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00
(57) Abstract: The medical manipulator (20) including a base section (25) at which a support surface (28a) is formed, a movable
part (36) movably supported on the support surface, when a reference direction (X) parallel to the support surface is defined,
between a distal end position (PI), which is a distal end side in the reference direction with respect to the base section, and a proxim -

o al end position, which is a proximal end side in the reference direction, a positioning mechanism configured to position the movable
part at the distal end position with respect to the base section, a holding section (37) movably supported in the reference direction
with respect to the movable part and configured to detachably hold a proximal end portion of a treatment tool (D10) such that a lon

o gitudinal direction of the treatment tool having an elongated shape is substantially parallel to the reference direction, and a driving
unit (40) configured to move the holding section in the reference direction with respect to the movable part.



DESCRIPTION

[Title of the Invention] Medical Manipulator

[Technical Field]

[0001]

The present invention relates to a medical manipulator.

This application claims priority to and the benefit of US Provisional application

No. 61/515203 filed on August 4, 201 1 and Japanese Patent Application No. 2012-157788

filed on July 13, 2012, the disclosures of which are incorporated by reference herein.

[Background Art]

[0002]

In order to assist a procedure of an operator, a medical manipulator (hereinafter,

simply referred to as "a manipulator") configured to detachably hold a treatment tool and

move the treatment tool to perform treatment is being considered.

As such a manipulator, for example, a manipulator disclosed in Patent Document

1 is well known.

[0003]

In the manipulator, a sensor for detecting a motion of the manipulator is installed.

Furthermore, various treatment tools are detachably installed with respect to the

manipulator. A control device is installed in the manipulator. The control device has a

processing device and a recording unit. A motion of the manipulator is controlled by the

control device.

A user interface and a master manipulator are connected to the control device.

The user interface has a CRT monitor, a keyboard, or the like.

A sensor for a master installed at the master manipulator detects the motion of the

master manipulator. The motion of the master manipulator manipulated by the operator

is detected by the sensor for a master, and the manipulator and the treatment tool are

operated based on the motion.

[0004]

Here, after treatment is performed by the treatment tool in the treatment region in



the body cavity of a patient, the treatment tool is extracted from the treatment section.

Before the treatment tool is removed from the manipulator, a dimension or disposition of

the treatment tool before and after exchange is electrically stored in the recording unit. A

distal end of the treatment tool after exchange can be automatically disposed on the

treatment region of the patient by the manipulator can being moved based on the

electrically stored information.

[Related Art Document]

[Patent Document]

[0005]

[Patent Document 1] US Patent No. 6645196

[Summary of the Invention]

[Problems to be Solved by the Invention]

[0006]

When the manipulator is operated, a motor is generally used. The motor is

controlled by a control device.

However, in a manipulator of Patent Document 1, when a control device breaks

down due to an operational error or electrical malfunction or the like of a user interface, a

motion of the manipulator cannot be controlled. For this reason, a treatment tool

introduced into the body cavity of the patient cannot be easily extracted from the patient.

[0007]

In consideration of the above-mentioned problems, it is an object of the present

invention to provide a medical manipulator capable of rapidly extracting a treatment tool

from a patient, even when a control device electrically malfunctions.

[Means for Solving the Problems]

[0008]

According to a first aspect of the present invention, a medical manipulator

includes a base section at which a support surface is formed; a movable part movably

supported on the support surface , between a distal end position, which is a distal end side

in the reference direction, and a proximal end position, which is a proximal end side in the



reference direction, with respect to the base section, when a reference direction parallel to

the support surface is defined; a positioning mechanism configured to position the

movable part at the distal end position with respect to the base section; a holding section

movably supported in the reference direction with respect to the movable part, and

configured to detachably hold a proximal end portion of a treatment tool such that a

longitudinal direction of the treatment tool having an elongated shape is substantially

parallel to the reference direction; and a driving unit configured to move the holding

section in the reference direction with respect to the movable part.

[0009]

According to a second aspect of the present invention, in the medical manipulator

according to the first aspect of the present invention, the positioning mechanism includes

an engaging section installed at one of the base section and the movable part, and an

engaged device having an engaged section installed at other of the base section and the

movable part and restricted movement to the reference direction on engaging with the

engaging section, wherein the engaged device includes a support member configured to

support the engaged section and a biasing member configured to bias the support member

such that the engaged section engages with the engaging section.

[0010]

According to a third aspect of the present invention, in the medical manipulator

according to the second aspect of the present invention, the engaged device includes

rotating shaft configured to rotatably connect the other of the base section and the

movable part to the support member, wherein the biasing member biases the support

member to rotate about the rotating shaft.

[0011]

According to a fourth aspect of the present invention, in the medical manipulator

according to the third aspect of the present invention, wherein the support member has a

rod shape, the support member is supported by the rotating shaft at an intermediate section

in an extension direction in which the support member extends, the engaged section is

installed at one end portion of the support member, which becomes a distal end side in the



reference direction, and the other end portion of the support member is disposed in the

reference direction with respect to one end portion of the support member at a proximal

end side.

[0012]

According to a fifth aspect of the present invention, in the medical manipulator

according to the fourth aspect of the present invention, the positioning mechanism

includes a pair of engaging sections and a pair of engaged devices, the pair of engaging

sections are provided so as to separate from each other in a perpendicular direction

perpendicular to the reference direction parallel to the support surface, the engaged

sections of the engaged devices are configured to be disposed between the pair of

engaging sections, and the biasing member biases one end portions of the support

members to be separated from each other.

[0013]

According to a sixth aspect of the present invention, in the medical manipulator

according to any one aspect of the first to fifth aspects of the present invention, the

positioning mechanism positions the movable part at the proximal end position with

respect to the base section.

[0014]

According to a seventh aspect of the present invention, in the medical

manipulator according to any one aspect of the first to sixth aspects of the present

invention, the medical manipulator includes a position detecting unit configured to detect

a distal end disposition state in which the movable part is disposed at the distal end

position with respect to the base section or a non-distal end disposition state in which the

movable part is not disposed at the distal end position with respect to the base section; an

input unit configured to output a manipulation signal to control the driving unit based on

an input from an operator; a control unit having a driving mode of controlling movement

in the reference direction of the holding section by the driving unit and a standby mode of

not controlling the driving unit based on the manipulation signal, and configured to select

the driving mode when the position detecting unit detects the distal end disposition state



and the standby mode when the position detecting unit detects the non-distal end

disposition state.

[0015]

According to an eighth aspect of the present invention, in the medical

manipulator according to any one aspect of the first to seventh aspects of the present

invention, the medical manipulator includes a biasing mechanism configured to bias the

movable part to the proximal end side in the reference direction with respect to the base

section.

[0016]

According to a ninth aspect of the present invention, in the medical manipulator

according to the eighth aspect of the present invention, a biasing force applied to bias the

movable part by the biasing mechanism is constant regardless of a position in the

reference direction of the movable part with respect to the base section.

[0017]

Furthermore, according to a tenth aspect of the present invention, in the medical

manipulator according to any one aspect of the first to seventh aspects of the present

invention, when the movable part is moved to the proximal end side in the reference

direction with respect to the base section, the movable part can be removed from the base

section.

[0018]

In addition, according to an eleventh aspect of the present invention, in the

medical manipulator according to any one aspect of the first to tenth aspects of the present

invention, a length in a longitudinal direction of the treatment tool is set to be smaller than

a length in the reference direction between the distal end position and the proximal end

position.

[0019]

Further, according to a twelfth aspect of the present invention, in the medical

manipulator according to any one aspect of the first to eleventh aspects of the present

invention, lengths in the longitudinal direction of a plurality of treatment tools detachably



held by the holding section are equal to each other.

[Effects of the Invention]

[0020]

According to the medical manipulator of the present invention, even

when the control device electrically malfunctions, the treatment tool can be rapidly

extracted from the patient.

[Brief Description of the Drawings]

[0021]

[FIG. 1] Fig. 1 is an overall view showing an operation support apparatus using a

medical manipulator according to a first embodiment of the present invention.

[FIG. 2] Fig. 2 is a perspective view showing the medical manipulator according

to the first embodiment of the present invention when a slide table is fixed to a distal end

position.

[FIG. 3] FIG. 3 is a view schematically showing a configuration of main parts of

the medical manipulator according to the first embodiment of the present invention.

[FIG. 4] FIG. 4 is a front view showing main parts of a slave arm and a movable

holding section of the medical manipulator according to the first embodiment of the

present invention.

[FIG. 5] FIG. 5 is a front view of the slave arm and the movable holding section

according to the first embodiment of the present invention when a support member is

rotated.

[FIG. 6] FIG. 6 is a perspective view of main parts of the medical manipulator

according to the first embodiment of the present invention when the slide table is fixed to

a proximal end position.

[FIG. 7] FIG. 7 is a schematic view for describing a procedure using the operation

support apparatus according to the first embodiment of the present invention.

[FIG 8] FIG 8 is a schematic view for describing the procedure using the

operation support apparatus according to the first embodiment of the present invention.

[FIG. 9] FIG. 9 is a schematic view for describing the procedure using the



operation support apparatus according to the first embodiment of the present invention.

[FIG. 10] FIG 10 is a perspective view of main parts of a medical manipulator

accordmg to a modified example of the first embodiment of the present invention.

[FIG. 11] FIG 11 is a plain cross-sectional view showing the medical manipulator

according to the modified example of the first embodiment of the present invention in a

state in which an assistant does not push a fixing release button.

[FIG. 12] FIG 12 is a plain cross-sectional view showing the medical manipulator

according to the variant of the first embodiment of the present invention in a state in

which the assistant pushes the fixing release button.

[FIG. 13] FIG 13 is a view schematically showing a configuration of main parts

of a medical manipulator according to a second embodiment of the present invention.

[FIG. 14] FIG 14 is a flowchart showing a switching process of a control mode of

a slave control unit of the medical manipulator according to the second embodiment of the

present invention.

[FIG. 15] FIG 15 is a view schematically showing a configuration of main parts

of a medical manipulator according to a third embodiment of the present invention in a

state in which a slide table is disposed at a distal end position.

[FIG. 16] FIG 16 is a view schematically showing a configuration of main parts

of the medical manipulator according to the third embodiment of the present invention in a

state in which the slide table is disposed at a proximal end position.

[FIG. 17] FIG 17 is a front view of main parts of a slave arm and a movable

holding section of a medical manipulator according to a modified example of the present

invention.

[FIG. 18] FIG 18 is a front view of the main parts of the slave arm and the

movable holding section according to the variant of the present invention in a state in

which engagement of a through-hole and a claw is released.

[Modes for Carrying out the Invention]

[0022]

(First Embodiment)



Hereinafter, an operation support apparatus using a medical manipulator

according to the first embodiment of the present invention will be described with reference

to FIGS. 1 to 12.

As shown in FIG. 1, an operation support apparatus 1 includes a master

manipulation input unit 10, a slave manipulator (a medical manipulator) 20 of the present

invention, and a main control unit 70 connected to the master manipulation input unit 10

and the slave manipulator 20.

[0023]

The master manipulation input unit 10 functions as a master of the operation

support apparatus 1. The master manipulation input unit 10 has a manipulation unit (an

input unit) 11 and a display unit 12.

The manipulation unit 11 is fixed to, for example, the display unit 1 . The

manipulation unit 11 outputs a manipulation signal for controlling the slave manipulator

20 based on manipulation (input) from an operator O such as a surgeon or the like.

The display unit 12 has a display panel 12a such as a liquid crystal panel or the

like. An image signal obtained by an observing apparatus such as an endoscope

apparatus or the like is processed by the main control unit 70 to be displayed on the

display unit 12.

[0024]

As shown in FIGS. 1 and 2, the slave manipulator 20 has a slave arm (a base

section) 25 attached on a base 21, a movable holding section 35 movably supported in a

reference direction X with respect to the slave arm 25, and a slave control unit (a control

unit) 60 configured to control the slave arm 25 and the movable holding section 35. In

addition, the slave manipulator 20 includes a plurality of sets of slave arms 25 and

movable holding sections 35. In FIG 2, for the convenience of description, only one set

of the slave arm 25 and the movable holding section 35 are shown.

[0025]

As shown in FIG. 2, the slave arm 25 is configured such that end portions of a

plurality of rods 26 are rotatably connected to each other via joint sections 27. An



actuator 27a is installed at the joint section 27. As the actuator 27a is provided, an angle

formed between the adjacent rods 26 can be adjusted.

A lower end portion of the slave arm 25 is slidably attached to a rail 21a installed

at the base 2 1. Meanwhile, a bottom surface of a box-shaped base plate 28 is connected

(coupled) to a distal end of the slave arm 25, that is, an end portion of the rod 26. In the

base plate 28, a top surface (a support surface) 28a opposite to a bottom surface has a

rectangular shape and is a substantially flat surface. Here, a direction parallel to long

sides of the top surface 28a is defined as the reference direction X. Side plates 29 and 30

extending upward from side surfaces beyond the top surface 28a are fixed to the side

surfaces parallel to the reference direction X in the base plate 28.

A through-hole (an engaging section) 29a penetrating the side plate 29 is formed

at a distal end side in the reference direction X of the side plate 29. Similarly, a through-

hole (an engaging section) 29b having the same shape as the through-hole 29a is formed

toward the base end side from the through-hole 29a in the side plate 29.

[0026]

As shown in FIG. 3, a pair of base slide rails 3 1 are attached to inside of the base

plate 28 (one of the base slide rails 31 is not shown). The base slide rails 31 are disposed

parallel to each other in the base plate 28 to extend in the reference direction X.

[0027]

As shown in FIGS. 2 and 3, the movable holding section 35 has a box-shaped

slide table (a movable part) 36, and a holding unit (a holding section) 37 supported on a

top surface 36a of the slide table 36. A pair of base slide guides 39 are fixed to a bottom

surface of the slide table 36 (one of the base slide guides 39 is not shown). The base

slide guides 39 are slidably fitted to the base slide rails 31 in the reference direction X.

Specifically, for example, the base slide guides 39 having a substantially tubular shape are

fitted to surround an outer circumferential surface of the base slide rail 31 having

substantially a rod shape. The slide table 36 supported on the top surface 28a of the base

plate 28 is disposed to be sandwiched between the side plates 29 and 30.

As described above, an assistant or the like can manually move the slide table 36



in the reference direction X with respect to the base plate 28.

Further, when the slide table 36 is moved in the reference direction X with respect

to the base plate 28 to the proximal end side, the slide table 36 can be removed from the

base plate 28. In addition, the slide table 36, which is removed, fits the base slide guides

39 to the base slide rail 31 and moves the slide table 36 in the reference direction X with

respect to the base plate 28 to the distal end side, enabling attachment to the base plate 28.

[0028]

A holding unit driving device (a driving unit) 40 is installed in the slide table 36.

Specifically, the holding unit driving device 40 has a pair of table slide rails 4 1 (one of the

table slide rails 4 1 is not shown) attached to the slide table 36, a ball screw 42 disposed

parallel to the reference direction X, and a servo motor 43 configured to rotate the ball

screw 42 about an axis thereof.

The table slide rails 4 1 are disposed to extend in the reference direction X. The

servo motor 43 is attached to the slide table 36 via a motor support section 44.

[0029]

As shown in FIGS. 2 and 4, a rotating claw unit (an engaged device) 47 is

attached to a side surface of the slide table 36.

The rotating claw unit 47 includes a support member 49 in which claws (an

engaged section) 48 engaged with the through-holes 29a and 29b are formed at one end

portion thereof, a rotating shaft 50 rotatably connecting the slide table 36 and a center

portion of the support member 49, and a spring member (a biasing member) 51 configured

to bias the support member 49 such that the claws 48 are engaged with the through-holes

29a and 29b.

The rotating shaft 50 is disposed at a side surface of the slide table 36 such that a

rotating axis thereof is disposed to be parallel to the reference direction X. One end

portion of the support member 49 is disposed to sandwich the side plate 29 between the

slide table 36 and the support member 49. The claw 48 is formed at a surface of one end

portion of the support member 49 in the side plate 29 side. The spring member 51 is

connected to the slide table 36 and the other end portion of the support member 49.



[0030]

As described above, the slide table 36 can be moved in the reference direction X

with respect to the base plate 28. Then, when the slide table 36 is disposed at a distal end

position PI (see FIG 2), which is a position of the most distal end side within a movable

range of the slide table 36 in the reference direction X, the claw 48 is engaged with the

through-hole 29a.

In a natural state in which an assistant does not apply a force to the support

member 49, as the spring member 51 biases the other end portion of the support member

49 to be separated from the slide table 36, the support member 49 is rotated about the

rotating shaft 50 to move one end portion of the support member 49 toward the side plate

29. Since the claw 48 cannot be moved in the reference direction X with respect to the

through-hole 29a when the claw 48 is engaged with the through-hole 29a, movement of

the slide table 36 in the reference direction X with respect to the base plate 28 is restricted.

A positioning mechanism 52 of the present embodiment is constituted by the

through-holes 29a and 29b, and the rotating claw unit 47.

As described above, in the present embodiment, the slide table 36 can be

positioned (fixed) at the distal end position PI with respect to the base plate 28.

[0031]

In addition, as shown in FIG. 5, as the assistant presses the other end portion of

the support member 49 toward the slide table 36 against a biasing force of the spring

member 51, the support member 49 can be rotated about the rotating shaft 50 to release

engagement of the through-hole 29a with the claw 48.

Further, as shown in FIG. 6, as the slide table 36 is moved toward the proximal

end side in the reference direction X with respect to the base plate 28, a position of the

slide table 36 with respect to the base plate 28 becomes a proximal end position P2 when

the claw 48 of the rotating claw unit 47 is engaged with the through-hole 29b. That is,

even at the proximal end position P2, the slide table 36 can be positioned with respect to

the base plate 28.

[0032]



As shown in FIG. 3, in the holding unit 37, a table slide guide 55 is fixed to a

bottom surface of a unit main body 54 having a box shape. The table slide guide 55 is

slidably fitted to the table slide rails 4 1 in the reference direction X. Further, a female-

threaded section 55a formed at the table slide guide 55 is screwed with the ball screw 42.

The servo motor 43 turns the ball screw 42 about an axis thereof in a desired

direction. As the ball screw 42 is turned by the servo motor 43, the table slide guide 55

is moved in the reference direction X by the ball screw 42 being screwed with the female-

threaded section 55a. For this reason, the holding unit 37 can be moved on the top

surface 36a of the slide table 36 in the reference direction X with respect to the slide table

36.

[0033]

A well-known holding mechanism 56 is attached to the unit main body 54 while

being exposed from the distal end side in the reference direction X. In addition, the

holding mechanism 56 may be attached from the proximal end side in the reference

direction X. Further, the holding mechanism 56 may be attached from above regardless

of the reference direction X. An attachment direction of the holding mechanism 56 is not

specifically limited.

A proximal end portion of the treatment tool having an elongated shape such as a

forceps D10 or the like is detachably mounted on the holding mechanism 56. The

treatment tool mounted on the holding mechanism 56 is not limited to the forceps D10,

and a high frequency incision tool, a local injection needle, or the like may be

appropriately selected. In the following example, a case in which the forceps D10 and a

high frequency incision tool D20 are used as the treatment tool will be described.

In the forceps D10, a treatment section D16 having a pair of forceps pieces D17

is installed at a distal end portion of a treatment tool inserting section Dll having a

substantially cylindrical column shape. A curved section D12 that can be bent is

installed at the distal end side of the treatment tool inserting section Dll.

A driving unit D13 having a motor is installed in the proximal end side of the

treatment tool inserting section Dll. A distal end portion of a manipulation wire (not



shown) is connected to the forceps piece D l 7 or the curved section D12. As the

manipulation wire is manipulated to advance or retreat by the driving unit D13, the pair of

forceps pieces D17 can be opened and closed, and the curved section D12 can be bent in a

desired direction.

[0034]

A length LI in a longitudinal direction of the forceps D10 having the above-

mentioned configuration is set to be smaller than a length in the reference direction X

between the distal end position PI and the proximal end position P2 of the slide table 36,

in other words, a pitch L2 in the reference direction X of the through-holes 29a and 29b

shown in FIG. 2.

Further, as shown in FIG. 3, the high frequency incision tool D20, which is

another treatment tool having an elongated shape different from that of the forceps D10, is

detachably mounted on the holding mechanism 56 (see FIG 9). A length L3 in the

longitudinal direction of the high frequency incision tool D20 is set to be equal to the

length LI of the forceps D10.

[0035]

The holding mechanism 56 holds the proximal end portion of the forceps D10

such that the longitudinal direction of the forceps D10 is substantially parallel to the

reference direction X. The holding mechanism 56 also holds the high frequency incision

tool D20 in the same manner. In addition, while not shown, when the holding

mechanism 56 holds the high frequency incision tool D20, a high frequency voltage can

be applied to a cutting part D21 of the high frequency incision tool D20 from a high

frequency power supply via the holding mechanism 56.

When the operation support apparatus 1 is used, an endoscope apparatus (not

shown) is attached to the movable holding section 35 of the other slave arm 25, and an

image acquired by the endoscope apparatus is displayed on the display panel 12a to

perform procedure.

[0036]

A slave control unit 60 has a CPU 62 connected to a bus 61, a storage unit 63 and



an input/output unit 64. The servo motor 43, the main control unit 70 and the actuator

27a (not shown) of the slave manipulator 20 are connected to the bus 61. The bus 6 1 is

configured such that the driving unit D13 of the forceps D10 can be connected when the

forceps D l 0 is held by the holding mechanism 56.

A program for driving the actuator 27a or the servo motor 43 to move the slave

manipulator 20 is stored in the storage unit 63.

The CPU 62 reads the program from the storage unit 63 when the operation

support apparatus 1 is started. Then, the slave manipulator 20 is operated based on the

program and a manipulation signal output from the manipulation unit 11, or the like.

The input/output unit 64 is, for example, a keyboard or a display panel. The

assistant inputs an instruction from the keyboard while checking a manipulation state on

the display panel 12a. The input instruction is transmitted to the CPU 62.

[0037]

The main control unit 70 includes a power supply (not shown) to supply power to

the master manipulation input unit 10 and the slave manipulator 20.

The manipulation signal output from the manipulation unit 11 of the master

manipulation input unit 10 is transmitted to the slave control unit 60. The slave control

unit 60 processes a signal of the image acquired by the endoscope apparatus attached to

the movable holding section 35 of the slave arm 25, and outputs the signal, which is

processed, to the display unit 12.

[0038]

Next, the procedure using the operation support apparatus 1 having the above-

mentioned configuration will be described focusing on the motion of the slave

manipulator 20. Hereinafter, an example of a case in which the treatment tool is

introduced into the body cavity of the patient to treat the target tissue will be described.

In addition, conventionally, the slide table 36 is disposed at the distal end position

PI with respect to the base plate 28. Then, as the claw 48 is engaged with the through-

hole 29a, the slide table 36 is fixed to the base plate 28.

[0039]



When the operation support apparatus 1 is started, power is supplied to the master

manipulation input unit 10 and the slave manipulator 20 from the power supply of the

main control unit 70. In the slave manipulator 20, the CPU 62 reads the program from

the storage unit 63.

As the assistant manipulates the input/output unit 64 to drive the servo motor 43,

the holding unit 37 is moved to the proximal end side in the reference direction X with

respect to the slide table 36. The forceps D10 is attached to the holding mechanism 56 of

the holding unit 37. The slave arm 25 is operated, and as shown in FIG 7, the forceps

D10 is disposed on the same axis as a trocar Tl attached to a patient Q.

An endoscope apparatus E is introduced into a body cavity Ql of the patient Q

from a trocar T2 different from the trocar Tl, and the image acquired by the endoscope

apparatus E is output on the display unit 12.

The assistant drives the servo motor 43 to move the holding unit 37 to the distal

end side in the reference direction X with respect to the slide table 36 to introduce the

forceps D10 into the body cavity Ql through the trocar Tl, while checking the image

displayed on the display unit 12. The forceps D10 is held to be substantially parallel to

the reference direction X in which the holding unit 37 is moved. For this reason, the

forceps D10 can be easily introduced into the trocar Tl.

In addition, the forceps D10 upon introduction into the body cavity Ql is

configured in a state in which the pair of forceps pieces D17 are separated from each other

to be opened and the curved section D12 is straightened, not being curved.

[0040]

A driving amount of the servo motor 43 is adjusted to cause the treatment section

D16 of the introduced forceps D10 to approach a target tissue Q2 in the body cavity Ql.

As the operator O manipulates the manipulation unit 11 to drive the driving unit

D 13, the pair of forceps pieces D17 are manipulated to be opened and closed while

appropriately bending the curved section D12. As a result, treatment with respect to the

target tissue Q2 is performed.

As described above, a motion of finally introducing the forceps D10 into the body



cavity Ql and a motion of adjusting a position of the forceps D10 in the body cavity Ql

are performed by fixing the slave arm 25 and driving the servo motor 43.

[0041]

Next, a sequence of completing treatment by the forceps D10 and exchanging the

treatment tool attached to the holding unit 37 with the high frequency incision tool D20

from the forceps D10 will be described.

Previously, the manipulation unit 11 is manipulated so that the forceps D10 is in

an open state and the curved section D12 is set to a straight state.

First, in a state in which a position of the holding unit 37 with respect to the slide

table 36 is fixed, one end portion of the support member 49 is manipulated to release

engagement of the through-hole 29a with the claw 48.

As shown in FIG. 8, the assistant manually moves the slide table 36 to the

proximal end side in the reference direction X with respect to the base plate 28 to dispose

the slide table 36 at the proximal end position P2. Then, the forceps D10 is extracted

from the body cavity Ql of the patient Q.

The claw 48 of the rotating claw unit 47 is engaged with the through-hole 29b,

and the slide table 36 is fixed at the proximal end position P2 with respect to the base plate

28.

The forceps D10 is removed from the holding unit 37, and the high frequency

incision tool D20 is attached to the holding unit 37.

[0042]

The support member 49 is manipulated to release engagement of the through-hole

29b with the claw 48.

As shown in FIG. 9, the slide table 36 is manually moved to the distal end side in

the reference direction X with respect to the base plate 28, and the high frequency incision

tool D20 is introduced into the body cavity Ql through the trocar Tl . The slide table 36

is disposed on the distal end position PI, and the slide table 36 is fixed with respect to the

base plate 28 by the rotating claw unit 47. As described above, before and after

exchange of the treatment tool, the slide table 36 is disposed at the distal end position PI



with respect to the base plate 28.

The length LI of the forceps D10 is set to be equal to the length L3 of the high

frequency incision tool D20. For this reason, the cutting part D21 of the high frequency

incision tool D20 can be disposed at substantially the same position as the position at

which the treatment section D16 of the forceps D10 is disposed before exchange of the

treatment tool.

[0043]

The operator O manipulates the manipulation unit 11 to apply a high frequency

voltage to the cutting part D21 to perform treatment such as incision of the target tissue

Q2 or the like.

When the treatment by the high frequency incision tool D20 is finished, as the

slide table 36 is moved to the proximal end side with respect to the base plate 28, the high

frequency incision tool D20 is extracted from the body cavity Ql through the trocar Tl .

The endoscope apparatus E is extracted through the trocar T2, and the trocars Tl

and T2 are removed from the patient Q. After that, an appropriate treatment such as

suturing of the incision formed upon attachment of the trocars Tl and T2 to the patient Q,

or the like, is performed to complete a series of surgeries.

[0044]

As described above, according to the slave manipulator 20 of the present

embodiment, the slide table 36 is disposed at the distal end position PIwith respect to the

base plate 28 of the slave arm 25, and the slide table 36 is positioned at the distal end

position PI with respect to the base plate 28 by the positioning mechanism 52. The

holding unit 37 is moved to the proximal end side in the reference direction X with respect

to the slide table 36 by the holding unit driving device 40. The forceps D10 is attached

to the holding unit 37 such that the longitudinal direction of the forceps D10 is

substantially parallel to the reference direction X.

As the holding unit 37 is moved to the distal end side in the reference direction X

by the holding unit driving device 40 in a state in which the forceps D10 is held by the

holding unit 37, the forceps D10 held to extend substantially parallel to the reference



direction X can be easily introduced into the body cavity Ql of the patient Q.

[0045]

Further, upon exchange of the treatment tool, fixing of the slide table 36 with

respect to the base plate 28 by the positioning mechanism 52 is released, and the assistant

manually moves the slide table 36 and the holding unit 37 to the proximal end side in the

reference direction X with respect to the base plate 28. Accordingly, the forceps D10 is

moved with the holding unit 37 to the proximal end side in the reference direction X.

Release of the fixing by the positioning mechanism 52 and movement of the slide

table 36 with respect to the base plate 28 are manually performed by the assistant.

Accordingly, even when the slave control unit 60 or the like of the slave manipulator 20

electrically malfunctions and is inoperable, the forceps D10 can be rapidly extracted from

the patient Q by mechanical manipulation.

[0046]

Then, the forceps D10 is removed from the holding unit 37, and the high

frequency incision tool D20 is attached to the holding unit 37. The slide table 36 and the

holding unit 37 are manually moved to the distal end side in the reference direction X with

respect to the base plate 28, and in a state in which the slide table 36 is disposed at the

distal end position PI with respect to the base plate 28, the slide table 36 is positioned

with respect to the base plate 28 by the positioning mechanism 52.

Here, when the length LI of the forceps D10 is set to be equal to the length L3 of

the high frequency incision tool D20, the cutting part D21 of the high frequency incision

tool D20 is disposed at substantially the same position as the position at which the

treatment section D16 of the forceps D10 is disposed before exchange of the treatment

tool. Accordingly, restarting of the treatment can be rapidly performed.

That is, unlike the conventional manipulator disclosed in Patent Document 1, the

distal end portion of the treatment tool after exchange with a mechanical mechanism can

be disposed at the original treatment region without recording the dimension or disposition

of the treatment tool in the recording unit. For this reason, the distal end portion of the

treatment tool can be securely disposed using the mechanical manipulation only, without



influence due to electrical malfunction of the slave control unit 60 or the like.

From the above, according to the present embodiment, rapid exchange of the

treatment tool with respect to the target tissue Q2 of the patient Q is possible.

[0047]

The positioning mechanism 52 is constituted by the through-holes 29a and 29b

formed at the side plate 29, and the rotating claw unit 47. For this reason, the slide table

36 can be securely fixed in the reference direction X with respect to the base plate 28 with

a simple configuration.

The rotating claw unit 47 is configured to bias the support member 49 rotatably

supported around the rotating shaft 50 by the spring member 51. For the reason, a

motion of the support member 49 supported by the rotating shaft 50 is stabilized.

Further, as the claw 48 is engaged with the through-hole 29b of the side plate 29,

the slide table 36 can be fixed to the proximal end position P2 by the positioning

mechanism 52. Accordingly, a task of exchanging the treatment tool with a new one at

the proximal end position P2 can be securely performed in a state in which positions of the

slide table 36 and the holding unit 37 are stable.

[0048]

When the slide table 36 is moved to the proximal end side of the reference

direction X with respect to the base plate 28, the slide table 36 can be removed from the

base plate 28. For this reason, as the slide table 36 is moved to the proximal end side in

the reference direction X with respect to the base plate 28 to be removed upon emergency

or the like, the slide table 36 or the treatment tool can be rapidly and securely retracted

from the patient Q.

[0049]

In the present embodiment, the rotating claw unit 47 is constituted by the rotating

shaft 50, the support member 49, and the spring member 51, which is a biasing member,

which are constituted by separate members. However, a rotating shaft, a support

member, a claw, which is an engaged section, and a biasing member may be integrally

formed of a resin or the like having elasticity, what is called, a rotating claw unit such as a



snap fit may be installed.

In this case, the rotating shaft functions as the biasing member. For this reason,

in a natural state in which the assistant does not apply a force, the rotating shaft biases the

claw toward the through-hole 29a side through the support member such that the claw is

engaged with the through-hole 29a. Then, as one end portion of the support member is

manipulated to deform the rotating shaft such that the support member is rotated about the

rotating shaft, engagement of the through-hole 29a and the claw is released.

[0050]

In the present embodiment, the through-holes 29a and 29b are formed in the side

plate 29 only. However, through-holes may be formed in a side plate 30 at positions

opposite to the through-holes 29a and 29b, and a rotating claw unit engaged with the

through-holes may be installed at the slide table 36.

Meanwhile, in the present embodiment, the through-hole 29b may not be formed

in the side plate 29. In the proximal end position P2, since the treatment tool is extracted

from the patient Q, the assistant may fix the slide table 36 with respect to the base plate

28.

[0051]

In addition, in the present embodiment, like a slave manipulator 80 shown in

FIGS. 10 and 11, instead of the positioning mechanism 52 of the first embodiment, a

positioning mechanism 8 1 may be installed. The positioning mechanism 8 1 has through-

holes 30a and 30b of the side plate 30, in addition to the through-holes 29a and 29b of the

side plate 29 of the first embodiment, and a rotating claw unit 82.

The through-hole 30a of the side plate 30 is formed at a position opposite to the

through-hole 29a of the side plate 29. More specifically, provided that a direction

parallel to a support surface 28a and perpendicular to the reference direction X is referred

to as a perpendicular direction Y, the through-hole 30a of the side plate 29 is formed at a

position separated from the through-hole 29a in the perpendicular direction Y. Similarly,

the through-hole 30b of the side plate 30 is formed at a position opposite to the through-

hole 29b of the side plate 29.



[0052]

The rotating claw unit 82 has rod-shaped link members (support members) 84

and 85 rotatably supported about a pin (a rotating shaft) 83 installed at the slide table 36,

and spring members (a biasing member) 86 attached to the link members 84 and 85. The

link members 84 and 85 are supported by the pin 83 at center portions in an extension

direction in which the link members 84 and 85 extend. As well, one rotating claw unit is

constituted of the pin 83, the link member84 and the spring member 86, and the other claw

unit is constituted of the pin 83, the link member85 and the spring member 86. That is,

the rotating claw unit 82 is constituted of two rotating claw units. The two rotating claw

units is configured to include the pin 83 and the spring member 86.

The link member 84 has one end portion 84a disposed at the distal end side in the

reference direction X with respect to the pin 83, and the other end portion 84b disposed at

the proximal end side in the reference direction X with respect to the pin 83. Similarly,

the link member 85 has one end portion 85a disposed at the distal end side in the reference

direction X with respect to the pin 83, and the other end portion 85b disposed at the

proximal end side in the reference direction X with respect to the pin 83.

In this example, the spring members 86 are attached to the distal end portions in

the reference direction X of the link members 84 and 85, respectively. Then, the spring

member 86 biases the one end portion 84a of the link member 84 and the one end portion

85a of the link member 85 to be separated each other. The link members 84 and 85

having the above-mentioned configuration are disposed to form an X shape when seen

from a plan view.

[0053]

A fixing section (an engaged section) 88 substantially parallel to the

perpendicular direction Y and protruding in a direction which is outside with respect to the

link members 84 and 85 is formed at the one end portion 84a of the link member 84. The

fixing section 88 is formed to a size that can be engaged with the through-holes 29a and

29b of the side plate 29. When the fixing section 88 is engaged with the through-holes

29a and 29b, the fixing section 88 cannot be moved in the reference direction X with



respect to the through-holes 29a and 29b. For this reason, movement of the slide table 36

in the reference direction X with respect to the base plate 28 is restricted. The fixing

section 88 is configured to be disposed between the side plates 29 and 30 by rotating the

link member 84.

A fixing release button 89 substantially parallel to the perpendicular direction Y

and protruding in a direction which is outside with respect to the link members 84 and 85

is formed at the other end portion 84b of the link member 84.

[0054]

In the link member 85, similar to the link member 84, a fixing section (an

engaged section) 90 is formed at the one end portion 85a, and a fixing release button 9 1 is

formed at the other end portion 85b.

The fixing release buttons 89 and 9 1 are disposed at the proximal end side in the

reference direction X of the slide table 36. Furthermore, the fixing release buttons 89

and 9 1 are disposed to protrude in the perpendicular direction Y with respect to the base

plate 28 and the slide table 36.

[0055]

In the slave manipulator 80 having the above-mentioned configuration, as shown

in FIG. 12, the assistant pushes the fixing release buttons 89 and 9 1 such that the fixing

release buttons 89 and 9 1 approach each other in the perpendicular direction Y against the

biasing force of the spring member 86, the link members 84 and 85 rotate about the pin

83. Accordingly, the one end portions 84a and 85a approach each other to release

engagement between the through-hole 29a and the fixing section 88 and between the

through-hole 30a and the fixing section 90. As a result, the slide table 36 can be moved

in the reference direction X with respect to the base plate 28.

In addition, when the slide table 36 is moved to the proximal end side in the

reference direction X with respect to the base plate 28 to dispose the slide table 36 at the

proximal end position P2, the fixing sections 88 and 90 are engaged with the through-

holes 29b and 30b, respectively, so that the slide table 36 is fixed to the proximal end

position P2.



[0056]

According to the slave manipulator 80 of the present modified example, the

positioning mechanism 8 1 includes the pair of rotating claws, that is, the pair of link

members 84 and 85. For this reason, even when one of the fixing release buttons 89 and

9 1 is pushed, engagement of the base plate 28 with the slide table 36 is not perfectly

released. For this reason, release of the engagement of the base plate 28 with the slide

table 36 due to unintentional contact of the assistant with the fixing release buttons 89 and

9 1 can be suppressed.

Further, the fixing release buttons 89 and 9 1 are disposed at the proximal end side

in the reference direction X of the slide table 36. For this reason, manipulation of fixing

of the slide table 36 to the base plate 28 or manipulation of releasing the fixing of the base

plate 28 and the slide table 36 are performed by one hand of the assistant, without

interference due to the treatment tool such as the holding unit 37, the forceps D10 or the

like. Accordingly, manipulation performance of the slave manipulator 80 is improved.

[0057]

In addition, in the present modified example, the spring member 86 is attached to

the distal end portions in the reference direction X of the link members 84 and 85.

However, the spring member 86 may be attached to the proximal end portions in the

reference direction X of the link members 84 and 85.

In the present modified example, the slave manipulator 80 may not include the

link member 85 and the through-holes 30a and 30b of the side plate 30. Even when the

above-mentioned configurations are not provided, the slide table 36 can be fixed at the

distal end position I and the proximal end position P2 with respect to the base plate 28

using the link member 84 and the through-holes 29a and 29b of the side plate 29.

[0058]

(Second Embodiment)

Next, the second embodiment of the present invention will be described with

reference to FIGS. 13 and 14. Like reference numerals in the embodiments designate

like elements and description thereof will be omitted, and the second embodiment will be



described focusing on differences from the first embodiment.

As shown in FIG. 13, a slave manipulator 100 used in an operation support

apparatus 2 includes a position detecting unit 101 in the base plate 28, and includes a slave

control unit (a control unit) 110 instead of the slave control unit 60, in the slave

manipulator 20 of the first embodiment.

[0059]

The position detecting unit 101 has a well-known proximity sensor (not shown)

and a determination board connected to the proximity sensor. The position detecting unit

101 is disposed at the distal end portion in the reference direction X in the base plate 28.

When the slide table 36 is disposed at the distal end position PI with respect to the base

plate 28, for example, electric field distribution is varied by the base plate 28 made of a

metal. The proximity sensor detects variation in electric field distribution as a voltage

value. The determination board can compare the detected voltage value with a

predetermined threshold to detect whether the slide table 36 is in a distal end disposition

state in which the slide table 36 is disposed at the distal end position PI or a non-distal end

disposition state in which the slide table 36 is not disposed at the distal end position PI

with respect to the base plate 28.

The position detecting unit 101 is connected to a bus 6 1 of the slave control unit

110. The position detecting unit 101 outputs a detection result of the distal end

disposition state or the non-distal end disposition state to a mode switching unit 111

described later via the bus 6 1.

[0060]

The slave control unit 110 includes the mode switching unit 111 in addition to

each configuration of the slave control unit 60 of the first embodiment. The mode

switching unit 111 can switch a control mode, in which the CPU 62 drives the servo motor

43, between a driving mode and a standby mode, based on the detection result transmitted

from the position detecting unit 101.

The driving mode is a control mode of controlling movement in the reference

direction X of the slide table 36 by the servo motor 43 based on a manipulation signal



output from the manipulation unit 11. Meanwhile, the standby mode is a control mode of

not controlling the servo motor 43 regardless of the output manipulation signal. Then,

the mode switching unit 111 sets the control mode to the driving mode when the detection

result transmitted from the position detecting unit 101 is the distal end disposition state,

and sets the control mode to the standby mode when the detection result is the non-distal

end disposition state.

[0061]

For example, the mode switching unit 111 sets the control mode to the driving

mode or the standby mode according to a control procedure to be described below.

The mode switching unit 111 has a memory (not shown). A flag corresponding

to the driving mode and the standby mode is stored in the memory. The CPU 62

periodically reads the flag from the memory of the mode switching unit 111 according to

predetermined readout timing. Then, the CPU 62 controls the servo motor 43 according

to the read flag.

Using the above-mentioned control procedure, the control mode in which the

CPU 62 controls the servo motor 43 is switched between the driving mode and the standby

mode based on a disposition state detected by the position detecting unit 101.

[0062]

Next, in the operation support apparatus 2 having the above-mentioned

configuration, a process of switching the control mode will be described. FIG. 14 is a

flowchart showing a process of switching the control mode of the slave control unit 110.

Hereinafter, the process will be described based on a premise in which the slide

table 36 is previously disposed at the distal end position P I with respect to the base plate

28.

[0063]

When the operation support apparatus 2 is started, power is supplied to the slave

manipulator 20.

First, in step S10, the control mode is set to the driving mode. Specifically, the

detection result showing the distal end disposition state is output from the position



detecting unit 101 to the mode switching unit 111. In the mode switching unit 11, the

flag corresponding to the driving mode is stored in the memory.

Next, after the readout timing from the beginning of step S10, in step S20, the

position detecting unit 101 determines whether the slide table 36 is disposed at the distal

end position P I or not.

When the position detecting unit 101 detects that the slide table 36 is disposed at

the distal end position P I (YES), step S20 is performed again. That is, while the slide

table 36 is disposed at the distal end position PI, movement of the slide table 36 in the

reference direction X by the servo motor 43 is controlled based on a manipulation signal

output from the manipulation unit 11.

[0064]

Meanwhile, in step S20, when the position detecting unit 101 detects that the

slide table 36 is not disposed at the distal end position P I (NO), step S30 is performed.

For example, when the assistant manually moves the slide table 36 from the distal end

position PI to the proximal end position P2 with respect to the base plate 28 or while

moving the slide table 36 from the distal end position P I to the proximal end position P2,

it is detected that the slide table 36 is not disposed at the distal end position P I in step S20.

In step S30, the control mode is set to the standby mode. Specifically, the

detection result showing the non-distal end disposition state is output from the position

detecting unit 101 to the mode switching unit 111. In the mode switching unit 111, the

flag corresponding to the standby mode is stored in the memory, and step S40 is

performed.

[0065]

In step S40, after the readout timing from the beginning of step S20, the position

detecting unit 101 determines whether the slide table 36 is disposed at the distal end

position P I or not.

When the position detecting unit 101 detects that the slide table 36 is disposed at

the distal end position P I (YES), step S10 is performed. For example, when the assistant

manually returns the slide table 36 to the distal end position I with respect to the base



plate 28, it is detected that the slide table 36 is disposed at the distal end position P I in

step S40.

Meanwhile, in step S40, when the position detecting unit 101 detects that the

slide table 36 is not disposed at the distal end position PI (NO), step S40 is performed

again. That is, while the slide table 36 is not disposed at the distal end position P I , the

servo motor 43 is not controlled regardless of the output manipulation signal.

[0066]

As described above, at every readout timing, the position detecting unit 101

detects whether the slide table 36 is disposed at the distal end position P I or not, and the

control mode is switched between the driving mode and the standby mode based on the

detection result.

The process is continued until the operation support apparatus 2 is stopped.

[0067]

As described above, according to the slave manipulator 100 of the embodiment,

even when the control device electrically malfunctions, the treatment tool can be rapidly

extracted from the patient Q.

Further, when the slide table 36 is not disposed at the distal end position PI, the

control mode is set to the standby mode such that control of the servo motor 43 is not

performed regardless of the manipulation signal output from the manipulation unit 11.

Accordingly, in the middle of movement of the slide table 36 from the distal end position

PI and exchange of the treatment tool, movement of the holding unit 37 with respect to

the slide table 36 due to an operational error of the manipulation unit 11 can be prevented.

Furthermore, upon exchange of the treatment tool, a position of the holding unit

37 with respect to the slide table 6 can be defined. For this reason, when the lengths of

the treatment tools are equal, the distal end position of the treatment tool after the

exchange can be returned to the original distal end position without recording the distal

end position of the treatment tool before the exchange.

[0068]

In addition, in the present embodiment, the proximity sensor is used to detect a



position of the base plate 28 in the position detecting unit 101. However, a sensor used

in the position detecting unit 101 is not limited to the proximity sensor. A micro-switch,

a photoelectric sensor, a magnetic sensor, or the like can be appropriately selected and

used as long as a member can detect a position of the base plate 28.

Further, a configuration of switching the control mode between the driving mode

and the standby mode with respect to a plurality of sets of a slave arm 25 and a movable

holding section 35 included in the slave manipulator 100 may be provided. That is, the

control mode may be switched to the standby mode by only a set of the slave arm 25 and

the movable holding section 35, which is needed for exchange of the treatment tool, and

the control mode of the other sets may maintain the driving mode to perform the

manipulation using the manipulation unit 11.

[0069]

In the present embodiment, in the standby mode, the CPU 62 is configured not to

drive the servo motor 43. However, in the present embodiment, in the standby mode, the

CPU 62 is configured not to drive the driving unit D13. In this case, when the curved

section D12 of the forceps D10 is bent and used as described in the first embodiment, the

CPU 62 may be configured not to drive the servo motor 43 and the driving unit D13 after

the curved section D12 is straightened.

As the curved section D12 is in a straight state, the forceps D10 can be easily

extracted from the patient Q.

[0070]

(Third Embodiment)

Next, the third embodiment of the present invention will be described with

respect to FIGS. 15 and 16. Like reference numerals in the embodiments designate like

elements and description thereof will be omitted, and the third embodiment will be

described focusing on differences from the above-mentioned embodiments.

As shown in FIG. 15, a slave manipulator 120 of the present embodiment includes

a biasing mechanism 121 for biasing the slide table 36 to the proximal end side in the

reference direction X with respect to the base plate 28, in addition to each element of the



slave manipulator 20 of the first embodiment.

[0071]

In the present embodiment, as the biasing mechanism 121, for example, a

constant load spring 122 such as Constonn (Registered Trademark, manufactured by

Sunco Spring Co., Ltd) or the like is housed in a reel 123. In the reel 123, a drum (not

shown) turnably supported by the reel 123 is provided. The proximal end portion of the

constant load spring 122 is attached to the drum and wound around the drum.

The reel 123 is fixed to the proximal end portion in the reference direction X of

the base plate 28 such that a direction of pulling the constant load spring 122 from the

inside of the reel 123 becomes the distal end side in the reference direction X. The distal

end portion of the constant load spring 122 is fixed to the distal end portion in the

reference direction X of the slide table 36.

As the constant load spring 122 is used, a biasing force (a load) by which the

biasing mechanism 121 biases the slide table 36 with respect to the base plate 28 is

constant regardless of the position of the slide table 36 in the reference direction X with

respect to the base plate 28.

[0072]

The biasing force of the biasing mechanism 121 may be appropriately set. The

biasing force of the biasing mechanism 121 is preferably set, for example, in consideration

of a maximum inclination angle of the top surface 28a with respect to a horizontal surface

when the top surface 28a is inclined from the horizontal surface and used.

As one of the methods of setting the biasing force, there is a method of setting an

element parallel to the top surface 28a, among gravity applied to the slide table 36, the

holding unit 37 and treatment tool (hereinafter referred to as "the slide table 36 or the

like"), to be substantially equal to the biasing force when the top surface 28a is disposed to

form the maximum inclination angle with respect to the horizontal surface.

According to the method, the slide table 36 can be maintained at an arbitrary

position in the reference direction X with respect to the base plate 28. For this reason,

the biasing mechanism 121 functions as a gravity compensation of the slide table 36 or the



like. Accordingly, when the fixing of the base plate 28 and the slide table 36 is released

by the positioning mechanism 52, unintentional movement of the slide table 36 can be

prevented.

[0073]

Further, as another one of the methods of setting the biasing force, there is a

method of setting the biasing force to be larger than an element parallel to the top surface

28a, among the gravity. According to the method, when the assistant or the like releases

his/her grip from the slide table 36, the slide table 36 can be automatically moved to the

proximal end side in the reference direction X with respect to the base plate 28 as shown

in FIG. 16, and the treatment tool such as the forceps D10 or the like can be automatically

separated from the patient Q.

In addition, as the slave manipulator 120 includes the biasing mechanism 121,

even when the slide table 36 is moved to the proximal end side in the reference direction

X with respect to the base plate 28, the biasing mechanism 121 becomes an obstacle, and

thus, the slide table 36 cannot be removed from the base plate 28.

[0074]

According to the slave manipulator 100 of the present embodiment having the

above-mentioned configuration, even when the control device electrically malfunctions,

the treatment tool can be rapidly extracted from the patient Q.

Furthermore, as the biasing mechanism 121 is provided, unintentional movement

of the slide table 36 to the distal end side in the reference direction X with respect to the

base plate 28 can be suppressed.

When the top surface 28a is inclined with respect to the horizontal surface, and an

element parallel to the top surface 28a among the gravity applied to the slide table 36 or

the like is substantially equal to the biasing force of the biasing mechanism 121, the slide

table 36 can be maintained at an arbitrary position in the reference direction X with

respect to the base plate 28. Since the biasing force of the biasing mechanism 121 is

constant regardless of the position in the reference direction X of the slide table 36,

manipulation performance upon manipulation of the slide table 36 by the assistant can be



improved.

[0075]

In addition, in the present embodiment, instead of the biasing mechanism 121

using the constant load spring 122, as the biasing mechanism, a helical spring or an

electric motor that can move the slide table 36 in the reference direction X with respect to

the base plate 28 may be used. In the mechanism using the electric motor, the slide table

36 may also be manually moved in the reference direction X.

Even in this case, in order to restrict the fixing position of the slide table 36, the

treatment tool distal end position after the exchange can be set to the distal end position

before the exchange. For this reason, the treatment tool can be rapidly exchanged with a

new one.

[0076]

While the first to third embodiments of the present invention have been described

with reference to the accompanying drawings, specific configurations are not limited to

the present embodiments but may include modifications or the like without departing from

the spirit of the present invention. Furthermore, it is needless to say that configurations

described in the present embodiments may be appropriately combined and used.

For example, in the first to third embodiments, the length LI of the forceps D10

is equal to the length L3 in the longitudinal direction of the high frequency incision tool

D20. However, these lengths may differ. When the length LI of the forceps D l 0 is set

to be smaller than a length between the distal end position PI of the slide table 36 and the

proximal end position P2 of the slide table 36, the forceps D10 can be rapidly extracted

from the patient Q.

[0077]

In addition, in case in which the length LI of the forceps D10 is set to be larger

than the length L3 of the high frequency incision tool D20, the treatment is operated as

described below. That is, as the holding unit driving device 40 is previously driven

before the forceps D10 is retracted from the body, the distal end portion of the forceps

D10 are separated from the treated tissue in the body more than a value calculated by an



equation (L3-L1) which is a difference between the length of the forceps D10 and the high

frequency incision tool D20. As a result, the distal end of the high frequency incision

tool D20 after exchange does not contact with the treated tissue in the body, and the distal

end of the high frequency incision tool D20 can be disposed in the treatment region.

[0078]

In addition, in the first to third embodiments, the length LI of the forceps D10 is

set to be smaller than the length L2 between the distal end position P I of the slide table 36

and the proximal end position P2 of the slide table 36 in the reference direction X.

However, the length LI of the forceps D10 may be set to be longer than the length L2

between the distal end position PI of the slide table 36 and the proximal end position P2

of the slide table 36 in the reference direction X.

In this case, the base plate 28 and the trocar are installed such that the base plate

28 is separated from the trocar more than a value calculated by an equation (L1-L2) which

is a difference between the distal end position P I of the slide table 36 and the proximal

end position P2 of the slide table 36 in the reference direction X. As a result, the forceps

D10 can be extracted from the patient.

[0079]

In the first to third embodiments, as shown in FIG. 17, instead of the rotating claw

unit 47 of the positioning mechanism 52 of the present embodiment, a positioning

mechanism 130 including a moving claw section (an engaged device) 131 may be

provided.

In the present modified example, the moving claw section 131 has a support

member 132 in which the claw 48 is formed at one end portion thereof, and a spring

member 133 configured to bias the other end portion of the support member 132 such that

the claw 48 is engaged with the through-holes 29a and 29b. The claw 48 is formed at a

surface of one end portion of the support member 132 in the side plate 29 side. The

spring member 133 is installed at the slide table 36. The spring member 133 is

connected to a connecting member 134 having an L shape when seen in the reference

direction X in parallel and the other end portion of the support member 132.



[0080]

In a natural state in which the assistant does not apply a force to the support

member 132, as the spring member 133 biases the support member 132 toward the side

plate 29 side, engagement of the claw 48 with the through-hole 29a is maintained.

Accordingly, movement of the slide table 36 in the reference direction X with respect to

the base plate 28 is restricted.

Meanwhile, as the assistant grips the support member 132 and pulls (moves in

parallel) the support member 132 to be separated from the slide table 36 against a biasing

force of a spring member 133 as shown in FIG 18, engagement of the through-hole 29a

with the claw 48 is released. Accordingly, the slide table 36 can be moved in the

reference direction X with respect to the base plate 28.

[0081]

In addition, in the first to third embodiments and the present modified example,

as the biasing member, the spring member is used, but the biasing member is not limited

to the spring member. As the biasing member, for example, a magnet may be used.

Specifically, a support member side magnet is installed to the other end portion of the

support member 49 such that north pole thereof orients to a side of the slide table 36, and a

table side magnet is installed to the slide table 36 such that the north pole thereof orients to

the other end side of the support member 49. As the support member side magnet and

the table side magnet repel, bias force is generated such that the claw 48 engages with the

through-hole 29a.

In the present modified example, poles of the support member side magnet and

the table side magnet facing each other may be set to be a south pole.

[0082]

In the first to third embodiments, the through-hole 29a is formed in the slave arm

25 as the engaging section, and the claw 48 is installed at the slide table 36 as the engaged

section. However, the claw may be installed at the slave arm 25 as the engaging section,

and the through-hole engaged with the claw may be formed in the slide table 3 as the

engaged section. Further, the claw may be installed at the support member rotatably



supported about the rotating shaft of the slave arm 25 as the engaged section, and the

through-hole engaged with the claw may be formed in the slide table 36 as the engaging

section.

Further, the slave arm 25 having the movable joint section 27 is installed as the

base section. However, the base section is not limited to this configuration but may be

constituted by a simple support with no movable part.

[Industrial Applicability]

[0083]

According to the medical manipulator, even when the control device electrically

malfunctions, the treatment tool with respect to the treatment region of the patient can be

rapidly exchanged with a new one.

[Description of Reference Numerals]

[0084]

20, 80, 100, 120 slave manipulator (medical manipulator)

25 slave arm (base section)

28a top surface (support surface)

29a, 29b, 30a, 30b through-hole (engaging section)

36 slide table (movable part)

37 holding unit (holding section)

40 holding unit driving device (driving unit)

47, 82 rotating claw unit (engaged device)

48 claw (engaged section)

49, 132 support member

50 rotating shaft

51, 133 spring member (biasing member)

52, 81, 130 positioning mechanism

60, 110 slave control unit (control unit)

83 pin (rotating shaft)

84, 85 link member (support member)



84a, 85a one end portion

84b, 85b other end portion

88, 90 fixing section (engaged section)

01 position detecting unit

121 biasing mechanism

131 moving claw section (engaged device)

D10 forceps (treatment tool)

D20 high frequency incision tool (treatment tool)

LI, L3 length

PI distal end position

P2 proximal end position

X reference direction

Y perpendicular direction



CLAIMS

[Claim 1]

A medical manipulator comprising:

a base section at which a support surface is formed;

a movable part movably supported on the support surface, between a distal end

position, which is a distal end side in a reference direction, and a proximal end position,

which is a proximal end side in the reference direction, with respect to the base section,

when the reference direction parallel to the support surface is defined;

a positioning mechanism configured to position the movable part at the distal end

position with respect to the base section;

a holding section movably supported in the reference direction with respect to the

movable part, and configured to detachably hold a proximal end portion of a treatment

tool such that a longitudinal direction of the treatment tool having an elongated shape is

substantially parallel to the reference direction; and

a driving unit configured to move the holding section in the reference direction

with respect to the movable part.

[Claim 2]

The medical manipulator according to claim 1, wherein the positioning

mechanism includes:

an engaging section provided at one of the base section and the movable part; and

an engaged device having an engaged section provided at other of the base

section and the movable part, and restricted movement to the reference direction on

engaging with the engaging section,

wherein the engaged device includes:

a support member configured to support the engaged section; and

a biasing member configured to bias the support member such that the engaged

section engages with the engaging section.

[Claim 3]

The medical manipulator according to claim 2, wherein



the engaged device includes rotating shaft configured to rotatably connect the

other of the base section and the movable part to the support member, and

the biasing member biases the support member to rotate about the rotating shaft.

[Claim 4]

The medical manipulator according to claim 3, wherein

the support member has a rod shape;

the support member is supported by the rotating shaft at an intermediate section

in an extension direction in which the support member extends;

the engaged section is provided at one end portion of the support member, which

becomes a distal end side in the reference direction, and

the other end portion of the support member is disposed in the reference direction

with respect to one end portion of the support member at a proximal end side.

[Claim 5]

The medical manipulator according to claim 4, wherein

the positioning mechanism includes a pair of engaging sections and a pair of

engaged devices;

the pair of engaging sections are provided so as to separeta from each other in a

perpendicular direction perpendicular to the reference direction parallel to the support

surface;

the engaged sections of the engaged devices are configured to be disposed

between the pair of engaging sections, and

the biasing member biases one end portions of the support members to be

separated from each other.

[Claim 6]

The medical manipulator according to any one of claims 1 to 5, wherein the

positioning mechanism positions the movable part at the proximal end position with

respect to the base section.

[Claim 7]

The medical manipulator according to any one of claims 1 to 6, comprising:



a position detecting unit configured to detect a distal end disposition state in

which the movable part is disposed at the distal end position with respect to the base

section or a non-distal end disposition state in which the movable part is not disposed at

the distal end position with respect to the base section;

an input unit configured to output a manipulation signal to control the driving unit

based on an input from an operator; and

a control unit having a driving mode of controlling movement in the reference

direction of the holding section by the driving unit and a standby mode of not controlling

the driving unit based on the manipulation signal, and configured to select the driving

mode when the position detecting unit detects the distal end disposition state and the

standby mode when the position detecting unit detects the non-distal end disposition state.

[Claim 8]

The medical manipulator according to any one of claims 1 to 7, comprising a

biasing mechanism configured to bias the movable part to the proximal end side in the

reference direction with respect to the base section.

[Claim 9]

The medical manipulator according to claim 8, wherein a biasing force applied to

bias the movable part by the biasing mechanism is constant regardless of a position of the

movable part in the reference direction with respect to the base section.

[Claim 10]

The medical manipulator according to any one of claims 1 to 7, wherein, when

the movable part is moved to the proximal end side in the reference direction with respect

to the base section, the movable part can be removed from the base section.

[Claim 11]

The medical manipulator according to any one of claims 1 to 10, wherein a length

in a longitudinal direction of the treatment tool is set to be smaller than a length in the

reference direction between the distal end position and the proximal end position.

[Claim 12]

The medical manipulator according to any one of claims 1 to 11, wherein lengths



in the longitudinal direction of a plurality of treatment tools detachably held by the

holding section are equal to each other.



























International application No.

PCT/JP2012/070416

A. CLASSIFICATION OF SUBJECT MATTER

Int.Cl. A61B19/00 (2006.01) i

According to International Patent Classification (IPC) or to both national classification and IPC

~ . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Int.Cl. A61B17/00-A61B19/00, B25 l/00-2 1/02

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2007/0089557 Al (INTUITIVE SURGICAL, INC.) 1 , 6 , 12

A 2007.04.26, paragraphs0 044-0 04 6 , 0068, 2-5,7-11

fig.4A,5A,8A & JP 2008-514357 A & EP 2253288 A2

& WO 2007/120350 A2 & CN 101027010 A

A WO 2010/006057 Al (POWER MEDICAL INTERVENTIONS, 1-12

INC. ) 2010.01.14, whole document &JP 2011-527611

A & US 2010/0030233 Al & EP 2303139 A

Further documents are listed in the continuation of Box C. See patent family annex.

Special categories of cited documents: "T" later document published after the international filing date or
A " document defining the general state of the art which is not priority date and not in conflict with the application but cited to

considered to be of particular relevance understand the principle or theory underlying the invention
E" earlier application or patent but published on or after the inter

"X" document of particular relevance; the claimed invention cannot
national filing date be considered novel or cannot be considered to involve an

L" document which may throw doubts on priority claim(s) or which inventive step when the document is taken alone
is cited to establish the publication date of another citation or other
special reason (as specified) "Y" document of particular relevance; the claimed invention cannot

O" document referring to an oral disclosure, use, exhibition or other be considered to involve an inventive step when the document is
means combined with one or more other such documents, such

combination being obvious to a person skilled in the artP" document published prior to the international filing date but later
than the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

31 .08 .2012 11 .09.2012

Name and mailing address of the ISA/JP Authorized officer 3 3 4 3 0
Japan Patent Office Shingo TSUDA

3-4-3, Kasumigaseki, Chiyoda-ku, Tokyo 100-8915, Japan Telephone No. +81-3-3581-1 101 Ext.

Form PCT/ISA/210 (second sheet) (July 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

