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57 ABSTRACT 
A controllably bendable tube section of an endoscope 

is connected between the distal end casing and the 
yieldably flexible main tube of the endoscope. Two 
pairs of wires extend through the controllably bend 
able tube section and the flexible tube, the wires in 
each pair being located at diametrically opposite sides 
of the tubes, their distal ends being secured to the end 
casing. The proximal ends of the pairs of wires are 
connected respectively to two control mechanisms 
provided in the control housing of the endoscope, so 
that the wires in each pair can be alternately tensioned 
by operating the associated control mechanism. A first 
pair of non-contractable sheaths slidably surrounds 
the respective wires of one pair, the distal ends of the 
flexible sheaths being secured to the distal end of the 
flexible tube and their proximal ends being secured to 
respective stationary portions of the control housing, 
whereby the controllably bendable tube section may 
be bent in its entire length by the operation of the one 
control mechanism regardless of the flexure of the 
flexible tube. A second pair of non-contractable 
sheaths slidably surrounds the respective wires of the 
other pair, and the distal ends of the second set of 
flexible sheaths are secured to a longitudinally inter 
mediate part of the controllably bendable tube section 
while the proximal ends are secured to respective sta 
tionary portions of the control housing, whereby only 
the distal portion of the controllably bendable tube 
may be bent by the operation of the other control 
mechanism. 

4 Claims, 7 Drawing Figures 
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CONTROLLABLY BENDABLE TUBE OF AN 
ENDOSCOPE 

BACKGROUND OF THE INVENTION 

The present invention relates to a controllably bend 
able tube of an endoscope and, more particularly, to a 
controllably bendable tube of an endoscope capable of 
being controllably bent in a relatively low curvature in 
its entire length while it can be selectively bent in a rel 
atively high curvature in a limited range in its entire 
length so as to facilitate the insertion of the forward 
end casing of the endoscope through a narrow passage 
having various curvatures. 

In an endoscope for inspecting a hollow portion in a 
living body, for example, by inserting the forward end 
casing of the endoscope through a narrow passage hav 
ing various curvatures, the control of the curvature of 
the controllably bendable tube of the endoscope is es 
sential in order to smoothly insert the forward end cas 
ing through the narrow passage without giving substan 
tial troubles to the living body to be inspected, and it 
is not sufficient for smoothly inserting the forward end 
casing through the narrow passage that the controllably 
bendable tube can merely be bent in a uniform curva 
ture. 

Therefore, a controllably bendable tube of an endo 
scope has been desired which is capable of being con 
trollably bent in various curvatures in the selected por 
tion of the bendable tube under particular conditions 
of the living body. However, no such a bendable tube 
has been developed, 
The present invention aims at solving the above de 

scribed problem. 
SUMMARY OF THE INVENTION 

An object of the present invention is, therefore, to 
provide a novel and useful controllably bendable tube 
of an endoscope capable of being controllably bent in 
its entire length while it is selectively bent in a limited 
range of its entire length so as to facilitate the insertion 
of the forward end casing of the endoscope through a 
narrow passage having various curvatures. . . . . 
The above object is achieved in accordance with the 

present invention by the provision of a controllably 
bendable tube of an endoscope having a forward end 
casing, a control housing and an elongated yieldably 
flexible tube, the flexible tube being connected at its 
rearward end to the control housing while the forward 
end thereof is connected to the forward end casing 
through the controllably bendable tube, at least one 
wire extending through the controllably bendable tube 
and the flexible tube with its forward end secured to the 
forward end casing while the rearward end is con 
nected to a control mechanism provided in the control 
housing, a non-contractable tube slidably surrounding 
the wire with its forward end secured to the forward 
end of the flexible tube while the rearward end is se 
cured to a stationary portion of the control housing 
thereby permitting the entire length of the controllably 
bendable tube to be bent by the tensioning of the wire 
by the operation of the control mechanism regardless 
of the flexure of the flexible tube, the controllably 
bendable tube being characterized by the provision of 
another at least one wire extending through the con 
trollably bendable tube and the flexible tube with its 
forward end secured to the forward end casing while 
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2 
the rearward end is connected to another control 
mechanism provided in the control housing and an 
other non-contractable tube slidably surrounding the 
another wire with its forward end secured to a portion 
intermediate the entire length of the controllably bend 
able tube while the rearward end is secured to a station 
ary portion of the control housing thereby permitting 
the portion of the controllably bendable tube between 
the forward end thereof and the portion to which the 
forward end of the another non-contractable tube is se 
cured to be selectively bent by tensioning the another 
wire by the operation of the another control mecha 
nism. 
By the controllably bendable tube of the present in 

vention constructed as described above, the forward 
end casing of the endoscope can be inserted smoothly 
through a narrow passage having various curvatures by 
selectively operating either of the control mechanisms. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a general side view showing an endoscope 
incorporating the controllably bendable tube of the 
present invention; 
FIG. 2 is a schematic perspective view showing the 

elements constructing the first embodiments of the 
controllably bendable tube of the present invention; 
FIGS. 3 and 4 are schematic views showing the man 

ner how the controllably bendable tube of FIG. 2 is se 
lectively bent in different curvatures; 
FIG. 5 is a schematic side view partly in section show 

ing the second embodiment of the controllably bend 
able tube of the present invention; and 
FIGS. 6 and 7 are schematic views showing how the 

controllably bendable tube of FIG. 5 is selectively bent 
in different curvatures. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, the endoscope comprises a for 
ward or distal end casing 1 adapted to be inserted into 
a hollow portion to be inspected, a controllably bend 
able tube section 2 connected at its forward or distal 
end to the rearward or proximal end of the forward end 
casing 1, an elongated, yieldably flexible main tube 3 
connected at its forward or distal end to the rearward 
end of the controllably bendable section 2, and a con 
trol housing C connected to the rearward or proximal 
end of the flexible tube 3. The control housing C is pro 
vided with a first and a second control mechanisms 
having respectively control knobs H, H, which are 
manually actuated by the operator so as to operate the 
respective control mechanisms. The control housing C 
is provided with an eyepiece E which may be replaced 
by a single lens reflex camera. An objective lens (not 
shown in FIG. 1) is provided in the forward end casing 
1 and an image transmitting fiber optical system (also 
not shown in FIG. 1) extends through the controllably 
bendable tube section 2 and the flexible tube 3, so that 
an image of the object formed by the objective lens 
onto the forward end of the image transmitting fiber 
optical system is transmitted therethrough to the rear 
ward end thereby permitting the thus transmitted 
image to be viewed or photographed by the eyepiece E 
or the reflex camera. An elongated illuminating light 
conducting fiber optical system I extends through the 
controllably bendable tube section 2, the flexible tube 
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3 and the control housing C with its rearward end ex 
tending outwardly from the control housing C so as to 
be supplied with an illuminating light from an external 
light source (not shown) while the forward end termi 
nates at the forward end casing 1 so that the light trans 
mitted through the light conducting fiber optical sys 
tem. I to the forward end thereof emanates therefrom 
to illuminate the object to be inspected. 

First and second sets of tensioning wires extend 
through the controllably bendable tube section 2 and 
the flexible tube 3 with their rearward ends connected 
to the first and the second control mechanism, respec 
tively, while their forward ends are secured to the for 
ward end casing 1, so that the controllably bendable 
tube section 2 is controllably bent by selectively ten 
sioning the wires by the operation of the control mech 
anism as described in detail hereinbelow. 
FIG. 2 shows a first embodiment of the controllably 

bendable tube section of the present invention. In FIG. 
2, the objective lens is designated by the reference nu 
meral 4 and the forward end of the light conducting 
fiber optical system is designated by the reference nu 
meral 5, while the image-transmitting fiber optical sys 
tem is omitted for the clear showing of the construction 
of the controllably bendable tube section 2. 
The controllably bendable tube section 2 shown in 

FIG. 2 consists of a forward or distal portion 2a and a 
rearward or proximal portion 2b connected to each 
other. 
The forward portion 2a comprises a plurality of an 

nular segments 6, 7, 9, 11, 13, 15, 16, 17 and 18. The 
segment 6 is secured to the rearward end of the forward 
end casing 1 at its forward end and it is provided with 
a pair of diametrically opposite pivoting portions 6a, 6a 
at its rearward end which are located in the horizontal 
diameter at the rearward end. The segment 7 has a pair 
of diametrically opposite pivoting portions 7a, 7a 
located in the horizontal diameter at its forward end 
and a pair of diametrically opposite pivoting portions 
7b, 7b located in the vertical diameter at its forward 
end. The pivoting portions 6a of the segment 6 is pivot 
ally connected to the pivoting portions 7a of the seg 
ment 7 by means of pins 8, respectively, so that the seg 
ment 6 is swingable in the vertical direction relative to 
the segment 7. The segment 9 has a pair of diametri 
cally opposite pivoting portions 9a, 9a located in the 
vertical diameter at its forward end and a pair of dia 
metrically opposite pivoting portions 9b, 9b located in 
the horizontal diameter at its rearward end. The pivot 
ing portions 7b, 7b of the segment 7 are pivotally con 
nected to the pivoting portions 9a, 9a of the segment 
9 by means of pins 10, respectively, so that the segment 
7 is swingable in the horizontal direction relative to the 
segment 9. The segment 11 has a pair of diametrically 
opposite pivoting portions 11a, 11a located in the hori 
zontal diameter at its forward end while it has a pair of 
diametrically opposite pivoting portions 11b, 11b 
located in the horizontal diameter at its rearward end. 
The pivoting portions 9b, 9b of the segment 9 are pivot 
ally connected to the pivoting portions 11a, 11a by 
means of pins 14, respectively, so that the segment 9 is 
swingable in the vertical direction relative to the seg 
ment 11. The segments 13, 15 and 16 are similar to the 
segments 7, 9 and 11, respectively, and they are pivot 
ally connected to the adjacent segments in like manner 
as described above. The segments 17 and 18 are also 
similar to the segments 7 and 9, respectively, and they 
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4 
are pivotally connected to the adjacent segments, re 
spectively. Thus, the forward portion 2a can be bent in 
either of the horizontal and vertical planes passing 
through the axis of the forward portion 2a. 
The number of the segments of the forward portion 

2a is not limited to that shown in FIG. 2, but may be 
varied according to the requirements in design. Further 
the segments 11, 16 may be omitted under the particu 
lar requirements in design. 
The rearward portion 2b comprises a plurality of seg 

ments 19, 20, 21, 22, 23 which are similar to the seg 
ments 11, 16 of the forward portion 2a and a segment 
24 having a pair of diametrically opposite pivoting por 
tions located in the horizontal diameter at its forward 
end. The segments 19, 20 - 24 are swingably con 
nected to the adjacent segments, respectively, and the 
rearward end of the segment 24 is secured to the for 
ward end of the flexible tube 3. Thus, the rearward por 
tion 2b is bendable in the vertical plane. The number 
of the segments in the rearward portion 2b is not lim 
ited to that shown in the drawing. 
A pair of wires 26a, 26b extend through the control 

lably bendable tube section 2 and the flexible main 
tube 3 in the diametrically opposite sides thereof in the 
vertical plane passing through the axis of the tubes 2 
and 3 and the forward ends 26'a, 26'b of the wires 26a, 
26b are secured to diametrically opposite portions of 
the casing 1 while the rearward ends are connected to 
the first control mechanism represented in FIG. 1 by 
the knob H so that the wires may be alternately ten 
sioned by the operation of the knob H. Flexible tubes 
or sheaths 27a, 27b of fixed length, such as closely 
wound coils, slidably surround the respective wires 
26a, 26b and the forward or distal ends 27'a, 27'b of 
the tubes. 27a, 27b are secured to diametrically oppo 
site, distal, terminal portions of the flexible main tube 
3 while the rearward ends are secured to stationary 
portions of the control housing C in a manner indicated 
in FIG. 1 for sheath 27a only. Thus, the movement of 
either of the wires 26a, 26b given in the control housing 
C by the operation of the control mechanism is exactly 
transmitted to the portion of the wire 26a or 26b at the 
forward end 27'a or 27'b of the non-contractable flexi 
ble tube 27a or 27b, thereby permitting the entire 
length of the controllably bendable tube 2 to be con 
trollably bent in the vertical plane passing through the 
axis of the tube 2 by the operation of the knob H. 
regardless of the flexure of the flexible tube 3. 

In accordance with the present invention, another 
pair of wires 24a, 24b extend through the controllably 
bendable tube 2 section and the flexible main tube 3 at 
diametrically opposite sides thereof in the horizontal 
plane passing through the axis of the tubes 2 and 3 and 
the forward ends 24'a, 24'b of the wires 24a, 24b are 
secured to diametrically opposite portions of the for 
ward end casing 1 while the rearward ends of the wires 
24a, 24b are connected to the second control mecha 
nism represented in FIG. 1 by the knob H, so as to be 
alternately tensioned thereby. A pair of flexible tubes 
or sheaths 25a, 25b of fixed length slidably surround 
the respective wires 24a, 24b and the forward ends 
25'a, 25'b of the tubes 25a, 25b are secured in diamet 
rically opposite relationship to the inner wall of the seg 
ment 19, which is approximately at the longitudinal 
mid-point of the section 2, while the rearward ends are 
secured to stationary portions of the control housing C 
so that the movement given to the wire 24a or 24b in 
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the control housing C by the operation of the knob H. 
is exactly transmitted to the portion of the wire 24a or 
24b at the forward end of the tube 25a or 25b. Thus, 
when the knob H is operated, either of the wire 24a or 
24b is tensioned so as to bend the forward portion 2a 
of the controllably bendable tube 2 in the horizontal 
plane passing through the axis of the tube 2. 
Therefore, the controllably bendable tube 2 can be 

bent in its entire length by the operation of the knob H. 
while only a limited range, i.e., the forward portion 2a 
of the tube 2 can be bent by the operation of the knob 
H2, thereby permitting the tube 2 to be bent in various 
curvatures by selectively operating the knobs H and 
H. FIG. 3 shows the bent state of the tube 2 when the 
knob H is actuated while FIG. 4 shows the bent state 
when the knob H, is actuated. 
FIG. 5 shows a second embodiment of the present in 

vention. In FIG. 5, a portion of the image transmitting 
fiber optical system is shown as designated by the refer 
ence numeral 106. In this embodiment, the foremost 
segment 109a and the rearmost segment 109b of the 
controllably bendable tube section 2' are similar in 
construction to the segments 6 and 24 shown in FIG. 
2, respectively, but all the remaining segments 107 are 
similar to the segment 11 shown in FIG. 2, and the seg 
ments are swingably connected to each other at the 
mating pivoting portions 107a, 107b by means of pins 
108 so that the entire length of the controllably bend 
able tube section 2' is bent in the plane of FIG. 5. A 
pair of wires 110a, 110b and a pair of flexible tubes 
112a, 112b of fixed length are arranged in like manner 
as the wires 26a, 26b and tubes. 27a, 27b shown in FIG. 
2. In the embodiment of FIG. 5, however, a pair of 
wires 111a, 1.11b extend in the diametrically opposite 
sides of the tube 2 closely adjacent to the wires 110a, 
110b, respectively, and flexible tubes of fixed length 
113a, 113b slidably surround the respective wires 111a, 
111b and the forward ends 113'a, 113'b are secured to 
the inner wall of the segments 107' arranged in about 
the center of the length of the tube section 2' as shown, 
while the rearward ends are connected to the second 
control mechanism represented in FIG. 1 by the knob 
H instead of the wires 24a, 24b of FIG. 2 so that the 
wire 111a or 1.11b is selectively tensioned by the opera 
tion of the knob H. The portion of the tube section 2' 
between the segment 107a and the segment 107" forms 
the forward portion 2'a. 

In operation, when the knob H is operated, the en 
tire length of the tube section 2' is bent in the plane of 
FIG. 5 while only the forward portion 2'a is bent in the 
plane of FIG. 5 when the knob H, is operated. Thus, the 
controllably bendable tube section of FIG. 5 is bent in 
various curvatures by the selective operation of the 
knobs H and H. 
FIG. 6 shows the bent state of the tube section 2' 

when the knob H is actuated while FIG. 7 shows the 
bent state when the knob H is actuated. 
The embodiments shown in the drawings are front 

viewing endoscopes. However, the present invention is 
also applicable to a side viewing endoscope. 
We claim: 
1. In an elongated endoscope having a longitudinal 

axis and including, in axial sequence, a distal end cas 
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6 
ing, a bendable tube section, a flexible main tube, and 
a control housing at the proximal end of the endoscope, 
the endoscope further having bending means for bend 
ing said section, said bending means including a plural 
ity of wire members extending from said control hous 
ing through said main tube in a distal direction toward 
said end casing, and control means connected to the 
proximal ends of said wire members for selectively ten 
sioning said wire members, the improvement in said 
bending means which comprises: 

a. two elongated, flexible, tubular sheaths of fixed 
length movably enveloping respective first and sec 
ond wire members of said plurality of wire mem 
bers and having respective distal and proximal lon 
gitudinal ends, - 

b. the distal end of a first one of said sheaths being 
fixedly secured to the longitudinally terminal distal 
portion of said main tube, and the distal end of the 
second sheath being fixedly secured to a portion of 
said bendable section spacedly intermediate said 
main tube and said end casing, the proximal ends 
of said sheaths being fastened to said control hous 
ing, 

c. said first and second wire members respectively 
enveloped by said first and second sheaths having 
their distal ends fastened to said end casing. 

2. In an endoscope as set forth in claim 1, said bend 
able tube section having two terminal, axial portions 
offset from said intermediate portion in a distal and a 
proximal direction respectively, each of said axial por 
tions including a plurality of annular segments, pivot 
means connecting the segments of said portion offset in 
said distal direction for relative angular movement in 
each of two axial planes transversely intersecting each 
other, and further pivot means connecting the seg 
ments of said portion offset in said proximal directions 
for relative angular movement in only one of said axial 
planes, said enveloped wire members being fastened to 
said end casing in said planes respectively. 

3. In an endoscope as set forth in claim 2, the distal 
ends of said first and second sheaths being fastened re 
spectively to said terminal distal portion of said main 
tube and to said intermediate portion of said section in 
said planes respectively. 

4. In an endoscope as set forth in claim 3, third and 
fourth elongated tubular sheaths of fixed length mov 
ably enveloping respective third and fourth wire mem 
bers of said plurality of wire members and having re 
spective distal and proximal longitudinal ends, the dis 
tal end of said third sheath being fastened to said distal 
portion of said main tube in the same axial plane as the 
distal end of said first sheath, the distal ends of said first 
and third sheaths being oppositely spaced from said 
axis, the distal end of said fourth sheath being fastened 
to said intermediate portion of said section in the same 
axial plane as the distal end of said second sheath, the 
distal ends of said second and fourth sheaths being op 
positely spaced from said axis, the third and fourth wire 
members being fastened to said end casing in respec 
tive common axial planes with the wire members envel 
oped by said first and second sheaths respectively. 
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