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Abstract— Transurethral resection of the prostate (TUR-
P) is a common treatment for Benign Prostatic Hyperplasia
(BPH). However, the damage to the mucous membrane of
the urethra leads to the complications. This paper reports a
tobular organ resection manipulator for transurethral resec-
tion of the prostate which can minimize damage to the mucous
membrane of the urethra using a prostate displacement
mechanism and a continuous perfusion-resection mechanism.
The manipulator has an arm, a cutter and a drill at the
endeffector, and has 4 degrees-of-freedom: bending the arm,
transiating the cutter, rotating the drill and rotating the
endeffector. The arm displaces the prostate, and the cutter is
inserted linearly into the prostate and removes enlarged tissne
by drilling. Combination of the arm and cutter enables the
manipulator to remove sufficient volume of enlarged prostate
through small incision on the urethra, thus minimizing the
damage to the urethra. After finishing one plane cutting,
the manipulator rotates its body and removes another part
of the prostate gland. In performance experiments, each
mechanism (bending motion, insertion, and body rotation)
had high repeatability within 1.0 degree and within 0.1 mm. In
phantom study, the manipulator could displace gelatin model
accurately with sufficient power, and could reach and remove
wide range of sample tissue (589.2 mm? in one procedure).
These resolts showed that the manipulator can displace the
prostate and remove sufficient volume of the prostate tissue
through small incision on the urethra.

I. INTRODUCTION

Benign prostatic hyperplasia (BPH) is a noncancerous
enlargement of the prostate gland. As a man ages, the
prostate becomes enlarged and places pressure on the
urethra. This leads to urination trouble and dysfunction of
the bladder and kidney. More than half of all men in their
60s, and as many as 80 percent of men in their 70s and
80s, have some symptoms of BPH [1], [2].

Transurethral resection of the prostate (TUR-P) is cur-
rently standard method of cure for BPH. As compared with
the conventional open surgery, TUR-P has advantages such
as less invasive and shorter hospitalization. In the TUR-
P procedure, the surgeon inserts a resectoscope through
the urethra, and cuts the prostate tissue into small pieces
with an electrical loop during the 90-minute operation. The
resected tissue are carried by the perfusate into the bladder
and then flushed out at the end of the operation. After
surgery, the removed tissue is routinely checked for hidden
cancer cells [3], [4].

However, some complications are possible with TUR-
P procedure. Urinary tract infection (UTI) occurs with

0-7803-8463-6/04/$20.00 ©2004 IEEE

damage to the mucous membrane of the urethra during
tissue resection of an enlarged prostate. TUR syndrome,
which leads to dizziness and nausea, occurs with absorption

" of perfusate in extended surgery. TUR-P procedure by.

nature is difficult procedure for physicians due to limited
view of surgical field in resectoscope (Fig. 1). This leads
to the perforation of the prostate capsule, resulting in rectal
injury or bladder damage [S], (6], [7].

Some devices have been proposed by several groups
to avoid the TUR-P complications. Davies developed a
PROBOT for TUR-P surgery under accurate control, with
guidance provided by a 3D model of the prostate gen-
erated from the ultrasound images [8], [9]. Accurate and
repeatable cutting by the manipulator realizes safe cutting
of the prostate, and prevents bleeding and damage to
sphincter muscle and nerves. Matsumiya has proposed
a preliminary design for a prostatectomy cutter which
reaches the prostate via a small incision on the urethra
[10]. These devices have possibility of reducing some
complications. However, no device has focused on above
two complications; UTI and TUR syndrome which is the
serious problems in TUR-P procedure, and no device has
reported that can both minimize the damage to the urethra,
and remove enlarged prostate in short time.

As a solution for these problems, we reported a
transurethral prostate resection manipulator which can pre-
vent the damage to the urethra and remove sufficient
volume of the prostate in short time [11]. In previous study,
the prototype had three degrees-of-freedom and could not
complete whole range resection. Furthermore we had to
develop the whole system such as a controller for surgeon,
and image guidance for safe resection. The objectives of the
current study are to complete the further degree-of-freedom
of the manipulator, and to confirm feasibility of proposed
prostatectomy. This paper reports 1) description of the
newly developed tubular organ resection manipulator, 2) its
mechanical performance analysis and 3) results of phantom
experiment using a gelatin model to evaluate usefulness of
less invasive resection mechanism.

I1. PROSTATE DISPLACEMENT MECHANISM
A. System Reguirement
In order to overcome the complications of TUR-P pro-

cedure, detailed requirements for the manipulator system
is summarized as follows:
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Fig. 1. Conventional resection procedure of TUR-P. The problems of
TUR-P procedure is 1) demage to the mucous membrane of the urethra
(a), 2) sbsarption of perfusate in extended surgery and 3) deep cutting
due to limited view in resectoscope (b).

Cutter Incision

Mucous membrane
Balloon catheter

Prostate

Fig. 2. Prostate displacement mechanizm for minimizing damage to the
mucous membrane. The end effector of the manipulator has the arm and
cutter. Combination of the arm and cutter enable the manipulator to resect
sufficient volume of the prostate tissue through small incision.

o The manipulator should remove the tissue through
small incision on the urethra.

o The manipulator should remove sufficient volume of
the tissue in short time.

« The system should provide enough image information
which surgeon can grasp position between the end
effector and the target tissue.

o The end effector of the manipulator should be small
enough to be inserted through urethra, and be de-
mountable and sterilizable. '

Based on these system requirements, we proposed two
novel mechanisms and resection system described below.

B. Prostate displacement mechanism

Figure 2 shows the prostate displacement mechanism to
prevent damage to the mucous membrane of the urethra.
End effector of the manipulator has an arm and a cutter.
Firstly, the manipulator is inserted through the urethra.
Then the arm bends to displace the enlarged prostate, and
the cutter is inserted into the prostate to remove prostate
tissue by cutting.

While the cutter cuts the enlarged tissue moving only
linearly, the arm can change its angle. Thus the possibility
of incision in the mucous membrane can be restricted to a
single point.

Organs such as the bladder and sphincter muscle are
situated around the prostate, and should not be damaged.
We thus attach a balloon catheter to the end of the arm.

Fig. 3. Continuous perfusion-resection mechanism for rapid resection.
Roller pump inlet the perfusate into the prostate through perfosion pipe,
then the dnill cut the prostate tissue, then the pump aspirate the prostate
tissue and perfusate as fluid outside of the body.

Surgeon .
C ller Flexible holder

Fig. 4. Conceptual model of the complete system. The system consists
of three parts; a manipulator, en image-guided system and controller.
The surgeon controls the manipulator from the controller and resects the
prostate tissue while watching the multi slice images from the image-
guided system.

When the balloon is inflated, it holds the manipulator
steady against the urethra, and keeps the position between
the manipulator and the prostate, thus preventing damage
to these organs.

C. Continuous perfusion-resection mechanism

Figure 3 shows the continuous perfusion-resection mech-
anism for rapid resection. The cutter is equipped with a
drill and a perfusion pipe. While the cutter is inserted into
the prostate, the drill continues to cut the enlarged tissue
into small piece by rotating. A roller pump inlet perfusate
into the prostate through the perfusion pipe; the perfusate
is mixed with the prostate tissue and is removed outside
the body by the roller pump. Using this mechanism, the
manipulator can cut and remove the enlarged tissue at the
same time, thus realizing a short time resection.

III. SYSTEM CONFIGURATION

The system has three parts: a manipulator, an image-
guided system, and a controller (Fig. 4). The manipulator
is fixed to a flexible holder (Point Setter, Mitaka Kouki Inc.,
Japan). Firstly, the manipulator is inserted into the prostate
through the urethra. The flexible holder is then locked, and
the surgeon controls the manipulator using a controller
under the ultrasound guidance. We use a transrectal or
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Cutter $3.5mm

S

T
Cover ¢8mm

Arm ¢6mm

Fig. 5. End effector of the manipulator has the arm, cutter and drill. The
end effector has 4 degree-of-freedom; 1) bending the amm, 2) translating
the cutter, 3) rotating the drill and 4) rotating the end effector.

Roller pump

Driving unit

Endeffector

Fig. 6. Driving unit of the manipulator. Driving unit has four motors,
three photo sensors and two ball screws, and delivers generation power
to the end effector. Connection mechanism realizes quick comnection
between the driving unit and the end effector.

transabdominal ultrasound probe (EUP-C514 EUP-CC531,
Hitachi Medical Co., Japan) for image guiding, Ultrasound
device (EUB-525, Hitachi Medical Co., Japan) provides the
multi slice imaging of the prostate. Using US guidance,
the surgeon can easily grasp the position between the
end effector and prostate and the other organs. Thus the
possibility of unexpected damage to the prostate capsule
or the bladder neck can be reduced. These devices realize
a minimally invasive, efficient and safe resection.

A. Manipulator Specification

We developed the tubular organ resection manipulator.
The manijpulator consists of an end effector and a driving
unit.

1) 4 Degrees-of-freedom end effector: Figure 5 shows
the end effector which has 4 degree-of-freedom: 1) bending
of the arm, 2) translating of the cutter, 3) rotating the
drill and 4) rotating the end effector. The arm is 6 mm
in diameter and 40-mm in length. The arm can change its
angle range of 0 to 45 degrees, with a resolution of 0.1
degrees. Length of the arm can be changed 20 to 50 mm
because length of intraprostatic urethra varies by patients.

Fig. 7. Slider linkage mechanism consists of cover sheath, arm rod, base
link, end link and arm. The actuator pushes the arm rod, and then base

" link transmit its power to the end link, then the end link bends the arm .

around its pivot point.

The diameter of the cutter is 3.5 mm. Its stroke length is
40 mm, with a resolution of 0.1 mm. The diameter of the
cover sheath, which is inserted in the urethra, is 8 mm. This
is the same size as the resectoscope. The manipulator can
rotate its end effector range of -180 to 180 degrees. These
elements are demountable and sterilizable. Using these 4
degrees-of-freedom, the end effector can remove sufficient
volume of prostate tissue through small incision on the
urethra.

The driving unit consists of motors, photo-sensors and
ball screws. The rotational velocity and direction of the mo-
tor is controlled from a console. The ball screws transform
rotation of the motors into translation. The photo-sensors
are used to tune the zero-point of the arm and cutter. These
elements are unsterilizable, so the driving unit has to be
covered by a drape during the operation. The size of the
driving unit is 50x65x235 mm.

2) Displacement and Perfusion-resection mechanism:
In order to displace the enlarged prostate accurately, we
adopted a slider linkage mechanism for bending (Fig. 7),
because it realizes greater stiffness and fewer backlashes
than a wire-driven system. When the actuator pushes or
pulls a base link, the end link bends or extends the arm
around its pivot point. Figure 8 shows a working space of
the arm. Combination of arm bending and body rotation,
the arm can reach whole range of the enlarged prostate
model.

Figure 9 shows the detail of the continuous perfusion-
resection mechanism. The mechanism consists of perfusion
pipe (0.5 mm in outer diameter) and drill (2.4 mm in diam-
eter). The roller pump inlet the perfusate into the prostate
through the perfusion pipe, then drill cuts the prostate
tissue into small pieces, and the pump aspirates the tissue
and perfusate through another port of the cutter. Output
pressure of the roller pump is 200 kPa and maximum
flow rate of the perfusate is 90 ml/min. This mechanism
realizes a short time resection.
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Fig. 8. Working space of the arm. The end of the arm can reach whole
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the body.

Fig. 9. Detail of the continuous perfusion-resection mechsanism. The
cutter has the discharge pipe and drill. The pump inlets the perfusate
through the discharge pipe, and the motor rotates drill shaft and transmits
thepowextothsdﬁlLThepmnpnspirafesthepmstateﬁssueﬂn'ough
another port of the cutter.

3) Connection mechanism for sterilization: The manip-

ulator has a connection mechanism which provides fixture-
free connection of the sterilizable end effector and the
unsterilizable driving unit. We equipped the connector with
a coupling for drill rotation, and springs for translation of
the arm and cutter translation. The arm bends in response
to the driving unit pushing the arm link. The arm extends
when the spring pulls the arm link. The cutter is moved by
the same mechanism as the arm. This mechanism realizes
clear separation between sterilizable area and unsterilizable
area.
4) Computer-based master-slave controller system: We
adopted master-slave controller system for accurate and
safe operation. Surgeon controls the 3 degrees-of-freedom
controller corresponding to 3 degrees-of-freedom of the
manipulator; bending arm, inserting cutter and rotating
body. The controller has three potentiometers for each
degree-of-freedom motion. Control PC detects surgeon’s
input from the controller, and then PC outputs the com-
mand to the manipulator and controls actuation. A/D board
manages input from potentiometers of master controller.
D/A board manages output to control speed of actuators.
Digital I/O board manages input from photo sensors of the
manipulator and decision of actuators’ rotation direction.

30
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Fig. 10. Bending characteristics of the arm with various loaded condition.

- Bending angle tended to become small as heavy load

IV. EVALUATION STUDY AND RESULTS

A. Performance experiments

1) Accuracy and repeatability with unloaded: The accu-
racy and repeatability of arm bending, cutter insertion and
body rotation were evaluated. Each motion was evaluated
in unloaded condition. The displacement of cutter insertion
was measured with CCD laser displacement sensor (LK-
2000, KEYENCE, Japan). The rotation of arm bending and
body rotation were measured with high resolution digital
microscope (VH-8000, KEYENCE, Japan). Table 1 shows
working range, maximum error and standard deviation of
each motion.

TABLE 1
ACCURACY AND REPEATABILITY EVALUATION

Amm (unloaded) Working range [degrees] 0 to 48.5
Maximum error [degrees] 12
Repeatability [degrees] +0.5

Cutter (unloaded) || Working range {mm] 0 to 42.1
Maximum error {mm) 04
Repeatability [mm] +0.2

Body (unloaded) ‘Working renge [degrees) +180
Maximum error [degrees] 14
Repeatability [degrees] +0.7

The working range of each degree-of-freedom covered
wider range than required range that we decided first as
requirement specification. Repeatability of each motion
was less than 1.0 degree or less than 1.0 mm.,

2) Bending characteristics with loaded condition:
Bending characteristics of the arm was evaluated. In pre-
vious study, bending characteristics of the arm changes
according to the load at the arm [11]. We added every
50 gf load to the end of the arm. PC input command to
bend the arm with 25 degrees. Then we compared actual
bending angle to theoretical 25 degrees. The result was
shown in Fig. 10.
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Fig. 11. Resection procedure of the end effector. a) Firstly, the end
effector is inserted through the urethra. b) The anm displace the tissue
and the cutter is inserted into the tissue. c) At the same time, the cutter
aspirates the tissue outside of the body. d) The arm changes its angle
and continues resection. e) The end effector rotate its body, and starts
resection at opposite side of the tissue. f) The manipulator finishes one
plane resection, and continues resection in another plane of tissue.

Bending angle of the arm became smaller as large load.
Maximum error of bending angle was 6.3 degree at 300 gf
load. Average standard deviation was 0.7 degree.

B. Phantom experiments

Resection performance was evaluated using phantom of
gelatin model. Size of the gelatin model was 45 mm in
height, 50 mm in diameter, shaped cylinder which was
same size of the enlarged prostate. There was tubular space
at center of cylinder as urethra model which was 45 mm in
length, 4 mm in diameter. Resection procedure was shown
in Fig. 11. Firstly the manipulator was inserted through
urethra. The manipulator bended its arm to displace the
tissue, and cutter was inserted into the tissue. At the same
time the cutter aspirated resected tissue outside of the body.
The arm changed its angle and continued resection.

In this experiment, first the manipulator bended the arm
in 45 degrees and started resection, inserting the cutter 40
mm. Then the manipulator bended back the arm every
5 degrees and started resection. We measured resected
space of gelatin model in one plane, and measured size
of insertion point which was incision on the urethra. The
results were 589.2 mm? of resection space and 3.8 mm in
diameter of insertion point.

Figure 12 shows the cross section of the gelatin model.

Fig. 12. Cross section of the gelatin model. The urethra mode! was
remainedandonlyinserﬁonpou’ntofﬂuurethmmodelwasdamaged
The end effector could remove wide range of gelatin mode] through small

- incision on the urethra model.

The urethra model was not damaged at all except only
insertion point. The manipulator could remove sufficient,
wide range of gelatin model through small incision on the
urethra.

V. DISCUSSION

We have developed a tubular organ resection manipulator
for transurethral resection of the prostate that realizes
minimal damage to the urethra and short time resection.

We confirmed that the manipulator had high repeatability
of less than 1.0 degree in bending motion and body rota-
tion, less than 0.5 mm in cutter insertion under unloaded
condition. These results showed that the manipulator could
be accurately controlled by the surgeon.

In the performance experiments of bending character-
istics with loaded condition, we confirmed that the end
effector had sufficient power to displace the enlarged
prostate with high repeatability of 0.7 degrees on the
average. Bending angle tended to be small with as heavy
load, and maximum error was 6.3 degrees at loaded with
300 gf. Main cause of the error was deflection of link-
age mechanism. Because of high repeatability of bending
motion, we can cancel these errors and control accurate
bending by calibration from experimental value.

The phantom experiments confirmed that the manipula-
tor could remove wide range of tissue from phantom gelatin
model through small incision on the urethra. Damage on
the urethra was limited only 3.8 mm, and the resection
range in one plane was 589.2 mm?. These results show that
the manipulator covered 66.5 percent area of gelatin model
(whole area of cross section of gelatin model was 884.8
mm? on the average). It was enough to reduce the pressure
on the urethra because transition zone of the prostate which
should be mainly removed is located near the neck of the
bladder, and the manipulator can reach and remove whole
area of tissue around the neck of bladder.

In another respect, the manipulator has a potential as
a biopsy tool for prostate cancer; that is, as the tool that
removes tissue for examination. Detection of early prostate
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cancer is an important function because BPH and prostate
cancer are strongly related, and cancer cells are found in
" 10 percent of resected samples after surgery [3].

We are going to develop master-slave controller which
the surgeon manipulates and to complete master-slave
system. Force feedback of arm bending motion is needed
for safe and accurate resection. We are thus going to
equip a strain sensor for detecting load at the end of the
arm. Other future work will include the development of
an image-guided system in which we use transrectal or
transabdominal ultrasonography to identify the locations
of the end effector and prostate.

In conclusion, we have developed a tubular organ
resection manipulator for transurethral resection of the

prostate. We have evaluated the accuracy performance of

4 degrees-of-freedom motions and resection performance
using gelatin model. We have confirmed that the each
motion was highly accurate and had high repeatability and
that the manipulator could remove wide range of gelatin
mode] through small incision on the urethra. We are sure
that our manipulator is capable of accurately displacing an
enlarged prostate and removing sufficient prostate tissue
with less damage to mucous membrane of the urethra.
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Minimally Invasive Resection System using Transurethral Prqstate Resection ®

Manipulator
-R. Hashimoto, D. Klm K. Matsumiya, N. Hata, T. Dohi
- Graduate School of Information Science aid Technology, The Umve:sxty of Tokyo, Japan

Abstract: Transurethral resection of the prostale (TUR-P) is a common treatment for Benign Prostatic Hyperplasia
(BPH) However, the damage to the mucous membrane of the urethra and narrow field of view from resectoscope leads ®
to the serious complications. This paper reports minimally invasive resection system using a transurethral prostate
rescction manipulator. The system consists of three parts: the manipulator, ultrasound image-guided system, and
master-slave controller for surgeon. The manipulator can remove suflicicnt volume of enlarged prostate through small
incision on the urethra by using prostate displacemcnt mechanism, thus minimizing the damage 1o the mucous
~membrane of the urcthra. The surgeon manipulates master controller under multi-slice ultrasound images provided by
fransrcctal ultrasonography. In performance experiments, slave manipulator had high repeatability of resection motion: ,
less than Imm or ldeg. of each degree-of-freedom. In phantom study, the manipulator could displace gelatin model ®
accurately, and could remove sufficient volume of the tissue through 3.7mm incision on the urethra model. These results
showed that the manipulator can displace the prostate accurately and remove suff cicnt volume of the prostate tissue
through small incision on the urethra.
Key words: Transurcthral resection of the prostate, Benign prostatic hyperplasia, Minimally invasive robotic surgery
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Miniaturization of Wide FOV Wedge Prism Endoscope<1>

~ Reduction of Vignetting ~

Keri KIM®, Dacyoung KIM?®, Tsuneo FUKUYO", Kiyoshi MATSUMIYA®,’

Etsuko KOBAYASHI¥, Nobuhiko HATA?, Takeyoshi DOHJ*

*Graduate School of Information Science and Teclmology The University of Tokyo, Jupan

*Shinko Optical CO.,.LTD., Tokyo, Japan

. “Graduate School of Frontier Sciences, The University of Tokyo, Japan
Abstract: We developed a novel robotic endoscope system ‘in former study. It can be used to observe a wide area

without moving whole endoscope system. Although we confirmed the usefulness and safety not to harm on-organic at
In-vivo experiments, the 18mm-diameter endoscope is comparatively big for clinical-use in fetal, brain, and orthopedic
surgery. Therefore, we suggest the miniaturization of a wide-angle view endoscope system using 6mm-diameter wedge
prisms. In this study, we report reducing vignelting owing to the miniaturization by adjusting wedge prism’s refractive
index and endoscope’s view angle. We calculated critical view angle by Snell’s Law, and mecasured entire system’s
global field of view. As a result, the-maximum movement of local field of view was 18deg. and global field of view was
91deg.. In addition, we evaluatcd the resolution and the distortion of the endoscope systcm.
Key words: Wedge prism, Variable ficld of view, Endoscepy, Medical robot, Minimally invasive surgery
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Bipolar ‘Electric Scalpel Manipulator with Multi-DOFs Bending Mechanism '
H. Yamashita®, K. Matsumiya®, K. Masamune’, E. Kobayashib, I. Sakuma®, H. Liao®,

M. Hashizume®, T. Dohi® o

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

Y Graduate School of Frontier Science, The University of Tokyo, Tokyo, Japan

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

4 Graduate School of Medical Sciences, Kyushu University, Fukuoka, Japan .
Abstract: This paper proposes multiple functionalizing of multi-DOFs laparoscopic forceps manipulator with maxnnum power of
0.85 [kgf]. Specifically for more secure, rapid and efficient operations we installed bipolar electric scaipel function into the forceps
manipulator to seal blood vessels. Dimension of the electrode we loaded on the forceps blades was 1 [mm] x 5 [mm] x 0.1 [mm] x 2
lines with 0.5 [mm)] space to generate high current density between two forceps blades. System integration of this manipulator
consisted of multi-DOFs end-effector, linear-drive unit, computet-based -control unit, dial-type interface and bipolar coagulator. In
vivo experiment, using swine, we approached to mesenteric surface tissue to evaluate the ability of sealing blood vessels, adjusting
approach path, output electric power, grasping power and ablation time. In order to confirm whether the blood vessels were sealed or
not, we cut ablated tissue and checked leek of blood. This manipulator performed approaching blood vessels from various directions
‘safely, and sealing blood vessels steadily, however, sometimes several ablations made electric shield with coagulated tissues on
electrodes, which interrupted effective function. In conclusion we were sure of feasibility of the bipolar electric scalpel function with

multi-DOFs bending manipulator for clinical applications. -
Key words: Bipolar electric scalpel, Multi-DOFs forceps manipulator, Laparoscopic surgery
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Fig. 2 System conﬁguratlon of the blpolar electric scalpel
manipulator.
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A mechanism to switch rigid and flexible using slider-linkage
mechanism and air pressure for Rigid-Flexible outer sheath

A.Yagi®, K. Matsumiy®, K. Masamune®, H. Liao®, T. Dohi®

“Graduate school of information science and technology, The University of Tokyo, Tokyo, Japan
bGraduate school of engineering, The University of Tokyo, Tokyo, Japan

Abstract: In this paper, we report the mechanism that long outer sheath has stiffness and flexibility simultaneously,
and switches two modes, rigid and flexible. This outer sheath can become any given shape in flexible mode, and
keep its own shape from external force in rigid mode. The outer sheath is able to enter narrow path and holds its
shape, and then manages rigid curved path for flexible manipulators to deep, narrow area in human body. Our
mechanism consists of multi serial joint model. Each joint rotates freely, and then the outer sheath is able to change
its shape, and each joint has one slider that moves in conjunction with the rotation of the joint. When air pressure is
added, the slider is locked by the stopper which is in the piece, and then the outer sheath holds its shape. We made
the prototype that has 3-pieces model. The diameter of outer frame is 16[mm], and the inner diameter is 7{mm]. We
evaluated the relation between the stiffness and air pressure. The outer sheath model switches flexible mode and
rigid mode when the air pressure is about 130[kPa]. We confirmed that our mechanism can switch flexible mode
and rigid mode, and useful for the rigid-flexible outer sheath.

Key words: Rigid-flexible outer sheath, flexible manipulator, slider-linkage mechanism, air pressure
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- Design and evaluation:
Navigation in MR-compatible robot system for needle insertion
Futoshi Ohara®, Kiyoshi Matsumiya’, Ken Masamune®, Makoto Hashizume®, Takeyoshi Dohi®
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Abstract: This paper reports the MRI-guided navigation system using robot for horizontal gap open MRI which -
comtrols needle orientation effectlvely in the vertically limited gantry space. We locate the robot including actuators
‘wholly in MR gantry and puncture needle from side of patient’s body. We get needle orientation controlled by robot
using Polaris, optical position locater and insert the needle to the target tumor dlsplayed on MRI on PC display. In
order to realize the navigation system, we acquire the transformation matnces among MRI coordinate system and
Polaris coordinate system and among Polaris coordinate system and Robot coordinate systemi to get transformation
-matrix among MRI coordinate system and robot coordinate system to control the robot by the tumor location of MRI.
" We are planning to complete this registration and to measure the precxslon of needle control under MRI nav1gat10n
Key words: MR-compatible Robot, Navigation
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Abstract— This paper proposes multi-functionalization of
the previously reported laparoscopic forceps manipulator with
multi-slider linkage mechanism which emables 2-D™Fs hori-
zontal and vertical bending of +90 degrees and 1-D™F grasp-
ing manipulation. Specifically we added a bipolar electric
scalpel function on the forceps blades for more safe, speedy
and efficient surgical operation with coagulation of tissues and
occlusion of blood vessels from various directions in abdominal
cavity. T his functionalization can lead cutting down the num-
ber of surgical instruments- and insert ports, and saving trou-
bles of changing tools. For the scalpel function, we mounted a
pair of electrodes measuring 1.0 x 5.0 x 0.1 mm x 2 lines
aligned with a 0.5-mm space, to generate high current density

- between two forceps blades. In animal experiment using swine
(39 kg, male), we evaluated the ability of occluding blood ves-
sels on mesenteric surface tissues through various directional
approach paths using 2-D™MFs bending manipulation effec-
tively. U e coagulated blood vessels 2-3 times with setting of 20
¥ and 2-3-seconds energization. And in order to confirm
whether the blood vessels were completely occluded or not, we

attempted a cut of ablated parts with scissors and checked .

blood leak. In this experiment we tried to occlude T vessels.
Four vessels were occluded successfully, while other two vessel
occlusions- were incomplete. A little leak was shown in these
vessels, however, some repeated coagulation made complete
seals. T hese incomplete coagulations resulted from ablated
tissues on the electrodes surface for something of a shield to
interrupt effective energization. For. the solution of this trou-
ble, it can be effective to improve the electrode and forceps
blade shapes. In conclusion, we are sure of feasibility of the
- bipolar electrode scalpel function with- multi-DIFs bending

manipulator to ablate tissues and seal blood vessels for laparo-

scoplc clmmal apphcatmns.

) Keyword.s&—_ Bipolar eleclric scalpel, °
manipulator, Meclusion of blood vessels

1. INTRODUCTION

Laparoscopic surgery enables the incision on abdbmina]
‘wall smaller and makes invasion to patients minimal. For
this advantage this surgery is taken in almost all surgery,

aparoscopic forceps

such as abdominal suréery, chest surgery, orthopedic sur-

gery, brain surgery, obstetrics and gynecology. Surgical
instruments such as forceps and electric scalpel are, how-
ever, straight-shape thus surgical approaches and manipula-
tions are restricted due to low degree-of-freedom (DOF)
instruments through trocars. This inflexibility causes one of
the surgeons’ mental and physical stress. In order to over-
come this issue on limited maneuverability, several robot-
ized devices have been developed to add additional DOFs at
the manipulators. tip [1]-[3]. Our group developed laparo-
scopic bending forceps manipulator with multi- slider link-
age mechanisms to achieve wide-range 2- DOFs motion at

the tip of the forceps in the abdominal wall [4}{5]. The link-

age-driven approach, unlike recently reported wire-driven
mechanisms, enabled sufficient bending power of up to 0.85
kgf, high accurate manipulation of less 1.0 mm, high suff-
ness and durability. This manipulator performed laparo-
scopic surgical tasks, such as raising the liver and stomach, -
stitching and suturing the surface tissues in vivo experi-
ments using swine. However the manipulator had only a

. forceps function for the end-effector so it was not adaptab]e

enough for a variety of operations.

Therefore we will propose in this paper multi-
funcnonahzatlon of the laparoscopic forceps tmanipulator to
cut down the number of surgical instruments and insertion
ports and to save troubles of changing tools so as to im-
prove safety and efficiency of surgical operations for more
minimal invasive surgery. In laparoscopic surgery it is sig-
nificant to do vessel manipulations around the affected area
safely and: speedy. Cument standard electric scalpels are

- often used for vessel manipulations so it is expected to be

useful {0 combine electric scalpel function and multi-DOF
bending mechanism for highly efficient coagulatlon, exfo-
liation and occlusion of blood vessels.

This paper reports 1) the addition of a b1polar electric
scalpel function on the previously reported laparoscopic
forceps manipulator with 2-DOFs bending mechanism, 2)
feasibility analysis of this manipulator in vivo experiments
to evaluate it for laparoscopic clinical applications.



II. MATERIALS AND METHODS

A. Bipolar Electrode Spec,'tﬁgarién

We ‘mounted a pair of electrodes on the stainless-steel
forceps blades surface of the laparoscopic 2-DOFs bending
manipulator in order to add a bipolar electric scalpel func-
tion. Current standard electric scalpels are for dissection or
coagulation, for the former function fine tweezers-type
instruments are mainly used in microsurgery. In the mean-
while for the latter function, . general forceps-type instru-

ments with properly designed electrodes are often used. Our

purpose in this study is to enable dexterous vessel manipu-
lations with multi-DOFs bending motion, therefore we de-
termined the electrodes dimension referring to recently
reported studies, such as ngéSure (Valleylab, USA) for
vessel sealing application [61[7] and the bending forceps

manipulator with an electric-cautery function for cystic duct

obstruction [8].

Electrodes measurement was 1.0 x 5.0 x 0.1 mmx21mes'
aligned with a 0.5-mm space (Figure 1). Material of elec-
trodes was nickel-based gold, and between electrodes and
blades, the insulating resin sheets (glass epoxy) were lay-
ered to insulate the electrodes from. other components of
forceps bending mechanisms. Our manipulator had suffi-
cient grasping power up to 0.85 kgf, thus in case grasping
blood vessels. and surrounding connective tissues, the gap
between electrodes could be so narrow that current effi-

" ciency through tissues would be very high.

B. System Configurations

The system configuration of the bipolar electric scalpel
manjpulator consisted of mainly five parts (Figure 2). First
part was the multi-DOFs end-effector -with 2-DOFs bendmg
mechanism and 1-DOF grasping forceps blades with a pair
of bipolar electrodes. Second part was the linear-drive unit
" consisted of three sets of brushless DC-servomotors

Forceps Blade

Fig. .l\Shapc of bipolar electrode on the multi-DOFs forceps blades.

.

2981

(FAULHABER GROUP MINIMOTOR SA, 1628A0'24 B),
linear sensors detecting linkage displacements (ALPS
ELECTRIC CO, . LTD., RDCI1014A09), lincar-guides

- (THK Co., Lid., RSR3WNUU+36L+) and ball-screws

(NSK Lid., M3 x 0.5). Third part was the dial-type interface
with three spindle operated potentiometers (Meggitt Elec-
tronic Components Ltd.; TYPE 51 SERIES), that had two
dials for the horizontal and vertical bending operation, a
trigger ‘lever for grasping operation and a button for
straightening the bending mechanisms in case of getting
through a trocar. Fourth part was the computer-based con-
trol unit that consisted of a laptop computer (CPU: Intel
Pentium M 1.0GHz, RAM: 1GB, OS: Fedora Core 1), a bus
bridge including a DIO board (Interface Cotporation, PCI-
2727) and AD/DA board (Interface Corporation, PCI-3521),
and three servo amplifiers (FAULHABER GROUP
MINIMOTOR SA, BLD 3502) calculating displacements of
sliding two linkages and one stainless-stee] wire by inputted
target angles from the dial-type interface. And last part was
the bipolar coagulator (MIZUHO Co., Ltd., $8-2100) with a

- foot switch to turn on electricity to the electrodes.’

Between the multi-DOFs end-effector and the linear-
drive unit we equipped easy linkage ‘connector for cleaning,
sterilization before and after operation. At this connector the
multi-DOFs end-effector, the linear-drive unit and the dial-
type interface were isolated completely so as to protect
patients and surgeons from any electric shock.

---------------------- Linear-Drive Unit |

-;----‘ Linear Guide
Ball Screw

Servo Amplifier
l Power Supply

-Fig. 2 System mnﬁgumﬁon of the bipolar electric. scalpel manipulator.



