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(54) Title: PLACEMENT APPARATUS

FIG 1A

1

- (57) Abstract: A positioning apparatus is provided that is configured to perform a biopsy or therapy support by puncture using a
needle or other needle-shaped equipment. This positioning apparatus is exemplified by an apparatus that includes a first rotation
member, a guide for guiding a needle or other needle-shaped equipment in a longitudinal direction, a second rotation member with a
different rotation axis, and a friction applying unit configured to apply friction force to the first rotation member directly or indir
ectly and generates friction torque.
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TITLE OF THE INVENTION

PLACEMENT APPARATUS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from Provisional Application No.

61/945543 filed 27 February 2014, the disclosure of which is hereby incorporated by

reference herein in its entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a positioning apparatus configured to

perform a biopsy or therapy support by puncture using needle-shaped equipment.

Description of the Related Art

[0003] Demands for low invasion medicine are growing for improvement of quality

of life (QOL) of patients in medical science. There have been developed percutaneous

puncture therapies, such as percutaneous puncture ablation therapy and percutaneous

puncture cryotherapy, as low invasion therapies.

[0004] However, since a portion which is the puncture target is not directly

viewable in percutaneous puncture therapies, a surgeon has to perform puncture based

on medical images such as magnetic resonance imaging (MRI) or computed tomography

(CT) or the like. However, when employing these medical imaging apparatuses, it is

difficult for the surgeon to obtain images in real time. Employing a special MRI allows

the surgeon to obtain images in real time. However, in this case, the surgeon has to



perform work in a narrow space. In either case, it is difficult for the surgeon to

accurately reach the target, and it takes time for surgery.

[0005] A mechanism configured to assist puncture work such as described in U.S.

Patent No. 2011/0190787 has been proposed as surgery support using medical images

such as MRI or CT or the like. According to U.S. Patent No. 2011/0190787, a marker

attached to a device is recognized on a medical image to obtain the posture of the device.

Next, based on this posture and the position of the puncture target, the direction of

puncture is determined, to assist puncture work. According to this mechanism, the

surgeon can insert needle-shaped equipment into a different puncture target position

from the same insertion point, whereby external injury can be reduced. Also, this

mechanism can be reduced in size, whereby a patient wearing this apparatus enter an

existing medical imaging apparatus without removing this apparatus.

SUMMARY OF THE INVENTION

[0006] In recent years, in order to improve QOL, there has been demanded

increase in accuracy of puncture position for realizing less invasive therapy.

[0007] A positioning apparatus according an embodiment of the present invention

includes: a first rotation member having first rotation flexibility; a guide configured to

guide needle-shaped medical equipment in a longitudinal direction of the needle-shaped

medical equipment; a second rotation member, which is connected to the first rotation

member, including the guide, and having second rotation flexibility, of which the rotation

axis is not parallel to the rotation axis of the first rotation member; and a friction applying

unit configured to apply friction force to the first rotation member directly or indirectly

for causing the first rotation member to generate friction torque. The friction applying



unit applies friction force to the first rotation member directly or indirectly so that the

first rotation flexibility component of the friction torque of the first rotation member is

greater than the first rotation flexibility component of friction torque to be generated base

on the rotation of the second rotation member.

[0008] The positioning apparatus serving as a puncture support apparatus

configured to support puncture work having two types of rotation flexibility includes the

friction applying unit as a unit configured to suppress at least the rotation of one guide.

Accordingly, the positioning apparatus can perform positioning for puncture with high

precision, without interfering with operation of the other guide.

[0009] Further features of the present invention will become apparent from the

following description of exemplary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Further objects, features and advantages of the present invention will

become apparent from the following detailed description when taken in conjunction with

the accompanying figures showing illustrative embodiments of the present invention.

[0011] Fig. lA is a perspective view of a puncture support apparatus according to a

first embodiment.

[0012] Fig. lB is a top view of the puncture support apparatus according to the first

embodiment.

[0013] Fig. 2A is a diagram in which a first rotation member is set to a rotation-

suppressed state by operating a friction applying mechanism according to the first

embodiment.

[0014] Fig. 2B is a diagram in which the first rotation member is set to a rotatable



state by releasing the friction applying mechanism according to the first embodiment.

[0015] Fig. 3 is a schematic view in which the configuration of a movable unit at

each rotation member is omitted.

[0016] Fig. 4 is a perspective view of the puncture support apparatus according to a

second embodiment.

[0017] Fig. 5A is a detailed diagram of a friction applying mechanism according to

the second embodiment.

[0018] Fig. 5B is another detailed diagram of the friction applying mechanism

according to the second embodiment.

[0019] Fig. 6 is a perspective view of a puncture support apparatus according to a

third embodiment.

[0020] Fig. 7A is a diagram of a friction applying mechanism according to the third

embodiment as viewed from the top.

[0021] Fig. 7B is another diagram of the friction applying mechanism according to

the third embodiment as viewed from the top.

[0022] Fig. 7C is a diagram of the friction applying mechanism according to the

third embodiment as viewed from the side.

[0023] Fig. 8A is a perspective view of the friction applying mechanism according

to the third embodiment.

[0024] Fig. 8B is another perspective view of the friction applying mechanism

according to the third embodiment.

[0025] Fig. 8C is another perspective view of the friction applying mechanism

according to the third embodiment.

[0026] Fig. 9 is a diagram illustrating a modification of a friction contact portion.

[0027] Fig. 10 is a perspective view of another puncture support apparatus



according to the third embodiment including a different friction applying mechanism.

[0028] Fig. 11A is a diagram of a friction applying mechanism serving as a

modification as viewed from the top.

[0029] Fig. 11B is another diagram of the friction applying mechanism serving as a

modification as viewed from the top.

[0030] Fig. 11C is another diagram of the friction applying mechanism serving as a

modification as viewed from the top.

[0031] Fig. 12 is a perspective view of a puncture support apparatus according to a

fourth embodiment.

[0032] Fig. 13A is a side view of the puncture support apparatus according to the

fourth embodiment.

[0033] Fig. 13B is a schematic diagram of a friction applying mechanism according

to the fourth embodiment.

[0034] Fig. 14 is a perspective view of another puncture support apparatus

according to the fourth embodiment.

[0035] - 5 is a detailed diagram of the friction applying mechanism according

to the fourth embodiment.

[0036] Fig. 15B is a schematic diagram of the friction applying mechanism

according to the fourth embodiment.

[0037] Fig. 16 is a perspective view of a puncture support apparatus according to

another embodiment.

[0038] Fig. 17 is a perspective view of another puncture support apparatus

according to another embodiment.

[0039] Fig. 18 is a cross-section view of the puncture support apparatus

(positioning apparatus) 1in the fifth embodiment.



[0040] Fig. 19 illustrates a detailed cross-section view of the circle portion showed

on the left side in Fig. 18.

[0041] In the following description, reference is made to the accompanying

drawings which are illustrations of embodiments in which the disclosed invention may be

practiced. It is to be understood, however, that those skilled in the art may develop

other structural and functional modifications without departing from the novelty and

scope of the instant disclosure.

DESCRIPTION OF THE EMBODIMENTS

[0042] The present assignee has been studying a puncture support apparatus

(positioning apparatus) configured to secure space where a surgeon can access an

insertion point and also to have improved rigidity using an apparatus in which two

rotation mechanisms which two annular rotation members relatively drive are combined

as illustrated in Figs. lA and lB. The mechanism disclosed in the previously described

U.S. Patent No. 2011/0190787 has a configuration in which a joint configuration and an

arch portion are formed of a plate-shaped member. Therefore, this has a problem in

that insufficient rigidity hinders realization of puncture with high precision.

[0043] On the other hand, since the mechanism as illustrated in Figs. lA and lB

supports inclined rotation mechanisms by being mutually connected, high rigidity is

realized, and the problem in U.S. Patent No. 2011/0190787 can be solved. However, in

the case of the configuration illustrated in Figs. lA and lB, the rotation axes of the two

rotation mechanisms are not orthogonal, so upon external force being applied to the

upper rotation member for positioning of the upper rotation mechanism, the moment of

force due to this external force includes a moment of force sufficient to rotate the lower



rotation member. In the case that the operator applies external force to the upper

rotation member for positioning of the upper rotation member, a moment of force

exceeding the static friction torque of the rotation mechanism has to be added to the

upper rotation member for the rotation mechanism starting relative rotation, and further,

the dynamic friction torque of the rotation mechanism is applied to the upper rotation

member during relative rotation. The moment of force obtained by multiplying this

friction torque by the cosines of inclination angles of the rotation axes of the two rotation

mechanisms is transmitted as torque for relatively rotating the lower rotation mechanism.

Therefore, in the case that this torque exceeds the static friction torque of the lower

rotation mechanism, the lower rotation mechanism is rotated, and moreover, it is difficult

to rotate the upper rotation mechanism in accordance with a target. Accordingly, the

mechanism such as in Figs. lA and lB, from which a friction applying mechanism 11 has

been excluded, has a problem in that the lower rotation mechanism turns even when

performing positioning on the upper rotation member alone, and the obtained puncture

position deviates from the desired puncture position. Though it is possible to cause the

upper guide to turn while supporting the lower guide, when the operator is a surgeon,

since operating the guide by both hands while handling another medical device increases

medical procedures, so the burden on the surgeon or patient may increase.

[0044] Further, anything likely to be touched by the surgeon generally has to be

sterilized. In the case of Figs. lA and lB, since the surgeon may touch the surface of the

apparatus, the surface of the apparatus has to be sterilized, or has to be covered with a

sterilized sheet. In the case of performing positioning by relatively rotating the lower

rotation mechanism alone, the surgeon has to apply external force to the lower rotation

member by touching the lower rotation member, when the lower rotation member is

covered with a sterilized sheet, the surgeon has to touch the lower rotation member



through the sheet, so operability suffers. On the other hand, if the lower rotation

mechanism can be rotated by applying external force to the upper rotation member

protruding at the upper most portion, operations are easy, but since the moment of force

for rotating the lower rotation mechanism includes a moment of force for rotating the

upper rotation mechanism, when the friction torque of the upper rotation mechanism is

small, the upper rotation mechanism is involuntarily rotated, and consequently, rotation

of the lower rotation mechanism may be impeded.

[0045] Description will be made in detail regarding embodiments made in light of

one of the above problems, or other problems.

First Embodiment

[0046] A first embodiment of the present invention will be described with

reference to Figs. lA to 3. Fig. lA is a perspective view illustrating an external

appearance of a puncture support apparatus 1according to the first embodiment, and Fig.

lB is a top view of the puncture support apparatus 1. Fig. 3 is a schematic diagram

representing the rotation and rotation axis of each rotation member while omitting the

configuration of a rotation mechanism configured to relatively rotate each rotation

member for simplification of description.

[0047] The puncture support apparatus 1 is configured of a base 2 made up of a

first base 2a and a second base 2b, a first rotation member 3 rotatably disposed in the

base 2, a second rotation member 4 disposed rotatably as to the first rotation member 3, a

needle guide 6, which is disposed in the second rotation member 4, configured to guide a

needle 5 to a predetermined direction, and the friction applying mechanism 11 configured

to restrain the rotation of the first rotation member 3. The first rotation member 3

includes a first ring portion 3-1 and a second ring portion 3-2 inclined from the first ring

portion 3-1. Note that the guide target by the needle guide 6 is not restricted to the



needle 5. Another device may be used as a guide target as long as this is needle-shaped

medical equipment.

[0048] First, the base 2b of the puncture support apparatus 1is fixedly installed

onto a puncture target using a fixing unit not illustrated in the drawings. A

radiofrequency (RF) coil 10 is disposed between the bases 2a and 2b, and the puncture

target is detected as an MRI image by the operation of an MRI and this RF coil 10. Also,

the first ring portion 3-1 of the annular first rotation member 3 is rotatably attached to the

base 2a, thereby configuring a lower rotation mechanism. Next, the annular second

rotation member 4 is rotatably attached to the second ring portion 3-2 of the first rotation

member 3, thereby configuring an upper rotation mechanism. In the case that the base

2a supporting the first rotation member 3 is used as a first base, the ring portion 3-1

making up part of the second rotation member will be referred to as a second base. As

thus illustrated, the two upper and lower rotation mechanisms which are integrally

connected, are configured.

[0049] Also, as illustrated in Fig. 3, the first rotation member 3 and second

rotation member 4 are configured so that a rotation axis 8 with second rotational

flexibility which represents the rotation center of the second rotation member 4 intersects

a rotation axis 7 with first rotational flexibility which represents the rotation center of the

first rotation member 3 at an intersection 9 positioned in the lower portion of the base 2b.

That is to say, the rotation axis of the first rotation member 3 and the rotation axis of the

second rotation member 4 are not parallel. The needle guide 6 is attached to the upper

portion of the second rotation member 4. A through hole is provided to the needle guide

6, and the needle-shaped equipment 5 is fitted thereto, whereby the needle guide 6 guides

the insertion direction of the equipment 5.

[0050] Also, a position detecting unit which is not illustrated is provided to the



insides of the first rotation member 3 and second rotation member 4, and is capable of

detecting the rotation angle of the corresponding rotation member. Examples of the

position detecting unit include a detecting unit configured to optically or electrically

detect a position such as an encoder or potentiometer or the like, and a detecting unit

whereby the operator visually recognizes a scale provided to the rotation member. Also,

a holder type detachably mountable as to the second rotation member 4 may be employed

as the needle guide 6.

[0051] Combining the rotation operations of the first rotation member 3 and

second rotation member 4 enables puncture from a desired angle to be performed

without changing the position of the intersection 9 which is the puncture position.

[0052] In order to cause the first rotation member 3 and second rotation member 4

to perform rotation operation, the operator rotates the first rotation member 3 and

second rotation member 4 by hand so as to apply torque on the rotation axis of each

rotation member. The first rotation member 3 and base 2a, and the second rotation

member 4 and first rotation member 3, are connected by providing a slide portion to each,

as a rotation support configuration of the corresponding attachment portions in the

present embodiment. A ball bearing and a needle bearing or the like may be employed

as the rotation support configuration in addition to the slide portion. In the case of

relatively moving the two rotation members by external force, friction force is generated

at the rotation support unit by the friction of the slide portion, the rolling friction of a

rolling member, or the like, which is multiplied by the rotation radius to generate friction

torque of the rotation support unit. In the case of causing the second rotation member 4

to perform rotation operation, upon the operator applying rotation force to the second

rotation member, torque obtained by multiplying the friction torque of the rotation

support unit as to the first rotation member by the cosine of an angle made up of the



rotation axes serves as torque for rotating the first rotation member. In the case that

this torque exceeds the friction torque between the first rotation member 3 and base 2a,

the first rotation member 3 is involuntarily rotated even when applying rotation torque to

the second rotation member 4, so it is difficult to operate the second rotation member 4 to

a desired angle.

53] The friction applying mechanism 11 configured to increase friction force to

be applied between the first rotation member 3 and base 2a to restrain the rotation is

disposed in the puncture support apparatus 1according to the present embodiment. As

illustrated in Figs. 2A and 2B, the friction applying mechanism 11 is fixed to the base 2a

supporting the first rotation member 3. Fig. 2A is a diagram in which the first rotation

member 3 is set to a rotation-suppressed state by operating the friction applying

mechanism 11, and Fig. 2B is a diagram in which the first rotation member 3 is set to a

rotatable state by releasing the friction applying mechanism 11. The friction applying

mechanism 11 is fixed to the top of the base 2a by bolts 16a and 16b, and is disposed on

the outer diameter side in the radial direction of the first ring portion 3-1 of the first

rotation member 3.

[0054] A friction member 12 is held by a friction member holding member 13, is

movable in a direction orthogonal (radial direction) to the side of the first ring portion 3-1

of the first rotation member 3, and is inhibited from moving in the rotation direction

(circumferential direction) of the first rotation member 3. Pins 15a and 15b are disposed

in the friction member holding member 13. The pins 15a and 15b are inserted into a hole

(not illustrated) provided to the side of the friction member 12. The friction member 12

is movable in the radial direction of the first ring portion 3-1, and is inhibited from

moving in the circumferential direction and axial direction. The friction member 12 is

suppressed from dropping from the puncture support apparatus 1by disposing the above



pins. A screw hole is provided to the side of the friction member holding member 13 in

the radial direction of the first rotation member 3. Rotating the bolt 14 attached to the

screw hole presses the friction member 12 against the side of the first rotation member 3

in the radial direction. According to this pressing force, friction force in the

circumferential direction is applied between the friction member 12 and the side of the

first ring portion 3-1 of the first rotation member 3, friction torque is applied to the first

rotation member 3 as a moment of force multiplied by distance from the rotation center

of the side of the first ring portion 3-1 of the first rotation member 3. Thus, friction

torque according to the friction applying mechanism is added to friction torque of the

rotation mechanism of the first rotation member 3 and base 2a to increase the friction

torque of the first rotation member 3. Accordingly, the rotation of the first rotation

member 3 can be suppressed by increasing the pressing force of the friction member such

that the first rotation flexibility component of the friction torque of the first rotation

member 3 increases so as to be greater than the first rotation flexibility component of the

friction torque generated by the rotation of the second rotation member 4. The friction

contact surface of the friction member 12 as to the first rotation member 3 has a shape

generally agreeing with the curvature of the side in the radial direction of the first ring

portion 3-1 of the first rotation member 3. In this case, generation of debris such as dust

and so forth is suppressed by widening the friction contact surface to reduce friction.

[0055] The friction applying mechanism 11 is fixed to a fixed position of the base 2a,

so visual recognition is good, and the operator can correctly operate the friction applying

mechanism 11 without losing sight of the friction applying mechanism 11 during work.

Also, after determining the puncture position, detaching the bolts 16a and 16b enables the

friction applying mechanism 11 to be entirely detached, and the friction applying

mechanism 11 can be suppressed from hindering the puncture work.



[0056] It is desirable that the first rotation member 3 rotates ±180 degrees. The

friction applying mechanism 11 is disposed on the outer diameter side of the first ring

portion 3-1 which is rotational symmetry as to the rotation axis of the first rotation

member 3 in the present embodiment, thereby enabling the first rotation member 3 to be

rotated ±180 degrees. However, the rotation angle is not restricted to this, the present

invention may be applied even when the rotation angle is less than ±180 degrees.

Therefore, the friction member 12 may be disposed in the upper portion in the axial

direction of the first ring portion 3-1, and the rotation may be suppressed by sandwiching

the first rotation member 3 between the friction member 12 and base 2a such as a disc

brake.

[0057] As described above, according to the present embodiment, friction torque

to be applied between the first rotation member 3 and base 2b is increased by the friction

applying mechanism 11, thereby enabling the friction torque to exceed rotation torque to

be applied to the first rotation member 3 by friction force between the second rotation

member 4 and first rotation member 3. Thus, malfunction can be eliminated by

suppressing the rotation of the first rotation member 3 due to the operation of the second

rotation member 4. Specifically, after performing positioning by operating the first

rotation member 3, the rotation is suppressed by the friction applying mechanism 11, and

positioning of the second rotation member 4 is performed at the next process, whereby

puncture positioning can be performed with high precision without rotating the first

rotation member 3 at the time of positioning of the second rotation member 4.

Second Embodiment

[0058] Next, a second embodiment will be described with reference to Figs. 4, 5A,

and 5B. The second embodiment includes the same configurations as those in the first

embodiment, so the same portions as the configurations in the first embodiment are



denoted with the same reference numerals, description thereof will be omitted, and only

different portions will be described.

[0059] Fig. 4 is a perspective view of a puncture support apparatus 1 according to

the second embodiment. Fig. 5A illustrates a detailed diagram of a friction applying

mechanism 11 according to the present embodiment. Fig. 5B illustrates a detailed

diagram of the side of the friction applying mechanism 11 according to the present

embodiment. A cover (not illustrated) to prevent the friction member 12 from falling off

is attached to the friction applying mechanism 11.

[0060] The friction member 12 according to the present embodiment is provided

by being fitted with the space of the friction member holding member 13 making up three

plate shapes which protrude from the first rotation member 3. The friction member 12

is rotatably held integrally with the first rotation member 3. The friction member 12 is

detachably mountable to the first rotation member 3 by being slid in a direction

orthogonal to the rotation axis of the first rotation member 3.

[0061] The friction member 12 is configured of a friction portion 17, and the

pressing portion thereof is configured of two buttons 18a and 18b, and a hinge portion 32

which is an inclined thin portion connected to the two buttons 18a and 18b. The hinge

portion 32 is disposed between the two buttons 18a and 18b, and the friction portion 17.

The buttons 18a and 18b, hinge portion 32, and friction portion 17 are formed in an

integral manner. The friction portion 17 including the hinge portion 32 on both sides

serves as an elastic member. More specifically, the inclined hinge portion 32 serving as

pressing portions which are springs each having restoring force for restoring to the

horizontal state, press the buttons 18a and 18b against the relatively upward friction

member holding member 13, and press the friction portion 17 against the contact surface

with the base 2a. The buttons 18a and 18b serve as operation units. In response to



external operations, the positions of the buttons 18a and 18b serving as the operation

units thereof are changed. For example, difference between the solid-line buttons 18a

and 18b and the dotted-line buttons 18a and 18b in Fig. 5B is equivalent to this

displacement. Pressure as to the base 2a disposed facing the friction portion 17 (elastic

member) is increased or released according to this displacement.

[0062] The friction applying mechanism 11 is formed integrally with the first

rotation member 3, and presses the friction portion 17 of the friction member 12 against

the base 2a, thereby enabling the rotation of the first rotation member 3 to be suppressed.

A mode has been described in the first embodiment in which the friction member 12

directly comes into contact with the first rotation member 3 and directly applies friction

force thereto. On the other hand, according to the second embodiment, friction force is

applied to the first rotation member 3 indirectly via the friction applying mechanism 11.

The friction contact surface between the friction portion 17 and base 2a forms a flat

surface. Since friction force according to the friction portion 17 coming into contact with

the flat surface of the base 2a suppresses the rotation of the first rotation member 3, the

wear of the contact surface between the friction portion 17 and base 2a is reduced to

suppress generation of debris such as dust and so forth. There are provided the hinge-

shaped buttons 18a and 18b in a direction orthogonal to the pressing direction of the

friction portion 12 against the base 2 as units for releasing friction force. Upon these

buttons being griped by the operator, the friction member 12 is deformed as illustrated by

a dashed line in Fig. 5B to reduce or release friction force.

[0063] Since the first rotation member 3 and friction applying mechanism 11 are

integrally formed, positioning of the first rotation member 3 is performed in a state

griping the buttons 18a and 18b of the friction applying mechanism 11, and grip force is

released after determination of the position, thereby enabling the rotation of the first



rotation member 3 to be suppressed. Therefore, release of friction force, positioning,

and fixing, can be performed as a series of operations by one hand, which improves

workability.

[0064] The two buttons 18a and 18b are disposed in what we may call a twisted

position in the present embodiment, where the axial line of force for gripping the two

buttons 18a and 18b does not intersect the rotation axis of the first rotation member 3.

However, the buttons 18a and 18b may be disposed in a direction where the axial line of

force for gripping the two buttons 18a and 18b intersects the rotation axis of the first

rotation member 3. Also, an arrangement may be made wherein one of the buttons 18a

and 18b is fixed, and the other is movable, thereby enabling operations to be performed

by one button. Also, the pressing direction of the friction portion 17 may be disposed in

a direction intersecting the rotation axis of the first rotation member 3 instead of the

direction parallel to the rotation axis of the first rotation member 3. Though the rotation

suppression force of the first rotation member 3 is released by the operator grasping the

buttons in the present embodiment, the rotation suppression of the first rotation member

3 may be performed by the operator grasping the buttons. Also, though the first rotation

member 3 and friction applying mechanism 11 are integrally formed, these maybe

detachable.

Third Embodiment

[0065] A third embodiment includes the same configurations as those in the first

embodiment, so the same portions as the configurations in the first embodiment are

denoted with the same reference numerals, description thereof will be omitted, and only

different portions will be described in the description of the third embodiment.

[0066] Fig. 6 is a perspective view of a puncture support apparatus 1according to

the third embodiment. Figs. 7A and 7B are diagrams of the friction applying mechanism



i i as viewed from the top. Fig. 7A is a diagram in which the operator operates the

friction applying mechanism 11 to change the first rotation member 3 to a rotation-

suppressed state, and Fig. 7B is a diagram in which the operator releases the friction

applying mechanism 11 to change the first rotation member 3 to a rotatable state. The

friction applying mechanism 11 is configured of a friction member 12, a pressing portion

31, a lever 19, and a holding member 20. The holding member 20 is formed integrally

with the base 2a. The lever 19 has a prismatic shape. As illustrated in Figs. 7A and 7B,

it is understood that the pressing portion 3 1 is pressed via the lever 19, and the friction

member 12 is accordingly moved along the axis of the pressing portion 31.

[0067] Fig. 7C is a diagram of the friction applying mechanism 11 as viewed from

the side. The lever 19 is rotatably attached to the friction member 12 and holding

member 20. Upon the lever 19 being rotated in an arrow direction, the lever 19 moves

along the inclination portion of the holding member 20, the friction member 12 presses

the side of the first rotation member 3 to suppress the rotation thereof.

[0068] Also, Figs. 8A to 8C illustrate modifications of the friction applying

mechanism 11 described in Figs. 7A to 7C. Fig. 8A is an exploded perspective view of the

friction applying mechanism 11, and Fig. 8B is a perspective view of the friction applying

mechanism 11 in an assembly state. Fig. 8B is a diagram in which the operator operates

the friction applying mechanism 11 to change the first rotation member 3 to a rotation-

suppressed state, and Fig. 8C is a diagram in which the operator releases the friction

applying mechanism 11 to change the first rotation member 3 to a rotatable state. It can

be understood from these Figs. 8A to 8C as well that the pressing portion 3 1 is pressed via

the lever 19, and the friction member 12 is accordingly moved along the axis of the

pressing portion 31.

[0069] Recesses 21a, 21b, and 21c are formed in the holding member 20. When



rotating the lever 19 to the position of each recess, the lever 19 is fitted with the recess,

thereby enabling the lever 19 to be temporarily stopped in a state in which external force

is not applied to the lever 19, and accordingly, malfunction can be suppressed. Fig. 8C is

a diagram illustrating a case where the lever 19 is fitted with the recess 21c. Also, when

the lever 19 is positioned in the recesses 21a and 21b, the first rotation member 3 is in a

rotation-suppressed state, and when the lever 19 is positioned in the recess 21c, the first

rotation member 3 is in a rotatable state. Since a state in which the lever 19 is positioned

generally perpendicular to the base 2a is the rotatable state of the first rotation member 3,

the visual recognition of the lever 19 is improved, and the operator can readily visually

recognize the operation state, whereby the operator can suppress malfunction. Further,

a state in which the lever 19 is positioned generally perpendicular to the base 2a may be

the rotation-suppressed state of the first rotation member 3, and the operator can also

readily visually recognize the operation state. A columnar knob 22 is rotatably attached

to the lever 19, which facilitates operations. Also, the shape of the knob 22 is not

restricted to a cylindrical shape, and may be a globular shape, cylindrical shape, dome

shape, or tapered shape. A cross-cut design to prevent slipping may be provided to the

surface of the knob, or the knob may be formed integrally with the lever 19. A columnar

roller 23 is attached between the lever 19 and holding member 20 in the present

embodiment, so that the lever 19 rotates when moving along the inclined portion of the

holding member 20, thereby enabling smooth operation.

[0070] A display unit 28 whereby the operator can visually recognize the side of the

friction member 12 from an opening portion is provided to the friction member 12. A

mark 29 corresponding to the position of the lever 19 is provided to the friction member

12. The operator can readily visually recognize whether the first rotation member 3 is a

rotatable or rotation-suppressed state by confirming the mark 29 provided to the lever 19



from the display unit 28. In the case of Fig. 8C, the mark 29 serves as a notification part

configured to notify that the friction member 12 is separated from the first rotation

member 3. Also, an arrangement may be made wherein, regarding allocation of marks,

the case in Fig. 8B allows the operator to visually recognize the mark 29, and the case in

Fig. 8C allows the operator to have a visual state such as in the current Fig. 8B.

[0071] Also, in the cases of Figs. 8A to 8C, though contact of the friction member

12 with the first rotation member 3, or separation of the friction member 12 from the first

rotation member 3 has been described, as described in the second embodiment (Figs. 5A

and 5B), contact of the friction member 12 with the base 2a, or separation of the friction

member 12 from the base 2a may be notified. Also, this configuration may be applied to

not only the friction applying mechanism 11 corresponding to the first rotation member 3

but also the friction applying mechanism 11 corresponding to the second rotation member

4. Examples of the mark 29 include coating or a material with a color different from the

colors of other portions, and a unit configured to emit light of a different color using a

light-emitting diode (LED) or the like.

[0072] Fig. 9A is a diagram illustrating a state in which the external appearance of

the friction applying mechanism 11 of the puncture support apparatus 1according to a

modification of the friction contact portion according to the third embodiment is viewed

from above. In Fig. 9A, the lever 19 and friction member 12 are integrally formed. The

friction contact portion of the friction member 12 has a spherical surface, and comes into

contact with the first rotation member 3 at a point, whereby the rotation can solidly be

suppressed. A generally spherical knob 22 is rotatably attached to the lever 19. Fig. 9B

is yet another modification of the friction contact portion according to the third

embodiment in which multiple raised and recessed portions 24b are provided to the side

of the first rotation member 3 which is a rotation member with the friction contact



surface of the friction member 12 to which multiple raised and recessed portions 24a are

provided, whereby the rotation can solidly be suppressed. The contact surface of the

first rotation member 3 may be a flat surface without any such raised and recessed

portions. The form is not restricted to the form in which raised and recessed portions

are engaged as illustrated in Figs. 11A to 11C, and friction force may be increased by

providing an irregular unevenness to the surface of the contact surface.

[0073] Fig. 10 is a perspective view illustrating a state in which the external

appearance of the puncture support apparatus 1having a different friction applying

mechanism 11 in the third embodiment is viewed from above. The friction applying

mechanism 11 includes a movable member 26 configured to be movable by minutely small

amounts after application of friction.

[0074] Figs. 11A and 11B are diagrams of the friction applying mechanism 11 as

viewed from the top. Fig. 11A is a diagram in which the first rotation member 3 is set to

a rotation-suppressed state by operating the friction applying mechanism 11, and Fig. 11B

is a diagram in which the first rotation member 3 is set t o a rotatable state by releasing

the friction applying mechanism 11. Fig. 11C is a diagram in which the rotation of the

first rotation member 3 is suppressed by operating the friction applying mechanism 11,

and also the friction member 12 and movable member 26 are movable by minutely small

amounts in the rotation direction of the first rotation member 3. As can be understood

by comparing Figs. 11A and 11B, the friction member holding member 13 movably holds

the friction member 12 in the radial direction of the first rotation member 3. Also,

though movement has not been permitted regarding the rotation direction

(circumferential direction) of the first rotation member 3 in Figs. 2A and 2B in the first

embodiment, the movement is permitted in a predetermined range in the present

embodiment. More specifically, positioning pins 25a and 25b provided integrally with



the movable member 26 are movable or adjustable by minutely small amounts (a

predetermined range) in the same direction as the rotation direction of the first rotation

member 3 by a slot 27 provided to the friction member holding member 13, thereby

suppressing movement in the radial direction. A material with low friction force is

employed as the positioning pins 25a and 25b and slot 27, and a material with high

friction force is employed as the first rotation member 3 and friction member 12 to

provide difference in friction force to the two slide portions, thereby enabling minute

adjustment in the rotation direction after setting the first rotation member 3 to a rotation-

suppressed state by operating the friction applying mechanism 11.

Fourth Embodiment

[0075] Fig. 12 is a perspective view of a puncture support apparatus 1according to

a fourth embodiment, where the display unit 28 is disposed in the base 2a. Also, the

friction applying mechanism 11 is installed in the first ring portion 3-1 and second ring

portion 3-2 of the first rotation member 3, which serve as friction applying mechanisms

corresponding to the first rotation member 3 and second rotation member 4 in the

present embodiment, respectively. Also, two of the display units 28 are provided

corresponding to the friction applying mechanisms 11. Also, a cover (not illustrated) to

prevent the friction member 12 from falling off is attached to the friction applying

mechanisms 11. The display units 28 are connected to the friction applying mechanism

11 by a cable (not illustrated), and the status of the friction applying mechanism 11 is

displayed on the display units 28.

[0076] Fig. 13A is a side view of a puncture support apparatus 1according to a

modification of the fourth embodiment, and Fig. 13B is a schematic diagram of the

friction applying mechanism 11 (only the friction applying mechanism 11 configured to

perform the rotation suppression of the second rotation member 4). Note that, though



Fig. 13A illustrates a mode for directly applying friction force to the second rotation

member 4 to cause the second rotation member 4 to generate friction torque, a mode for

indirectly applying friction force thereto may be employed. The mode for indirectly

applying friction force will be described in detail in later-described Fig. 14. Details of the

friction applying mechanism 11 corresponding to the first rotation member 3 are as

described in Figs. 5A and 5B, so detailed description will be omitted here. The outer

diameter of the second rotation member 4 protrudes wider than that of the second ring

portion 3-2 of the first rotation member 3 which engages with the second rotation

member 4, and the friction applying mechanism 11 is formed integrally with the side in

the outer diameter of the second ring portion 3-2 of the first rotation member 3.

[0077] As illustrated in Fig. 13B, the friction member holding member 13 is

provided to the second ring portion 3-2 of the first rotation member 3, where the friction

member 12 is fitted thereto. According to the restoring force of the hinge member 32 of

the friction member 12, provided as a connection portion between the buttons 18a and

18b, and the friction portion 17, relative force is generated between the friction member

holding member 13 and second rotation member 4 to apply friction force between the

friction portion 17 and second rotation member 4 for restraining the rotation direction.

Thus, the relative rotation of the second rotation member 4 as to the first rotation

member 3 is suppressed. Further, the friction portion 17 is separated from the contact

surface with the second rotation member 4 by pressing the buttons 18a and 18b of the

friction member 12 in the arrow direction in Fig. 13B to deform the hinge portion 32,

thereby enabling the second rotation member 4 to be rotatable as to the first rotation

member 3.

[0078] Fig. 14 is a perspective view of a puncture support apparatus 1according to

another modification of the fourth embodiment. The friction applying mechanism 11 is



installed in the first rotation member 3 and second rotation member 4 in the present

modification, which performs suppression of the rotations of the first rotation member 3

and second rotation member 4, respectively. Two of the display units 28 are also

provided corresponding thereto. Also, a cover (not illustrated) to prevent the friction

member 12 from falling off is attached to the friction applying mechanism 11. The

display units 28 are connected to the friction applying mechanism 11 by a cable (not

illustrated), whereby the status of the friction applying mechanism 11 is displayed on the

display units 28.

[0079] Fig. 15A is a detailed diagram of a friction applying mechanism 11 according

to another modification of the fourth embodiment, and Fig. 15B is a schematic diagram of

the friction applying mechanism 11 (only the friction applying mechanism 11 configured

to perform the rotation suppression of the second rotation member 4 is illustrated). The

friction applying mechanism 11 is formed integrally with the second rotation member 4 in

the present modification. The friction member 12 comes into contact with the outer

diameter side of the second ring portion 3-2 of the first rotation member 3 to suppress

this to the rotation center direction of the second rotation member 4, thereby suppressing

the rotation. The friction applying mechanism 11 is operated by the operator, thereby

releasing the second rotation member 4 from the friction member 12 which presses the

second ring portion 3-2 side of the first rotation member 3 to enable the rotation member

4 to be rotatable. Therefore, the operator can perform releasing of friction force,

positioning, and fixing regarding both of the first rotation member 3 and second rotation

member 4 by one hand as a series of operations, and consequently, workability is

improved.

[0080] Further, the present embodiment also enables the elastic storing force of

the hinge portions 32 of the two friction applying mechanisms 11 to be set such that the



torque component of the friction torque of the second rotation member 4 on the rotation

axis of the first rotation member 3 exceeds the torque component of the friction torque of

the first rotation member 3 when the two friction applying mechanisms 11 are in a

pressing state. Thus, the first rotation member 3 can be rotated by only the manual

operations of the second rotation member 4 .

Other Embodiments

[0081] Fig. 16 is a perspective view of a puncture support apparatus 1 according to

another embodiment. More specifically, Fig. 16 is a perspective view of the puncture

support apparatus 1 in which a configuration for disposing the display unit 28 and/or the

operation unit in a position far away from the friction applying mechanism 11 is

illustrated. A cable 30 extended from the friction applying mechanism 11 is connected to

the display unit 28 disposed in the base 2a. A wire (not illustrated) for operating the

friction applying mechanism 11 is disposed in the cable 30. The display unit 28 may also

be detached from the base 2a for remote operations.

[0082] Fig. 17 is a perspective view of a puncture support apparatus 1 according to

yet another modification, in which the cable 30 extending from the friction applying

mechanism 11 is connected to the display unit 28. An optical fiber or line (not

illustrated) configured to transmit the status of the friction applying mechanism 11 is

disposed in the cable 30. Since the present modification enables detection of the status

of the friction applying mechanism 11 at a remote location from the puncture support

apparatus 1 and the operator thereof, housing the display unit 28 in a display device of

another controller enables this device to serve as part of a medical system, or to serve as

another display unit for audio or the like. Further, in the case of providing an encoder

which is a position detecting unit within the first rotation member 3 and second rotation

member 4, an optical fiber or line configured to transmit position detected signals of



these is housed in the cable 30, whereby the status of the friction applying mechanism 11

and also rotation angle information of each rotation member can be provided to the

display unit 28.

[0083] Also, the first rotation member 3 and second rotation member 4 may

include a driving source 31 as another modification. The driving source 3 1 is connected

to the first rotation member 3 and second rotation member 4 via a transmission

mechanism which is not illustrated, whereby the movable portions of the first and second

rotation members are driven by the driving source 31. This driving mechanism can be

realized using, for example, a gear, timing belt, or the like. Each of the first and second

rotation members includes the friction applying mechanism 11 in the same way as the

above embodiments. The present modification includes the driving source 31, thereby

enabling automatic positioning. However, there may be a case where, in a state in which

positioning has been completed and the rotation members are stopped, the rotation

members are finely adjusted by hand, or a case where the operator himself/herself

determines positioning to operate the rotation members by hand. It is difficult for the

operator to externally operate the holding force of a motor serving as the driving source

3 1 at the time of normal stopping. Therefore, providing the friction applying mechanism

11 according to the present modification enables the above problem to be solved even in a

support apparatus including a driving device.

Fifth Embodiment

[0084] In Fig. 19, each ring-shaped actuator 100 and 101 driven by vibration is

built inside each rotation member 3 and 4 as the friction applying unit 11. The details will

be described below.

[0085] The actuator 100 comprises a vibrator 101, a slider 102 which contacts with

the vibrator 101 and a pressurizing member 103. The pressurizing member 103 presses

the vibrator 101 and may be integrally formed with the ring portion 3-1. The vibrator 101



comprises a vibrator body 104 made by an elastic material and a piezoelectric element 105

adhered to the vibrator body 104. The vibrator 101 is pressurized to the slider 102 by

pressurizing member 103. Note that a structure and function of the actuator 100-1 and

the pressurizing member 103-1 are basically the same as those described on the actuator

100 and the pressurizing member 103.

[0086] The slider 102 is fixed to a case 106. The case 106 is fixed on the base 2a.

The slider 102 is indirectly fixed to the base 2a (a first base) through the case 106. The

slider 102 may be integrally formed with the case 106. Also the case 106 may be integrally

formed with the base 2a. The same thing can be said about the relationship between the

slider 102-1 and the rotation member 4. The vibrator 101 is connected to the rotation

member 3 (the ring portion 3-1) through the pressurizing member 103 so as to restrict

relative rotational movement between the vibrator 101 and the rotation member 3(the

ring portion 3-1). On the right side in Fig. 19, the vibrator 101-1 and the pressurizing

member 103-1 are fixed to the ring portion 3-2. The pressurizing member 103-1 may be

integrally formed with the ring portion 3-2. Also, the ring portion3-2 is fixed to the ring

portion 3-1 or is integrally formed with the ring portion 3-1. The vibrator 101-1 is fixed to

the ring portion 3-2 (that corresponds to the second base) through the pressurizing

member 103-1 so as to restrict relative rotational movement between the vibrator 101-1

and the ring portion 3-2.

[0087] Friction force in rotational direction of the rotation member 3 (the ring

portion 3-1) is generated between the slider 102 and vibrator 101 according to the

pressurizing force of the pressurizing member 103. Therefore, the vibrator 101 and

pressurizing member 103 work as a friction applying mechanism which generates friction

force indirectly between the ring portion 3-1 and the base 2a through the slider 102 and

the case 106. Also, it can be say that the slider 102 works as a friction applying mechanism

which generates the friction force indirectly between the ring portion 3-1 and the base 2a



through the case 106, the vibrator 101 and the pressurizing member 103.

[0088] In this embodiment, the frictional torque of the first rotation member 3 (the

ring portion 3-i)obtained based on multiplying the frictional force generated between the

slider 102 and the vibrator 101 by the radius defined the contacting portion of the vibrator

101 and the slider 102 is greater than the component of friction torque of the second

rotation member 4 around the axis of the first rotation member. The component of

friction torque of the second rotation member 4 is obtained based on multiplying the

friction force generated between the slider 102-1 and the vibrator 101-1 by the radius

defined the contacting portion of the vibrator 101-1 and the slider 102-1. Therefore,

operator can rotate only the second rotation member by handling only the second

rotation member without unexpected rotation of first rotation member 3.

[0089] [Other embodiment relates to the fifth]

(Reducing torque by vibration)

[0090] The friction force of the actuator 101 and 101-1 generated by pressure

between vibrator body 104 and 104-1 and slider 102 and 102-1 can be changed by

oscillating the vibrator 101 and 101-1 with the specific vibration.

[0091] The mechanism of generating the friction between the vibrator body 104

and the slider 102 is explained hereinafter, the mechanism on the vibrator body 104-1 and

the slider 102-1 is the basically the same. Applying alternate voltages to the piezoelectric

element 105 through electric cables, the vibrator vibrates and generates progressive wave

which runs around the ring shaped vibrator body 104. The slider 102 which contact with

the vibrator body 104 is driven by the progressive wave generated on the contact surface

of the vibrator body 104. The driving force is made by the friction between the slider 102

and the vibrator body 104. Thus, the rotation member 3 (the ring portion 3-1) is

electrically rotated by the vibration driven actuator 10 o.

[0092] Also, the friction torque can be changed by generating standing wave on the



vibrator body 104. This is another specific vibration. In case of the progressive wave type

actuator as described above, the standing wave can be generated by applying alternating

voltages with same phase or only one alternating voltage to the piezoelectric element 105.

Varying the voltage applied to the piezoelectric element 105, the friction torque can be

changed.

[0093] The embodiment showed in Fig. 18 and Fig. 19, the puncture support

apparatus can be electrically driven/moved by the one ore more actuator(s) which built

inside each of the first and the second rotation members 3 and 4. When manual

adjustment is needed, each actuator works as the friction applying unit which generates

an adjustable friction torque in each rotatable member by changing applying voltages to

the piezoelectric element 105 and/or 105-1.

[0094] Thus, the positioning adjustment or the movement for positioning of the

first rotation member 3 and the second rotation member 4 are performed either

electrically or manually with the same mechanical structure.

[0095] The actuators described in this embodiment are not limited to the ring-

shaped progressive wave type actuators. Actuators of any other vibration types can be

used, for example, combination of bending, shearing, shrinking and expansion vibration

known as piezoelectric actuators. A vibration source is also not limited to the piezoelectric

material. Other Electro-strictive materials, magneto-strictive materials or electro

magnetic components are also applicable.

[0096] Although, in the descriptions above, the slider 102 is connected to the case

106 and the pressurizing member 103 is connected to the ring portion 3-1, and the slider

102-1 is connected to the rotation member 4 and the pressurizing member 103-1 is

connected to the ring portion 3-2, the present embodiment is not limited to these. The

arrangement among the slider 102, the vibrator 101 and the pressurizing member 103

may be upside down. In Fig. 19, the pressurizing member 103 may be fixed to the case 106



and the slider 102 may be fixed to the ring portion 3-1. The pressurizing member 103 may

be integrally formed with the case 106 and the slider 102 may be integrally formed with

the ring portion 3-1. Also, the pressurizing member 103-1 may be connected to the

rotation member 4 and the slider 102-1 may be connected to the ring portion 3-2. The

pressurizing member 103-1 may be integrally formed with the rotation member 4 and the

slider 102-1 may be integrally formed with the ring portion 3-2.

[0097] The arrangement among the slider 102, the vibrator 101 and the

pressurizing member 103 may be further changed. Although, in fig. 19, the pressurizing

member 103 and 103-1 are fixed to the vibrator 100 and 101, the present embodiment is

not limited to this. The arrangement of the vibrator 101 and the slider 102 that described

above may be switched. So does the arrangement of the vibrator 101-1 and the slider 102-1.

[0098] For example, in Fig. 19, the pressurizing member 103 may be fixed to the

case 106 and the slider 102 may be fixed to the pressurizing member 103. The vibrator 101

may be fixed to the first ring portion 3-1 restricting rotational and axial movement

between the vibrator 101 and the ring portion 3-1. In this arrangement, the slider 102 is

pressed to the vibrator 101 by the pressurizing member 103. Also, the pressurizing

member 103-1 may be fixed to the second rotation member 4 and the slider 102-1 may be

fixed to the pressurizing member 103-1. The vibrator 101-1 may be fixed to the ring

portion 3-2 restricting rotational and axial movement between the vibrator 101-1 and the

ring portion 3-2. In this arrangement, slider 102-1 is pressed to the vibrator 101-1 by the

pressurizing member 101-1.

[0099] While the present invention has been described with reference to exemplary

embodiments, it is to be understood that the invention is not limited to the disclosed

exemplary embodiments. The scope of the following claims is to be accorded the

broadest interpretation so as to encompass all such modifications and equivalent

structures and functions.



WHAT IS CLAIMED IS:

1. A positioning apparatus comprising:

a first rotation member having first rotation flexibility;

a guide configured to guide needle-shaped medical equipment in a longitudinal

direction of the needle-shaped medical equipment;

a second rotation member, which is connected to the first rotation member,

including the guide, and having second rotation flexibility, of which the rotation axis is

not parallel to the rotation axis of the first rotation member; and

a friction applying unit configured to apply friction force to the first rotation

member directly or indirectly for causing the first rotation member to generate friction

torque;

wherein the friction applying unit applies friction force to the first rotation

member directly or indirectly so that the first rotation flexibility component of the friction

torque of the first rotation member is greater than the first rotation flexibility component

of friction torque to be generated based on the rotation of the second rotation member.

2 . The positioning apparatus according to Claim l , wherein the friction applying

unit is disposed in a first base configured to support the first rotation member, and

applies friction force to the first rotation member, or disposed in the first rotation

member, and applies friction force to the first base.

3 . The positioning apparatus according to Claim 1, further comprising:

a second friction applying unit configured to apply friction force to the second

rotation member directly or indirectly for causing the second rotation member to



generate friction torque;

wherein the second friction applying unit is disposed in the second rotation

member or a second base configured to support the second rotation member;

and wherein the second friction applying unit disposed in the second rotation

member applies friction force to the second base, and the second friction applying unit

disposed in the second base applies the friction force to the second rotation member.

4. The positioning apparatus according to Claim 2, wherein the friction applying

unit includes

a friction member, and

a pressing portion configured to press the friction member;

and wherein the friction member is moved by pressure by the pressing portion,

and comes into contact with the first rotation member or the first base serving as a

contact surface to apply friction force thereto.

5. The positioning apparatus according to Claim 4, further comprising:

a cam;

wherein the pressing portion is pressed by the cam to move the friction member.

6. The positioning apparatus according to Claim 5, wherein a lever is provided to

the pressing portion;

and wherein when the lever is rotated with the axis of the pressing portion as the

center, the cam presses the pressing portion via the lever to move the friction member.

7. The positioning apparatus according to Claim 1, further comprising:



a notification part configured to notify whether or not the friction applying unit

has applied friction force.

8. The positioning apparatus according to Claim 4, wherein the friction member

includes an elastic member having spring properties;

wherein the pressing portion includes an operation unit configured to externally

change the magnitude of force to be applied to the elastic member;

and wherein force is transmitted to the elastic member via the operation unit, the

elastic member is deformed by displacement of the operation unit, and contact force by

the friction member to the contact surface is changed.

9. The positioning apparatus according to Claim 8, wherein the operation unit is

formed integrally with the friction member.

10. The positioning apparatus according to Claim 4, wherein the friction applying

unit includes

a holding member configured to hold the friction member movably in the

diameter direction of the first rotation member;

and wherein the holding member includes

an adjusting unit configured to enable the friction member to be moved in a

predetermined range in the same direction as the rotation direction of the first rotation

member.

11. The positioning apparatus according to Claim 1, further comprising:

a remote operation unit configured to operate the friction applying unit from



remote.

12. The positioning device according to claim 2 further comprising:

(i) a vibrator that includes an electro-mechanical energy conversion element,

(ii) a slider contacting the vibrator,

(iii) pressurizing member which generates pressing force on a contact surface

between the slider and the vibrator, the slider being driven by wave generated on a

contact surface of the vibrator when the electro-mechanical energy conversion element

performs,

wherein the pressing member is fixed to the first base or the first rotation member

and presses the vibrator or slider, and the slider or the vibrator works as the friction

applying unit.

13. The positioning device according to claim 2 further comprising a slider that is

fixed to the first base or is integrally formed with the first base, wherein the first rotation

member comprises:

(i) a vibrator that includes an electro-mechanical energy conversion element and

(ii) a pressurizing member that presses the vibrator, the slider being driven by

wave generated on a contact surface of the vibrator when the electro-mechanical energy

conversion element performs, wherein the slider or the vibrator works as the friction

applying unit.

14. The positioning device according to claim 2 further comprising

(i) a vibrator that includes an electro-mechanical energy conversion element and

(ii) a pressurizing member that presses the vibrator that is fixed to the first base or



is integrally formed with the first base, wherein the first rotation member comprises a

slider the slider being driven by wave generated on a contact surface of the vibrator when

the electro-mechanical energy conversion element performs, wherein the slider or the

vibrator works as the friction applying unit.

15. The positioning device according to claim 3 further comprising

(i) a vibrator that includes an electro-mechanical energy conversion element

(ii) a slider contacting the vibrator

(iii) pressurizing member which generates pressing force on a contact surface

between the slider and the vibrator, the slider being driven by wave generated on a

contact surface of the vibrator when the electro-mechanical energy conversion element

performs,

wherein the pressing member is fixed to the second base or the second rotation

member and presses the vibrator or slider, and the slider or the vibrator works as the

friction applying unit.

16. The positioning device according to claim 3 further comprising

(i) a vibrator that includes an electro-mechanical energy conversion element and

(ii) a pressurizing member that presses the vibrator that is fixed to the second base

or is integrally formed with the second base, wherein the second rotation member

comprises a slider, the slider being driven by wave generated on a contact surface of the

vibrator when the electro-mechanical energy conversion element performs, wherein the

slider or the vibrator works as the friction applying unit.

17. The positioning device according to claim 3 further comprising a slider that is



fixed to the second base or is integrally formed with the second base, wherein the second

rotation member comprises

(i) a vibrator that includes an electro-mechanical energy conversion element and

(ii) a pressurizing member that presses the vibrator, the slider being driven by

wave generated on a contact surface of the vibrator when the electro-mechanical energy

conversion element performs, wherein the slider or vibrator works as the friction applying

unit.

18. The positioning device according to claim 12, wherein at least one alternate

signal is applied to the electro-mechanical energy conversion element and oscillates the

vibrator, wherein the friction force is changeable according to the wave.

19. The positioning device according to claim 13, wherein at least one alternate

signal is applied to the electro-mechanical energy conversion element and oscillates the

vibrator wherein the friction force is changeable according to the at least one alternate

signal.

20. The positioning device according to claim 14, wherein at least one alternate

signal is applied to the electro-mechanical energy conversion element and oscillates the

vibrator wherein the friction force is changeable according to the at least one alternate

signal.

21. The positioning device according to claim 15, wherein at least one alternate

signal is applied to the electro-mechanical energy conversion element and oscillates the

vibrator wherein the friction force is changeable according to the at least one alternate



signal.

22. The positioning device according to claim 16, wherein at least one alternate

signal is applied to the electro-mechanical energy conversion element and oscillates the

vibrator wherein the friction force is changeable according to the at least one alternate

signal.

23. The positioning device according to claim 17, wherein at least one alternate

signal is applied to the electro-mechanical energy conversion element and oscillates the

vibrator wherein the friction force is changeable according to the at least one alternate

signal.
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figure 19).
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Continuation of Box III: Observations where unity of invention is lacking

The inventions listed as Groups l-lll do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

SPECIAL TECHNICAL FEATURES

The special technical feature of each species (Groups l-lll) is provided in the group descriptions above. None of these special technical
features are common to the other species, nor do they correspond to a special technical feature in the other species.

COMMON TECHNICAL FEATURES

Groups l-lll share the technical features of claim 1 and 2. The apparatus is known in prior art as shown in US 5,280,427 to Magnusson,
et al. (hereinafter 'Magnusson').

Regarding claim 1, Magnusson discloses a positioning apparatus comprising:
a first rotation member (18) having first rotation flexibility (rotates about axis through 46, fig 1, 3);
a guide (106) configured to guide needle-shaped medical equipment ( 110) in a longitudinal direction of the needle-shaped medical
equipment (fig 1, 3);
a second rotation member (20), which is connected to the first rotation member, including the guide, and having second rotation
flexibility, of which the rotation axis is not parallel to the rotation axis of the first rotation member (fig 1, 3); and
a friction applying unit (16, 6) configured to apply friction force to the first rotation member directly or indirectly for causing the first
rotation member to generate friction torque (fig 1, 3, col 5, In 64 to col 6, In 15);
wherein the friction applying unit applies friction force to the first rotation member directly or indirectly so that the first rotation flexibility
component of the friction torque of the first rotation member is greater than the first rotation flexibility component of friction torque to be
generated based on the rotation of the second rotation member (col 5, In 64 to col 6, In 15 - inherent because rotational axis of first
rotation member is parallel to rotational axis of second member, which means no frictional forces would act on first rotation member
during rotation of second rotation member).

Regarding claim 2, Magnusson further discloses the positioning apparatus according to Claim 1, wherein the friction applying unit is
disposed in a first base (16) configured to support the first rotation member, and applies friction force to the first rotation member (col 5,
In 64 to col 6, In 15), or disposed in the first rotation member, and applies friction force to the first base.

Groups and I I also share the technical features of claim 4, which is also known in the art as shown in Magnusson.

Regarding claim 4, Magnusson further discloses the positioning apparatus according to Claim 2, wherein the friction applying unit
includes a friction member (upper wall of 16 that abuts rotation member 18, fig 1), and
a pressing portion (46) configured to press the friction member (fig 1, col 6, In 1-15);
and wherein the friction member is moved by pressure by the pressing portion, and comes into contact with the first rotation member or
the first base serving as a contact surface to apply friction force thereto (fig 1, col 6, In 1-15).

As the common features were known in the art at the time of the invention, they cannot be considered special technical features that
would otherwise unify the groups.

Therefore, Groups l-lll lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.
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