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Network Op. site — Surg. site Time-delay
ISDN(2B+D) Tokyo - Shizuoka 540.0 ms
ISDN(23B+D) Tokyo - Shizuoka 592.5 ms
APII Seoul - Fukuoka 592.5 ms
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Fig.10 Time difference of packet amival.
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Development of a Magnetic Driven Surgical Manipulator
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Masaki MOTOYOSHI, Jun OKAMOTO, Masakatsu G FUJIE
Waseda University, 3-4-1, Ohkubo, Shinjuku-ku, Tokyo 169-8555, Japan

Abstract.

This paper proposes a manipulator for depths of internal organs such as lungs. This manipulator is based on minimally
invasive surgery. The manipulator is driven by Magnetic force. The small coils on the manipulator produce the force by
passing current in a generated external magnetic field. By using magnetism, the manipulator is safe as low voltage in the
body and structure is simple. As a basis, 1-DOF prototype was designed and made, and then evaluated.

Key Words: Minimally invasive surgery, Computer assisted surgery, Magnetic drive system
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Manipulators for intrauterine fetal surgery in an Open MRI

K.Harada °, K. Tsubouchi °, T.Chiba®, M.GFujie®

* Graduate School of Science and Engineering, Waseda University, Tokyo, Japan

* Department of Strategic Medicine, National Center for Child Health and Development,
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Abstract: We propose a new surgical robotic system for intrauterine fetal surgery in an Open MRI. The target disease
of the fetal surgery is spina bifida or myclomeningocele that is incomplete closure in the spinal column and one of the
common fetal diseases. In the proposed surgical process, the abdominal wall and uterine wall would not widely be
opened but rather surgical instruments inserted through the small holes in both walls to perform minimally invasive
surgery. In this paper, a prototype of the micro manipulator of diameter is 2.4mm and bending radius 2.45 mm is
presented. The diameter and bending radius of this manipulstor is the smallest ever developed among surgical robots to
the best of the knowledge of the investigating authors. The mechanism of the manipulator includes two ball joints and is
driven using four wires able to bend through 90 degrees in any direction. The features of the mechanism include a small
diameter, small bending radius, ease of fabrication, high rigidity and applicability for other surgical applications.
Although the manipulator is not yet MRI compatible, the feature of the prototype demonstrated the feasibility of robotic
intrauterine fetal surgery.
Key words: Surgical robot, Fetal surgery, Spina bifida, Intrauterine repair, Open MRI
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Abstract — We propose a new surgical robotic system for
intrauterine fetal surgery in an Open MRI. The target disease
of the fetal surgery is spina bifida or myelomeningocele that is
incomplete closure in the spinal column and one of the common
fetal diseases. In the proposed surgical process, the abdominal
wall and uterine wall would not widely be opened but rather
surgical instruments inserted through the small holes in both
walls to perform minimally invasive surgery. In this paper, a
prototype of the micro manipulator of diameter is 2.4mm and
bending radius 2.45 mm is presented. The diameter and
bending radius of this manipulator is one of the smallest ever
developed among surgical robots to the best of the knowledge
of the investigating authors. The mechanism of the
manipulator includes two ball joints and is driven using four
wires able to bend through 90 degrees in any direction. The
features of the mechanism include a small diameter, small
bending radius, ease of fabrication, high rigidity and
applicability for other surgical applications. Although the
manipulator is not yet MRI compatible, the feature of the
prototype demonstrated the feasibility of robetic intrauterine
fetal surgery.

Keywords —  surgical robot, fetal surgery, spina bifida,
intrauterine repair, Open MRI.

1. INTRODUCTION

Over the last decades, developments of surgical robots
have considerably progressed, with some commercially
available and clinically applied for many cases around the
world described in many papers for example [1, 2]. The
development of surgical - robots has contributed to a
widespread rise in the use of minimally invasive surgery,
resulting not only decreased patient pain but also reduced
medical costs due to a shorter stay required in hospital. Over
last several years, many surgeries have been conducted
under Open MRI (Magnetic Resonance Imaging) conditions
and research has studied on the robotic surgery using Open
MRI in many surgical fields [3-11].

In this paper, the clinical target of this study is fetal
surgery. This type of surgery is a relatively new procedure,
with only a few hundreds operations around world, because
of the risk of premature delivery caused by the stimulation
on the uterus.

This paper is organized as follows. The next sections
review the background to surgical robotics and fetal surgery.
Following the proposed concept and procedure of
intrauterine fetal surgery in Open MRI are described, and
the design of a micro manipulator and its prototype are
presented. Finally the future works are discussed.

0-7803-8814-X/05/$20.00 ©2005 |IEEE.
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I1. FETAL SURGERY

A. Fetal surgery for spina bifida or myelomeningocele

Spina bifida or myelomeningocele is a neural tube
defect resulting in incomplete closure within the spinal
column, usually found on the lower parts of the fetus back.
Recent progresses in technologies for prenatal checks such
as MRI, ultrasonic imaging and amniocentesis lead to an
increased detection of defects in the early stages of the
gestation. The exposure of the opened spinal code to
amniotic fluid worsens the disabilities of the baby after birth
and the disabilities usually include paralysis of the lower
limbs, urinary dysfunction and hydrocephalus (brain
disorder).

Although Spina bifida is not life-threatening, it is one of
the most common birth defects. The closure of the spinal in
the early stage of gestation could be the best way to alleviate
the disabilities, but the means of conducting such surgical
procedures remain controversial and the effect differences in
surgical procedures used are still under study such as
described in [12-33].

The difficulties of the fetal surgery compared with other
forms of surgery are the following:

1) The fetus in the target gestation is very small (the
weight of 250-650g) and fragile.

2) A fetus is floating in amniotic fluid in the uterus with
unstable position and posture.

3) Insertion sites for surgical instruments into the uterus
depend on the position of the placenta and the allowable
space for instruments within the uterus is limited.

4) The endoscopic view is unclear due to the cloudy
nature of the amniotic fluid.

5) The performance of common surgical instruments,
such as an electric scalpel, is limited when they are used in
amniotic fluid.

6) Damage to the uterus and fetus could cause
premature delivery or lead to the need for caesarean
delivery.

7) A flaccid uterus under anesthesia is always at risk of
massive bleeding.

8) The mother under surgical operation is also at risk of
infection and a lost next chance of pregnancy.



B. Robotic approach for fetal surgery

Some researchers have studied the feasibilities of using
robotic ‘procedures for fetal surgery, using animal fetuses
such as sheep. The result showed the robotic approach for
fetal surgery has many problems to overcome.

The diameter of commercially available surgical
manipulators is too big for the fetal size and surgical space
allowable. The long setup time for a robotic operation was
also time-consuming and the advantages of surgical results
were not demonstrated in comparison to the manual
operative approach. The gas insufflation of the amniotic
cavity to retain surgical space and a clear view also result in
the possibilities of maternal or fetal complications. Gas
insufflation also makes it difficult to maintain the fetal
position and posture during extended operation time.

Our motivation is to overcome the aforementioned
problems and propose new procedure allowing robotic fetal
surgery in a minimally invasive manner.

ﬁl. CONCEPT FoR FETAL SURGERY IN OPEN MRI

A. Characteristics of Surgical Target of the proposed
surgical procedure

1) Characteristics of the target fetus and uterus

The characteristics of the target fetus are described in
TABLE 1. When the maximum outer diameter of the
inserted cannula is 3mm, the hole need not sutured, since the
contractive force of the uterus itself closes the small hole
unaided. The larger hole needs to be sutured, which may
result in a leak of amniotic fluid and severe pain to the
mother.

TABLE1

The Characteristics of the Target Fetus
Characteristics Value
Gestation weeks 20-24 weeks
Height 180-340mm
Weight 250-650g
Longitudinal length in bending 210-240mm
Iposture
Transversal length in bending 47-69mm
Iposture

- usually smaller than
Area of the damaged spinat™ 3 nmmi 30mm
The maximum outer diameter of
3mm

a cannulq —
The maximum number of 4 (a endoscope, a stabilizer
allowed holes on the uterine wall |and two forceps)
The distance between inner side |50mm (the amount of
of uterine wall and surgical area |amniotic fluid is controlled)

The characteristics of the target uterus are described in
TABLEIL

TABLE II
The Characteristics of the Target Uterus
Characteristics Value
Weight 900¢g
‘Width 190-200mm
Depth 180mm
Width- of uterine wall 60-70mm
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2) Fragility of fetal skin
As the first trial, viscoelasticity experiments using a
theometer (TA-Instoruments: AR-500) (Fig.1) and

observation apparatus for the fetal rat’s skin (Figs.2-4) were
carried out [29]).The result showed that the surface of fetal
rat’s skin was torn when exposed to 4kPa stress, but the
basal layer was undamaged. This means that the fetal skin
would recover, even if subject to surface damage during
surgical procedures.

Figé After the test
(basal layer is not damaged)

B.  Proposed Process of Fetal Surgery in Open MRI
We propose the following surgical procedures for
intrauterine fetal surgery in an Open MRI. Fig.5 shows
surgical instruments for the proposed fetal surgery and Fig.
6 shows surgical robotic system for intrauterine fetal surgery
in Open MRL

1) Place the pregnant patient under anesthetic on the

bed for Open MRIL

2) Set the specially designed MR Coil including large
holes for the insertion of surgical instruments(not
yet developed)
Control the amount of amniotic fluid to make
surgical space and facilitate relative ease of
movement for the surgical instruments.
Place a 3D ultrasonic probe on the abdominal wall
to decide the position and direction of the
instruments’ insertion.
Insert an Endoscope to penetrate both the
abdominal and intra uterine walls at the same time
under ultrasonic monitoring. Slow access into
uterus could cause the amniotic membrane to peel
off from the uterine wall and cause premature
delivery.
Insert a cannula during the ultrasonic and
endoscopic monitoring.
Insert a stabilizer through the cannula and stabilize
the fetus to avoid over-pushing.
Fix the endoscope and the stabilizer.
Determine the position and direction of the two
cannulas for insertion so that the driving

3)

4)

5)

6)
7

8)
9)



dimensions of the micro manipulators could cover
the stabilized surgical area.

10) Insert two cannulas and micro manipulators into
the cannulas under ultrasonic and endoscopic
monitoring and fix them.

11) Move the bed into the Open MRI slowly and
carefully to avoid exposing it to any vibration.

12) Operate the micro manipulators in the Open MRI

50mm
Abdominal
Wall

Stabilizer

Uterine Wall

Fig.5 Surgical instruments for the proposed fetal surgery
(The outer diameter of each cannula is Jess than 3mm)

!I:

Drive Transmitters

BT Ry

Drive Units

Fig.6. Surgical robotic system for intrauterine fetal surgery in Open

IV. PROTOTYPES OF MICRO MANIPULATORS
A. Bending mechanism

We designed a micro grasping manipulator with a ball
joint and developed a surgical unit for minimally invasive
neuroendoscopicsurgery [30-32].Fig.7 shows the tip of the
micro grasping manipulator and Fig.8 shows the tip of the
surgical unit for neuroendoscopic surgery. Fig.9 shows the
whole view of the micro grasping manipulator. The result of
the research demonstrated the advantages of the bending
mechanism with a ball joint. The features of this mechanism
include small diameter and bending radius, ease of
fabrication, and high rigidity compared with other bending
mechanism for example [33-36]), while the disadvantage was
the maximum bending angle is limited to 30 degrees. To
adopt this mechanism to intrauterine fetal surgery, the
diameter need to be smaller for insertion into a cannula
whose outer diameter is less than 3mm. For the dexterity
needed for fetal surgery, the degrees of bending angle were
to be added.
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Fig.8 Surgical unit

Fig.7 Micro grasping manipulator

- ble
swithout
3 SCrew

3 Disposahle Part

Fig.9 Micro grasping manipulator for neuroendoscopic surgery

The Fig.10 represents the new design of the bending
mechanism. The mechanism of the manipulator includes
two ball joints and is driven using four wires (each of
diameter is 0.27mm) enable a bend of 90 degrees in any
direction. The diameter is 2.4mm and the bending radius is
2.45 mm, which is one of the smallest ever for a surgical
robot to the best of the authors’ knowledge. The manipulator
includes an inner hole through all ball joints, making it easy
to develop other types of surgical applications.

In the Fig.11, the following symbols are defined:
t - pull length of the wire
R- distance form the center of a ball to a guide hole for
each wire
o - angle of a isosceles triangle shown in Fig.11
0 - angle of each bending joint
O - center of the ball

The relation of wire pull length and bending angle is
described in Eq.(1)

t=2R (Sin (0-6/2) ) 1)

The result of the experiment of the former prototype of
the bending mechanism with one ball joint showed that the
pull length highly depends on the application inserted
through the hole in the joint. We are planning to contro! the
movement with adoptive control algorithms using some
kind of sensors or an endoscopic view.
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igl13. The tip of the fabri prototype (direct position)

o

(In Figl0, No.1: ball with a through-hole, No.2: parts of the bending
mechanism, No.3: a part inserted into a pipe. All of them have four holes
for the wire path. Nos.2 and .3 are made of Titanium with MRI
compatibility)

T

Fié.14 The tip ofthe fabricated prototype (bending

B. Flexible Type of Bending mechanism

The rigid pipe of the prototype shown in Fig.10 is
replaced with a flexible coil tube to demonstrate the
Fig.11 Relation of the wire pull length and bending angle possibility of the insertion through a flexible endoscope or a
curved cannula (Figl5, Figl6). The result shows that this
type of manipulator is applicable in many cases such as
biopsy using a gastro camera.

Fig.12 shows each part of the bending mechanism. The
hole in the ball is manufactured using a micro electric
discharge machine (micro EDM) and it took about one day
to penetrate the ball. The assembly without any screws or
gears results in easy assembly, rigidity and low cost. The
cost of a surgical robot is a hot topic in the field of robotic
surgery. The robotic surgery will become popular when the
cost is low. The total cost to make this first prototype of
bending mechanism is about the same as the price of a
common forceps for manual surgery.

fabricaied prototype'(ﬂexibic:

Fig.12 Each part of the bending mechanism

Fig.13 and Fig.14 show the tip of the fabricated prototype of

the direct position and bending position. The smooth The driving unit with two ultrasonic motors is
movement and high rigidity are confirmed. fabricated using a photo molding machine. The size of the

molded unit is 85mm x 95mm x 110mm (Fig.17 and
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Fig.18). The ultrasonic motors are controlled using PC104
(Fig.19).

Fabrication a prototype using a photo molding machine
is very useful to check advantages and disadvantage of the
design. The opinions given by medical doctors could be
reflected to the design in very short time. This is important
for the collaboration with the medical doctors and the early
use of robotic surgery.

% Wire Tension

110mm

Encoder
Ultrasonic Motor

Fig.18 Drive Unit (Upper View)

Control Command
y

PC |_ | Pulse Motor Ultrasonic
104 Controller Driver | °| Motor | '] Encoder
3

Pulse |

Counter

Figl9 Motor Control system

V. DiscussioN AND FUTURE WORKS

1) MRI Compatibility

We are now working on the design for an MRI
compatible type of developed prototype. Some researchers
have experimented on MRI compatible surgical robots and
the results showed a high potential for robotic operations in
an Open MRI. The major focus of this research is to
demonstrate how close the actuators including ultrasonic
motors and mechanical parts are placed in the center of MRI
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Coil. The Differences, depending on the material, will be
also proved. The result of the undergoing research is
necessary to design driving unit and transmitter.

2) Development of MRI Coil for Fetal Surgery

The MRI Caoil for fetal surgery in Open MRI is not yet
commercially available. Cooperation with MRI developers
is still in the planning stage.

3) Mechanism for sterilization

The presented prototype cannot yet be sterilized. A
separable mechanism will be designed, since the mechanical
parts using oil cannot be sterilized. The ease of assemble is

‘important to shorten the surgical robot setup time.

3) Development of Stabilizer

The first prototype of the stabilizer to keep the stable
surgical area is being designed. Its outer diameter should be
also less than 3mm. The stress to the fetal skin need
precisely controlled, since the stabilizer is in touch on the
fetal body through the long surgical operation time. The
specification was determined using the aforementioned
results of the viscoelasticity experiments using a rheometer.

4) Other potential applications for surgical
manipulators

The designed manipulator includes inner hole through
all ball joints, which make it easy to develop other surgical
applications such as a gripper or bipolar. To develop an
application of the developed mechanism, a tube or wires in
the joints affects the trajectory of the tip movement. The
adoptive control algorithms could be a possible way to
overcome this problem.

The other potential applications of the size would be also

available for micro surgeries including neurosurgery and
orthopedic surgery.

VI. CONCLUSION

A new concept and surgical procedures for intrauterine
fetal surgery in Open-MRI is proposed in this paper. A
prototype of the micro manipulator of diameter is 2.4mm
and bending radius 2.45 mm is presented. The diameter and
bending radius of this manipulator is the smallest ever
developed among surgical robots to the best of the
knowledge of the investigating authors. The features of the
mechanism include a small diameter, small bending radius,
ease of fabrication, high rigidity and applicability for other
surgical applications.

Although the manipulator has some problems to
overcome, the demonstrated smooth movement and high
rigidity put the minimally invasive fetal surgery into
possible reality. We believe that the Computer Aided
Surgery (CAS) and surgical robotic technologies would lead
to the major break through to conquer the severe difficulty
in fetal surgery. :

ACKNOWLEDGMENT

This research is partly supported by the 21st Century
Center of Excellence (COE) Program “The innovative
research on symbiosis technologies for human and robots in
the elderly dominated society”, Waseda University, Tokyo,
Japan. and by "Establishment of Consolidated Research
Institute for Advanced Science and Medical Care",
Encouraging Development Strategic Research Centers
Program, the Special Coordination Funds for Promoting



Science and Technology, Ministry of Education, Culture,
Sports, Science and Technology, Japan..

Thé authors would like to thank to Professor T. Dohi
and Professor 1. Sakuma in the University of Tokyo and
Assistant Professor H. Iseki and Dr. R. Nakamura for their
advices. K. Harada would also like to thank to her
colleagues, Mr. Yanagihara and Mr. Kida for their help.

REFERENCES

[1] Deon F. Louw, M.D., et al., “SURGICAL ROBOTICS: A REVIEW
AND NEUROSURGICAL PROTOTYPE DEVELOPMENT”,
Neurosurgery, Vol54, No.3, March 2004.

[2) Kevin Cleary, Charles Nguyen, “State of the Art in Surgical Tobotics:
Clinical Applications and Technology Challenges™, Computer Aided
Surgery, November 2001.

[3] F.Tajima, K.Kishi, K.Nishizawa, K.Kan,H.Ishii, K.Sudo, M.G.Fujic
and T.Dohi,” A Prototype Master-Slave System Consisting of Two
MR-Compatible Manipulators with Interchangeable Surgical Tools”,
Proceedings of the 2004 IEEE International Conference on Robotics
and Automation,pp.2505-2510,2004

[4] Y.Okada et al., “Initial Experience of Open MRI System in the

Operation room of NCCHD (National Center for Child Health and

Development)”MEDIX,Vol.37,pp8-12

John Vogan, et al, “Manipulation in MRI Devices using

Electrostrictive Polymer Actuators: With an  Application to

Reconfigurable Imaging Coils”, Proceedings of the 2004 IEEE

International Conference on Robotics and A Pp2498-2504.

A. Krieger, R. C. Susil, G. Fichtinger, E. Atalar, L. L. Whitcomb,

“Design of A Novel MRI Compatible Manipulator for Image Guided

Prostate Intervention”, Proceedings of the 2004 IEEE International

Conference on Roboti. A ion, pp377-381.

Fujio Tajima, et al, “An MR-compatible master-slave manipulator

with interchangeable surgical tools”, International Congress Series

1256 (2003) pp529-537.

Ken Masamune, Takafumi Inagaki, Nobuharu Takai, Ichiro Sakuma,

Takeyoshi Dohi, “MRI compatible manipulator: image distortion

estimation and correction method”, International Congress Series 1230

(2001) pp1249-1250.

[9] Gamette R. Sutherland, Paul B. McBeth, Deon F. Louw, “NeuroArm:
an MR compatible robot for microsurgery”, Intemational Congress
Series 1256 (2003) pp504-508.

[10]Kiyoyuki Chinzei, Ron Kikinis, Ferenc A.Jolesz, “MR Compatibility
of Mechatronic Devices: Design Criteria”

[11] Kiyoyuki Chinzei, Nobuhiko Hata, Ferenc A. Jolesz, Ron Kikinis,
“MR Compatible Surgical Assist Robot: System Integration and
Preliminary Feasibility Study™

[12]Michael R. Harrison, et al., The Unborn Patient: The Art and Science
of Fetal Therapy, Elsevier Science Health Science div, 2001.

[13] Michael R. Harrison, The Unborn Patient: Prenatal Diagnosis and
Treatment, Elsevier Science Health Science div, 1991.

[14]T.Chiba, M.R. Harrison, C.T.Albanese and D.L.Farmer, "Fetal Surgery:
Past, Present, and Future”, Fetal Surgery Japan Society of Prenatal and
Neonatal Medicine,Vol.36,No.4, pp.524-539,2000

[15]N.Tulipan, “Intrauterine closure of myelomeningocele : an update”,
Neurosurgery Focus, Vol.16, pp1-4,February,2004 .

[16]J.P.Bruner, N.B.Tulipan, W.O.Richards, W.F.Walsh, F.H.Bochm and
E.K.Vrmabcak, “In utero Repair of Myelomeningocele : A Comparison
of Endoscopy and Hysterotomy™, Fetal Diagnosis and Therapy,Voll5,
pp.83-88,2000

[1713.P.Bruner, N.B.Tulipan, W.O.Richards, W.F.Walsh, F.H.Boehm and
E.K.Vrabcak, “In utero Repair of Myelomeningocele : A Comparison
of Endoscopy and Hysterotomy”, Fetal Diagnosis and Therapy,Voll5,
pp.83-88,2000

[18]http://www.fetal-surgery.com/

[19]Danielle S. Walsh, N. Scott Adzick, “Foetal surgery for spina bifida”,
Seminars in Neonatology, (2003)8,pp197-205.

[20] Mark P. Johnson, MD, et al.,"Fetal myelomeningocele repair; Short-
term clinical outcomes™, Am J Obstet Gynecol, August 2003,

[21] http://www.spinabifidamoms.com/english/overview.html

[22] Nabil Simaan, Russell Taylor, Paul Flint, A Dexterous System for
Laryngeal Surgery”, Proceedings of the 2004 IEEE International
Conference on Robotics and Aut ion, pp351-357.

{23] Joseph P Bruner, MD,et al."Intrauterine repair of spina bifida:
Preoperative predictors of shunt-dependent hydrocephalus”,American
Journal of Obstetrics and Gynecology, (2004) 190, pp1305-12.

[5]

6]

[7

-

(8]

507

[24) Joseph P Bruner, MD, William O. Richards, MD, Noel B. Tulipan,
MD, Timothy L. Amey, MD, “Endoscopic coverage of fetal
myelomeningocele in utero”, Am J Obstet Gynecol, January 1999.

[25) Oran S. Aaronson, Noel B. Tulipan, Robert Cywes, Hakan W. Sundell,
Georges H. Davis, Joseph P. Bruner, William O. Richards,"Robot-
Assisted Endoscopic Intranterine Myelomeningocele Repair : A
Feasibility Study”, Pediatric Neurosurgery,2002 36: pp85-89.

[26]) T. Kohl, et al, "Percutaneous fetoscopic patch coverage of
experimental lambosacra! full-thickness skin lesions in sheep”, Surg
Endosc (2003) 17 :pp1218-1223.

[27) Joseph P. Bruner, et al, “In utero Repair of Myelomeningocele :A
Comparison of Endoscopy and Hysterotomy”, Getal Diagnosis
Therapy, 2000,15: pp83-88.

[28] Noel Tulipan, M.D. “Intrauterine closure of myelomeningocele :an
update”, Neurosurg Focus 16 (2) ;Article 2,2004.

[29)K.Tsubouch, J.Okamoto and M.G.Fujie, "Development of a
Manipulator for Fetal Surgery™, Proceedings of JSME Conference on
Robotics and Mechatronics, 2P2-H-56,p.172,2004

[30]JK. Harada, K.Masamune, LSakuma, N.Yahagi, T.Dohi,H.Iseki and
T.Takakura, “Development of a micro manipulator for minimally
invasive gery” Pr dings of C Assisted Radiology
and Surgery, pp. 116-120, 2000.

[31]K. Harada, K. Masamune, I. Sakuma, N. Yahagi, T. Dohi, H. Iseki, K.
Takakura, "Development of a micro manipulator for minimally
invasive neurosurgery”,Proceedings of the International Conference on
Machine Automation ICMA2000 2000:291.

[32]N.Miyata, K Harada, K. Masarmme, LSakuma, N.Yahagi, T.Dohi,
H.lseki, T.Hori, K Takakura: Development of a micro forceps
manipulator for minimally invasive neurosurgery. J Soc Mech Eng
Conference on Robotics and Mechatronics, 2A1-D6(1)-2A1-D-
6(2)(2001)

[33]Nakamura R, Oura T, Kobayashi E, Sakuma 1, Dohi T, Yahagi N, Tsuji
T, Shimada M, Hashizume M ” Multi-DOF Forceps Manipulator
System for Laparoscopic Surgery - Mechanism miniaturized &
Evaluation of New Interface “ , Proc of Fourth International
Conference on Medical Image Computing and Comp isted
Interventions(MICCAI2001), Utrecht, the Netherlands, October 14-17,
2001: pp.606—613,2001.

[34]Nabil Simaan, Russel Tayor and Paul Flint,”"A Dexterous System for
Laryngeal Surgery”, Proceedings of the 2004 IEEE International
Conference on Robotics and Automation,pp.2505-2510,2004

[35]Kouji Nishizawa, Kousuke Kishi, “Development of Interference-Free
Wire-Driven Joint Mechanism for Surgical Manipulator Systems”,
Journal of Robotics and Mechatronics, Vol.16, No.2,2004.

[36]Y. Haga, M. Esashi, “Biomedical Microsystems for Minimally
Invasive Diagnosis and Treatment”, JEEE Proceedings of the IEEE,
92(1), (2004), pp98-114.

'




Intemational Congress Series 128) (2005) 1365

Manipulators for intrauterine fetal surgery in an
Open MRI - report on first prototype
Kanako Harada®*, Kota Tsubouchi®, Toshio Chiba®, Masakatsu G. Fujie®

“Graduate School of Science and Engineering, Waseda University, Tokyo, Japan
®Department of Strategic Medicine, National Center for Child Health and Development, Tokyo, Japan

Keywonds: Surgicsl robot; Fetal surgery; Spina bifids; Intrauterine repair; Opes MRI

1. Introduction

Spina bifida is incomplete closure in the spinal column and one of the common fetal diseases. The
exposure of the opened spinal code to amniotic fluid worsens the disabilities of the baby after birth. The
closure of the spinal column in the early stage of gestation could be the best way to alleviate the
disabilitics. In the usual fetal surgery, the abdominal wall and uterine wall are widely opened; therefore,
we propose a new surgical robotic system for intrauterine fetal surgery in an Open MR1L.

2. Methods

The detailed surgical procedures are proposed and a prototype of the micro manipulator of
diameter 2.4 mm and bending radius 2.45 mm is presented. The mechanism of the manipulator
includes four ball joints and is driven using four wires which enable a bend of 180° in any direction.
The diameter of the manipulator is small enough for fetal surgery since the contractive force of the
uterine itself closes the small hole unaided if the hole in uterine is less than 3mm.

3. Conclusion

A new concept and surgical procedures for intrauterine fetal surgery in Open MRI are proposed.
A prototype of the micro manipulator of diameter is 2.4 mm and bending radius of 2.45 mm is
presented. The demonstrated smooth movement and high rigidity put the minimally invesive fetal
surgery into possible reality.
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Surgical assistant system for intrauterine fetal surgery in an Open MRI(1* Report)
- A micro manipulator and forceps navigation system-
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We propose a surgical assistant system for intrauterine fetal surgery in an Open MRI. In this paper, prototypes of a micro
manipulator of diameter are 2.4mm and bending radius 2.45 mm are presented. The mechanism of the manipulator includes
two or four ball joints and is driven using four wires able to bend in any direction. A forceps navigation system by using CG
has also been developed. The CG navigator is shown around the real endoscopic view to indicate the positions of forceps
outside the endoscopic view. The result of evaluation demonstrated that this navigation can achieve the endoscopic surgery

more safely and easily.

Key Words: Surgical robot, Fetal surgery, safety, navigation, Open MRI
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Development of Surgical Manipulator Driven by Magnetism
Masaki Motoyoshi®, Masakatsu G.Fujie ®

® Waseda University, Tokyo, Japan

Abstract: Recently, minimally invasive surgery is applied in various fields. But the operation inside the organs is
not enough to meet the various requirements. So we propose a surgical manipulator driven by magnetic force for
depths of internal organs. By magnetic field from outside the body, the manipulator with permanent magnet is used
in the body. This mechanism is considered minimally invasiveness, safety and compactness. In this paper, we pro-
pose the concept of magnetic driven manipulator and report the method of control.

Key words: Surgical robot, Magnetic driven, Magnetic sensor
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Development of a Magnetic Driven Surgical Manipulator
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Masaki MOTOYOSHI, Waseda University, moto@moegi.waseda.jp
Haruna OKAYASU, Waseda University

Jun OKAMOTO, Waseda University

Masakatsu G FUJIE, Waseda University

This research proposes a manipulator which is able to approach to deep area of internal organs such as lung, and
furthermore realize minimally invasive surgery. This manipulator is driven by Magnetic force, that is, the small permanent
magnet on the manipulator produces force a generated external magnetic field. By using magnetism, the manipulator is safe
due to low voltage in the body and structure is simple. In this paper, we suggested the control to manipulate the direction and
the strength of external magnetic field to generate large bending angle of manipulator.

Key Words : Minimally invasive surgery, Active catheter, Magnetic drive
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Abstract

Employing amplitude-modulation technique, we have optimized the giant magnetoimpedance (GMI) sensor. Our
approach was to optimize the sensor structure so as to obtain a high signal-to-noise ratio by using finite element
analysis. The optimum size of sensor strip is as follows: a thickness of 4.3 um, a strip width of 20-30 um, a length of
several mm. The meander sensor element [CoNbZr (thickness, 4.3 um; length, 5 mm; width, 30 um; number of turns, 3)
was fabricated using the lift-off process. A high impedance change over 200% was obtained at several hundred MHz.
When a small AC magnetic field was applied to the sensor element, a very small AM signal was detected by the sensor
system in a magnetically shielded room. A resolution of 1.7 x 10”8 Oe/Hz'/? was obtained at 501 kHz.

© 2004 Elsevier B.V. All rights reserved.

Keywords: Magnetic field; Sensors; Skin effect; Finite element method

1. Introduction

High-frequency carrier-type sensors (GMI sensors)
are expected to achieve very high sensitivity [1—4]. The
thermal noise limit of magnetic moment is expected to
be about 107°Oe. Most reports concerning giant
magnetoimpedance (GMI) effects have focused on the
sensor materials. Very few studies have achieved a
resolution in the range of 1078 Oe.

In this study our approach is to optimize the sensor
structure so as to obtain high impedance change using
finite element analysis. Material parameters (composi-
tion, resistivity, etc.) were constant and given. In
addition, we have obtained a resolution of magnetic
field detection of about 1.7x10780e range at
500kHz.

*Corresponding author. Tel.. +81222175489; fax:
+81222175728.
E-mail address: yab@riec.Tohoku.ac.jp (S. Yabukami).

2. Optimization of sensor structure
2.1. Amplitude-modulation of GMI sensor

Fig. 1 shows the standard structure of a sensor strip.
An easy axis of the magnetic film was applied in the
width direction of the strip. A bias field and an AC
detected field were applied in the longitudinal direction.
The parameters were the width and the thickness of the
strip. Fig. 2 shows the equivalent circuit of an
amplitude-modulation type GMI sensor. The circuit is
composed of a signal generator, a sensor element, a
spectrum analyzer and a 50 Q coaxial cable. The signal
generator generates a carrier signal. The AC magnetic
field signal (501kHz) is applied to the sensor by a
solenoid coil and an amplitude-modulated signal ap-
pears due to the change in impedance of the sensor. Eq.
(1) shows the sideband level of the amplitude-modula-
tion signal [5].
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