (b) in
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FIG. 2 while absorbing an air through a cylinder effect
from the ventilation hole 13a present at a position orient-
ed to an upper direction and in the air in the stomach 2b.
Due to the displacement of the volume changing unit 13
to the exposure position, the casing volume of the cap-
sule endoscope 1 increases to be a state where the spe-
cific gravity is not more than one.

[0039] When an appropriate amount of the water 3 is
further fed into the stomach 2b under this condition, the
capsule endoscope 1 whose specific gravity is lowered
to be not more than one can image and observe the wall
of the stomach while floating on the surface of the fed
water 3 as shown in FIG. 1.

[0040] After the examination is completed, the water
3 is discharged from the inside of the stomach 2b to a
side of the smallintestine. By this, the capsule endoscope
1 remaining in the stomach 2b is subjected to the envi-
ronment of the body temperature of the subject body 2
and the shape memory alloy spring 14 makes the dis-
placement from the expanded open shape to a direction
to be folded to present the memorized shape of the bent
shape. In response to this folding displacement of the
shape memory alloy spring 14, the separated casings
11A and 11B are also displaced to a direction to be in
contact with each other and the volume changing unit 13
connected between the casings 11Aand 11B also makes
the displacement to the storage position as shown at (a)
in FIG. 2 while discharging the inner air from the ventila-
tion hole 13a. By the displacement of the volume chang-
ing unit 13 to the storage position, the size of the capsule
endoscope 1 returns to a normal capsule size. Then, the
capsule endoscope 1 moves to the side of the small in-
testine according to the subsequent peristalsis as usual
and is finally excreted to an outside of the subject body 2.
[0041] As described, since the shape memory alloy
spring 14 presents the memorized shape of causing the
volume changing unit 13 to be displaced to the storage
position where the volume changing unit 13 is stored in
the capsule endoscope 1 based on the body temperature
of the subject body 2 when the capsule endoscope 1
according to the embodiment is inserted into the subject
body 2, a volume condition which does not impair the
insertion property into the subject body 2 can be realized.
Besides, since the shape memory alloy spring 14
presents the memorized shape of causing the volume
changing unit 13 to be displaced to the exposure position
where the volume changing unit 13 is exposed to the
outside of the casing of the capsule endoscope 1 and
the casing volume is increased based on the temperature
of the water 3 fed appropriately into the subject body 2
after the capsule endoscope 1 is inserted into the subject
body 2, the volume changing unit 13 makes the displace-
ment to the exposure position to increase the casing vol-
ume while absorbing the outer air into the inside through
the ventilation hole 13a in the subject body 2, so that an
observation in a state where the capsule endoscope 1
with a low specific gravity in total floats on the water 3
can be performed even when the specific gravity of the
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contents 12 is high.

[0042] In addition, a common linear actuator may be
provided instead of the shape memory alloy spring 14.
A temperature sensor may further be equipped for con-
trolling an operation of the linear actuator based on a
temperature. By this, the volume changing unit 13 can
be controlled with a greater flexibility.

Second Embodiment

[0043] FIG. 3 is a schematic side view of examples of
constitutions respectively before and after a volume in-
crease of a capsule endoscope according to a second
embodiment. The same part as shown in the first em-
bodiment is shown by using the same reference symbol.
[0044] Inthe second embodiment, a volume changing
unit 16 which is a tank formed of a hollow soft member
of an accordion shape is provided instead of the volume
changing unit 13 which is a tank having a rigid body of a
cylindrical shape. The volume changing unit 16 is ar-
ranged between the casings 11A and 11B with respect
tothe capsule casing 11 and connected, to be stretchable
along the longitudinal axis direction, to the bottomed
parts of the casings 11A and 11B with an air-tight state
maintained. By this, the volume changing unit 16 can be
displaced to a storage position where the volume chang-
ing unit 16 shrinks to be stored between the casings 11A
and 11B as shown at (a) in FIG. 3 and to an exposure
position where the volume changing unit 16 stretches out
to be exposed outward from the casings 11A and 11B
as shown at (b) in FIG. 3toincrease atotal casing volume
of the capsule endoscope 1 and make the specific gravity
not more than one. To perform the displacement between
the storage position and the exposure position, the vol-
ume changing unit 16 is provided, at a center part on a
side surface, with one ventilation hole 16a through which
an outer air is taken in and an inner air is discharged.
Other constituents are the same as those in the first em-
bodiment.

[0045] In this configuration, since the casings 11A and
11B are sealed by the sealing member 15, the volume
changing unit 16 is maintained at the storage position
against the memorized shape of the shape memory alloy
spring 14 though the capsule endoscope 1 before starting
an examination is under the condition of the normal tem-
perature and the shape memory alloy spring 14 will try
to present the memorized shape of the expanded open
shape when the normal temperature is, for example, at
about 25°C. By this, the capsule endoscope 1 can be
maintained in a size of the state shown at (a) in FIG. 3
in which the casings 11A and 11B are coupled as one
unit without causing the volume changing unit 16 to be
exposed. The size is a normal capsule size and does not
impair the swallowing performance from the oral cavity
2a.

[0046] At a time of starting the examination, the cap-
sule endoscope 1 in the state as shown at (a) in FIG. 3
is swallowed from the oral cavity 2a and inserted into the
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stomach 2b. Upon the insertion into the subject body 2,
the sealing member 15 dissolves by the stomach juices
and the like and the sealed state is released. On this
occasion, the capsule endoscope 1 is already inserted
into the subject body 2 and subjected to a body temper-
ature environment, the shape memory alloy spring 14
presents the memorized shape of the folded shape and
the volume changing unit 16 is maintained at the shrink-
ing storage position even when the sealed state is re-
leased. By this, the capsule endoscope 1 can be main-
tained in the size of the state shown at (a) in FIG. 3 in
which the casings 11A and 11B are coupled as one unit
without causing the volume changing unit 16 to be ex-
posed. In this state, the specific gravity of the capsule
endoscope 1 is not less than one.

[0047] Thereafter, when the time is right, the water 3
at 25°C is taken little by little to be fed into the stomach
2b. On this occasion, though the specific gravity of the
capsule endoscope 1is notless than one and the capsule
endoscope 1 does not float on a surface of the water 3
fed into the stomach 2b, the capsule endoscope 1 be-
comes a state of lying on its side in which the ventilation
hole 16a is oriented upward according to the position of
the center of gravity G. Then, the shape memory alloy
spring 14 of the lying capsule endoscope 1 comes to be
present in the fed water 3 (the water 3 is assumed to be
an amount not causing the capsule endoscope 1 to go
under the water as shown at (b) in FIG. 3 at this point)
and performs the displacement to present the memorized
shape of the expanded open shape from the folded shape
according to the temperature (25°C) of the water 3. In
response to the displacement to the expanded open
shape of the shape memory alloy spring 14, the casings
11A and 11B are displaced to a direction of becoming
away from each other and the volume changing unit 16
connected between the casings 11A and 11B also makes
the displacement to the exposure position as shown at
(b) in FIG. 3 while expanding by absorbing an outer air
from the ventilation hole 16a present at a position orient-
ed to an upper direction and in the air in the stomach 2b.
Due to the displacement of the volume changing unit 16
to the exposure position according to the stretching, the
casing volume of the capsule endoscope 1 increases to
be a state where the specific gravity is not more than one.
[0048] When an appropriate amount of the water 3 is
further fed into the stomach 2b under this condition, the
capsule endoscope 1 whose specific gravity is lowered
to be not more than one can image and observe the wall
of the stomach while floating on the surface of the fed
water 3 as shown in FIG. 1.

[0049] After the examination is completed, the water
3 is discharged from the inside of the stomach 2b to a
side of the smallintestine. By this, the capsule endoscope
1 remaining in the stomach 2b is subjected to the envi-
ronment of the body temperature of the subject body 2
and the shape memory alloy spring 14 makes the dis-
placement from the expanded open shape to a direction
to be folded and present the memorized shape of the
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bent shape. In response to this folding displacement of
the shape memory alloy spring 14, the separated casings
11A and 11B are also displaced to a direction to be in
contact with each other and the volume changing unit 16
connected between the casings 11Aand 11B also makes
the displacement to the storage position as shown at (a)
in FIG. 3 while discharging the inner air from the ventila-
tion hole 16a. By the displacement of the volume chang-
ing unit 16 to the storage position according to the shrink-
ing, the size of the capsule endoscope 1 returns to a
normal capsule size. Then, the capsule endoscope 1
moves to the side of the small intestine according to the
subsequent peristalsis as usual and is finally excreted to
an outside of the subject body 2. Hence, the case of the
second embodiment shows the same advantageous ef-
fects as the case of the first embodiment.

[0050] Though the sealing by the sealing member 15
is adopted not to cause the capsule endoscope 1 before
being swallowed to be displaced to a state of an in-
creased volume in the first and the second embodiments,
the capsule endoscope 1 may be, for example, stored
under an environment of a constant temperature until a
time right before being swallowed, so that the sealing
member 15 may be eliminated. Or more specifically, the
subject body 1 may hold the capsule endoscope 1 by
hand and the like right before the swallowing to keep the
capsule endoscope 1 under the body temperature envi-
ronment, so that the sealing member 15 may be elimi-
nated.

[0051] Besides, when there is a possibility that the wa-
ter 3 comes into the inside of the volume changing units
13 and 16 respectively through the ventilation holes 13a
and 16a due to a rotation and the like of the capsule
endoscope 1, a sheet member such as a Gore-Tex (reg-
istered trademark) which allows only a gas to path
through may be attached onto the ventilation holes 13a
and 16a respectively of the volume changing units 13
and 16 to prevent an intrusion of the water 3. In addition,
the displacement operation to the exposure position may
be configured to be performed through an adjustment
based on an inner pressure of the capsule endoscope 1
without providing the ventilation holes 13a and 16a. By
this, the structure can be simplified.

[0052] Moreover, though the explanation in the first
and the second embodiments is made as an application
example to the compound-eye capsule endoscope, a sin-
gle-eye capsule endoscope is similarly applicable. Spe-
cifically, in the case of using the single-eye capsule en-
doscope, the capsule casing may not be divided into two
pieces like the casings 11A and 11B, a volume changing
unit may be connected, to be displaced at an air-tight
state, to one end which is not the side of capturing im-
ages, and a shape memory alloy spring connecting a
capsule casing and a distal end side of the volume chang-
ing unit may be provided.
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INDUSTRIAL APPLICABILITY

[0053] As described, a capsule endoscope and an in-
tra-stomach observing method according to the present
invention are useful for a case of observing an inside of
a subject body in a state of floating on a liquid fed into
the subject body, and specifically suitable for observing
a stomach wall with the capsule endoscope floating in-
side the stomach to which the liquid is fed.

Claims
1. A capsule endoscope, comprising:

a capsule casing which contains therein con-
tents including an imaging unit and is inserted
into an inside of a subject body;

a hollow volume changing unit which is connect-
ed to the capsule casing in an air-tight state, and
changes a connection position with the capsule
casing to change a volume of the capsule cas-
ing; and

an actuator which is connected to the capsule
casing and changes the connection position.

2. Thecapsule endoscope accordingto claim 1, where-
in the actuator operates based on a change in atem-
perature of an outside of the capsule casing.

3. Thecapsule endoscope accordingto claim 1, where-
in the actuator is a shape memory alloy spring.

4. The capsule endoscope accordingto claim 1, where-
in
the connection position is a storage position where
the volume of the capsule casing is minimum and an
exposure position where the volume of the capsule
casing is not minimum,
a specific gravity of the capsule casing with respect
to awateris not less than one at the storage position,
and
a specific gravity of the capsule casing with respect
tothe water is less than one at the exposure position.

5. The capsule endoscope according to claim 1, where-
in the volume changing unit has a rigid body of a
cylindrical shape and is connected to the capsule
casing to be freely movable inward and outward with
respect to the capsule casing.

6. The capsule endoscope accordingto claim 1, where-
in the volume changing unit is formed of a soft mem-
ber of an accordion shape and connected to be freely
stretchable inward and outward with respect to the
capsule casing.

7. The capsule endoscope accordingto claim 1, where-
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11.
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13
in
the capsule casing is constituted by divided two cas-
ings, and

the volume changing unit is connected between the
two casings.

The capsule endoscope according to claim 7, where-
in each of the two casings has a bottomed shape.

The capsule endoscope according to claim 4, where-
in the actuator is formed by a shape memory alloy
spring which causes the volume changing unit to be
displaced from the storage position to the exposure
position at a temperature not more than a predeter-
mined temperature.

The capsule endoscope according to claim 9, further
comprising a sealing member which is formed of a
material that dissolves when inserted into the subject
body and retains the volume changing unit at the
storage position against a memorized shape, which
causes the displacement to the exposure position,
of the shape memory alloy spring.

The capsule endoscope according to claim 1, where-
in a ventilation hole is formed in the volume changing
unit.

The capsule endoscope according to claim 11,
wherein a center of gravity of the capsule endoscope
is set at a position where the ventilation hole is ori-
ented upward with respect to a gravity direction.

The capsule endoscope according to claim 11,
wherein a sheet member which allows only a gas to
pass through is attached to the ventilation hole.

An intra-stomach observing method, comprising the
steps of:

making a capsule endoscope before an exami-
nation at a predetermined temperature;
making a subject swallow the capsule endo-
scope;

making the subject take in a water whose tem-
perature is lower than the predetermined tem-
perature;

increasing a volume of the capsule endoscope;
and

observing an inside of a stomach by the capsule
endoscope.

An intra-stomach observing method, comprising the
steps of:

storing a capsule endoscope under an environ-
ment of a predetermined temperature;
making a subject swallow the capsule endo-
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16.

17.

14

scope;

making the subject take in a water whose tem-
perature is lower than the predetermined tem-
perature;

increasing a volume of the capsule endoscope;
and

observing an inside of a stomach by the capsule
endoscope.

The intra-stomach observing method according to
claim 14 or 15, wherein the predetermined temper-
ature is about 36°C to 40°C and the temperature
lower than the predetermined temperature is about
25°C.

An intra-stomach observing method, comprising the
steps of:

making a subject swallow the capsule endo-
scope;

making the subject take in a water of the prede-
termined temperature and filling an inside of a
stomach with a liquid;

increasing a volume of the capsule endoscope;
and

observing the inside of the stomach by the cap-
sule endoscope.
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