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(57) ABSTRACT 

The endoscope applicator according to the present invention 
allows lubricant to be supplied uniformly to the entire inner 
Surface of the endoscope applicator without increasing the 
diameter of the endoscope applicator because the lubricant 
Supply path is laid on the outer Surface of the endoscope 
applicator extending from the base end portion to the tip 
portion of the endoscope applicator and a plurality of open 
ings are formed in the lubricant Supply path and endoscope 
applicator at predetermined intervals in Such a way that their 
opening areas of the opening increase from the base end 
portion to the tip portion. Moreover, the endoscope apparatus 
according to the present invention can improve the maneu 
Verability of the insert portion and applicator during pull-in 
operation. Furthermore, the endoscope apparatus according 
to the present invention makes it possible to determine pull 
out force quantitatively. 
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FIG.5A 
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ENDOSCOPE APPARATUS 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to an endoscope appli 
cator and endoscope apparatus. More particularly, it relates to 
an endoscope applicator for use to insert an insert portion of 
an endoscope into a body cavity as well as to an endoscope 
apparatus which uses the applicator. 
0003 2. Description of the Related Art 
0004. When inserting an insert portion of an endoscope 
into a deep digestive tract such as a small intestine, it is 
difficult to insert the insert portion into the depth by simply 
pushing the insert portion because the force is not transmitted 
readily to the tip of the insert portion due to complicated 
bends in the intestinal tract. To deal with this situation, an 
endoscope apparatus has been proposed which inserts the 
insert portion of the endoscope into the body cavity by fitting 
an applicator called an overtube or sliding tube over the insert 
portion, guides the insert portion by the applicator, and 
thereby prevents excess bending and flexion of the insert 
portion (e.g., Japanese Patent Application Laid-open No. 
10-248794). Incidentally the overtube is an applicator used in 
the Small intestine while the sliding tube is an applicator used 
in the large intestine. 
0005. Also, it has been proposed to formalubricantinlet at 
a base end portion of the conventional overtube, pour lubri 
cant through the inlet into the base end portion of the over 
tube, and thereby improve slidability of the endoscope insert 
portion along the overtube, reducing the time required for 
endoscopic procedures. Water, a physiological salt solution, 
or the like is used as the lubricant. 

0006 Furthermore, known endoscope apparatus include 
double-balloon endoscope apparatus which have a first bal 
loon at a tip portion of the endoscope insert portion and a 
second balloon at a tip of portion the applicator (e.g., Japa 
nese Patent Application Laid-open Nos. 2001-340462 and 
2002-301019). 
0007. With a double-balloon endoscope apparatus, the 
bent intestinal tract is sometimes contracted in a straightened 
state by inserting a predetermined length of the insert portion 
and applicator in the intestinal tract, inflating the two bal 
loons, and pulling in the insert portion and applicator simul 
taneously with the two balloons placed in intimate contact 
with intestinal walls. Subsequently, the insert portion and 
applicator are pushed and pulled repeatedly to draw up the 
intestinal tract and put the insert portion in a desired site. In 
the pull-in operation, the physician grips the applicator made 
of an elastic member, thereby bringing it into intimate contact 
with the insert portion by elastic deformation, and pulls in the 
applicator, thereby pulling in the insert portion at the same 
time by means of frictional resistance between the applicator 
and insert portion (e.g., Japanese Patent Application Laid 
open No. 10-248794). 
0008. When the inflated first balloon or second balloon 
comes into too intimate contact with, or adheresto, intestinal 
walls, if the physician pulls in (pull out) the insert portion and 
overtube forcibly, the intestinal walls may be damaged. In 
Such a case, i.e., if the physician feels a strong pull-out resis 
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tance, conventionally he/she lowers the adhesive force by 
rotating the overtube or insert portion before resuming the 
pull-in operation. 

SUMMARY OF THE INVENTION 

0009. However, there is a problem: in the case of the 
conventional overtube with a lubricant inlet formed at the 
base end portion, the lubricant poured through the inlet is not 
distributed sufficiently over the entire inner surface of the 
overtube, and thus it is not possible to further improve slid 
ability of the endoscope insert portion. 
(0010. This problem can be solved if the diameter of the 
overtube is enlarged, increasing the clearance between the 
overtube and endoscope insert portion and thereby allowing 
the lubricant supplied to the base end portion to be distributed 
over the entire inner surface of the overtube. However, since 
the overtube is inserted in the body cavity, preferably its 
diameter is minimized. This poses a dilemma: decreasing the 
diameter of the overtube makes it impossible to distribute the 
lubricant over the entire inner surface of the overtube while 
increasing the diameter of the overtube makes the overtube 
unsuitable as a member to be inserted in the body cavity. 
0011. The conventional double-balloon endoscope appa 
ratus have the disadvantage of poor maneuverability because 
the insert portion tends to slip along the applicator during the 
pull-in operation. 
0012 Moreover, conventionally the physician determines 
his/her Subsequent action (whether to continue pulling in the 
insert portion and overtube or rotate the insert portion and 
overtube) upon encountering a pull-out resistance. Conse 
quently, there has been a demand for an endoscope apparatus 
which makes it possible to quantitatively determine the pull 
out resistance produced when the insert portion and applica 
tor are pulled in and perform Subsequent operations properly. 
0013 The present invention has been made in view of the 
above circumstances and has an object to provide an endo 
Scope applicator which allows lubricant to be Supplied uni 
formly to the entire inner surface of the applicator without 
increasing the diameter of the applicator. 
0014. The present invention has been made in view of the 
above circumstances and has another object to provide an 
endoscope apparatus which can improve the maneuverability 
of an insert portion and applicator when they are pulled in. 
0015 The present invention has been made in view of the 
above circumstances and has another object to provide an 
endoscope apparatus which allows the pull-out resistance of 
an applicator or overtube, and an insert portion to be deter 
mined quantitatively. 
0016 To achieve the above objects, a first aspect of the 
present invention provides an endoscope applicator which 
allows an endoscope insert portion to be inserted through a 
base end portion of the endoscope applicator and allows 
lubricant to be poured through a lubricant inlet formed at the 
base end portion, wherein a lubricant Supply pathis formed in 
the endoscope applicator to allow the lubricant supplied to the 
lubricant inlet to be supplied to a clearance between an inner 
Surface of the endoscope applicator and an outer Surface of 
the endoscope insert portion. 
0017. The first aspect of the present invention has been 
made in view of the fact that between the endoscope insert 
portion and the endoscope applicator, the part which particu 
larly needs enhanced lubricity is the tip portion of the endo 
Scope applicator where the endoscope insert portion is rubbed 
by an inner edge of an opening portion at the tip of the 
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applicator. As described in the first aspect, by forming a 
lubricant Supply path in the endoscope applicator to allow the 
lubricant supplied to the lubricant inlet to be supplied to a 
clearance between an inner Surface of the endoscope appli 
cator and an outer Surface of the endoscope insert portion, it 
is possible to supply the lubricant directly to the tip portion of 
the endoscope applicator. Thus, the present invention can 
improve the lubricity of the part which particularly needs 
enhanced lubricity. 
0018. A second aspect of the present invention provides 
the endoscope applicator according to the first aspect, 
wherein a plurality of openings are formed in the endoscope 
applicator at predetermined intervals to Supply the lubricant 
poured into the lubricant supply path to the inside of the 
endoscope applicator. A third aspect of the present invention 
provides the endoscope applicator according to the second 
aspect, wherein opening areas of the plurality of openings 
increase from base end portion to tip portion of the endoscope 
applicator. 
0019. According to the second aspect of the present inven 

tion, the lubricant poured through the lubricant inlet flows to 
the lubricant Supply path, and is Subsequently supplied to the 
inside of the endoscope applicator via the plurality of open 
ings formed in the applicator. Since the plurality of openings 
are formed from the base end portion to the tip portion of the 
endoscope applicator at predetermined intervals, the lubri 
cant is Supplied to the entire inner Surface of the endoscope 
applicator. Furthermore, as described in the third aspect of the 
present invention, since the opening areas of the openings 
increase from the base end portion to the tip portion of the 
endoscope applicator, a uniform amount of lubricant is Sup 
plied over the entire inner Surface of the endoscope applicator. 
Thus, the present invention allows lubricant to be supplied 
uniformly to the entire inner Surface of the endoscope appli 
cator without increasing the diameter of the endoscope appli 
cator. This constantly provides good sliding characteristics, 
and thereby improves slidability of the insert portion along 
the endoscope applicator, reducing the time required for 
endoscopic procedures. Also, since good sliding characteris 
tics are obtained constantly, it is possible to provide an endo 
Scope applicator of a small diameter by decreasing the inside 
and outside diameters of the endoscope applicator and reduc 
ing the inside diameter of the endoscope applicator close to 
the diameter of the endoscope insert portion. 
0020. A fourth aspect of the present invention provides the 
endoscope applicator according to the third aspect, wherein a 
plurality of lubricant Supply paths are provided. By providing 
a plurality of lubricant Supply paths in the endoscope appli 
cator, it is possible to form a plurality of openings on the 
circumference of the applicator, and thereby Supply a more 
uniform amount of lubricant over the entire inner surface of 
the endoscope applicator. 
0021. A fifth aspect of the present invention provides the 
endoscope applicator according to the fourth aspect, wherein 
the lubricant supply path is installed spirally on the outer 
Surface of the endoscope applicator. This makes it possible to 
form a plurality of openings on the circumference of the 
endoscope applicator using the single lubricant Supply path, 
allowing lubricant to be supplied more uniformly to the entire 
inner Surface of the endoscope applicator than when a single 
straight lubricant Supply path is used. 
0022. To achieve the above objects, a sixth aspect of the 
present invention provides an endoscope apparatus, compris 
ing: an endoscope with a balloon attached to a tip portion of 
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an insert portion; and an applicator through which the insert 
portion of the endoscope is inserted into a body cavity, 
wherein an inner Surface of the applicator is equipped with an 
engaging portion which engages with an outer Surface of the 
insert portion when the applicator is squeezed and deformed. 
0023. According to the sixth aspect of the present inven 
tion, the inner Surface of the applicator is equipped with an 
engaging member which engages with the outer Surface of the 
insert portion to prevent relative slippage of the insert portion 
along the applicator when the applicator is squeezed and 
deformed elastically in such a direction as to reduce the 
diameter. Therefore, it is possible to prevent the insert portion 
from slipping along the applicator during pull-in operation. 
This improves the maneuverability of the insert portion and 
applicator when they are pulled in. The engaging member 
engages with the outer Surface of the insert portion only when 
the applicatoris deformed elastically, and the applicator is not 
deformed elastically when the insert portion is inserted and 
withdrawn into/from the applicator. Thus, the insertion/with 
drawal operation is not affected adversely. 
0024. A seventh aspect of the present invention provides 
the endoscope apparatus according to the sixth aspect, 
wherein the outer Surface of the insert portion is equipped 
with an engaged portion which is engaged with the engaging 
portion of the applicator. By forming the engaged member in 
the insert portion, it is possible to prevent slippage reliably 
and further improve maneuverability. 
0025 To achieve the above objects, an eighth aspect of the 
present invention provides an endoscope apparatus, compris 
ing: an endoscope with a balloon attached to a tip portion of 
an insert portion; and an applicator through which the insert 
portion of the endoscope is inserted into a body cavity, 
wherein at least one of the insert portion and the applicator is 
equipped with a pull-out force measuring device which mea 
Sures pull-out force of the insert portion or applicator. Since 
the insert portion or applicator is equipped with the pull-out 
force measuring device which measures the pull-out force of 
the insert portion or applicator, it is possible to determine the 
pull-out force quantitatively. 
0026. A ninth aspect of the present invention provides the 
endoscope apparatus according to the eighth aspect, further 
comprising a balloon pressure adjusting device which 
reduces internal pressure of the balloon when the pull-out 
force measured by the pull-out force measuring device 
exceeds a predetermined value. Since the internal pressure of 
the balloon is reduced by the balloon pressure adjusting 
device when the pull-out force measured by the pull-out force 
measuring device exceeds a predetermined value, it is pos 
sible to reduce frictional force between the balloon and intes 
tinal walls, and thereby prevent damage to the intestinal 
walls. To adjust the internal pressure of the balloon by the 
balloon pressure adjusting device, it only needs to lower the 
internal pressure, and the easiest method in terms of control 
involves, for example, reducing the internal pressure by sim 
ply releasing air from the balloon. 
0027. A tenth aspect of the present invention provides an 
endoscope apparatus, comprising: an endoscope with a first 
balloon attached to a tip portion of an insert portion; and an 
overtube whose tip is equipped with a second balloon and 
through which the insert portion of the endoscope is inserted 
into a body cavity, wherein at least one of the insert portion 
and the overtube is equipped with a pull-out force measuring 
device which measures pull-out force of the insert portion or 
overtube. Since the insert portion or overtube is equipped 
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with the pull-out force measuring device which measures the 
pull-out force of the insert portion or overtube, it is possible to 
determine the pull-out force quantitatively. 
0028. An eleventh aspect of the present invention provides 
the endoscope apparatus according to the tenth aspect, further 
comprising a balloon pressure adjusting device which 
reduces internal pressure of at least one of the first balloon and 
the second balloon when the pull-out force measured by the 
pull-out force measuring device exceeds a predetermined 
value. Since the internal pressure of the first balloon and/or 
second balloon is reduced by the balloon pressure adjusting 
device when the pull-out force measured by the pull-out force 
measuring device exceeds a predetermined value, it is pos 
sible to reduce frictional force between the balloons and 
intestinal walls, and thereby prevent damage to the intestinal 
walls. To adjust the internal pressure of the first balloon 
and/or second balloon by the balloon pressure adjusting 
device, it only needs to lower the internal pressure, and the 
easiest method in terms of control involves, for example, 
reducing the internal pressure by simply releasing air from 
the first balloon and/or second balloon. 
0029. According to a twelfth aspect of the present inven 

tion, the pull-out force measuring device is a strain gauge. 
Since the use of a strain gauge as the pull-out force measuring 
device makes it possible to detect minute strain in the insert 
portion, applicator, and overtube as an electrical signal and 
display it as electrical resistance, it is possible to determine 
the pull-out force quantitatively. 
0030. As described above, in the endoscope applicator 
according to the present invention, the lubricant Supply pathis 
laid on the outer Surface of the applicator extending from the 
base end portion to the tip portion of the applicator and a 
plurality of openings are formed in the lubricant Supply path 
and applicator at predetermined intervals in Such a way that 
their opening areas of the opening increase from the base end 
portion to the tip portion. Therefore, the endoscope applicator 
allows lubricant to be supplied uniformly to the entire inner 
Surface of the applicator without increasing the diameter of 
the applicator. 
0031 Moreover, in the endoscope apparatus according to 
the present invention, an engaging portion which engages 
with the outer surface of the insert portion is provided on the 
inner Surface of the applicator when the applicator is 
squeezed and deformed. Therefore, it is possible to prevent 
the insert portion from slipping along the applicator during 
pull-in operation and thereby the maneuverability of the 
insert portion and applicator during pull-in operation is 
improved. 
0032. Furthermore, in the endoscope apparatus according 
to the present invention, the insert portion, applicator, and/or 
overtube are equipped with the pull-out force measuring 
device which measures the pull-out force of the insert portion, 
applicator, and/or overtube. Therefore, it is possible to deter 
mine pull-out force quantitatively. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0033 FIG. 1 is a system block diagram of an endoscope 
apparatus which employs an overtube according to the 
present invention; 
0034 FIG. 2 is a perspective view showing a tip portion of 
an insert portion of an endoscope; 
0035 FIG. 3 is a perspective view showing a rigid tip 
portion of an insert portion equipped with a first balloon; 
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0036 FIG. 4 is a sectional side view showing a tip portion 
of an overtube with an insert portion passed through it; 
0037 FIGS.5A and 5B are enlarged sectional views of the 
essence part of a lubricant Supply path formed in a tube body; 
0038 FIG. 6 is a sectional view of a tube body in which a 
plurality of lubricant Supply paths are formed; 
0039 FIGS. 7A and 7B are explanatory diagrams illustrat 
ing an example in which a spiral lubricant Supply path is 
formed on a tube body; 
0040 FIGS. 8A to 8H are explanatory diagrams illustrat 
ing how to operate the endoscope apparatus shown in FIG. 1; 
0041 FIG. 9 is a sectional view of an overtube whose tip 
portion is Supplied with a lubricant; 
0042 FIG. 10 is a system block diagram of an endoscope 
apparatus according to an embodiment the present invention; 
0043 FIG. 11 is a perspective view showing a tip portion 
of an insert portion of an endoscope; 
0044 FIG. 12 is a perspective view showing a rigid tip 
portion of an insert portion equipped with a first balloon; 
0045 FIG. 13 is a sectional side view showing a tip portion 
of an overtube with an insert portion passed through it; 
0046 FIG. 14 is an explanatory diagram illustrating essen 

tial part, where antiskid members are formed on both over 
tube and insert portion; 
0047 FIG. 15 is an explanatory diagram illustrating essen 

tial part, where antiskid members are engaged with each 
other; 
0048 FIGS. 16A to 16H are explanatory diagrams illus 
trating how to operate the endoscope apparatus shown in FIG. 
10: 
0049 FIG. 17 is a system block diagram of an endoscope 
apparatus according to an embodiment the present invention; 
0050 FIG. 18 is a perspective view showing a tip portion 
of an insert portion of an endoscope; 
0051 FIG. 19 is a perspective view showing a tip portion 
of an insert portion equipped with a first balloon; 
0052 FIG. 20 is a sectional side view of an overtube with 
an insert portion passed through it; 
0053 FIG. 21 is a block diagram showing configuration of 
a balloon pressure regulating device which reduces the inter 
nal pressure of a balloon; and 
0054 FIGS. 22A to 22H are explanatory diagrams illus 
trating how to operate the endoscope apparatus shown in FIG. 
17. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0055 Preferred embodiments of an endoscope applicator 
and endoscope apparatus according to the present invention 
will be described with reference to the accompanying draw 
1ngS. 
0056 FIG. 1 is a system block diagram of an endoscope 
apparatus which employs an endoscope applicator according 
to the present invention. The endoscope apparatus shown in 
the figure comprises an endoscope 10, overtube (applicator) 
50, and balloon control apparatus 100. 
0057 The endoscope 10 is equipped with a hand control 
ler 14 and an insert portion 12 provided in a row arrangement 
with the hand controller 14. The hand controller 14 is con 
nected with a universal cable 15 whose tip is equipped with a 
connector (not shown) to be connected with a processor or 
light Source (not shown). 
0058. The hand controller 14 is equipped with an air/water 
feedbutton 16, an aspiration button 18, and an shutter button 
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20, which are provided in proximity in a row arrangement and 
operated by the physician. Also, it is equipped with a pair of 
angle knobs 22 and a forceps inlet 24, which are placed at 
predetermined locations. Furthermore, the hand controller 14 
is equipped with a balloon air feed port 26 to Supply and Suck 
air to/from a first balloon 30. 
0059. The insert portion 12 consists of a soft portion 32, a 
flexible portion 34, and a rigid tip portion 36. The flexible 
portion 34 is constructed from a plurality of joint rings con 
nected flexibly. It is flexed remotely through rotation of the 
pair of angle knobs 22 mounted on the hand controller 14. 
This makes it possible to orientatip surface 37 of a tip portion 
36 in a desired direction. 
0060. As shown in FIG. 2, an objective optical system 38, 
an illumination lens 40, an air/water Supply noZZle 42, a 
forceps port 44, etc. are mounted at predetermined locations 
on the tip surface 37 of the tip portion36. Also, an air supply/ 
suction port 28 opens to the outer surface of the tip portion36. 
The air supply/suction port 28 is communicated with the 
balloon air feed port 26 in FIG. 1 via an air supply tube (not 
shown) which is approximately 0.8 mm in inside diameter 
and which is passed through the insert portion 12. Conse 
quently, when air is fed to the balloon air feed port 26, the air 
supply/suction port 28 in the tip portion36 emits air. When air 
is sucked through the balloon air feed port 26, the air supply/ 
Suction port 28 Sucks air. 
0061. As shown in FIG. 1, the first balloon 30 made of an 
elastic body such as rubber is detachably attached to the tip 
portion 36 of the insert portion 12. As shown in FIG. 3, the 
first balloon 30 has an inflatable portion 30c in the center and 
mounting portions 30a and 30b on both ends. It is attached to 
the tip portion36 in Sucha way that the air Supply/Suction port 
28 is located on the inner side of the inflatable portion 30c. 
The mounting portions 30a and 30b have smaller diameters 
than the tip portion36. They are brought into intimate contact 
with the tip portion 36 by their own elastic force and then 
fastened by a thread (not shown) wound around them. The 
fastening method is not limited to the use of a thread, and the 
mounting portions 30a and 30b may be fastened to the tip 
portion 36 by fitting retainer rings or rubber bands over the 
mounting portions 30a and 30b. 
0062) Of the first balloon 30 attached to the tip portion36, 
the inflatable portion 30c is inflated into an approximately 
spherical shape by air supplied through the air Supply/Suction 
port 28 shown in FIG. 2. When air is sucked through the air 
supply/suction port 28, the inflatable portion 30c is deflated 
and brought into intimate contact with the outer surface of the 
tip portion 36. 
0063. The overtube 50 shown in FIG. 1 has a tube body 51 
and grip portion 52. As shown in FIG. 4, the tube body 51 is 
tubular in shape and has an inside diameter slightly larger 
than the outside diameter of the insert portion 12. Also, the 
tube body 51 is a molding of flexible urethane resin. Its inner 
and outer Surfaces are covered with a lubricious coating. A 
connection port 52A formed at the tip of a rigid grip portion 
52 is fitted watertight into a base end opening 51A of the tube 
body 51 to detachably connect the grip portion 52 to the tube 
body 51. Incidentally, the insert portion 12 is inserted into the 
tube body 51 through a base end opening 52B of the grip 
portion 52. 
0064. As shown in FIG. 1, a balloon air feed port 54 is 
provided at the base end of the tube body 51. The balloon air 
feed port 54 is connected with an air supply tube 56 approxi 
mately 1 mm in inside diameter. Being bonded to the outer 
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surface of the tube body 51, the air supply tube 56 extends to 
the tip portion of the tube body 51 as shown in FIG. 4. 
0065. A tip 58 of the tube body 51 is tapered. A second 
balloon 60 made of an elastic body such as rubber is attached 
to the base end of the tip 58 of the tube body 51 in such a way 
as to be penetrated by the tube body 51. It has an inflatable 
portion 60c in the center and mounting portions 60a and 60b 
on both ends. The mounting portion 60a on the tip side is 
folded back into the inflatable portion 60c and fastened to the 
tube body 51, being wound by a radiopaque thread 62. The 
mounting portion 60b on the base end side is placed outside 
the secondballoon 60 and fastened to the tube body 51, being 
wound by a thread 64. 
0066. The inflatable portion 60c has an approximately 
spherical shape in normal state (when neither inflated nor 
deflated) and is larger than the first balloon 30 in normal state 
(when neither inflated nor deflated). Thus, when air is fed to 
the first balloon 30 and the second balloon 60 at the same 
pressure, the inflatable portion 60c of the second balloon 60 
becomes larger in outside diameter than the inflatable portion 
30c of the first balloon 30. For example, when the outside 
diameter of the first balloon 30 is 25 mm, the outside diameter 
of the second balloon 60 is 50 mm. 
0067. The air supply tube 56 opens into the inflatable 
portion 60c by forming an air supply/suction port 57. Thus, 
when air is fed through the balloon air feed port 54, it blows 
out of the air supply/suction port 57 to inflate the inflatable 
portion 60c. On the other hand, when air is sucked out of the 
balloon air feed port 54, it is sucked through the air supply/ 
suction port 57, deflating the second balloon 60. 
0068. The overtube 50 has a lubricant inlet 66, which is 
connected to a lubricant supply path 68. The lubricant supply 
path 68 is laid along the axis of the tube body 51, extending 
from the base end portion to the tip portion of the tube body 51 
as shown in FIGS. 1 and 4. Also, a plurality of openings 75 are 
formed at predetermined intervals in the lubricant supply path 
68 and the tube body 51 as shown in FIG. 4 to supply the 
lubricant poured into the lubricant supply path 68 to inside the 
tube body 51. The openings 75 are formed in such a way that 
their opening areas increase from the base end portion to the 
tip portion of the tube body 51. The intervals and opening 
areas of the openings 75 are determined according to the 
amount of lubricant Supplied from a lubricant Supply portion 
72, such as a syringe shown in FIG. 1, connected to the inlet 
66. That is, the intervals and opening areas which will allow 
lubricant to be supplied uniformly to the entire inner surface 
of the tube body 51 are determined based on the amount of 
lubricant Supply. Alternatively, the amount of lubricant Sup 
ply may be determined based on the intervals and opening 
areas of the openings 75. 
0069 FIGS. 5A and 5B show an example of a manufac 
turing method of the lubricant supply path 68. FIGS.5A and 
5B are enlarged views of a portion near the lubricant supply 
path 68 with the tube body 51 cut along a plane orthogonal to 
the axial direction. As shown in FIG.5A, a gutter member 74 
with a U-shaped cross section is formed integrally with the 
tube body 51 and an opening 75 is formed in it by a subse 
quent process. A urethane-based heat-shrinkable sheet or 
tube 76 is put over the gutter member 74 or tube body 51 and 
is heat shrunk. This produces a lubricant supply path 68 made 
of the gutter member 74 and heat-shrinkable sheet or tube 76 
as shown in FIG. 5B. Alternatively, the lubricant supply path 
68 may be formed integrally with the tube body 51 in such a 
way as to be buried in the latter. 
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0070 A plurality of lubricant supply paths 68 may be 
formed on the outer surface of the tube body 51 as shown in 
FIG. 6 (three lubricant supply paths in FIG. 6). It is possible 
to bond a separate gutter member 74 to the tube body 51 
instead of forming the gutter member 74 integrally with the 
tube body 51, create openings 75, and heat-shrink a heat 
shrinkable sheet or tube 76 to form a lubricant supply path 68 
as shown in FIGS.5A and 5B. Furthermore, it is possible to 
form or bond a gutter member 74 spirally around the tube 
body 51 as shown in FIG. 7A and heat-shrink a heat-shrink 
able sheet or tube 76 to form a lubricant supply path 68 as 
shown in FIG.7B. In FIGS. 7A and 7B again, the openings 75 
are formed in Such a way that their opening areas increase 
gradually from the base end portion to the tip portion of the 
tube body 51. 
0071. On the other hand, the balloon control apparatus 100 
in FIG.1 supplies and sucks a fluid such as air to/from the first 
balloon 30 as well as the second balloon 60. The balloon 
control apparatus 100 includes an apparatus body 102 
equipped with a pump, sequencer, etc. (not shown) and a 
remote control hand Switch 104. 
0072 A power switch SW1, a stop switch SW2, a pressure 
gauge 106 for the first balloon 30, and a pressure gauge 108 
for the second balloon 60 are installed on a front panel of the 
apparatus body 102. Also, a tube 110 for use to supply and 
suck air to/from the first balloon 30 and a tube 120 for use to 
supply and suck air to/from the second balloon 60 are 
installed on the front panel of the apparatus body 102. The 
tubes 110 and 120 have liquid reservoir tanks 130 and 140, 
respectively, to collect liquid flowing backward from the first 
balloon 30 and second balloon 60 in case the first balloon 30 
and the second balloon 60 burst, respectively. 
0073. The hand switch 104 contains a stop switch SW3 
similar to the stop switch SW2 of the apparatus body 102, an 
ON/OFF switch SW4 for pressurization/depressurization of 
the first balloon 30, a pause switch SW5 for use to maintain 
the pressure of the first balloon 30, an ON/OFF switch SW6 
for pressurization/depressurization of the second balloon 60, 
and pause switch SW7 for use to maintain the pressure of the 
second balloon 60. The hand switch 104 is electrically con 
nected to the apparatus body 102 via a cable 150. 
0074 Being configured as described above, the balloon 
control apparatus 100 inflates the first balloon 30 and the 
secondballoon 60 by supplying air to them and keeps the first 
balloon 30 and the secondballoon 60 inflated by maintaining 
the air pressure at a fixed value. Also, it deflates the first 
balloon 30 and the second balloon 60 by sucking air from 
them and keeps the first balloon 30 and the secondballoon 60 
deflated by maintaining the air pressure at a fixed value. 
0075) Next, an operation method of the endoscope appa 
ratus will be described with reference to FIGS. 8A to 8H. 

0076 First, as shown in FIG. 8A, the insert portion 12 is 
inserted in an intestinal tract (e.g., pars descendens duodeni) 
70 with the overtube 50 put over the insert portion 12. At this 
time, the first balloon 30 and the second balloon 60 are kept 
deflated. 

0077. Next, as shown in FIG. 8B, with the tip 58 of the 
overtube 50 inserted to a bend of the intestinal tract 70, the 
second balloon 60 is inflated by air supplied to it. Conse 
quently, the second balloon 60 is restrained by the intestinal 
tract 70 and the tip 58 of the overtube 50 is fixed to the 
intestinal tract 70. 
0078 Next, as shown in FIG.8C, only the insert portion 12 
of the endoscope 10 is inserted into the depth of the intestinal 
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tract 70. Then, as shown in FIG. 8D, the first balloon 30 is 
inflated by air supplied to it. Consequently, the first balloon 30 
is fixed to the intestinal tract 70. Since the first balloon 30 is 
smaller than the secondballoon 60 when inflated, there is less 
strain on the intestinal tract 70. This prevents damage to the 
intestinal tract 70. 

0079. Next, after the secondballoon 60 is deflated with air 
sucked from it, the overtube 50 is pushed in and inserted 
together with the insert portion 12 as shown in FIG.8E. When 
the tip 58 of the overtubeS0 is inserted to near the first balloon 
30, the second balloon 60 is inflated with air supplied to it as 
shown in FIG. 8F. Consequently, the second balloon 60 is 
fixed to the intestinal tract 70. That is, the intestinal tract 70 is 
held by the second balloon 60. 
0080. Then, as shown in FIG.8G, the overtube 50 is pulled 
in. This causes the intestinal tract 70 to contract in a straight 
ened State, eliminating excess bending and flexion of the 
overtube 50. Incidentally, when the overtube 50 is pulled in, 
the first balloon 30 and the second balloon 60 are restrained 
by the intestinal tract 70, and the frictional resistance of the 
first balloon 30 is smaller than that of the second balloon 60. 
Thus, even if the first balloon 30 and the second balloon 60 
move away from each other, since the first balloon 30 with the 
smaller frictional resistance slides over the intestinal tract 70, 
there is no fear that the intestinal tract 70 is damaged by being 
pulled by the first balloon 30 and the second balloon 60. 
0081. Next, as shown in FIG. 8H, the first balloon 30 is 
deflated with air sucked from it. Then, the tip portion 36 of the 
insert portion 12 is inserted as deeply as possible into the 
intestinal tract 70. That is, the insertion operation shown in 
FIG. 8C is performed again. This allows the tip portion 36 of 
the insert portion 12 to be inserted into the depth of the 
intestinal tract 70. To insert the insert portion 12 further, the 
fixing operation shown in FIG. 8D, the pushing operation 
shown in FIG.8E, the holding operation shown in FIG.8F, the 
pull-in operation shown in FIG. 8G, and the insertion opera 
tion shown in FIG. 8H can be repeated in this order. This 
allows the insert portion 12 to be inserted more deeply into the 
intestinal tract 70. 
I0082. During endoscopic procedures, lubricant is supplied 
to the tube body 51 of the overtube 50 from the lubricant 
supply portion 72 in FIG.1. The lubricant is poured through 
the inlet 66, flows to the lubricant supply path 68, and then is 
supplied to inside the tube body 51 via a plurality of openings 
75 formed in the lubricant supply path 68 and tube body 51. 
I0083. Since the plurality of openings 75 are formed at 
predetermined intervals from the base end portion to the tip 
portion of the tube body 51, lubricant is supplied to the entire 
inner surface of the tube body 51. Furthermore, since the 
opening areas of the openings 75 increase from the base end 
portion to the tip portion of the tube body 51, the lubricant is 
supplied uniformly to the entire inner surface of the tube body 
51. 

I0084 Thus, the overtube 50 according to this embodiment 
allows lubricant to be supplied uniformly to the entire inner 
surface of the tube body 51 without increasing the diameter of 
the tube body 51. This constantly provides good sliding char 
acteristics, and thereby improves slidability of the insert por 
tion 12 along the tube body 51, reducing the time required for 
endoscopic procedures. Also, since good sliding characteris 
tics are obtained constantly, it is possible to provide a tube 
body 50 of a small diameter by decreasing the inside and 
outside diameters of the tube body 51 inserted into a body 
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cavity and reducing the inside diameter of the tube body 51 
close to the diameter of the endoscope insert portion 12. 
0085 Also, as shown in FIG. 6, by installing a plurality of 
lubricant supply paths 68 in the tube body 51, it is possible to 
form a plurality of openings 75 on the circumference of the 
tube body 51, and thereby supply a more uniform amount of 
lubricant over the entire inner surface of the tube body 51. 
I0086. Furthermore, as shown in FIGS. 7A and 7B, by 
installing a lubricant supply path 68 spirally on the tube body 
51, it is possible to form a plurality of openings 75 on the 
circumference of the tube body 51 using the single lubricant 
Supply path 68, allowing lubricant to be supplied more uni 
formly to the entire inner surface of the tube body 51 than 
when a single straight lubricant Supply path 68 is used. 
0087 Incidentally, although an overtube 50 with a balloon 
has been cited in this embodiment, the present invention is 
also applicable to a sliding tube which guides an endoscope 
insert portion into the body cavity without a balloon. 
0088 FIG. 9 is a sectional view of an embodiment of an 
overtube 50 where an opening 75 is formed only near the tip 
58 of the tube body 51 of the overtube 50. The same or similar 
components as those of the overtube 50 shown in FIG. 4 are 
denoted by the same reference numerals as the corresponding 
components in FIG. 4 and description thereof will be omitted. 
0089. A lubricant supply path 68 communicated with an 
inlet 66 is laid on the outer surface of the tube body 51 in FIG. 
9 extending from the base end portion to the tip 58 of the tube 
body 51 and an opening 75 which supplies the lubricant 
poured into the lubricant supply path 68 to the inside of the 
tube body 51 is formed near the tip 58 of the tube body 51 
where the tip 69 of the lubricant supply path 68 is located. 
0090. Between the endoscope insert portion 12 and the 
tube body 51, the part which particularly needs enhanced 
lubricity is the tip 58 of the overtube 50 where the insert 
portion 12 is rubbed by an inner edge 59A of a tip opening 59 
of the tube body 51. As is the case with the overtubeS0 in FIG. 
9, by forming the opening 75 near the tip 58 of the tube body 
51 where the tip 69 of the lubricant supply path 68 is located, 
thereby allowing the lubricant poured into the lubricant Sup 
ply path 68 to be supplied to the inside of the tube body 51, 
i.e., to the clearance between inner Surface of the applicator 
and outer Surface of the endoscope insert portion, it is pos 
sible to supply the lubricant directly to the tip 58 of the tube 
body 51. The overtube 50 in FIG.9 can improve the lubricity 
of the tip 58 of the overtube 50 which particularly needs 
enhanced lubricity. 
0091 FIG. 10 is a system block diagram of an endoscope 
apparatus according to an embodiment the present invention. 
The endoscope apparatus shown in the FIG. 10 comprises an 
endoscope 210, an overtube (corresponds to the applicator) 
250, and a balloon control apparatus 300. 
0092. The endoscope 210 is equipped with a hand control 
ler 214 and an insert portion 212 provided in a row arrange 
ment with the hand controller 214. The hand controller 214 is 
connected with a universal cable 215 whose tip is equipped 
with a connector (not shown) to be connected with a proces 
sor or light Source (not shown). 
0093. The hand controller 214 is equipped with an air/ 
water feed button 216, aspiration button 218, and a shutter 
button 220, which are provided in proximity in a row arrange 
ment and operated by the physician. Also, it is equipped with 
a pair of angle knobs 222 and a forceps inlet 224, which are 
placed at predetermined locations. Furthermore, the hand 
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controller 214 is equipped with a balloon air feed port 226 to 
supply and suck air to/from a first balloon 230. 
0094. The insert portion 212 consists of a soft portion 232, 
a flexible portion 234, and a rigid tip portion 236. The flexible 
portion 234 is constructed from a plurality of joint rings 
connected flexibly. It is flexed remotely through rotation of 
the pair of angle knobs 222 mounted on the hand controller 
214. This makes it possible to orient a tip surface 237 of a tip 
portion 236 in a desired direction. 
0.095 As shown in FIG. 11, an objective optical system 
238, an illumination lens 240, an air/water supply nozzle 242, 
a forceps port 244, etc. are mounted at predetermined loca 
tions on the tip surface 237 of the tip portion 236. Also, an air 
supply/suction port 228 opens to the outer surface of the tip 
portion 236. The air supply/suction port 228 is communicated 
with the balloon air feed port 226 in FIG. 10 via an air supply 
tube (not shown) which is approximately 0.8 mm in inside 
diameter and which is passed through the insert portion 212. 
Consequently, when air is fed to the balloon air feed port 226, 
the air supply/suction port 228 in the tip portion 236 emits air. 
When air is sucked through the balloon air feed port 226, the 
air Supply/Suction port 228 Sucks air. 
0096. As shown in FIG. 10, the first balloon 230 made of 
an elastic body such as rubber is detachably attached to the tip 
portion 236 of the insert portion 212. As shown in FIG. 12, the 
first balloon 230 has an inflatable portion 230c in the center 
and mounting portions 230a and 230b on both ends. It is 
attached to the tip portion 236 in such a way that the air 
supply/suction port 228 is located on the inner side of the 
inflatable portion 230c. The mounting portions 230a and 
230b have smaller diameters than the tip portion 236. They 
are brought into intimate contact with the tip portion 236 by 
their own elastic force and then fitted over the outer surface of 
the tip portion 236 securely with an annular band (not shown). 
(0097. Of the first balloon 230 attached to the tip portion 
236, the inflatable portion 230c is inflated into an approxi 
mately spherical shape by air Supplied through the air Supply/ 
suction port 228 shown in FIG. 11. When air is sucked 
through the air supply/suction port 228, the inflatable portion 
230c is deflated and brought into intimate contact with the 
outer surface of the tip portion 236. 
(0098. The overtube 250 shown in FIG. 10 has a tube body 
251 and a grip portion 252. As shown in FIG. 13, the tube 
body 251 is tubular in shape and has an inside diameter 
slightly larger than the outside diameter of the insert portion 
212. Also, the tube body 251 is a molding of flexible urethane 
resin. Its inner and outer surfaces are covered with a lubri 
cious coating. The grip portion 252 is fitted watertight into the 
tube body 251 to detachably connect the grip portion 252 to 
the tube body 251. Incidentally, the insert portion 212 is 
inserted into the tube body 251 through a base end opening 
252A of the grip portion 252. 
(0099. As shown in FIG. 10, a balloon air feed port 254 is 
provided at the base end of the tube body 251. The balloon air 
feed port 254 is connected with an air supply tube 256 
approximately 1 mm in inside diameter. Being bonded to the 
outer surface of the tube body 251, the air supply tube 256 
extends to the tip portion of the tube body 251 as shown in 
FIG. 13. 
0100. A tip portion 258 of the tube body 251 is tapered to 
prevent intestinal walls from being caught in or the like. A 
second balloon 260 made of an elastic body such as rubber is 
attached to the base end of the tip portion 258 of the tube body 
251 in such a way as to be penetrated by the tube body 251. It 
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has an inflatable portion 260c in the center and mounting 
portions 260a and 260b on both ends. The mounting portion 
260a on the tip side is folded back into the inflatable portion 
260c and fastened to the tube body 251, being wound by a 
radiopaque thread 262. The mounting portion 260b on the 
base end side is placed outside the second balloon 260 and 
fastened to the tube body 251, being wound by a thread 264. 
0101 The inflatable portion 260c has an approximately 
spherical shape in normal state (when neither inflated nor 
deflated) and is larger than the first balloon 230 in normal 
state (when neither inflated nor deflated). Thus, when air is 
fed to the first balloon 230 and secondballoon 260 at the same 
pressure, the inflatable portion 260c of the second balloon 
becomes larger in outside diameter than the inflatable portion 
230c of the first balloon 230. For example, when the outside 
diameter of the first balloon 230 is 25 mm, the outside diam 
eter of the second balloon 260 is 50 mm. 
0102 The air supply tube 256 opens into the inflatable 
portion 260c by forming an air supply/suction port 257. Thus, 
when air is fed through the balloon air feed port 254, it blows 
out of the air supply/suction port 257 to inflate the inflatable 
portion 260c. On the other hand, when air is sucked out of the 
balloon air feed port 254, it is sucked through the air supply/ 
suction port 257, deflating the second balloon 260. 
0103) An engaging portion 280 with multiple rows (three 
rows in FIG. 13) of serrations of a triangular cross section is 
formed as an antiskid member on the inner Surface of the grip 
portion 252 of the overtube 250. As shown in FIG. 14, the 
engaging portion 280 is formed with a predetermined length 
in a direction orthogonal to the axial direction of the grip 
portion 252 and an engaging portion 280 with multiple rows 
(three rows in FIG.14) of serrations is similarly formed on the 
opposite face. 
0104 Besides, an engaged portion 282 with multiple rows 
(four rows in FIG. 14) of serrations of a triangular cross 
section is formed as an antiskid member at a predetermined 
location on the outer surface of the insert portion 212. The 
engaged portion 282 is formed with a predetermined length in 
a direction orthogonal to the axial direction of the insert 
portion 212 and an engaged portion 282 with multiple rows 
(four rows in FIG. 14) of serrations is similarly formed on the 
opposite face. 
0105. The engaged portions 282 are not engaged with the 
engaging portions 280 of the grip portion 252 when the grip 
portion 252 is in normal state (when neither inflated nor 
deflated) as shown in FIG. 14. They are engaged, by being 
meshed, with the engaging portions 280 of the grip portion 
252 as shown in FIG. 13 when the grip portion 252 is 
squeezed in the direction indicated by arrows and deformed 
elastically in a diameter-reducing direction as shown in FIG. 
15. That is, the diameter of the grip portion 252 and heights of 
the engaging and engaged portions 280 and 282 are designed 
Such that the grip portion 252 does not engage the engaging 
portions 280 and engaged portions 282 with each other in the 
normal state shown in FIG. 14. Also, the grip portion 252 is 
made of a soft material so as to engage the engaged portions 
282 with the engaging portions 280 when deformed elasti 
cally. 
0106 Incidentally, the engaged portions 282 may be pro 
vided either continuously along the length of the insert por 
tion 212 or in groups of rows formed at predetermined inter 
vals. From the viewpoint of preventing the tip portion 258 
from damaging the balloon 230, preferably the engaged por 
tions 282 at the extreme tip of the insert portion 212 are 
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formed in such a way that the balloon 230 will not touch the 
tip portion 258 of the overtube 250 as shown in FIG. 13 when 
the engaged portions 282 are engaged with the engaging 
portions 280. 
0107. On the other hand, the balloon control apparatus 300 
in FIG. 10 supplies and sucks a fluid such as air to/from the 
first balloon 230 as well as the second balloon 260. The 
balloon control apparatus 300 includes an apparatus body 302 
equipped with a pump, sequencer, etc. (not shown) and a 
remote control hand Switch 304. 
0108. A power switch SW1, a stop switch SW2, a pressure 
gauge 306 for the first balloon 230, and a pressure gauge 308 
for the secondballoon 260 are installed on a front panel of the 
apparatus body 302. Also, a tube 310 for use to supply and 
suck air to/from the first balloon 230 and a tube 320 for use to 
supply and suck air to/from the second balloon 260 are 
installed on the front panel of the apparatus body 302. The 
tubes 310 and 320 have liquid reservoir tanks 330 and 340, 
respectively, to collect liquid flowing backward from the first 
balloon 230 and second balloon 260 in case the first balloon 
230 and second balloon 260 burst, respectively. 
0109. The hand switch 304 contains a stop switch SW3 
similar to the stop switch SW2 of the apparatus body 302, an 
ON/OFF switch SW4 for pressurization/depressurization of 
the first balloon 230, a pause switch SW5 for use to maintain 
the pressure of the first balloon 230, an ON/OFF switch SW6 
for pressurization/depressurization of the second balloon 
260, and a pause switch SW7 for use to maintain the pressure 
of the secondballoon260. The hand switch 304 is electrically 
connected to the apparatus body 302 via a cable 350. 
0110 Being configured as described above, the balloon 
control apparatus 300 inflates the first balloon 230 and second 
balloon 260 by supplying air to them and keeps the first 
balloon 230 and second balloon 260 inflated by maintaining 
the air pressure at a fixed value. Also, the balloon control 
apparatus 300 deflates the first balloon 230 and second bal 
loon 260 by sucking air from them and keeps the first balloon 
230 and second balloon 260 deflated by maintaining the air 
pressure at a fixed value. 
0111. Next, an operation method of the endoscope appa 
ratus will be described with reference to FIGS. 16A to 16H. 
0112 First, as shown in FIG.16A, the insert portion 212 is 
inserted in an intestinal tract (e.g., pars descendens duodeni) 
270 with the overtube 250 put over the insert portion 212. At 
this time, the first balloon 230 and second balloon 260 are 
kept deflated. 
0113. Next, as shown in FIG. 16B, with the tip 258 of the 
overtube 250 inserted to a bend of the intestinal tract 270, the 
second balloon 260 is inflated by air supplied to it. Conse 
quently, the secondballoon 260 is restrained by the intestinal 
tract 270 and the tip 258 of the overtube 250 is fixed to the 
intestinal tract 270. 
0114. Next, as shown in FIG.16C, only the insert portion 
212 of the endoscope 210 is inserted into the depth of the 
intestinal tract 270. Then, as shown in FIG. 16D, the first 
balloon 230 is inflated by air supplied to it. Consequently, the 
first balloon 230 is fixed to the intestinal tract 270. Since the 
first balloon 230 is smaller than the secondballoon 260 when 
inflated, there is less strain on the intestinal tract 270. This 
prevents damage to the intestinal tract 270. 
0115 Next, after the second balloon 260 is deflated with 
air sucked from it, the overtube 250 is pushed in and inserted 
together with the insert portion 212 as shown in FIG. 16E. 
When the tip 258 of the overtube 250 is inserted to near the 
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first balloon 230, the second balloon 260 is inflated with air 
supplied to it as shown in FIG.16F. Consequently, the second 
balloon 260 is fixed to the intestinal tract 270. That is, the 
intestinal tract 270 is held by the second balloon 260. 
0116. Then, as shown in FIG. 16G, the overtube 250 is 
pulled in. This causes the intestinal tract 270 to contract in a 
straightened State, eliminating excess bending and flexion of 
the overtube 250. 
0117 This operation involves pulling in the overtube 250 
and insert portion 212 simultaneously. Before performing 
this operation, the physician grips the grip portion 252 as 
shown in FIG. 13, squeezes the grip portion 252 in the direc 
tion indicated by arrows in FIG. 15, and thereby deforms it 
elastically in a diameter-reducing direction to engage the 
engaged portions 282 of the insert portion 212 with the engag 
ing portions 280 of the grip portion 252. In this state, the 
physician pulls in the overtube 250. Consequently, the insert 
portion 212 is pulled in together with the overtube 250 via the 
engaging and engaged portions 280 and 282, which are anti 
skid members, without slipping along the overtube 250. 
0118 When the overtube 250 is pulled in, the first balloon 
230 and second balloon 260 are restrained by the intestinal 
tract 270, and the frictional resistance of the first balloon 230 
is smaller than that of the secondballoon260. Therefore, even 
if the first balloon 230 and second balloon 260 move away 
from each other, the first balloon 230 with the smaller fric 
tional resistance slides over the intestinal tract 270. Thus, 
there is no fear that the intestinal tract 270 is damaged by 
being pulled by the first balloon 230 and secondballoon 260. 
0119) Next, as shown in FIG.16H, the first balloon 230 is 
deflated with air sucked from it. Then, the tip portion 236 of 
the insert portion 212 is inserted as deeply as possible into the 
intestinal tract 270. That is, the insertion operation shown in 
FIG.16C is performed again. This allows the tip portion 236 
of the insert portion 212 to be inserted into the depth of the 
intestinal tract 270. To insert the insert portion 212 further, the 
fixing operation shown in FIG. 16D, the pushing operation 
shown in FIG.16E, the holding operation shown in FIG. 16F, 
the pull-in operation shown in FIG. 16G, and the insertion 
operation shown in FIG. 16H can be repeated in this order. 
This allows the insert portion 212 to be inserted more deeply 
into the intestinal tract 270. 
0120 Incidentally, although according to this embodi 
ment, antiskid members—the engaging portions 280 or 
engaged portions 282—are formed on both the overtube 250 
and insert portion 212, antiskid members may be formed on 
only one of them if they provide the frictional resistance 
required during pull-in operation. 
0121. Also, although in this embodiment, the overtube 
250 with the balloon 260 at the tip has been cited as an 
applicator, this is not restrictive and the antiskid members 
according to this embodiment may be provided on a sliding 
tube (an applicator without a balloon) used for a colonoscope. 
0122 FIG. 17 shows a block diagram of an endoscope 
apparatus according to an embodiment of the present inven 
tion. The endoscope apparatus shown in the FIG. 17 com 
prises an endoscope 410, an overtube 450, and a control 
apparatus 500. 
0123. The endoscope 410 is equipped with a hand control 
ler 414 and an insert portion 412 provided in a row arrange 
ment with the hand controller 414. The hand controller 414 is 
connected with a universal cable 415 whose tip is equipped 
with a connector (not shown) to be connected with a proces 
sor or light Source (not shown). 
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0.124. The hand controller 414 is equipped with an air/ 
water feedbutton 416, an aspiration button 418, and a shutter 
button 420, which are provided in proximity in a row arrange 
ment and operated by the physician. Also, the hand controller 
414 is equipped with a pair of angle knobs 422, 422 and a 
forceps inlet 424, which are placed at predetermined loca 
tions. Furthermore, the hand controller 414 is equipped with 
a balloon air feed port 426 to supply and suck air to/from a 
first balloon 430. 
0.125. The insert portion 412 consists of a soft portion 432, 
a flexible portion 434, and a rigid tip portion 436. The flexible 
portion 434 is constructed from a plurality of joint rings 
connected flexibly. It is flexed remotely through rotation of 
the pair of angle knobs 422 mounted on the hand controller 
414. This makes it possible to orientatip surface 437 of a rigid 
tip portion 436 in a desired direction. 
I0126. As shown in FIG. 18, an objective optical system 
438, an illumination lens 440, an air/water supply nozzle 442, 
a forceps port 444, etc. are mounted at predetermined loca 
tions on the tip surface 437 of the rigid tip portion 436. Also, 
an air Supply/Suction port 428 opens to the outer Surface of the 
rigid tip portion 436. The air supply/suction port 428 is com 
municated with the balloon air feed port 426 in FIG. 17 via an 
air Supply tube (not shown) which is approximately 0.8 mm in 
inside diameter and which is passed through the insert portion 
412. Consequently, when air is fed to the balloon air feed port 
426, the air supply/suction port 428 in the rigid tip portion 436 
emits air. When air is sucked through the balloon air feed port 
426, the air supply/suction port 428 Sucks air. 
0127. As shown in FIG. 17, the first balloon 430 made of 
an elastic body such as rubber is detachably attached to the 
rigid tip portion 436 of the insert portion 412. As shown in 
FIG. 19, the first balloon 430 has an inflatable portion 430c in 
the center and mounting portions 430a and 430b on both 
ends. It is attached to the rigid tip portion 436 in such a way 
that the air supply/suction port 428 is located on the inner side 
of the inflatable portion 430c. The mounting portions 430a 
and 430b have smaller diameters than the rigid tip portion 436 
and the flexible portion 434. They are brought into intimate 
contact with the rigid tip portion 436 by their own elastic 
force and then fitted over the outer surface of the rigid tip 
portion 436 securely with an annular band member (not 
shown). 
I0128. Of the first balloon 430 attached to the rigid tip 
portion 436, the inflatable portion 430c is inflated into an 
approximately spherical shape by air Supplied through the air 
supply/suction port 428 shown in FIG. 18. When air is sucked 
through the air supply/suction port 428, the inflatable portion 
430c is deflated and brought into intimate contact with the 
outer surface of the rigid tip portion 436. 
I0129. The overtube 450 shown in FIG. 17 has a tube body 
451 and a grip portion 452. As shown in FIG. 20, the tube 
body 451 is tubular in shape and has an inside diameter 
slightly larger than the outside diameter of the insert portion 
412. Also, the tube body 451 is a molding of flexible urethane 
resin. Its inner and outer surfaces are covered with a lubri 
cious coating. The grip portion 452 is fitted watertight into the 
tube body 451 to detachably connect the grip portion 452 to 
the tube body 451. Incidentally, the insert portion 412 is 
inserted into the tube body 451 through a base end opening 
452A of the grip portion 452. 
I0130. As shown in FIG. 17, a balloon air feed port 454 is 
provided at the base end of the tube body 451. The balloon air 
feed port 454 is connected with an air supply tube 456 
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approximately 1 mm in inside diameter. Being bonded to the 
outer surface of the tube body 451, the air supply tube 456 
extends to the tip portion of the tube body 451 as shown in 
FIG. 20. 

0131) A tip portion 458 of the tube body 451 is tapered to 
prevent intestinal walls from being caught in or the like. A 
second balloon 460 made of an elastic body such as rubber is 
attached to the base end of the tip portion 458 of the tube body 
451 in such a way as to be penetrated by the tube body 451. It 
has an inflatable portion 460c in the center and mounting 
portions 460a and 60b on both ends. The mounting portion 
460a on the tip side is folded back into the inflatable portion 
460c and fastened to the tube body 451, being wound by a 
radiopaque thread 462. The mounting portion 460b on the 
base end side is placed outside the second balloon 460 and 
fastened to the tube body 451, being wound by a thread 464. 
0132) The inflatable portion 460c has an approximately 
spherical shape in normal state (when neither inflated nor 
deflated) and is larger than the first balloon 430 in normal 
state (when neither inflated nor deflated). Thus, when air is 
fed to the first balloon 430 and secondballoon 460 at the same 
pressure, the inflatable portion 460c of the second balloon 
460 becomes larger in outside diameter than the inflatable 
portion 430c of the first balloon 430. For example, when the 
outside diameter of the first balloon 430 is 25 mm, the outside 
diameter of the second balloon 460 is 50 mm. 

0133. The air supply tube 456 opens into the inflatable 
portion 460c by forming an air supply/suction port 457. Thus, 
when air is fed through the balloon air feed port 454, it blows 
out of the air supply/suction port 457 to inflate the inflatable 
portion 460c. On the other hand, when air is sucked out of the 
balloon air feed port 454, it is sucked through the air supply/ 
suction port 457, deflating the second balloon 460. 
0134. Incidentally, a strain gauge (pull-out force measur 
ing device: e.g., Wheatstone bridge circuit) 480 is installed at 
a predetermined location on the insert portion 412 as shown in 
FIG. 17 to measure the pull-out force of the insert portion 412. 
Similarly, a strain gauge (pull-out force measuring device: 
e.g., Wheatstone bridge circuit) 482 is installed at a predeter 
mined location on the tube body 451 of the overtube 450 to 
measure the pull-out force of the tube body 451. The strain 
gauges 480 and 482 output electrical signals which represent 
minute strain in the insert portion 412 and tube body 451. 
0135 The strain gauge 480 is connected to one end of a 
signal line 484, which is laid from the insert portion 412 to the 
hand controller 414 and extends to the outside from the hand 
controller 414. The other end of the signal line 484 is con 
nected to a connector 486 of the control apparatus 500. Thus, 
the electrical signals which come out of the strain gauge 480 
and represent electrical resistance are outputted to the control 
apparatus 500 via the signal line 484. 
0136. On the other hand, the strain gauge 482 is connected 

to one end of a signal line 488, which is laid from the tube 
body 451 to the grip portion 452 and extends to the outside 
from the grip portion 452. Thus, the electrical signals which 
come out of the strain gauge 482 and represent electrical 
resistance are outputted to the control apparatus 500 via the 
signal line 488. 
0.137 The control apparatus 500 supplies and sucks a fluid 
such as air to/from the first balloon 430 as well as the second 
balloon 460. Also, it displays electrical resistance corre 
sponding to the pull-out force of the insert portion 412 and 
pull-out force of the tube body 451 on an LCD display 492 
based on the electrical signals outputted from the Strain 
gauges 480 and 482. 
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0.138. The control apparatus 500 includes an apparatus 
body 502 equipped with a pump, sequencer, etc. (not shown) 
and a remote control hand switch 504. 
(0.139. A power switch SW1, a stop switch SW2, a pressure 
gauge 506 for the first balloon 430, and a pressure gauge 508 
for the secondballoon 460 are installed on a front panel of the 
apparatus body 502. Also, a tube 510 for use to supply and 
suck air to/from the first balloon 430 and a tube 520 for use to 
supply and suck air to/from the second balloon 460 are 
installed on the front panel of the apparatus body 502. The 
tubes 510 and 520 have liquid reservoir tanks 530 and 540, 
respectively, to collect liquid flowing backward from the first 
balloon 430 and second balloon 460 in case the first balloon 
430 and second balloon 460 burst, respectively. 
0140. Furthermore, the LCD display 492, a resistance set 
ting dial 494, and a warning lamp 496 are installed on the 
front panel of the apparatus body 502. The resistance setting 
dial 494 is used to set a threshold of the electrical resistance 
specified on a microcomputer 498 shown in FIG. 21. That is, 
it sets thresholds of the pull-out forces (tensile forces) acting 
on the insert portion 412 and the overtube 450. If a signal 
which represents a value exceeding the set electrical resis 
tance (pull-out force) is outputted from the strain gauge 480 
or 482, the microcomputer 498 turns on the warning lamp 
496. 
0.141. Also, the microcomputer 498 controls a pump 560 
and pressurizing/pressure-reducing valve 562 used to feed air 
to the first balloon 430 based on command signals from the 
hand switch 504. It switches a change-over valve (balloon 
pressure regulating device) 564 based on the electrical signal 
outputted from the strain gauge 480. The change-over valve 
564 has a supply gate 564A and leak gate 564B. If a electrical 
signal outputted from the Strain gauge 480 exceeds the set 
threshold, the change-over valve 564 is switched from the 
supply gate 564A to the leakgate 564B. Consequently, the air 
in the first balloon 430 is released to the atmosphere through 
the tube 510 and the leak gate 564B, decreasing the internal 
pressure of the first balloon 430. 
0.142 Furthermore, the microcomputer 498 controls a 
pump 570 and a pressurizing/pressure-reducing valve 572 
used to feed air to the secondballoon 460 based on command 
signals from the hand switch 504. It switches a change-over 
valve (balloon pressure regulating device) 574 based on the 
electrical signal outputted from the strain gauge 482. The 
change-over valve 574 has a supply gate 574.A and leak gate 
574B. If a electrical signal outputted from the strain gauge 
482 exceeds the set threshold, the change-over valve 574 is 
switched from the supply gate 574.A to the leak gate 574B. 
Consequently, the air in the second balloon 460 is released to 
the atmosphere through the tube 520 and the leak gate 574B, 
decreasing the internal pressure of the second balloon 460. 
0143. The hand switch 504 shown in FIG. 17 contains a 
stop switch SW3 similar to the stop switch SW2 of the appa 
ratus body 502, an ON/OFF switch SW4 for pressurization/ 
depressurization of the first balloon 430, a pause switch SW5 
for use to maintain the pressure of the first balloon 430, an 
ON/OFF switch SW6 for pressurization/depressurization of 
the second balloon 460, and a pause switch SW7 for use to 
maintain the pressure of the second balloon 460. The hand 
switch 504 is electrically connected to the microcomputer 
498 on the apparatus body 502 via a cable 550. 
0144 Being configured as described above, the control 
apparatus 500 inflates the first balloon 430 and second bal 
loon 460 by supplying air to them and keeps the first balloon 
430 and second balloon 460 inflated by maintaining the air 
pressure at a fixed value. Also, it deflates the first balloon 430 
and second balloon 460 by Sucking air from them and keeps 



US 2011/O 137120 A1 

the first balloon 430 and second balloon 460 deflated by 
maintaining the air pressure at a fixed value. 
0145 Next, an operation method of the endoscope appa 
ratus will be described with reference to FIGS. 22A to 22H. 
0146 First, as shown in FIG.22A, the insert portion 412 is 
inserted in an intestinal tract (e.g., pars descendens duodeni) 
470 with the overtube 450 put over the insert portion 412. At 
this time, the first balloon 430 and second balloon 460 are 
kept deflated. 
0147 Next, as shown in FIG.22B, with the tip 458 of the 
overtube 450 inserted to a bend of the intestinal tract 470, the 
second balloon 460 is inflated by air supplied to it. Conse 
quently, the second balloon 460 is restrained by the intestinal 
tract 470 and the tip. 458 of the overtube 450 is fixed to the 
intestinal tract 470. 
0148 Next, as shown in FIG.22C, only the insert portion 
412 of the endoscope 410 is inserted into the depth of the 
intestinal tract 470. Then, as shown in FIG. 22D, the first 
balloon 430 is inflated by air supplied to it. Consequently, the 
first balloon 430 is fixed to the intestinal tract 470. Since the 
first balloon 430 is smaller than the secondballoon 460 when 
inflated, there is less strain on the intestinal tract 470. This 
prevents damage to the intestinal tract 470. 
0149 Next, after the second balloon 460 is deflated with 
air sucked from it, the overtube 450 is pushed in and inserted 
together with the insert portion 412 as shown in FIG. 22E. 
When the tip 458 of the overtube 450 is inserted to near the 
first balloon 430, the second balloon 460 is inflated with air 
supplied to it as shown in FIG.22F. Consequently, the second 
balloon 460 is fixed to the intestinal tract 470. That is, the 
intestinal tract 470 is held by the second balloon 460. 
0150. Then, as shown in FIG. 22G, the overtube 450 is 
pulled in. This causes the intestinal tract 470 to contract in a 
approximately straightened State, eliminating excess bending 
and flexion of the overtube 450. 
0151. Next, as shown in FIG.22H, the first balloon 430 is 
deflated with air sucked from it. Then, the rigid tip portion 
436 of the insert portion 412 is inserted as deeply as possible 
into the intestinal tract 470. That is, the insertion operation 
shown in FIG. 22C is performed again. This allows the rigid 
tip portion 436 of the insert portion 412 to be inserted into the 
depth of the intestinal tract 470. To insert the insert portion 
412 further, the fixing operation shown in FIG. 22D, the 
pushing operation shown in FIG. 22E, the holding operation 
shown in FIG.22F, the pull-in operation shown in FIG.22G, 
and the insertion operation shown in FIG. 22H can be 
repeated in this order. This allows the insert portion 412 to be 
inserted more deeply into the intestinal tract 470. 
0152 Incidentally, during the pull-in operation shown in 
FIG.22G, since the first balloon 430 and second balloon 460 
are inflated and placed in intimate contact with the intestinal 
tract 470, the physician encounters pull-out resistance via the 
overtube 450 and insert portion 412. The pull-out resistance 
corresponds to the electrical resistance value which is based 
on the electrical signal outputted from the strain gauge 480 
installed on the insert portion 412 and the electrical resistance 
value which is based on the electrical signal outputted from 
the strain gauge 482 installed on the tube body 451. These 
electrical resistance values are displayed on the LCD display 
492 of the balloon control apparatus 100. This allows the 
physician to quantitatively grasp the pull-out force of the 
insert portion 412 and pull-out force of the overtube 450 
separately. 
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0153. The microcomputer 498 of the control apparatus 
500 contains preset values of electrical resistance corre 
sponding to pull-out forces determined by giving a predeter 
mined margin of safety to pull-out forces which are likely to 
adversely affect the intestinal tract 470. The microcomputer 
498 calculates electrical resistance values based on electrical 
signals from the Strain gauges 480 and 482, and turns on the 
warning lamp 496 if any calculated electrical resistance value 
exceeds the preset electrical resistance value. This allows the 
physician to know that the pull-out force exceeds its preset 
value and stop the pull-in operation temporarily. If only the 
electrical resistance value from the strain gauge 480 exceeds 
its preset value, the change-over valve 564 is switched from 
the supply gate 564A to the leak gate 564B, reducing the 
internal pressure of the first balloon 430. If only the electrical 
resistance value from the strain gauge 482 exceeds its preset 
value, the change-over valve 574 is switched from the supply 
gate 574.A to the leak gate 574B, reducing the internal pres 
sure of the second balloon 460. Consequently the electrical 
resistance value is decreased sharply, and thus the intestinal 
tract 470 is not affected adversely even if the physician con 
tinues the pull-in operation. 
0154 Incidentally, the switching of the change-over 
valves 564 and 574 are not essential. The physician who sees 
from the glow of the warning lamp 496 that the pull-out force 
exceeds its preset value may reduce the frictional resistance 
by turning the insert portion 412 or overtube 450 in the 
intestinal tract 470 before resuming the pull-in operation. 
O155 Also, although the overtube 450 with the balloon 
460 at the tip has been described in this embodiment, this is 
not restrictive. The pull-out force measuring device according 
to this embodiment may be installed on a sliding tube (an 
applicator without a balloon) used for a colonoscope and the 
pull-out force of the sliding tube may be determined quanti 
tatively. 
0156 Furthermore, although the strain gauge 482 has 
been cited as an example of the pull-out force measuring 
device in this embodiment, this is not restrictive. It is possible 
to construct the overtube 450 or insert portion 412 from 
translucent rubber, transmit light through a portion which 
becomes thin when pulled, and measure the pull-out force 
quantitatively based on light transmittance. Alternatively, it is 
possible to connect a spring-based measuring device Such as 
a spring scale to the overtube 450 or insert portion 412, pull 
the overtube 450 or insert portion 412 using the measuring 
device, and thereby measure the pull-out force. 
What is claimed is: 
1. An endoscope apparatus, comprising: 
an endoscope with a balloon attached to a tip portion of an 

insert portion; and 
an applicator through which the insert portion of the endo 

Scope is inserted into a body cavity, 
wherein an inner Surface of the applicator is equipped with 

an engaging portion which engages with an outer Sur 
face of the insert portion when the applicatoris Squeezed 
and deformed. 

2. The endoscope apparatus according to claim 1, wherein 
the outer Surface of the insert portion is equipped with an 
engaged portion which is engaged with the engaging portion 
of the applicator. 


