Akihiko Yagi, Kiyoshi Matsumiya, Ken Masamune, Hongen Liao, Takeyoshi Dohi:
Rigid-flexible Outer Sheath Model using Shape Lock Mechanism by Air Pressure and Wier Driven Curving Mechanism,
In Proc. World Congress on Medical Physics snd Biomedical Engineering(WC2006),

mm, and these units enable a rotation of 30 degrees and a
minimum curvature radius of S8mm.

The prototype consists of nine units and eight joints. To-
tal length is 290 mm. Constituent material of the unit frames
is aluminium. The links, sliders, and joint pins is made of
stainless-steel. The total weight is 98g.

The prototype has one pair of wire guide periodically
spaced along its length. Wires run through the eyelet hole
on the wire guides, terminating at the head. Adding the
tension to the one wire, this outer sheath curves itself to the
direction of pulled wire side such as planner continuum
manipulators [6]. The surgeon controls the insert direction
by pulling wire when it is difficult to go into the body only

by pushed.
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11. VALIDATION.

A. Relation of vigidity and air pressure

We evaluated the performance of the developed prototype
device with three experiments. First we evaluated the rela-
tionship between the air pressure and the external force
(external torque) by switching two modes and keeping the
shape with the outer sheath device.

External force is added to the head of the sheath perpen-
dicular to the direction of first unit (In this paper we call the
pieces and joints sequential order form head.). Then, we
measured the external force by rotating the first unit around
the first joint, with a air pressure change from OkPa to
400kPa. Fig. 4 shows two clear states switching on the cer-
tain border air pressure. When the air pressure is low, the
external force is about 0gf, so the first piece rotated freely.
When the pressure is high, the unit holds its angle even the
external force is over 500gf. The border zone of the air
pressure is from 130kPa to 150kPa.

Next, we measured the external force by keeping the angle
of each joint in the same condition with above experiment
except the air pressure of 250kPa. Tablel shows the relation
maximum external force at each joint. The first joint and
second joint keep their angle against over 500gf, but third
joint bends when the external force is 450gf. Maximum
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force becomes lower when the distance between the joint
and the forced point is long. As the result, the maximum
torque should be 400mNm.

Next we evaluated the characteristics of inserting the
flexible devices into the sheath. In stead of flexible devices,
3 types of material with different mechanical property was
selected, polyvinyl chloride tube, stainless steel wire, and
polytetrafluoroethylene(PTFE) tube. Diameter of these
tubes or wires is 4 mm. The sheath was set to rigid mode
fixed to a circular arc with an angle of 30 degrees, 60 de-
grees, 90 degrees. Then, we measured the maximum inser-
tion force while inserting these materials into the sheath.
The result is shown in table.

Table 1 Relation of the maximum external force and distance from the
force point.

_ joint number 1 2 3 4 5
distance from force(mm) 30 60 90 120 150
maximum force(gf) 500 500 450 350 250
torque(mNm) 147 294 397 412 368

Table 2 The insertion force into the outer sheath(gf)

insertion materials
polyvinyl  stainless
tube wire PTFE tube
30 | 18.3%£3.5 30.4+5.2 42.9£2.0
degrees
of arc 60 | 20.1x£5.0 83.3%8.5 87.8+9.8
90 | 23.8+8.0 66.9+£29.3  318.8+154

Fig. 5 The image of experiment condition: The 90 degrees arc path was
made by gelatine instead of the soft tissue.

Last we measured the characteristic of insertion into the
body. As the phantom of human soft tissue, narrow path
was made by gelatine. The outer sheath goes into the path
through the way along the gelatine wall. This way shaped
90 degrees arc which radius was 5.0,7.5,10.0,12.5,15.0 cm
(Fig. 5). Table 3 shows the result whether the outer sheath
could go through the arc path by gelatine. The sheath
wasn’t able to pass through the Scm radius arc, which was
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smaller than the minimum curvature radius of this outer
sheath, When the curvature radius is 7.5cm, the sheath
didn’t pass through the path only by pushing, but it passed
with active curving by wire tension. When the sheath passed
through the arc which radius is over 10.0 cm, the sheath
went only by pushing from the entrance point.

Table 3 Result of insertion of the outer sheath into the gelatine pass

radins(cm) insertion result
5.0 not passed
7.5 passed by wire curve
10.0 passed
125 passed
15.0 passed

IV. DiscussIioN

Experimental results show that our outer sheath mecha-
nism is sufficient to fix the shape. Laparoscopic manipula-
tors can generate about 500gf force to lift up heavy organs
in the body. The outer sheath keeps its shape against such
force. Since our manipulators can go through the narrow
gap between tissues, it is not necessary for the surgeon to
move the organs.

From the result of insertion characteristic of flexible de-
vice, it is considered that various flexible devices can be
inserted into the deep area using the outer sheath. Stiffness
is an important property of the flexible devices such as
gastroenterological endoscope. It is unable to reach deep
target when it is too soft, or too hard. From the result, our
sheath enable protect tissues from high insertion force, and
make the path for soft device which is easy to be buckled.
Since the developers don't need to care about stiffness about
flexible devices, many types of devices become possible.
This sheath could go through the curve of 7.5cm curvature
radius. From this result, this sheath considered to be possi-
ble to go through the gap between membranes and organs or
mussel and membranes of abdomen, and to make the in-
strumental path reaching to the kidney, prostate, and so on.
These tissues are difficult to approach by laparoscopic ma-
nipulators, then the flexible manipulators and our sheath is
helpful to approach easier and safer way.

Our mechanism that combined of the outer sheath and
flexible manipulators is suitable to the laparoscopic surgery
in deep, narrow area where the open surgery is necessary.
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V. CoNcLUSION

We developed a rigid-flexible outer sheath that secures
instrumental path for flexible device to make minimally
invasive laparoscopic surgery. The mechanism to switch
flexible mode and rigid mode using multi-joint model and
slider-linkage mechanism is developed and evaluated. The
air pressure and gear lock mechanisms enable a freedom
shape locking. The results show that the outer sheath is able
to bear about 500gf force on head, and 400mNm torque.
Furthermore, this outer sheath is able to get through the
device with 398gf insertion force.
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Abstract. The objective of this paper is to develop an outer sheath
for flexible endoscopic manipulators. This sheath can switch into two
modes including flexible mode and rigid mode, and make a rigid curved
path for inserting manipulators. The flexible mode can be curved into a
required shape. The rigid mode can hold the shape of the sheath, and
then keep the path for instruments. Through the managed path, the
flexible manipulators become easy to reach the target. We proposed a
serial multi joint model to realize the flexible mechanism. This model
is composed of a set of frame units which are connected serially. Each
unit can be rotated to a given angle around the center of the joint. We
developed a slider-link mechanism and a gear stopper controlled by air
pressure for rigid mode. We designed and fabricated the prototype with
a diameter of 16mm and length of 200mm. The experiment showed that
the device could be switched from the flexible mode to the rigid mode
when the air pressure was over 150kPa, and each joint could hold its
angle against the maximum 400mNm. The phantom experiment showed
that the flexible devices are possible to transmit the wire tension to the
endpoint of the manipulator without changing the curving shape with
by the developed outer sheath device.

1 Introduction

Laparoscopic surgery has been widely performed in abdominal surgery. Surgeon
can insert special instruments from small holes on the abdominal wall and per-
form operation after lifting the abdominal wall. To improve the performance and
reduce the risks of this surgery, many researchers and engineers developed various
instruments such as multi degrees-of-freedom (DOF's)[1]-[3] or Master-Slave type
manipulators[4]. However, some problems remain unsolved. First, laparoscopic
surgery requires wide space below the abdominal wall. Pneumoperitoneum is
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commonly used to lift the abdominal wall, but some complications caused by this
method are reported. Second, although the laparoscopic surgery can approach
the target in anterior area of the body, it is difficult to approach the target in
deep, narrow area. To address these problems, instruments are required to be
flexible to go into the body avoiding the critical areas. Several groups developed
different flexible manipulators with wide curve. Ikuta et al. developed a microma-
nipulator to reach difficult area[5]. Moreover, other flexible manipulators using
shape memory alloy (SMA)[6], or wire-driven mechanism were also developed(7].
However, flexible instruments can not be inserted easily in narrow space between
the tissues or organs, and can not be stabilized completely when approaching
target. In order to solve problem of flexible instruments, it is required to manage
rigid path to insert flexible instruments in advance.

The purpose of this study is to develop an outer sheath to make an instru-
mental path in human body. This sheath is able to be any given shape, and to
hold the shape against of the external force. Before inserting flexible instruments,
the surgeon inserts the outer sheath through the narrow gap between the safety
areas. After reaching to the target, the surgeon locks the shape, then the surgeon
is able to insert flexible instruments easily through the planned path. In order
to realize the switch of two states: flexible and rigid, we used multi-joint model
for flexibility and slider-linkage mechanism and air pressure locking mechanism
for rigidity. The engineering contribution of this paper is to devise a mechanism
which can change its shape to be given shape and generate stiffness in the given
shape. The clinically significance is to enable to manage rigid curved path for
flexible instruments. Then, it becomes possible to approach to the target by less
invasive way. This paper reports 1) a mechanism that enables to switch flexi-
ble mode and rigid mode, 2) a prototype of outer sheath and total system, and
3) evaluation experimental results about the stiffness and clinical applicability
study using phantom and flexible device.

2 Method

The outer sheath that we try to develop is able to change its shape with a
number of DOFs. To realize this function, the multi joint model is used|8]. The
outer sheath consists of several pieces of short sheath. These sheath units are
connected serially to make a long sheath. Each unit is able to be rotated several
degrees around the joint. So this kind of outer sheath is possible to be changed
to different (Fig. 1). To lock the shape and keep from the external force, we
proposed a locable slide-linkage mechanism. Each unit has a link, a slider, a
stopper, and an air channel inside the instrument. The unit and the slider are
connected by a link with pin joints. The slider moves in the slider channel of
the adjacent unit in conjunction with the rotation of the unit. Sliders and the
stoppers have gear racks. When air pressure pushes the stopper, the stopper
meshes the gear tooth of the slider. The rotation of the unit is locked after
locking the slider, so the sheath gets rigid. When the air pressure is off, the



In Proc. 9th Medical Image Computing and Computer Assisted Intervention
(MICCAT2006),pp503-508, Copenhagen, Denmark, October, 2006

ider channel
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Fig. 1. The perspective view (left) and cross section image (right) of the outer sheath
model: Qur outer sheath consists of pieces of the sheath, link, and slider. Link and
slider slide in slider channel and flexible tube passes through air channel. Instruments
pass through the instrument path.

spring attached to the stopper push the stopper back, and then the sheath is
switched to the flexible mode (See Figure 2).

Fig. 2. Mechanism of having stiffness:When fluid channel is empty, the piece, link,
and slider move in conjunction, and each pair moves independently (a). When the air
pressure is add, the stopper moves up and mesh with the gear rack of the slider, then
the shape of the sheath is locked (b).

3 ProtoType

We made a prototype using above mechanism(Fig. 3). Long units and short units
are connected alternately, and axis of joint are roteted. Then the sheath is able
to make stereescopic curve. The cross section of this sheath is circle diameter
of 16 mm. Diameter of the instrument path is 8mm. Polyvinyl chloride tube is
attached in the inner guide tube of this hole, so the sheath enables instruments
to go through the device with a diameter of less than 6 mm. Diameter of the air
channel is 3.6 mm. The natural rubber tube is attached to transmit air pressure
to the stopper. The length of long unit is 22mm, and that of short unit is 7mm.
Total length is 290 mm. Constituent material of the unit frames is aluminium.
The links, sliders, and joint pins is made of stainless-steel. The total weight is

98g.
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(b) (c)

Fig. 3. The image of prototype: (a) shows when this outer sheath becomes straight.
(b) shows that this out sheath is possible to curve and lock the shape. (c) shows the
cross section surface.

The prototype has one pair of wire guides periodically spaced along its length.
Two wires run through the wire guide eyelets, terminating at the endpoint.
Through the difference of wire tension, the sheath curves and change direction
of the endpoint such as planar continuum manipulators[9] when the sheath is
flexible mode. The wire is pulled by hand, and this wire tension supports to
going into the sharp curved route and selects the planned route from branched
route.

Figure 4 shows the system configuration. This system consists of the outer
sheath device and air pressure controller. The controller switches to supply air
pressure and controls the pressure. Air source is supplied from air supply port
in operating room, gas cartridge, or simple air pump. This prototype the hand
type switch is used, but any type, such as foot switch, is usable. This sheath
is used under draping. In the future the wire tension form motors and motor
drivers, then the outer sheath will be controlled from PC.

4 Validation

We evaluated the basic mechanical characteristic and clinical applicability. First
we evaluated the relationship between the air pressure and the external force
(external torque) by switching two modes and keeping the shape with the outer
sheath device. External force is added to the head of the sheath perpendicular to
the direction of first unit (In this paper we call the pieces and joints sequential
order form here.). Then, we measured the external force by rotating the first unit
around the first joint, with a air pressure change from 0kPa to 400kPa. Figure 5
shows two clear states switching on the certain border air pressure. When the air
pressure is low, the external force is about Ogf, so the first piece rotated freely.
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Air source Air controller

outer sheath

Fig. 4. The system of rigid-flexible outer sheath: The system consists of the outer
sheath and air controller. Single lines are the connection of electric signals. Double
lines are connection of air. Dashed line is the image of wire. Future, the wire tension

will be controlled from motor and PC.

When the pressure is high, the unit holds its angle even the external force is
add. The border zone of the air pressure is from 130kPa to 150kPa.

Next, we measured the external force by keeping the angle of each joint in the
same condition about external force. The air pressure was set to 250kPa. In this
experiment the shape of the sheath was straight. The first joint and second joint
keep their angle against over 5N, but third joint bends when the external force
is 4.5N. Maximum force becomes lower when the distance between the joint and
the forced point is long. As the result, the maximum torque should be 400mNm.
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Fig. 5. Relation between rigidness and air pressure: Vertical axis is the external force
under which first joint could hold its locked angle. The force was added perpendicular
to the direction of the axis of the sheath. We tested the external force when the air
pressure is added every 100 kPa, and every 10kPa between 100kPa and 200kPa. When

the air pressure is between 130kPa and 150kPa, the rigidness is unknown.

Last, we evaluated clinical applicability by the phantom experiment. As the
phantom of human soft tissues and gap between organs, narrow curved path was
made and the silicone gel was filled around the path(Fig. 6a). In this experiment
the path was the arc of which curvature radius is 10cm. When the outer sheath
is inserted, it has to push the silicone wall to go through the path and reach
to the target. In this experiment we assume that the sheath and manipulators
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Fig. 6. Experiment condition: (a) curved course made by gelatin. The curveture radius
is 10cm, and the thickness is 25mm. (b) insert material. The diameter of fiber core is
1mm. Urethane tube is 3mm, and that of wire guide is 4.5mm. (c) assumption of the
phantom. This phantom assumes that the sheath goes through the gap around liver
and cholecyst, and reaches to target on the backside liver.

go to the backside of the liver passing around liver and cholecyst(Fig. 6¢), so
the silicone is shaped like liver. As a flexible device, we used the laser fiber. The
fiber(Standard-Lightguide, Dornier MedTech inc, German) is covered with ure-
thane tube and wire guide device is attached periodically spaced. T'wo wires runs
though with the eyelet of wire guide attachments. This fiber can be controlled
by the difference of wire tension. The maximum diameter of the fiber device is
4.5mm(Fig. 6b). The outer sheath wasn’t able to go through the path only by
pushing the sheath because the top of sheath was blocked by the silicone wall.
However, with supporting the wire tension, it could go the path smoothly the
path. (Fig. 7). After inserting the outer sheath device, the laser fiber device was
inserted smoothly passing through the rigid path. When wire tension was add,
the fiber device changed its direction of the tip without changing the whole shape
of the device, so this manipulator could be controlled the direction of laser. The
wire tension to bend the fiber was 18N.

5 Discussion

Experimental results show that our outer sheath mechanism is sufficient to fix
the shape. Laparoscopic manipulators can generate about 500gf (4.8N) force
perpendicular to the direction of axis to lift up heavy organs in the body. The
outer sheath keeps its shape against such force. Since our manipulators can go
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(a) ’ (b)

Fig. 7. The image of experiment: (a) shows that the outer sheath went through the
path pushing silicone walls. (b) shows the endpoint of the sheath and laser fiber curved
by wire tension.

through the narrow gap between tissues, it is not necessary for the surgeon to
move the organs. As for the air pressure, the outer sheath switches the pressure
less than 200kPa. It is not high pressure, so the air pressure may not damage
the tissues around the sheath if the air leak, or burst. Then it can be used safely.
From the phantom experiment, this sheath is considered to be able to go back
side passing around the tissues. The arc whose radius is 10cm is a little large path
to go around small organs. However, it is sufficient to go between abdominal wall
and tissues, or go around big organs such as liver. Wire tension is helpful to go
the sharply curved route. In this prototype the tension affects to all joints, but
the wire tension is helpful for only the first joint. By the mechanism to transmit
the wire tension to first joint, the sheath will be easier to go narrow route.
Using this sheath, the manipulators can be inserted smoothly, and transmit the
wire tension to the endeffector. This experiment we used a laser manipulator.
Moreover we think that the gastroenterological endoscope is useful combined
with the sheath, and other effective devices will be developed.

Next challenging problem is to detect the place of the endpoint of the sheath
in human body, especially while inserting this sheath. X-ray is one effective way,
but exposure problem occurs. Then smart way to detect the position is required.

We think that it become to be able the endoscopic surgery in deep, narrow
ares, where surgeons must select the open surgery by the combination of our
outer sheath and the wire-driven flexible manipulators such as mentioned in [5].
Our research to develop outer sheath which can become flexible and keep own
shape is important first step to make surgery less invasive.

6 Conclusion

We developed a rigid-flexible outer sheath that secures instrumental path for
flexible device to make minimally invasive laparoscopic surgery. The mechanism
to switch flexible mode and rigid mode using multi-joint model and slider-linkage
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mechanism is developed and evaluated. The air pressure and gear lock mecha-
nisms enable a freedom shape locking. The results show that the outer sheath is
able to bear about 5N force on head, and 400mNm torque. Furthermore, flexible
devices are possible to change the direction of its endpoint without changing
the whole curving shape. Our mechanism that combined of the outer sheath and
flexible manipulators is suitable to the laparoscopic surgery in deep, narrow area
where the open surgery is necessary.
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1. Introduction

Laparoscopic surgery becomes common way and many dextrous tools [1] have been
developed. However it requires large space under abdominal wall because many tools
are long straight rod. This paper reports an outer sheath which can be changed its shape
and locks the shape. This outer sheath makes rigid curved path for flexible manipulators
such as micro manipulator [2].

2. Methods

The outer sheath consists of several pieces of short sheath connected serially. Each
unit is able to be rotated several degrees around the joint. So this kind of outer sheath is
possible to be changed to different shape. Each unit has a link, a slider, a stopper, and an
air channel inside the instrument. The unit and the slider are connected by a link with
pin joints. The slider moves in the slider channel of the adjacent unit in conjunction
with the rotation of the unit. When the air pressure is add, stopper moves and locks the
slider, then the shape of outer sheath is locked and the sheath generates its rigidness.

3. Results

We made a prototype whose length is 290mum, the cross section circle diameter of 16
mm. Then, we evaluated the relationship between the air pressure and switching of two
modes, flexible and rigid, and the maximum external force (external torque) under

which the sheath device can hold its rigidness.
The border zone of the air pressure is from 130kPa to 150kPa. When this sheath is

rigid-mode, each unit could keep against the torque 400mNm.

4. Conclusions

We developed a rigid-flexible outer sheath that secures instrumental path for flexible
device to make minimally invasive laparoscopic surgery. Our mechanism that combined
of the outer sheath and flexible manipulators is suitable to the laparoscopic surgery in
deep, narrow area where the open surgery is necessary.
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Development of mechanism to cubic curve and evaluation of insertion
characteristics Rigid-Flexible outer sheath manipulator
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Abstract: To reduce the invasiveness of surgery, we developed a guiding outer sheath for flexible surgical
instrument. The outer sheath could be switched to two situation, flexible model and rigid model. The flexible
model could insert the sheath into the tissues or organs from a narrow gap. The flexible sheath could be switched
into the rigid model, which enable the devices to reach the target of the deep area. In this paper, we report the
extended functions and the characteristics of insertion. This sheath is combined by a set of sheath units which are
connected serially. Two types of unit; short unit and long unit connected alternatively. The angle of rotation axis is
different, and the sheath is possible to be made into a snaked-curve. Moreover, the operator is possible to control
the angle of the head unit using two types of wire. We evaluated the performance of insertion via a silicone
phantom experiment and an animal experiment. The experimental results show that the sheath was possible to go
through the curved path with a curving radius of more than 7.5¢m, and the sheath was possible to be inserted into
the narrow gap where conventional laparoscopic tools can’t reach.

Key words: Rigid-flexible outer sheath, flexible manipulator, insertion characteristics, wire mechanism
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Fig. 1 Prototype of outer sheath: a) mechanism of
cubic curve. b) manipulator with a curving shape.

HSIEBE L. MEOELD —OOEEBEREW
BT -2y Moo TEREBEY A - DEE
BEoBWEz=y b, ATAFPABINDE
2=y bDOZOEFHREL, TO_oDa=v &
BEICEBESEL., XY Ky e REEd
HEEEL D, SEHIOFEEHVTE S 300mm,
B 16mm T, BER Tmm OAEBEEZRMELE
(Fig.1).
2. 2 TDA4Y¥IZkDEiGE
NEEPERNCZBTREZBRTA-DITE.
ERODBRPLPEFILELTHELL OBREALE
Lhh, BlrABoBESEICBITIME RN
BIETEIL5TEZETHEERRICEKET
BLERCEROBREITI LN TEDEER
bh3d. SEIRZHMOUAYEED FIERIZAWV
THRBORMET > Z L2 AERIZ L.
SEFIRARBCIASAYIA FERbDPER
RBET LTS, FLT—20UA¥HTA K

BXarvEa—-248EERE



wirel «--- wire2

Fig.2 Bending mechanism using wires control
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Fig.4 Outer sheath inserted into abdominal space:
a) through gap of the liver lobes. b) gap between
liver and abdominal membrane
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Miniaturization of Bipolar Electric Scalpel Forceps Manipulator with

Multi-DOFs Bending Mechanism
H. Yamashita®, K. Matsumiya®, K. Masamune®, E. Kobayashi®, I. Sakuma®, H. Liao®,

M. Hashizume®, T. Dohi®

* Graduate School of Information Science and Technology, The University of Tokyo, Tokyo, Japan
® Graduate School of Engineering, The University of Tokyo, Tokyo, Japan
¢ Graduate School of Medical Sciences, Kyushu University, Fukuoka, Japan

Abstract: In this paper we propose miniaturizing of the bipolar electric scalpel manipulator with 2-DOFs bending mechanism. In
order to minjaturize outer diameter, we adopted previously reported hybrid driving method using both linkage and wire mechanisms,
and achieved 5-mm diameter with central channel of 1.3-mm diameter. This manipulator had replaceable bipolar electric scalpel
end-effector driven by wire winding through some pulleys. Electrode measurement on the insulating plastic blades was 2 lines of 1
mm x 8 mm x 0.15 mm with a 0.5-mm space, and its material was tungsten. In vivo experiment using a swine (38kg, male), we
evaluated the ability of occluding blood vessels on mesenteric surface tissues, of which diameter were less than 1 mm, through
various directional approach paths. We enabled several vessels occlusion at one time, however, more stable grasping procedure was
needed to prevent coagulation efficiency reduction. In conclusion, we were sure of feasibility of the miniature bipolar electric scalpel
manipulator to coagulate and occlude blood vessels for laparoscopic clinical applications.

Key words: Bipolar electric scalpel, Hybrid driving method with linkage and wire, Laparoscopic surgery
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Fig. 2 Mechanism of the end-effector with forceps function and
a bipolar electric scalpel function.
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ig. ea mesenteric blood vessels. (A) and (B): Cbagulating
both ends of the vessel with 2-DOFs bending motion. (C) and (D):
Confirming occlusion with cutting middle part of coagulated ends.
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MR Compatible Manipulator for Applicator Manipulation in Prostate

Cancer Thermotherapy by MR-guided Focused Ultrasound

T. Kamigaki®, K. Matsumiya®, K. Masamune®, H. Liao®, T. Dohi®

“Graduate School of Information Science and Technology, The University of Tokyo, Japan

*Graduate School of Engineering, The University of Tokyo, Japan

Abstract: This paper presents a new MR-compatible manipulator based on five bar linkage mechanism for prostate surgery using

high intensity focused ultrasound (HIFU). There are two main features of this manipulator. The first one is the usage of resin as

material, so that there is no effect on image quality due to magnetic susceptibility difference or eddy current. The second feature

of this manipulator is the transmission mechanism that keep actuators nearly outside MRI gantry space by localizing actuators in

one place. This mechanism can avoid electromagnetic influences, and also realize an easy separation between sterilizable and

unsterilizable parts. In MRI compatibility experiment, the manipulator was installed inside 0.2T MRI gantry, and it showed

neither remarkable distortion nor SNR loss. Therefore, this manipulator is capable to be used for surgeries under 0.2T MRI
Key words: MRI, MR-Compatibility, Surgical Manipulator, Resin, Transmission Mechanism
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Transurethral Prostate Resectlon Manipulater with Coagulator: Evaluation

of Coagulation and Resection Ability

S. Nishizawa® , K. Matsumiya® , K. Masamune® , H. Liao® , T. Dohi®
Graduaz‘e School of Information Science and Technologi, T he University of Tokyo, Japan
®Graduate School of Engineering, The University of Tokyo, Japan

Abstract: This paper reports prostate cancer resection manipulator with prostate coagulator. The manipulator consists of bipolar
coagulator and drill. The resection procedure consists of three steps: (1) insert the manipulator to prostate transurethrally, )
coagulate tissue around the drill by high frequency current, and (3) resect the coagulated area by drill. The manipulator can resect
prostate cancer accurately and prevent sphincter and neurovascular bundle injury by repeating step (2) and (3) in small area. We
made the prototype and evaluated resection and coagulation ability. We used stainless wire and drill as electrode. Diameter of the drill
is 3 mm and of the stainless wire is 0.4 mm. Resection experiment showed 3 mm resected areas, and coagulation experiment showed
2 mm coagulated area around stainless wire.

Key words: Transurethral resection of prostate, Prostate cancer, Coagulator
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