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Transurethral Prostate Resection Manipulator with Coagulator: Evaluation
of Coagulation and Resection Ability -
S. Nishizawa® , 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 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, (2)
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 anid 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 6ancer, Coagulator
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A Sui‘gical Robot Device for Transurethral Resection of the Prostate in
, Cancer by Cauterization and Milling Combination: |
1 . Preliminary Study on Ablation Ability and Positioning Accuracy
' ‘K. Matsumiya®, S. Nishizawa®, K. Masamune®, H. Liao®, T. Dohi®
® Graduate School- of Information Science and Technology, The Umverszty of Tokyo, Tokyo,
Japan

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

: Abstract A surgical robot device was designed for non-metastasis transurethral resection of the prostate in cancer by repetition of
minute coagulatlon and milling, and the design was validated with a developed prototype. The prototype consists of an ablator which
."‘ o isa ‘hybrid of an elecirocoagulator and a milling drill, and of a manipulator which position the-ablator in 3DOF in the prostate. The
o " ablator removed out the chicken phantom to make-a tunnel-like hole ‘while the milled chips were sufficiently denaturalized. The
e B ‘mampulator positioned the ablator with sufficiénitly high accuracy. These results suggest that, combined with a registration technique,
1 itispossible to remove the cancerous prostatic.tissue as accurately as planned without high risk of metastasis by the designed device.
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Key words: Prostatic cancer, transurethral resection of the prostate, metastasis, surgical robot
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‘A De_:velbpment of Rigid-Flexible Outer Sheath using Slider-linkage Locking -
Mechanism and Air Pressure for Endoscopic Surgery
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Akihiko Yagi®, Kiyoshi Matsumiya®, Ken Masamune®, Hongen Liao®, Takeyoshi Dohi®

:Graduate School of Information Science and Technology, The University of Tokyo
* Graduate School of Technology, The University of Tokyo :

Abstract
To reduce the invasiveness of surgery, we developed an outer sheath for flexible devices in endoscopic surgery. The

outer sheath is switched to two statuses, flexible and rigid. Operator inserts the sheath through tissues or organs from a

_ narrow gap in flexible mode. After insertion, operator switches the sheath to the rigid mode. Then operator can insert devices
and reach devices the target of the deep area easily. This sheath consists of a set of frame units connected serially, and each
unit has a link, a slider, a stopper, and an air-channel inside the instrument. When air is added to the sheath, it can be switched
to the rigid mode, and when the air pressure is off, the sheath is switched to the flexible mode.

* We made the prototype whost diameter is 16mm and length is 290mm. We evaluated the performance of switching two
modes, and the performance of insertion via a silicone phantom experiment and an animal experiment. The experimental
results show that this device switches from flexible mode to rigid mode when air is added over 200kPa pressure, the sheath
was possible to go through the curved path with a curving radius of more than 7. Scm, and the sheath was possible to be
inserted into the narrow gap where conventional laparoscoplc tools can't reach.

Key words
Rigid-Flexible outer sheath, Flexible surgical device, Laparosocopic surgery.
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Fig. 1 Image of outer sheath: a) the sheath enters into human

body in advance. b) after reaching target, the sheath makes the
pat.h for flexible devices.
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Fig. 2 Mechanism to switch rigid mod and flexible mode a)
flexible mode. b) rigid. mode.
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Fig 5 The prototype of outer sheath: a) over view of the sheath. b) close up image of the umts and joints. c) the cross section .
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Fig. 6 The image of outer sheath: This image shows that the
“sheath curves like snake and hold its shape against the self

gravity.
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Fig. 7 System of the outer sheath.
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Fig. 8 Experiment between external load and sheath curve: a)
experiment condition and parameter.. b) load direction. c) this
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twice.
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Fig. 12 Phantom manipulator for outer sheath.
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Fig 13 Outer sheath inserted into abdominal space: a) through
gap of the liver lobes. b) gap between liver and abdominal
membrane. c) The view from fiber scope that went through the
sheath.
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Abstract
We developed a miniature 2-DOFs bending manipulator of 5-mm diameter for laparoscopic surgery. Bending directions

of the mechanism are perpendicular and the mechanisms are controllable respectively. A new wire-connected linkage-driven
bending mechanism is built in the manjpulator to drive rotate joints for 2-DOFs motion. This manipulator has a central
channel of 1:3-mm diameter to drive a pair of blades with electrodes as. the tip-side bipolar-coagulator. Surgeons control the
manipulator with a grip-type interface in orie hand. In mechanical performance evaluations, bending angle was maximum
153.9 degrees (from' -71.6 to 82.3 degrees) with positioning reproducibility of maximum 0.7 mm. About generated force,
holding force of bending mechanism was more than 1.82 N, and grasping force by a pair of blades was maximum 3.70 N. In
vivo experiment using a pig (38 kg, male) with laparoscopy, we evaluated whether the manipulator performed as a suitable
bipolar coagulator for pmcﬁcal clinical use. We were able to coagulate living tissues and occlude blood vessels on the
mesenterium completely. In conclusmn our new bending mechanism is useful for miniaturization of the laparoscopic
manipulator with the s1mple structure and high mechanical performance.

Key words

Wire-connected bending mechanism, Linkage-driven, Laparoscopic surgery.
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D D |__Restraint by Connective wire-r%>

<¢Emt by Connective wirerope B | D D

Comnective wire-rope

’ 45° 0°

Base-frame Connective-frame
Fig. 1 Wire-connected mechanism for a 1-DOF bending from ~90
to 90 degrees. Base-frame and End-frame are connected by an
intermediate Connective-frame and a pair-of wire-ropes is crossing
at the center of Connective-frame. These Connective wire-ropes
work as a mechanical gear between Base-frame and End-frame for
a slip-less, rotation. When End-frame rotates the clockwise:
Connective wire-rope “A” prevents End-frame from slip against
Base-frame. Revérsely when End-frame rotates counter-clockwise,
Connective wire-rope “B” prevents the slip.

RRETHIL T, HBLLEEBELOERYL 252
BHEOCBHZARICE TR 2B B ERL
o, BRSOV TR—BOERSETEHTAV LA
P5mm oy A—HTILEER, 5.0mmD==F
ab—SAEYBEL L. BREEIZOVWTH, ==
Eal—5 & LTRVERNL, LTERER~DR
HEHME QHBE) ¥#&kdk. 2RBEAYOEES
BHESHLEX LN DY, XX CIHESEBEOEE
PEEL, BRETRoMT. TV FT T IFLLT
RS TERCHEEILAVWLNE T F) r— gy
DIDE LT, "M R—Fa7 X L— I HEB L.
IEREP COWMBR M E LB E DRANTITR D T dITI,
VERBHROZRJLBEETEZ L, Thbbxy
FI7=zsyDFMEERREETES S LAEEL
2%, £, AR L2 AEQBEBBIE R HAAALTR
NRAR=Za7XaL—F OBIBREMEEGE, in
vivoRBRIZ X 0 BERRITE VBT C O BB % 17
2V, FRORNEITR-TOTHETS.

2. BRI
2.1 1EHEEeh#E

FHATHRELIE~=Ea L—F3H4E 50 mmd
NETHY, BEEBCE S TEI LRTEB RN
—RARFERIBONS. I CETHRICL 5/ it
WL LB U THMZRT, 200 RVERER
K&, 1 BREDE VL90°0E i TTEE R Bl
BBLYERL:.

EEEBEIT Fig. 1 1I2F% X 51Z, Base-frame,
Connective-frame, End-frame @ 3 SOMEERT L— 4
TH#R &N 3. Base-frame & End-frame i3, BN
Connective-frame 2 & > T 2 DD EEGE TEHEEZ N5,

Connective wire-rope

Base-frame

Fig. 2 Wire-connected linkage-driven bending mechanism. The
two link-bars drives the joint motion. Connective-frame rotates
from —45 to 45 degrees and accordingly, End-frame rotates from
=90 to 90 degrees.
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Connected to Actuators

Connective wire-rope
1 ¢ 0.3 mm

Link channel
:1.0X1.0 mm

*
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" Central channel Framed

913 mm

Outer diameter: ¢ 5.0 mm

Link-bar for
Tip-side Bendin,
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Basé-side Bending
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BREhD. 5ODERDD L, Frame3 OREBEZ A Z
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A b (Two-axes rotational joint) ¥ AT 5. ZOY
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BRI BHEEEREBE > TWTHERENEEXS5 T
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T/ Fax—FICEREEND. Figd ITRT IO, 2
A Link-bar 2MIICHIEHF~AS A FEEDT &
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Two-axes
rotational

Fig. 3 . The architecture of 2-DOFs bending mechanism consists of five outer frames and two inner links. The bending directions of the
tip-side bending mechanism and the base-side bending mechanism are perpendicular. Linkage to drive the base-side bending mechanism
consists of two link-bars as shown in Fig. 2. The linkage to drive the tip-side bending mechanism consists of five link-bars including a
two-axes rotational joint. This joint transmits driving force-to the tip-side bending mechanism through the base-side bending mechanism.
Link-bars for the tip-side and the base-side bendmg are connected to actuators. In this figure, the connective wue-ropes are not shown.
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Fram Frame

Link-rod for
Base-side rQem’iing

Fig. 4 Various bending pose of the manipulation. (A): The
tip-side angle is 90 degrees and the base-side angle is 90 degrees.
(B): The tip-side angle is 90 degrees and the base-side angle is 90
degrees. ((f): The tip-side angle is 90 degrees and the base-side
angle is 90 degrees. (D): The tip-side angle is 90 degrees and
the base-side angle is —90 degrees. The tip-side bending is
accompanier with the action of the two-axes rotational joint in
Frame3 between the tip-side and the base-side bending
mechanisms.
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Fig. 5§ (A): Connective wire-ropes’ paths in 2-DOFs bending
mechanism. In the tip-side bending mechanism, their path is same
as shown in Fig. 1. The base-side bending mechanism has a little
arranged path with intermediate four guide-pulleys, because the
length of Framed is longer than Freme2. (B): Detail of the
connective wire-rope paths in the base-side bending mechanism in
Framed. :

EMITHEE L7V (Fig.8). %7, B ¥ Bipolar-blade

EBj= = b (Fig. 6, Linear-drive Unit) i&, 7727 F
ax—% (Minimotor SA, Croglio, Switzerland, Brushless
DC-Servomotor Series 1628 024 B), Y =7 &> ¥ (Alps

"Electric’ Co., Ltd., Tokyo, Japan, Compact Slide

Potentiometer RD7097) , U =7 ¥ A F (Nippon
Thompson Co., Ltd., Tokyo, Japan, BSP1025SL), ¥<Y

Lomputc -Based

ridge 5 %
‘V liﬁe
DIO Board
$ Computer AD/DA Board Power Supply

Fig. 6 The system configuration of the manipulator consists of five
parts. The robotized tip ‘part includes the bipolar blades and. the
2-DOFs bending mechanism. The linear-drive unit thrusts link-bars
by a pair of DC-servomotors, linear sensors, linear guides and slide
screws. The grip-type interface attached on the linear-drive unit has
a joystick and a grip. The computer-based control unit consists a
laptop-computer, some interface-boards, a servo amplifiér, a power
supply and an emergency button. The bipolar coagulator is
- controlled by foot switch. .
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Fig. 7 (A): The structure of the bipolar electric scalpel. A pair of
blades and electiodes is replaceable. (B): The bipolar-blades are
driven by a wire-rope. The bipolar-blades are fixed to the
blade-pulleys and the wire-rope is winded around the blade-pulleys
thirough the guide-pulleys. Traction of the wire-rope rotates the two
blade-pulleys.
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