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A clean and inexpensive medical manipulator device can be
provided in which a risk of failure caused by current leakage
or disconnection is eliminated and reliability is higher than in
a manipulator device using an electrically driven actuator or
electric motor. The medical manipulator device includes a
stage section 3 that can hold a medical instrument 2; a plu-
rality of actuators 4 each linked at one end to the stage section
3; and a base section 5 linked to the other end of each of the
plurality of actuators 4 and serving as a base for the plurality
of actuators 4, wherein each of the actuators 4 causes the
medical instrument 2 and the stage section 3 to displace with
respect to the base section 5 by extending or contracting in the
longitudinal direction of the actuator 4 in response to a pres-
sure of a liquid 6.
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MEDICAL MANIPULATOR DEVICE AND
ACTUATOR SUITABLE THEREFOR

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a medical manipu-
lator device that displaceably holds a medical instrument.

[0003] 2. Description of the Related Art

[0004] Laparoscopic surgery using a laparoscope and fine
thin forceps has been widely used in recent years. FIG. 12 is
an explanatory drawing illustrating schematically the laparo-
scopic surgery using a laparoscope 102 and fine thin forceps
103. As shown in FIG. 12, in laparoscopic surgery, a surgical
operation is performed by inserting the laparoscope 102 and
fine thin forceps 103 into a body of a patient 101 from a small
hole opened in the body of the patient 101. The laparoscope
102 is operated by a camera assistant 105, and the surgeon
106 performs the necessary procedure by using forceps 103,
while observing an internal body image of the patient 101
picked up by the laparoscope 102 and projected on the moni-
tor 104. Such laparoscopic surgery became very popular in
recent years because its merits include a low physical and
mental load on the patient 101.

[0005] In the laparoscopic surgery, in order to operate the
forceps 103 with both hands, the surgeon 106 usually entrusts
the camera assistant 105 with grasping and operating the
laparoscope 102. Therefore, where communication between
the surgeon 106 and camera assistant 105 is insufficient, a
field of view that is optimum for the surgeon 106 cannot be
obtained. Further, unstable hands of the camera assistant 105
sometimes destabilize the field of view.

[0006] Accordingly, a medical manipulator device such as
an endoscopic robot that grasps and positions the laparoscope
102 has been suggested as a replacement for the cameral
assistant 105.

[0007] For example, Japanese Patent Application Laid-
open No. 9-276289 discloses features of a manipulator device
that can grasp and position a laparoscope by a spherical joint
and link mechanism.

[0008] However, with the feathers of the manipulator
device disclosed in JP 9-276289 mentioned hereinabove, the
entire device is large and the laparoscope is positioned by
bending and stretching four links. Therefore, the region occu-
pied by the device when the manipulator device is operated is
large. The resultant inconvenience is that the mobility range
of the surgeon in the surgery room is restricted.

[0009] Further, where an industrial actuator that is used in
an industrial robot is to be used in a drive unit of such a
medical manipulator device, problems are associated with
cleanliness and reliability because the industrial actuators
have not been developed for medical applications.

[0010] A typical endoscopic robot is equipped with a
mechanism using an industrial actuator such as a stepping
motor, and cleanliness is ensured, for example, by covering
the entire robot with a sterilized drape or keeping the actuator
away from the clean field. However, problems associated
with reliability of medical manipulator devices using a step-
ping motor have been indicated. Thus, in a case where such a
stepping motor fails during the surgery, it is necessary to
interrupt the procedure for a long time in order to discard the
robot and switch to the conventional method using no robot.
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[0011] Further, in a case of industrial actuator with electric
drive, failures such as current leakage or disconnection are a
source of concern. Limitations are also placed on the cost
reduction.

SUMMARY OF THE INVENTION

[0012] With the foregoing in view, it is an object of the
present invention to provide a medical manipulator device
that has higher resistance to failures caused by current leak-
age or disconnection and higher reliability than electrically
driven actuators and motors and also to provide an actuator
suitable for such a medical manipulator device.

[0013] The medical manipulator device according to one
aspect of the present invention that resolves the above-de-
scribed problems is a medical manipulator device that dis-
placeably holds a medical instrument, including: a stage sec-
tion that can hold the medical instrument; a plurality of
actuators each linked at one end to the stage section; a base
section linked to the other end of each of the plurality of
actuators; and an introducing chamber which is provided in
each of the actuators and into which a liquid can be intro-
duced, wherein each of the actuators causes the medical
instrument and the stage section to displace with respect to the
base section by extending or contracting in the longitudinal
direction of the actuator in response to a pressure of the liquid
inside the introducing chamber.

[0014] An actuator according to another aspect of the
present invention is an actuator for use in a medical manipu-
lator device that holds a medical instrument and comprises a
base section and a stage section that can hold the medical
instrument, the actuator comprising: a first linking section
that is provided at one end of the actuator and can be linked to
the base section; a second linking section that is provided at
the other end of the actuator and can be linked to the stage
section; and an introducing chamber into which a liquid can
be introduced, and wherein the actuator extends or contracts
in response to a pressure of the liquid introduced into the
introducing chamber, so that the first linking section and the
second linking section approach or separate from each other.
[0015] The present invention can provide a highly reliable
medical manipulator device and an actuator suitable there-
fore.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is an explanatory drawing illustrating the
configuration of the medical manipulator device of an
embodiment of the present invention.

[0017] FIG. 2 is a perspective view illustrating the configu-
ration of the medical manipulator device.

[0018] FIG. 3 is a perspective view illustrating the configu-
ration of the medical instrument.

[0019] FIG. 4is a perspective view illustrating the configu-
ration of the medical manipulator device in a state with
removed medical instrument.

[0020] FIG. 5is a perspective view illustrating the configu-
ration of an attachment aid tool that attaches the lower end of
the medical instrument to the medical manipulator device.
[0021] FIG. 61is a cross-sectional view illustrating the con-
figuration of the actuator.

[0022] FIG.7 is across-sectional view illustrating a state in
which the actuator is extended.

[0023] FIG. 81is a perspective view illustrating a schematic
configuration of the pressurized liquid supply device.
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[0024] FIG. 9 is an explanatory drawing illustrating the
operation of the medical instrument with the medical manipu-
lator device.

[0025] FIG. 10 is a side sectional view illustrating a modi-
fication example of the actuator, and showing a state in which
the driven member is contracted.

[0026] FIG. 11 shows a state in which the driven member in
the actuator shown in FIG. 10 is extended.

[0027] FIG. 12 is an explanatory drawing illustrating sche-
matically laparoscopic surgery using a laparoscope and thin
fine forceps.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0028] The preferred embodiment of the present invention
will be described below in greater detail with reference to the
appended drawings. The below-described embodiment is a
specific example of the present invention and places no limi-
tation on the technical scope of the present invention.

[0029] FIG. 1 is an explanatory drawing illustrating the
configuration of the medical manipulator device 1 of an
embodiment of the present invention. FIG. 2 is a perspective
view illustrating the configuration of the medical manipulator
device 1. FIG. 3 is a perspective view illustrating the configu-
ration of a medical instrument 2. FIG. 4 is a perspective view
illustrating the configuration of the medical manipulator
device 1 in a state with removed medical instrument 2. FIG. 5
is a perspective view illustrating the configuration of an
attachment aid tool 1a for attaching the lower end of the
medical instrument 2 to the medical manipulator device 1.
[0030] Referring to FIGS. 1 to 4, the medical manipulator
device 1 of the embodiment of the present invention is a
device for displaceably holding the medical instrument 2.
More specifically, the medical manipulator device 1 is pro-
vided with a stage section 3 that can hold the medical instru-
ment 2, six actuators 4, and a base section 5 that serves as a
base for the actuators 4.

[0031] The six actuators 4, base section 5, and stage section
3 constitute a Stewart-Gough mechanism, which is a mecha-
nism that simulates a human neck. In other words, the medical
manipulator device 1 is configured so that the position and
posture of the stage section 3 with respect to the base station
5 can be controlled and the position of the medical instrument
2 can be adjusted by cooperative action of the six actuators 4.
[0032] In the present embodiment, the medical instrument
2 is an endoscope such as a laparoscope for conducting obser-
vations in an abdominal cavity or a thoracoscope for conduct-
ing observations in a thoracic cavity. As shown in FIG. 3, the
medical instrument 2 has an attachment portion 2a composed
of'a magnetic metal, so that it can be magnetically held with
respect a permanent magnet 3a (FIG. 4) provided at the stage
section 3.

[0033] As shown in FIGS. 1, 2 and 5, the medical instru-
ment 2 is inserted into a body of a patient 12 through a trocar
25 that has punctured the peritoneal membrane of the patient
12. The trocar 2b is a cylindrical member into which a rod-
shaped portion 24 (see FIG. 3) of the medical device 2 can be
inserted. The trocar has a flange section 2¢ at one end thereof.
The end section of the trocar 26 on the side opposite the flange
section 2¢ can be inserted into the body of the patient 12 in a
state in which the flange section 2¢ is disposed outside the
body of the patient 12. The rod-shaped portion 2d of the
medical instrument provides additional support to the medi-
cal instrument 2 by enabling sliding inside the trocar 25.
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[0034] As shown in FIG. 4, the stage section 3 is a resin
member that is linked to one end of each of a plurality of
actuators 4. Further, the stage section 3 is constituted to be
capable of holding the medical instrument 2. In other words,
the stage section 3 has a recess in the central portion thereof
and a through hole (not shown in the FIGURES formed in the
bottom portion of the recess and is formed to have a cylindri-
cal shape such that the rod-shaped portion 2d of the medical
instrument 2 can be inserted therein from above. Further, the
stage section 3 also has the permanent magnet 3a provided in
the bottom portion of the recess and is configured so that the
attachment portion 2a of the medical instrument 2 can be
magnetically held, as shown in FIG. 2, by the permanent
magnet 3a.

[0035] The base section 5 is a portion that serves as a base
linked to the other end of each of a plurality of actuators 4 and
is configured of a resin annular member. A through hole for
inserting the lower portion of the medical instrument 2 sup-
ported by the stage section 3 is formed in the central portion
of the base section 5. The base section 5 is configured to be
linkable to a flexible multi-degree-of-freedom grasping arm
10. The multi-degree-of-freedom grasping arm 10 is provided
so as to extend from a fixing member 11. As shown in FIG. 1,
in the present embodiment, the fixing member 11 is a belt
fixed to the patient 12 for attaching the medical manipulator
device 1 in the vicinity of a pelvis of hypogastrium of the
patient 12.

[0036] The multi-degree-of-freedom grasping arm 10 has a
mechanical strength that prevents the shape of the grasping
arm from changing under the own weight of the medical
manipulator device 1 and flexibility that enables free defor-
mation of this shape. One end of the grasping arm is fixed to
the fixing member 11 attached to the patient 12, and the other
end of the grasping arm is fixed to the base section 5 of the
medical manipulator device 1.

[0037] Eachactuator 4 is actuated in response to a pressure
of a liquid and can displace the medical instrument 2 and
stage section 3 with respect to the base section 5 by extending
and contracting in the longitudinal direction of the actuator 4.
[0038] FIG. 61is a cross-sectional view illustrating the con-
figuration of the actuator 4. FIG. 7 is a cross-sectional view
illustrating a state in which the actuator 4 is extended. FIG. 8
is a perspective view illustrating a schematic configuration of
the pressurized liquid supply device 9.

[0039] Referring to FIGS. 6 to 8, each actuator 4 is similar
in structure to an injector and includes a cylindrical sleeve 4a
that is opened at one end to enable the storage of a liquid 6 that
is pressurized water, an inlet/outlet port 45 that is provided in
the sleeve 4a and through which the pressurized liquid 6 can
be introduced, and a driven member 44 that is provided slid-
ably with respect to an inner wall of the sleeve 4a. As shown
in FIG. 7, where the driven member 44 slides inside the sleeve
4a, a storage section 4¢ (FIG. 7) that can store the pressurized
liquid 6 introduced from the inlet/outlet port 46 is formed
between the sleeve 4a and driven member 44.

[0040] A lightweight material that excels in impact resis-
tance, heat resistance, and fire resistance such as polycarbon-
ate or aluminum is used to configure the actuator 4. Therefore,
the actuator 4 of the present embodiment can be washed and
sterilized. For example, the sterilization can include ethylene
oxide gas sterilization, autoclave sterilization, and electron
beam sterilization. Washing can be ultrasonic washing.
[0041] The actuator 4 is also provided with a pushing sec-
tion 4e between the sleeve 4a and driven member 4d. Because
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of the pushing section 4e, the driven member 44 constantly
applies a force in the direction of contracting the actuator 4
(the direction in which the driven member 44 is inserted into
the sleeve 4a).

[0042] Furthermore, the actuator 4 is also provided with a
coating section 4f composed of a flexible film that covers the
outer surface of the actuator 4. The coating section 4f is
configured so as to be capable of holding inside thereof the
liquid 6 that has leaked from the sleeve 4a. More specifically,
the coating section 4fcan be configured of a thermally shrink-
able tube that covers the sleeve 4a in a state in which the
driven member 44 is led out so as to assume a state in which
it can extend or contract with respect to the sleeve 4a.
[0043] The inlet/outlet port 45 of the actuator 4 is con-
nected to a tube 7 through which the liquid 6 can be intro-
duced.

[0044] The tube 7 is connected at one end to the inlet/outlet
port 45 and connected at the other end to a pressurized liquid
supply device 9 that can supply the liquid 6, as shown in FIG.
8

[0045] Each pressurized liquid supply device 9 is provided
witha pressurized liquid supply port 9a connected to the other
end of the tube 7, a cylinder 95, a piston rod 9¢ that com-
presses the liquid 6 located in the cylinder 95, a ball screw
mechanism 9d that displaces the piston rod 9¢ in the longitu-
dinal direction, and a motor 9e that drives the ball screw
mechanism 9d.

[0046] The pressurized liquid supply port 9a and the tube 7
are connected so that an excess load upon the actuator 4
causes the liquid to leak from the connection site of the
pressurized liquid supply port 9a and the tube 7 before the
leaks in connection of the liquid inlet/outlet port 45 and the
tube 7.

[0047] The driven member 4d (FIG. 7) is configured slid-
ably with respect to the inner wall of the sleeve 4a, so as to be
displaced to one side in the longitudinal direction of the
sleeve 4a in response to a pressure applied to the liquid 6
while maintaining a sealed state with respect to the liquid 6 on
the open side of the sleeve 4a.

[0048] The driven member 44 of the actuator 4 is provided
with a seal mechanism 4g composed of an elastic body in the
sliding section between the inner wall of the sleeve 4a and the
driven member 4d. The seal mechanism 4g causes the liquid
6 to leak to the open side of the sleeve 4a from a storage
section 4c in a state in which an excess load acts upon the
actuator 4, thereby conducting sealing in a state in which the
pressure of the liquid 6 inside the sleeve 4a can be released.
The sleeve 4a has an accumulation section 44 in which the
liquid 6 that has leaked from the seal mechanism 4g can be
accumulated inside the sleeve 4a.

[0049] The pushingsection 4e is a stainless steel spring coil
that is provided between the sleeve 4a and driven member 44
and elastically biases the driven member 44 toward the inlet/
outlet port 45. In other words, the pushing section 4e is
configured to displace the driven member 44 toward the inlet/
outlet port 44 in a state in which the pressure of the liquid 6 is
reduced.

[0050] The linking of the six actuators 4 and stage section 3
is specifically realized by mating an iron spherical shaft 4f
(see FIG. 6) that is a magnetic body provided at the actuator
4 and a spherical bearing 3 (see FIG. 4) made from a ferrite
magnet-bronze that is a stage-side permanent magnet pro-
vided at the stage section 3 and can be magnetically linked to
the iron spherical shaft 4j. Because of such a linking, the
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actuators 4 and the stage section 3 can be magnetically and
detachably linked with freedom of angular movement.

[0051] The linking of the six actuators 4 and base section 5
is specifically realized by mating an iron spherical shaft 4%
(see FIG. 6) that is a magnetic body provided at the actuator
4 and a spherical bearing 5k (see FIG. 4) made from a ferrite
magnet-bronze that is a stage-side permanent magnet pro-
vided at the base section 5 and can be magnetically linked to
the iron spherical shaft 4. Because of such a linking, the
actuators 4 and the base section 5 can be magnetically and
detachably linked with freedom of angular movement.

[0052] Because the spherical shafts 4/, 4k are thus grasped
and fixed only by magnetic forces of the spherical bearings 3,
5k, the actuators 4 can be easily taken off by hand.

[0053] The operation of the medical manipulator device 1
of the embodiment of the present invention will be explained
below with reference to FIGS.1t0 9.

[0054] First, the motor 9e drives the ball screw mechanism
9d in the pressurized liquid supply device 9 shown in FIG. 8
and the piston rod 9c¢ is displaced in the longitudinal direc-
tions and compresses the liquid 6 located inside the cylinder
9b. As a result, the liquid 6 is introduced from the pressurized
liquid supply port 9a into tube 7.

[0055] The liquid 6 located inside the tube 7 is pressurized
by the liquid 6 introduced from the pressurized liquid supply
port 9a, and the liquid 6 is introduced into the sleeve 4a via the
tube 7 and inlet/outlet port 44.

[0056] Under the effect of the pressure applied to the liquid
6, the driven member 44 is displaced to one side in the lon-
gitudinal direction of the sleeve 4a, while maintaining a
sealed state with respect to the liquid 6.

[0057] Thus, the actuator 4 moves in the direction of exten-
sion because the liquid 6 is introduced from the pressurized
liquid supply device 9 into the sleeve 4a via the tube 7.

[0058] Where the amount of liquid 6 inside the sleeve 4a
decreases, the driven member 44 is displaced toward the
inlet/outlet port 4b and the actuator 4 is contracted by the
biasing force of the pushing section 4e correspondingly to the
reduction in pressure of the liquid 6.

[0059] The actuator 4 is provided with the pushing section
4e because where a negative pressure is created inside the
sleeve 4a, the volume of gas contained therein increases,
thereby slowing the operation of the actuator 4.

[0060] Each actuator 4 is thus actuated in response to the
pressure of liquid 6 and extends or contracts in the longitudi-
nal direction of the actuator 4, whereby displacing the medi-
cal instrument 2 and stage section 3 with respect to the base
section 5.

[0061] Inthe medical manipulator device 1, the positioning
of the medical instrument 2 can be conducted by controlling
the position and posture of the stage section 3 by cooperative
action of these six actuators 4. Thus, by using the medical
manipulator device 1, it is possible to observe the abdominal
cavity or thoracic cavity in a state in which the medical
instrument 2 is held displaceably.

[0062] FIG. 9 is an explanatory drawing illustrating the
operation of the medical instrument 2 with the medical
manipulator device 1. As shown in FIG. 9, the medical device
2 held at the stage section 3 can be caused to move with four
degrees of freedom: in and out 21, roll 22, pitch 23, and yaw
24.
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[0063] Because the actuator 4 is linked magnetically and
detachably by mating of the spherical shafts 4/, 4k and spheri-
cal bearings 3/, 5k, the actuator 4 can be easily taken out by
hand.

[0064] Where anexcess load is applied to the actuator 4, the
seal mechanism 4g acts upon the liquid 6 so as to cause the
liquid 6 to leak to the open side of the sleeve 4a from the
storage section 4¢ and releases the pressure of liquid 6 located
inside the sleeve 4a. In this case, the leaked liquid 6 is accu-
mulated in the accumulation section 4/ located inside the
sleeve 4a.

[0065] The liquid 6 that could be accommodated in the
accumulation section 42 and has leaked out from the sleeve 4a
is held between the outer surface of the sleeve 4a and the
coating section 4f.

[0066] Where an even larger load acts upon the actuator 4,
the liquid 6 leaks in the connection portion of the pressurized
liquid supply port 9a and tube 7 before the liquid 6 leaks in the
connection portion of the inlet/outlet port 45 and tube 7.
[0067] As described hereinabove, with the medical
manipulator device 1 of the present embodiment of the inven-
tion, the medical instrument 2 and stage section 3 are dis-
placed with respect to the base section 5 by longitudinal
extension or contraction of a plurality of actuators 4 provided
between the stage 3 that holds the medical instrument 2 and
the base section 5 that serves as a base. Therefore, no signifi-
cant space is required for operating the medical instrument 2
and it is possible to provide a compact and lightweight
manipulator device that occupies a small area during opera-
tion.

[0068] Inparticular, because each actuator 4 is actuated and
caused to extend or contract by a pressure of liquid 6, for
example, by a water pressure drive, each actuator 4 can be
manufactured at a lower cost than an electrically driven actua-
tor 4 or electric motor 9e. Further, there is no risk of failure
caused by current leakage or disconnection and reliability is
high.

[0069] Further, because the medical instrument 2 is mag-
netically held by the stage section 3, the medical instrument 2
can be easily attached to the stage 3 and detached therefrom.
As a result, even if either of the medical instrument 2 and
actuator 4 fails, the failed unit can be rapidly replaced. There-
fore, reliability is high.

[0070] Further, because the actuator 4 is magnetically and
detachably linked to the stage section 3 and base section 5, the
actuator 4 can be easily attached to the stage 3 and base 5 and
detached therefrom. As a result, even if the actuator 4 fails, it
can be rapidly replaced with another actuator 4. Therefore,
reliability is high.

[0071] Further, because the actuator 4 alone can be taken
off and the entire actuator 4 can be sterilized, the device canbe
maintained in a clean state.

[0072] Such an actuator 4 that operates in response to the
pressure of liquid 6 can be manufactured at a low cost. There-
fore, the actuator 4 can be made disposable, that is, the actua-
tor can be used as is and can be discarded after one use. As a
result, cleanliness and reliability can be uniformly controlled
by the manufacturer, thereby making it possible to raise the
level of cleanliness and reliability. Moreover, the load of
maintenance at the medical site can be also reduced.

[0073] With the medical manipulator device 1, the actua-
tors 4 are magnetically and detachably linked to the state
section 3 and base section 5 with freedom of angular move-
ment by mating the spherical shafts 4/, 4k composed of a
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permanent magnet or a magnetic body with the spherical
bearings 3/, 5k that can be magnetically linked to the spherical
shafts 4f, 4k. Therefore, it is possible to realize the medical
manipulator device 1 that has a wide operation range and
good attachment and detachment ability of the actuators 4.
[0074] Where the pressure of liquid 6 is reduced, the push-
ing section 4e causes the displacement of the driven member
4d toward the inlet/outlet port 45. Therefore, even when the
volume of gas bubbles in the liquid 6 increases due to pressure
reduction and the drive force of the liquid 6 decreases, this
decrease can be compensated and the operation of the driven
member 4d toward the inlet/outlet port 45 can be ensured.
[0075] Further, the medical manipulator device 1 is config-
ured so that where an excess load acts upon the actuator 4, the
liquid is caused to leak and the pressure inside the sleeve 4a is
released. Therefore, the application of an excess force to the
affected area can be prevented. Further, the leaked liquid 6 is
accumulated in the accumulation section 4% located inside the
sleeve 4a and therefore the liquid 6 is not scattered and
reliability is high.

[0076] Further, the medical manipulator device 1 is config-
ured so that where an excess load acts upon the actuator 4, the
liquid 6 is caused to leak from the connection site of the
pressurized liquid supply port 9a and tube 7 and the pressure
ofliquid 6 inside the sleeve 4a is released. Therefore, not only
the application of an excess force to the affected area can be
prevented, but also reliability is further increased because the
liquid 6 is caused to leak in a location far from the affected
area.

[0077] Further, because the liquid 6 that has leaked from the
actuator 4 is held between the coating section 4fand the outer
surface of the actuator 4, the liquid 6 is not scattered and
reliability is further increased.

[0078] In a case where the actuator 4 is broken, fractured
pieces of the actuator 4 can be prevented from scattering.
[0079] Further, because the liquid 6 includes either water or
silicone oil as a main component, it is possible to realize the
actuator 4 that combines steady operation with low cost and
high reliability.

[0080] Becausethe Stewart-Gough mechanism is used, fine
operation with multiple degrees of freedom can be realized
with a large number of actuators 4. Because the operation of
the medical manipulator device 1 does not depend on one
actuator 4, reliability is high.

[0081] With the medical manipulator device 1 of the
embodiment of the present invention, it is possible to realize
a manipulator device of an endoscope such as a laparoscope
or a thoracoscope that is compact, lightweight, inexpensive,
and reliable. In the medical manipulator device 1, the base
section 5 is provided so as to extend from the fixing member
11 that is fixed to the patient 12. Therefore, even when the
patient 12 moves, the manipulator device is also displaced
following the movement of the patient 12. As a result, the
medical instrument 2 can be operated with good accuracy
with respect to the affected area.

[0082] Because the medical manipulator device can be
attached reliably to the patient 12, the medical instrument 2
can be moved with better accuracy with respect to the affected
area.

[0083] Thus, it is possible to realize the medical manipula-
tor device 1 of a wearable type that is attached to the body of
the patient 12, and even if the posture of the patient 12
changes during the operation, the relative position or posture
of the laparoscope with respect to the patient 12 does not
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change. Therefore, the patient 12 can be prevented from
injury and high reliability can be ensured.

[0084] In the above-described embodiment, the actuator 4
is explained in which a spring coil is used as the pushing
section 4e, but a mechanism for introducing compressed air
can be also used as the pushing section.

[0085] FIG. 10 is a side sectional view illustrating a modi-
fication example of an actuator 30 of an embodiment of the
present invention. FIG. 11 is a side sectional view showing a
state in which the driven member shown in FIG. 10 is
extended. The components similar to those of the actuator 4 of
the above-described embodiment are assigned with same ref-
erence numerals and explanation thereof is herein omitted.
[0086] Referring to FIGS. 10 and 11, the actuator 30 is
provided with the sleeve 4a, a lid member 31 that is provided
at the open end of the sleeve 4a, and a driven member 32 that
is provided slidably with respect to the inner wall of the sleeve
4a.

[0087] The lid member 31 is provided with a lid body 31a
that covers the open end of the sleeve 4a, a packing 315 that
is provided between the lid body 314 and the driven member
32, and a seal material 31¢ thatis fixed to the inner wall of the
sleeve 4a.

[0088] The lid body 31a is a cylindrical member having
formed therein a hole for inserting the driven member 32. The
packing 315 is configured to seal the space between the inner
wall of the lid body 31a and the outer side surface of the
driven member 32, while maintaining a state in which the lid
body 31a and driven member 32 can slide.

[0089] The seal material 31¢ is configured to seal the space
between the sleeve 4a and the driven member 32, while main-
taining a state in which the sleeve 4a and driven member 32
can slide. Because of the seal material 31c¢, an introducing
chamber 4i is formed between the seal material 31 and the
seal mechanism 4g inside the sleeve 4a.

[0090] The difference between the driven member 32 and
the driven member 44 is in that the former has a guide passage
33.

[0091] The guide passage 33 includes a main passage 33a
formed along the longitudinal direction of the driven member
32, a side hole 3356 through which the main passage 33a
communicates with the introducing chamber 4i, and opening
33¢ that opens the main passage 33a in the external position
of the sleeve 4a, and the tube 334 linked to the opening 33c¢.
[0092] In the present embodiment, the pressurized liquid
supply device 9 (see FIG. 8) is connected to the tube 334, and
a compressed air supply source (not shown in the figure)
provided in the hospital is connected to the tube 7.

[0093] In other words, the actuator 30 of the present
embodiment causes the driven member 32 to extend so as to
increase the volume of the accumulation section 4¢ by intro-
ducing the air from the compressed air supply source into the
accumulation section 4¢ via the tube 7. By contrast, the driven
member 32 is caused to contract so as to increase the volume
ofthe introducing chamber 4i by introducing the liquid 6 from
the pressurized liquid supply device 9 into the introducing
chamber 4 via the guide passage 33 in the extended state of
the driven member 32.

[0094] A regulator (not shown in the figure) is introduced
between the compressed air supply source and tube 7. This
regulator is used to adjust the pressure of the compressed air
introduced into the accumulation chamber 4¢ so as to main-
tain a constant pressure at all times.
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[0095] Thus, with the above-described actuator 30, the base
5 and stage 3 are displaced to separate them from each other
in the initial state in which the compressed air is introduced
before the supply of the liquid 6 from the pressurized liquid
supply device 9 is started. In other words, in the initial state,
the length of the portion of the medical instrument 2 that
protrudes from the base 5 can be made the shortest. Therefore,
where the manipulator device is attached to the patient in this
state, the medical instrument 2 can be prevented from unin-
tentional contact with the patient.

[0096] With the configuration using compressed air, as in
the above-described actuator 30, the extension contraction
range of the driven member 32 can be increased by compari-
son with that of the above-described embodiment in which a
spring coil is used.

[0097] Inother words, in a case where a spring coil is used,
the extension-contraction stroke of the driven member is
restricted by a minimum size of the spring coil in a contracted
state and a spring coil size serving to obtain the minimum
necessary biasing force, whereas in the case where com-
pressed air is used, such restrictions are eliminated and a large
extension-contraction range of the driven member 32 can be
designed. More specifically, where a total length in a con-
tracted state of the actuator 4 using a spring coil and the
actuator 30 using compressed air is set to 185 mm, the exten-
sion size of the driven member 44 in the actuator 4 is 70 mm,
whereas the extension size of the driven member 32 in the
actuator 30 can be increased to 112.5 mm.

[0098] Further, with the configuration using compressed
air, as in the actuator 30, the pushing force acting upon the
driven member 32 can be maintained at a constant level at all
times by adjusting the pressure of the compressed vacant
place and therefore the posture of the medical device 2 can be
adjusted with greater precision that in a case of a spring coil
in which the biasing force changes correspondingly to the
deflection amount.

[0099] Further, with the spring coil, only the biasing force
that has been designed for the coil itself has to be used as the
pushing force of the driven member, whereas in a case where
compressed air is used, the pushing force applied to the drive
member 32 can be adjusted by adjusting the pressure of the
compressed air.

[0100] In addition, with the actuator 30, weight can be
reduced because the spring coil can be omitted.

[0101] The above-described embodiments merely illus-
trate the preferred specific examples of the present invention,
and the present invention is not limited to the above-described
embodiments.

[0102] For example, the liquid 6 in the actuators 4 is not
limited to water. A liquid mainly containing silicone oil can
be also used as the liquid 6.

[0103] Further, linking of one end of the actuator 4, 30 to
the stage section 3 and linking of the other end of the actuator
4, to the base section 5 is not necessarily limited to the
configurations shown in the figure. The actuator 4, 30 and the
stage section 3 can be linked via a stage-side permanent
magnet provided at either or both of one end of the actuator 4,
30 and stage section 3. Likewise, the actuator 4, 30 and the
base section 5 can be linked via a base-side permanent magnet
provided at either or both of one end of the actuator 4, 30 and
base section 5. In this case, the stage section 3 and base
section 5 can be magnetically and detachably linked to the
actuator 4, 30.
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[0104] Further, it is also possible to provide a spherical
shaft 4/, 4k composed of a permanent magnet or a magnetic
body at either the stage section 3 and base section 5, or the
actuator 4, and provide the spherical bearing 3/, 5k composed
a permanent magnet or a magnetic body that can be magneti-
cally linked to the spherical shaft 47, 4k at the other of the pair.
As a result, the stage section 3 and base section 5 can be
magnetically and detachably linked with freedom of angular
movement to the actuator 4, 30 by mating the spherical shaft
4j, 4k with the spherical bearing 3j, 5k.

[0105] In the above-described embodiments, a medical
manipulator device equipped with a laparoscope as the medi-
cal instrument 2 is explained. However, the medical instru-
ment 2 that is positioned by the medical manipulator device is
not limited to a laparoscope and may be, for example, a
thoracoscope that is equipped with a camera for picking up
images inside the body of the patient 12 in the same manner
as in the laparoscope. Alternatively, the medical instrument
may be a functional forceps tool of various kinds that can be
used for internal therapy or surgery such as removal of tissue
or biopsy.

[0106] It is not necessary to use a unique device that has
been specifically reduced in size and weight as the medical
instrument 2 installed at the medical manipulator device 1,
and the devices of general use that have been conventionally
employed in laparoscopic surgery can be used without any
modification. Further, the configuration of the laparoscope
(or thoracoscope) is not particularly limited. For example, a
configuration that has been conventionally used, for example,
of a type in which a lens system and an illumination fiber are
incorporated in a fine tube (optical viewing tube or lens bar-
rel) that will be inserted into the patient 12 and a camera itself
contained in a large-diameter portion connected to one end of
the fine tube, or of a type in which a small camera is mounted
on a distal end of a fine tube that will be inserted into the
patient 12.

[0107] Further, in the above-described embodiments, a
wearable medical manipulator device is explained that is
attached to the body of the patient 12. However, the present
invention is not limited to the device of this type and relates
also to a fixed medical manipulator device that is fixed to the
floor of the surgery room in the vicinity of the surgery table,
or suspended from the ceiling of the surgery room in the
vicinity of the surgery table, or fixed to the surgery table. In a
case of a fixed medical manipulator device, where the medical
manipulator device 1 is supported by the above-described
multi-degree-of-freedom grasping arm 10, initial setting of
the position or posture of the medical manipulator device 1
with respect to the patient 12 or resetting during surgery can
be freely and easily performed.

[0108] It goes without saying that various other design
modifications can be made without departing from the scope
of the invention defined by the claims.

[0109] The above-described specific embodiments mainly
include the invention having the below-described features.
[0110] The medical manipulator device according to one
aspect of the present invention that resolves the above-de-
scribed problems is a medical manipulator device that dis-
placeably holds a medical instrument, including: a stage sec-
tion that can hold the medical instrument; a plurality of
actuators each linked at one end to the stage section; a base
section linked to the other end of each of the plurality of
actuators; and an introducing chamber which is provided in
each of the actuators and into which a liquid can be intro-
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duced, wherein each of the actuators causes the medical
instrument and the stage section to displace with respect to the
base section by extending or contracting in the longitudinal
direction of the actuator in response to a pressure of the liquid
inside the introducing chamber.

[0111] In accordance with the present invention, the medi-
cal instrument and stage section are displaced with respect to
the base section by longitudinal extension or contraction of a
plurality of actuators provided between the stage section that
holds the medical instrument and the base section that serves
as a base. Therefore, no grand device is required for operating
the medical instrument and it is possible to provide a compact
and lightweight manipulator device that occupies a small area
during operation.

[0112] In particular, because each actuator is actuated and
caused to extend or contract by a pressure of liquid, for
example, by a water pressure drive, each actuator can be
manufactured at a lower cost than an electrically driven actua-
tor or electric motor. Further, there is no risk of failure caused
by current leakage or disconnection and reliability is high.
[0113] Tt is preferred that in the medical manipulator
device, the stage section be configured to be capable of mag-
netically holding the medical instrument via a permanent
magnet provided at either or both of the stage section and
medical instrument.

[0114] With such a configuration, because the medical
instrument is magnetically held by the stage section, the
medical instrument can be easily attached to the stage section
and detached therefrom. As a result, even if either of the
medical instrument and actuator fails, the failed unit can be
rapidly replaced. Therefore, reliability is high.

[0115] Inthe above-described medical manipulator device,
it is preferred that at least one of the actuators be magnetically
and detachably linked to the stage section via a stage-side
permanent magnet provided at either or both of one end of the
actuator and the stage section, and magnetically and detach-
ably linked to the base section via a base-side permanent
magnet provided at either or both of the other end of the at
least one actuator and the base section.

[0116] With such a configuration, because the actuator is
magnetically and detachably linked to the stage section and
base section, the actuator can be easily attached to the stage
section and base section and detached therefrom. As a result,
even if the actuator fails, it can be rapidly replaced with
another actuator. Therefore, reliability is high.

[0117] Further, because the actuator alone can be taken off
and the entire actuator can be sterilized, the device can be
maintained in a clean state.

[0118] Such an actuator that operates in response to the
pressure of liquid can be manufactured at a low cost. There-
fore, the actuator can be made disposable, that is, the actuator
can be used as is and can be discarded after one use. As a
result, cleanliness and reliability can be uniformly controlled
by the manufacturer, thereby making it possible to raise the
level of cleanliness and reliability. Moreover, the load of
maintenance at the medical site can be also reduced.

[0119] In the medical manipulator device, it is preferred
that a spherical shaft formed by a permanent magnet or a
magnetic body be provided at one of the actuator and the stage
section, and a spherical bearing that is formed by a permanent
magnet or a magnetic body and that can be magnetically
linked to the spherical shaft be provided at the other of the
actuator and the stage section; a spherical shaft formed by a
permanent magnet or a magnetic body be provided at one of
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the actuator and the base section, and a spherical bearing that
is formed by a permanent magnet or a magnetic body and that
can be magnetically linked to the spherical shaft be provided
at the other of the actuator and the base section; and the
spherical shafts and spherical bearings are magnetically and
detachably matched so that the actuator, the stage section and
base section are angularly adjustably linked.

[0120] With such a configuration linking of the actuators is
realized by mating the spherical shafts formed by a perma-
nent magnet or a magnetic body with the spherical bearings
that can be magnetically linked to the spherical shafts. There-
fore, the actuator, the stage section and base section are angu-
lar adjustably and magnetically and detachably linked and it
is possible to realize the medical manipulator device that has
a wide operation range and good attachment and detachment
ability of the actuators.

[0121] In the medical manipulator device, it is preferred
that at least one actuator from among the plurality of actuators
be provided with a cylindrical sleeve; a driven member that is
provided slidably with respect to an inner wall of the sleeve,
while maintaining a sealed state with respect to the liquid, and
can be displaced to one side in the longitudinal direction of
the sleeve in response to a pressure applied to the liquid; and
a pushing section that can push the driven member to the other
side in the longitudinal direction of the sleeve, wherein the
introducing chamber is formed between the sleeve and the
driven member, and the pushing section displaces the driven
member to the other side in the longitudinal direction of the
sleeve in a state in which the pressure of the liquid is reduced.
[0122] With such a configuration, where the pressure of
liquid is reduced, the pushing section causes the displacement
of the driven member to the other side in the longitudinal
direction of the sleeve. Therefore, even when the volume of
gas bubbles in the liquid increases due to pressure reduction
and the drive force of the liquid decreases, this decrease can
be compensated and the operation of the driven member can
be ensured.

[0123] More specifically, the pushing section can be
formed by a biasing section for applying a biasing force
between the sleeve and the driven member.

[0124] With such a configuration, the pushing section can
be realized by using a biasing section such as a coil spring or
an air spring.

[0125] Further, the pushing section can include a gas cham-
ber that is formed between the sleeve and the driven member,
and an introducing passage through which gas can be intro-
duced into the gas chamber, and the pushing section can be
configured so that the driven member is pushed in response to
a pressure of the gas introduced into the gas chamber.
[0126] With such a configuration, the driven member can
be pushed to the other side in the longitudinal direction of the
sleeve by introducing the air into the gas chamber. In this case,
for example, a compressor provided as part of hospital equip-
ment can be used as the air supply source.

[0127] Further, by using a feature of introducing the air, as
in the above-described configuration, it is possible to increase
the extension-contraction range of the driven member with
respect to a case where a biasing member such as a coil spring
is used.

[0128] Inother words, in a case where a biasing member is
used, the extension-contraction stroke of the driven member
is restricted by a minimum size of the biasing member in a
contracted state and a maximum size the biasing member for
serving to obtain the minimum necessary biasing force.
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Whereas, since such restrictions are eliminated in the case of
a configuration in which gas is introduced, a large extension-
contraction range of the driven member can be designed.
[0129] Further, when a biasing member is used, only a
biasing force that has been designed therefor has to be used as
the pushing force of the driven member, whereas in a case
where gas is used, the pushing force of the driven member can
be adjusted by adjusting the gas pressure.

[0130] In the medical manipulator device, it is preferred
that the driven member of the actuator be provided with a seal
mechanism formed by an elastic body in a sliding section
between the inner wall of the sleeve and the driven member,
the seal mechanism conduct sealing in a state in which the
pressure of the liquid inside the sleeve can be released by
causing the liquid to leak to the open side of the sleeve from
a storage section in a state in which an excess load acts upon
the actuator, and the sleeve have an accumulation section in
which the leaked liquid can be accumulated inside the sleeve.
[0131] Withsuch a configuration, in a case where an excess
load acts upon the actuator, the pressure inside the sleeve can
be released by causing the liquid to leak with the seal mecha-
nism. Therefore, even when the medical instrument comes
into contact with the patient’s body and cannot be further
moved, the application of an excess force to the patient can be
prevented. Further, because the leaked liquid accumulates in
the accumulation section inside the sleeve, the liquid is pre-
vented from scattering and reliability is high.

[0132] In the medical manipulator device, it is preferred
that the actuator be further provided with a liquid inlet/outlet
port that communicates with the introducing chamber, and a
tube that is connected at one end to the liquid inlet/outlet port
and connected at the other end to a pressurized liquid supply
port through which the liquid can be supplied, wherein the
pressurized liquid supply port and the tube are connected so
that an excess load acts upon the actuator causes the liquid to
leak from the connection site of the pressurized liquid supply
port and the tube before the leaks in connection of the liquid
inlet/outlet port and the tube.

[0133] With such a configuration, in a case where an excess
load acts upon the actuator, the pressure of liquid inside the
sleeve can be released by causing the liquid to leak from the
connection site of the pressurized liquid supply port and the
tube. Therefore, even when the medical instrument comes
into contact with the patient’s body and cannot be further
moved, the application of an excess force to the patient can be
prevented. Furthermore, because the liquid is caused to leak
in a position far from the patient, the reliability is higher than
in the case in which the liquid leaks in the medical manipu-
lator device itself.

[0134] In the medical manipulator device, it is preferred
that the actuator be provided with a coating section formed by
a flexible film that covers an outer surface of the sleeve.
[0135] With such a configuration, the liquid that has leaked
from the sleeve can be held between the coating section and
the outer surface of the sleeve. Therefore, the liquid is pre-
vented from scattering and even higher reliability is attained.
[0136] Further, in a case where the sleeve is broken, frac-
tured pieces of the sleeve can be prevented from scattering.
[0137] In the medical manipulator device, it is preferred
that the liquid include either water or silicone oil as a main
component.

[0138] With such a configuration, because the liquid is used
that includes either water or silicone oil as a main component,
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it is possible to realize the actuator that combines steady
operation with low cost and high reliability.

[0139] In the medical manipulator device, it is preferred
that the plurality of actuators together with the base section
and stage section constitute a Stewart-Gough mechanism.
[0140] With such a configuration, because the Stewart-
Gough mechanism is used, fine operation with multiple
degrees of freedom can be realized with a large number of
actuators. Further, because the operation of the medical
manipulator device does not depend on one actuator, reliabil-
ity is high.

[0141] In the medical manipulator device, it is preferred
that the medical instrument be an endoscope.

[0142] With such a configuration, it is possible to realize a
manipulator device that is compact, lightweight, inexpensive,
and reliable.

[0143] In the medical manipulator device, it is preferred
that the medical instrument be an endoscope such as a lap-
aroscope for conducting observations in an abdominal cavity
or a thoracoscope for conducting observations in a thoracic
cavity.

[0144] With such a configuration, it is possible to realize a
manipulator device of an endoscope such as a laparoscope or
athoracoscope that is compact, lightweight, inexpensive, and
reliable.

[0145] In the medical manipulator device, it is preferred
that the base section be configured to be linkable to a multi-
degree-of-freedom grasping arm with flexibility that is pro-
vided so as to extend from a fixing member that is fixed to a
patient.

[0146] With such a configuration, because the base section
is provided so as to extend from the fixing member that is
fixed to the patient, even when the patient moves, the manipu-
lator device is also displaced following the movement of the
patient. As a result, the medical instrument can be operated
with good accuracy with respect to the affected area.

[0147] In the medical manipulator device, it is preferred
that the fixing member be a belt for attaching the medical
manipulator device in the vicinity of a pelvis of hypogastrium
of the patient.

[0148] With such a configuration, because the medical
manipulator device can be attached reliably to the patient, the
medical instrument can be moved with better accuracy with
respect to the affected area.

[0149] Another aspect of the present invention relates to an
actuator for use in a medical manipulator device that holds a
medical instrument and comprises a base section, and a stage
section that can hold the medical instrument, and the actuator
includes: a first linking section that is provided at one end of
the actuator and can be linked to the base section; a second
linking section that is provided at the other end of the actuator
and can be linked to the stage section; and an introducing
chamber into which a liquid can be introduced, wherein the
actuator extends or contracts in response to a pressure of the
liquid introduced into the introducing chamber, so that the
first linking section and the second linking section approach
or separate from each other.

[0150] In accordance with the present invention, extension
and contraction proceed correspondingly to the liquid pres-
sure, for example, by a water pressure drive. Therefore, the
actuator can be manufactured at a lower cost than an electri-
cally driven actuator or electric motor. Further, there is no risk
of failure caused by current leakage or disconnection and a
highly reliable actuator can be provided.
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[0151] Where a medical manipulator device is configured
by using a plurality of such actuators, the stage section that
holds the medical instrument and the base section serving as
a base can be displaced by longitudinal extension or contrac-
tion of the actuators. Therefore, the operation of the medical
instrument can be realized without using a large device and it
is possible to provide a compact and lightweight manipulator
device that occupies a small area during operation.

[0152] Tt is preferred that the actuator further include a
cylindrical sleeve; a liquid inlet/outlet port that communi-
cates with the introducing chamber; a driven member that is
provided slidably with respect to an inner wall of the sleeve,
while maintaining a sealed state with respect to the liquid
from the liquid inlet/outlet port, and can be displaced to one
side in the longitudinal direction of the sleeve in response to
apressure applied to the liquid; and a pushing section that can
push the driven member to the other side in the longitudinal
direction of the sleeve, wherein the introducing chamber is
formed between the sleeve and the driven member, the first
linking section is provided at one of the sleeve and the driven
member, and the second linking section is provided at the
other of the sleeve and the driven member; and the pushing
section displaces the driven member to the other side in the
longitudinal direction of the sleeve in a state in which the
pressure of the liquid is reduced.

[0153] With such a configuration, where the pressure of
liquid is reduced, the pushing section causes the displacement
of the driven member to the other side in the longitudinal
direction of the sleeve. Therefore, even when the volume of
gas bubbles in the liquid increases due to pressure reduction
and the drive force of the liquid decreases, this decrease can
be compensated and the operation of the driven member can
be ensured.

[0154] In the actuator, it is preferred that the base section
include a first magnetic section; the stage section include a
second magnetic section; the first linking section and the
second linking section include magnetic bodies; and the first
magnetic section and the first linking section, and the second
magnetic section and the second linking section be magneti-
cally and detachably linked, respectively.

[0155] With such a configuration, the actuator is magneti-
cally and detachably linked to the stage section and base
section. Therefore, the actuator can be easily attached to and
detached from the stage section and base section. As a result,
even if the actuator fails, it can be rapidly replaced with
another actuator. Therefore, reliability is high.

[0156] It is preferred that the actuator further include a
cylindrical sleeve; a driven member that is provided slidably
withrespect to an inner wall of the sleeve and can be displaced
to one side in the longitudinal direction of the sleeve in
response to a pressure of the liquid; and a pushing section that
can push the driven member to the other side in the longitu-
dinal direction of the sleeve.

[0157] With such a configuration, where the pressure of
liquid is reduced, the pushing section causes the displacement
of the driven member to the other side in the longitudinal
direction of the sleeve. Therefore, even when the volume of
gas bubbles in the liquid increases due to pressure reduction
and the drive force of the liquid decreases, this decrease can
be compensated and the operation of the driven member can
be ensured.

[0158] More specifically, the pushing section can be con-
figured to include a biasing section for applying a biasing
force between the sleeve and the driven member.
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[0159] With such a configuration, it is possible to realize a
pushing section by using a biasing section such as a coil
spring and an air spring.

[0160] Further, the pushing section can be configured to
include: a gas chamber that is formed between the sleeve and
the driven member; and an introducing passage through
which gas can be introduced into the gas chamber, and can be
configured to push the driven member in response to a pres-
sure of the gas introduced into the gas chamber.

[0161] With such a configuration, the driven member can
be pushed to the other side in the longitudinal direction of the
sleeve by introducing the air into the gas chamber. In this case,
for example, a compressor provided as part of hospital equip-
ment can be used as the air supply source.

[0162] Further, by using a feature of introducing the air, as
in the above-described configuration, it is possible to increase
the extension-contraction range of the driven member with
respect to a case where a biasing member such as a coil spring
is used.

[0163] Inother words, in a case where a biasing member is
used, the extension-contraction stroke of the driven member
is restricted by a minimum size of the biasing member in a
contracted state and a biasing member size serving to obtain
the minimum necessary biasing force, whereas in the case of
a configuration in which gas is introduced, such restrictions
are eliminated and a large extension-contraction range of the
driven member can be designed.

[0164] Further, when a biasing member is used, only a
biasing force that has been designed therefor has to be used as
the pushing force of the driven member, whereas in a case
where gas is used, the pushing force of the driven member can
be adjusted by adjusting the gas pressure.

[0165] In accordance with the present invention, it is pos-
sible to provide a compact and lightweight manipulator
device that occupies small area during operation. Further, by
contrast with a manipulator device using an electrically
driven actuator or electric motor, this manipulator device can
be manufactured at a lower cost, there is no risk of failure
caused by current leakage or disconnection, reliability is
high, and cleanliness is good.

1. A medical manipulator device that displaceably holds a
medical instrument, comprising:

a stage section that can hold the medical instrument;

a plurality of actuators each linked at one end to the stage

section;

abase section linked to the other end of each of the plurality

of actuators; and

an introducing chamber which is provided in each of the

actuators and into which a liquid can be introduced,
wherein

each of the actuators causes the medical instrument and the

stage section to displace with respect to the base section
by extending or contracting in the longitudinal direction
of the actuator in response to a pressure of the liquid
inside the introducing chamber.

2. The medical manipulator device according to claim 1,
wherein the stage section is configured to be capable of mag-
netically holding the medical instrument via a permanent
magnet provided at either or both of the stage section and
medical instrument.

3. The medical manipulator device according to claim 1,
wherein
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at least one of the actuators is

magnetically and detachably linked to the stage section via
a stage-side permanent magnet provided at either or both
of one end of the actuator and the stage section, and

magnetically and detachably linked to the base section via
a base-side permanent magnet provided at either or both
of the other end of the at least one actuator and the base
section.

4. The medical manipulator device according to claim 3,

wherein

a spherical shaft formed by a permanent magnet or a mag-
netic body is provided at one of the actuator and the stage
section, and a spherical bearing that is formed by a
permanent magnet or a magnetic body and that can be
magnetically linked to the spherical shaft is provided at
the other of the actuator and the stage section,

a spherical shaft formed by a permanent magnet or a mag-
netic body is provided at one of the actuator and the base
section, and a spherical bearing that is formed by a
permanent magnet or a magnetic body and that can be
magnetically linked to the spherical shaft is provided at
the other of the actuator and the base section, and

the spherical shafts and spherical bearings are magneti-
cally and detachably matched so that the actuator, the
stage section and base section are angularly adjustably
linked.

5. The medical manipulator device according to claim 1,

wherein

at least one actuator from among the plurality of actuators
is provided with:

a cylindrical sleeve;

a driven member that is provided slidably with respect to an
inner wall of the sleeve, while maintaining a sealed state
with respect to the liquid, and can be displaced to one
side in the longitudinal direction of the sleeve in
response to a pressure applied to the liquid; and

a pushing section that can push the driven member to the
other side in the longitudinal direction of the sleeve, and
wherein

the introducing chamber is formed between the sleeve and
the driven member, and

the pushing section displaces the driven member to the
other side in the longitudinal direction of the sleeve in a
state in which the pressure of the liquid is reduced.

6. The medical manipulator device according to claim 5,
wherein the pushing section is formed by a biasing section for
applying a biasing force between the sleeve and the driven
member.

7. The medical manipulator device according to claim 5,
wherein the pushing section comprises a gas chamber that is
formed between the sleeve and the driven member, and an
introducing passage through which gas can be introduced into
the gas chamber, and the pushing section is configured so that
the driven member is pushed in response to a pressure of the
gas introduced into the gas chamber.

8. The medical manipulator device according to of claim 5,
wherein

the driven member of the actuator is provided with a seal
mechanism formed by an elastic body in a sliding sec-
tion between the inner wall of the sleeve and the driven
member,

the seal mechanism conducts sealing in a state in which the
pressure of the liquid inside the sleeve can be released by
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causing the liquid to leak to the open side of the sleeve
from a storage section in a state in which an excess load
acts upon the actuator, and

the sleeve has an accumulation section in which the leaked

liquid can be accumulated inside the sleeve.

9. The medical manipulator device according to claim 5,
wherein

the actuator is further provided with:

a liquid inlet/outlet port that communicates with the intro-

ducing chamber; and

a tube that is connected at one end to the liquid inlet/outlet

port and connected at the other end to a pressurized
liquid supply port through which the liquid can be sup-
plied, and wherein

the pressurized liquid supply port and the tube are con-

nected so that an excess load acts upon the actuator
causes the liquid to leak from the connection site of the
pressurized liquid supply port and the tube before the
leaks in connection of the liquid inlet/outlet port and the
tube.

10. The medical manipulator device according to claim 5,
wherein the actuator is provided with a coating section
formed by a flexible film that covers an outer surface of the
sleeve.

11. The medical manipulator device according to claim 5,
wherein the liquid includes either water or silicone oil as a
main component.

12. The medical manipulator device according to claim 1,
wherein the plurality of actuators together with the base sec-
tion and stage section constitute a Stewart-Gough mecha-
nism.

13. The medical manipulator device according to claim 1,
wherein the medical instrument is an endoscope.

14. The medical manipulator device according to claim 13,
wherein the medical instrument is an endoscope such as a
laparoscope for conducting observations in an abdominal
cavity or a thoracoscope for conducting observations in a
thoracic cavity.

15. The medical manipulator device according to claim 1,
wherein the base section is configured to be linkable to a
multi-degree-of-freedom grasping arm with flexibility that is
provided so as to extend from a fixing member that is fixed to
a patient.

16. The medical manipulator device according to claim 15,
wherein the fixing member is a belt for attaching the medical
manipulator device in the vicinity of a pelvis of hypogastrium
of the patient.

17. An actuator for use in a medical manipulator device that
holds a medical instrument and comprises a base section, and
a stage section that can hold the medical instrument,

the actuator comprising:

a first linking section that is provided at one end of the

actuator and can be linked to the base section;

a second linking section that is provided at the other end of

the actuator and can be linked to the stage section; and
an introducing chamber into which a liquid can be intro-
duced, wherein
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the actuator extends or contracts in response to a pressure
of the liquid introduced into the introducing chamber, so
that the first linking section and the second linking sec-
tion approach or separate from each other.

18. The actuator according to claim 17, further comprising;:

a cylindrical sleeve;

a liquid inlet/outlet port that communicates with the intro-
ducing chamber;

a driven member that is provided slidably with respect to an
inner wall of the sleeve, while maintaining a sealed state
with respect to the liquid from the liquid inlet/outlet port,
and can be displaced to one side in the longitudinal
direction of the sleeve in response to a pressure applied
to the liquid; and

a pushing section that can push the driven member to the
other side in the longitudinal direction of the sleeve,
wherein

the introducing chamber is formed between the sleeve and
the driven member,

the first linking section is provided at one of the sleeve and
the driven member, and the second linking section is
provided at the other of the sleeve and the driven mem-
ber, and

the pushing section displaces the driven member to the
other side in the longitudinal direction of the sleeve ina
state in which the pressure of the liquid is reduced.

19. The actuator according to claim 17, wherein

the base section includes a first magnetic section,

the stage section includes a second magnetic section,

the first linking section and the second linking section
include magnetic bodies, and

the first magnetic section and the first linking section, and
the second magnetic section and the second linking sec-
tion are magnetically and detachably linked, respec-
tively.

20. The actuator according to claim 17, further comprising

a cylindrical sleeve;

a driven member that is provided slidably with respect to an
inner wall of the sleeve and can be displaced to one side
in the longitudinal direction of the sleeve in response to
a pressure of the liquid; and

a pushing section that can push the driven member to the
other side in the longitudinal direction of the sleeve.

21. The actuator according to claim 20, wherein the push-

ing section includes a biasing section for applying a biasing
force between the sleeve and the driven member.

22. The actuator according to claim 20, wherein the push-

ing section is provided with:

a gas chamber that is formed between the sleeve and the
driven member; and

an introducing passage through which gas can be intro-
duced into the gas chamber, and

the pushing section pushes the driven member in response
to a pressure of the gas introduced into the gas chamber.
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