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Development of Navigation System for
Treatment of Twin-To-Twin Transfusion Syndrome (TTTS)
—Development of Image Processing Application for Vascular Mapping System—
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Abstract: In the present treatment system of Twin-To-Twin Transfusion Syndrome, surgeon uses visual measurement of
endoscope image in doing the identification of anastomotic vessel, before taking decisions to do some treatments on
suspected vessel. Given this factor, we proposed a navigation system that may lead the surgeon to find targets for treatment
quantitatively, to improve the treatment’s safety and accuracy. For the first step in developing the system, we proposed a
vascular mapping system to make an overall view of placenta. We developed a software application to make corrections on
the image distortion of 2D-picture that is taken from endoscope, and do images combine to get the overall map of the
diagnosed target. The effectiveness of the application was verified experimentally, which were conducted by considering the

motion range of endoscope.
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Fig.1 System configuration of navigation system
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Fig.3 Tmage distortion of test pattern image
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Fig.4 Relationship between endoscope and real image distance
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Fig.7 Oblique direction image after distortion correction
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 Fig8 Coordinate system configuration

Fig.9 Tmage correction of Oblique image projection
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Fig.11 Captured image from endoscope
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Fig.12 Image reproduction of target object
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Development -of Placenta Surface Mapping System for Treatment of
Twin-To-Twin Transfusion Syndrome (TTTS)

- Automatization of Capturing Endoscope Image Area using Active Contour-
Tua Namora Nainggolan?, Hongen Liaob, Ichiro Sakumab, Toshio Chibac

The University of Tokyo { 2 Graduate School of Frontier Sciences, P Graduate School of
Engineering}, ¢ National Center for Child Health and Development, Tokyo, Japan

Abstract: Twin to Twin Transfusion Syndrome (TTTS) is a disease of the placenta that affects identical twin pregnancies. The
common treatment for severe TTTS is to use laser ablation under the guidance of endoscope. However, the narrow viewing area of
the endoscope limits the surgeon to identify the abnormal vessel. We develop a navigation system for mapping the endoscope image
to the placeta to improve the treatment’s safety and accuracy. The multiple images and its corresponding positons are achieved by an
endoscope and an optical tracking system. We synthesize the images and make an overall image of the placenta using
computer-assisted geometric correction and color-balancing modulation. Our system user interface enable an automatic image
recognitation and compensation for optimal endoscope image mapping. Experimental resuits show that the accuacy of the image
mapping system is satisfied with the requirments of the endosope guided laser ablation for TTTS treatment.

Key Words: Twin-To-Twin Transfusion Syndrome (TTTS), Placenta, Endoscope image, Image mapping.
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Fig.1 Result of image correction system. (a) Endoscope images.
(b) Combined image after correction has been done.
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Laser Irradiation Power Control for Fetal Surgical Treatment

— Feedback Control Using Thermocouple
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Abstract : Recently, fetoscopic laser photocoagulation has been used for treatment of twin-twin transfusion syndrome
{TTTS). In this treatment, it is needed to appropriately keep the tip of laser fiber away from the placental surface.
since their distance significantly influences the succ

s in placental blood flow interception. We developed a laser device
g the composite-type optical fiber which consists of a centrally located single fiber {or dia

iovis and its surrounding
fhirs for laser treatment. Then. the device is expected to enuble measarements of the distanee between fiber tip angd
e placental surface with resuliant accurate laser irvadiation. In this report. we describe the experimental results

rding power control of laser irradiation 1o the porcine fiver as a hasic res
Keyvwords : Feral surgdeal or

ing placental blood flow.
apment, O

pusjte-type optical Sber, Laser irradiadion control
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Laser Irradiation Control of Fetal Endoscope
for Twin-twin Transfusion Syndrome
— Performance Verification Using Temperature Sensor —

O Akihiro Naganawa (Akita University)

Takeshi Seki (Akita University)

Kiyoshi Oka (Japan Atomic Energy Agency)
Toshio Chiba (National Center for Child Health and Development)

Tetsuya Nakamura (PENTAX)
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Shigeru Ichikura (PENTAX)

Recently, fetoscopic laser photocoagulation has been used for treatment of twin-twin transfusion syndrome

(TTTS). In this treatment, it is needed to appropriately keep the tip of laser fiber away from the placental

surface, since their distance significantly influences the success in placental blood flow interception. We

developed a laser device using the composite-type optical fiber which consists of a censrally located

single fiber for diagnosis and its surrounding fibers for laser treatment. Then, the device is expected to

enable measurements of the distance between fiber tip and the placental surface with resultant accurate

laser irradiation. In this report, we describe the experimental results regarding power control of laser

irradiation to the porcine liver as a basic research for ceasing placental blood flow.
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Micro Monitor of the Blood

A team of researchers at the University of Tokyo has developed a micro-sized device for detecting sudden change
in a patient’s condition before and after surgery. Team leaders Dohi Tetsuji and Shimoyama Isao report.

n the medical field, blood oxygen
levels are used as a barometer of
sudden changes in the patient’s con-
dition during surgery and otherwise.
Blood contains oxidized hemoglobin,
which has combined with oxygen, and re-
duced hemoglobin, which has not. Low
blood oxygen levels, or in other words,
low levels of oxidized hemoglobin, arc a
danger signal signifying that the patient’s
status is changing for the worse. The two
types of hemoglobin absorb light at dif-
ferent rates based on wavelength, so the
typical method for measuring blood oxy-
gen is to analyze the light absorption
spectrum of the blood.

Using the latest technology, our
research team at the University of
Tokyo produced a prototype for a
micro-sized light absorption spec-
trum measuring device. Since the
size of this device is a mere 2 milli-
meters square, it can be inserted into
a capsule with a wireless transmitter.
With further improvements in the fu-
ture, the device could be implanted
under a patient’s skin or into the
body of a fetus, thereby providing
constant monitoring of blood oxygen
levels. Such a device would immedi-
ately detect sudden changes in body
condition and would contribute
greatly to managing a patient’s health
both before and after surgery.

Optical bioassays are used wide-
ly in the medical field since they
have little or no adverse effect on the
patient. Pulse oximeters that calcu-
late blood oxygen by irradiating light
on the patient’s finger and measuring
light absorption are now in wide use.
However, the smallest of these devices
are still as large as a wristwatch and can-
not be implanted under the skin or in a
body cavity.

In order to fabricate our micro de-
vice, we used MEMS (micro electro me-
chanical systems) technology, which uses
semiconductor-manufacturing technology
to produce micro electrical and mechani-
cal elements. Using the principle of the
Fabray-Perrot interferometer, we were
able to miniaturize a spectrometer that di-
vides light into different wavelengths and
measures them. The Fabray-Perrot inter-

T THE AUTHORS

On the left, a ph

ferometer is made up of two semi-
transparent mirrors with a gap between
them equivalent to the wavelength of
light. Light interference occurs between
the gap of two mirrors so that only light
of a specific wavelength is allowed to
pass through. By changing the gap be-
tween the semi-transparent mirrors, the
wavelength of the transmitted light can
be controlled. This method of spectrome-
try can not only extract light of a specific
wavelength, but it is easily miniaturized

" and is compatible with MEMS fabrica-

tion technology.
Our goal was to separate light into its
different spectral components in the 400

i

to 1,000 nanometer range, which is the
wavelength range used in conventional
spectroscopic analyzers for blood analy-
sis. With conventional micro Fabray-
Perrot interferometers, the light transmit-
tance spectrum cannot be sequentially
tuned within this range. The difficulty is
not only that the mirrors must have a high
reflectance and high degree of evenness,
but also that the interferometer must be
tunable over a broad range of wavelengths
despite the narrowness of the gap between
the mirrors. We solved these issues by
fabricating our interferometer’s substrate
and movable mirror in two separate wa-
fers. In our device, the movable mirror is

otograph taken with a micro-
scope shows the overall structure of the micro
spectroscopic device prototype. The interferome-
ter is positioned in the center. (B), (C) and (D) on
the right hand side show the changes in light
" transmittance from the interferometer caused by
tuning the gap between the mirrors.

transferred to the substrate.

The first stage in constructing our de-
vice was to fabricate thin-film mirrors on
top of the glass substrate and the silicon
wafer which is the movable mirror. The
two thin-film mirrors are the semi-
transparent mirrors. The two wafers were
then bonded together and the excess por-
tions of the movable mirror were removed
to complete the device. As the photo
shows, the movable mirror is supported
by four beams and the semi-transparent
mirrors are positioned in the center. The
gap between the mirrors is controlled by
static electricity produced by applying
voltage to the device. By applying voltage
in the 0 to 300 volt range to the
micro spectroscopic device, the peak
wavelength of light transmittance
reached the 550 to 950 nanometer
range found in conventional spectro-
scopic analyzers.

We then combined our micro
Fabray-Perrot interferometer proto-
type with a light detector to make a
device that is capable of measuring
the spectrum of absorbed light. Since
the light absorption rate of oxidized
and reduced hemoglobin differs
greatly at wavelengths of 700 to 800
nanometers, our device can accurate-
ly measure blood oxygen levels.

Using a pig as a test animal, we
measured blood oxygen levels in ar-
terial blood, which contains high ox-
ygen levels, and venous blood, which
does not. Blood oxygen measure-
ments were obtained, albeit with an
error rate of around 20 percent.
Because our device can separate light
two-dimensionally into component wave-
lengths, when it is used in place of an
RGB filter in an image-measuring device,
blood oxygen levels at a specific site can
be measured two-dimensionally with
RGB images. By applying this device to
the field of endoscopy, an organ or tissue
can be diagnosed at the same time that it
is being observed. m

DOHI Tetsuji and SHIMOYAMA Isao are, respec-
tively, research associate and professor at the
Department of Mechano-Informatics, Graduate
School of information Science and Technology,
University of Tokyo.
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Intrauterine Surgery
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Abstract — This paper describes a manipulator for
controlling position and posture of fetus in uterus and a surgical
procedure for supporting the fetus in intrauterine surgery. The
manipulator is equipped with multiple linkages and a balloon to
support the fetos softly in the uterus. The linkages with two
bending mechanisms are designed for inserting the balloon to an
optimal position under the fetus. The balloon is fold before the
operation and inflated by saline water after arriving at the
required position in the uterus. Accuracy evaliuation showed
that the standard deviations of the bending angle of the
wire-driven mechanism and the linkages-driven mechanism
‘were 1.0 degree and 2.5 degree, respectively. Force experiment
showed that the balloon-type stabilizer could generate
load-bearing power of 500 gf. Furthermore, the manipulator
could be well controlled with guidance of ultrasound images.
The manipulator could minimize injure ta the fetus since the
area contacted with the fetus by the balloon could be well
controlled.

I. INTRODUCTION

MYELOMENINGOCELE (MMC) is one of the most
common in spina bifida, which is a devastating
congenital defect of the central neural system. The patient
suffers from orthopedic disabilities, bowel and bladder
dysfunctions and mental retardation after birth. This disease
occurs 1 case per 2000 birth, and the rate tends to increase.
The disease of MMC is that when neural cord is
constructed in early gestation, this process is not completely
done and the tube is left opened. Additionally vertebral arches
and skin on it are also not closed. Although these primary
defects occur, the neural tissue itself is normal in early
gestation. Since the spinal cord is exposed in uterus, direct
tranma, hydrodynamic pressure and chemical stimulus by
amniotic fluid damage spinal cord in whole period of
gestation, which causes secondary injuries. And leak of
cerebrospinal fluid (CSF) through the opened spinal cord may
cause Arnold-Chiari malformation (hindbrain hernia) leading
to hydrocephalus.
The treatment for MMC after birth aims to prevent spinal

This work was supported in part by the Grand-in-Aid of the Ministry of
Health, Labor and Welfare in Japan, the Grant-in-Aid for Scientific Research
of the MEXT in Japan and Japanese Society for Medical and Biological
Engineering.
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tissues from infections by neurosurgical approach, but it is
not an effective method. To prevent dysfunctions, the
treatment should be performed before the destruction of the
spinal tissue since the functions becomes irreversible after the
birth. Surgical treatments like covering, suture and patch the
spinal cord in fetal surgery, could prevent it from secondary
damages and maintain the neural functions [2,3]. Fetal neural
tissue may regenerate if an injury occurs prior to myelination
which almost completes at 24 weeks gestation. The damage
on the spinal cord will be small when the earlier repair is
performed. However, the treatment before 18 weeks gestation
is technically difficult because the skin of the fetus is fragile
like gelatin. Most of the treatments on fetus are performed
from 19 to 24 weeks gestation 1.

Up to now, fetal treatment for MMC is open surgery.
Endoscopic approach is preferable [6-12], since it is
minimally invasive to the mother and the fetus and could
decrease the risk of complications, for example prematurely
delivery [3-5]. However, endoscopic surgery is difficult to be
performed since it requires more skill. Another reason is that
since the fetus is floating in amniotic fluid, it is difficult to
perform a long and precision treatment. To solve these issues,
a device is required to stabilize the fetus in endoscopic
intrauterine surgery [9-12].

Previous study includes development of a suction type
stabilizer with silicone tube is small for insertion to uterus
[10]. However, the area of the fetal skin sucked by negative
pressure may be congested with blood. We developed a
manipulator with flexible balloon-based stabilizer [11]. The
area to contact with the fetus becomes large by swelling a
balloon after insertion to the uterus. However, the umbilical
cord may be pressed when the fetus is supported beneath
because balloon is inflated into a circular shape.

We develop a new manipulator which can avoid the
umbilical cord. The manipulator can be separated for
sterilization and the balloon can be used to stabilize the fetus
in a large area. The results of mechanical performance,
balloon load-bearing power and fetal model supporting under
the ultrasonic images guidance are also described.
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II. METHODS AND MATERIALS

We designed and fabricated a prototype of manipulator to
support fefus in uterus. The diameter of incision should be
small for minimally invasive surgery. Manipulator has
holding mechanism which consists of two bending
mechanisms, one is used to bend hook-like mechanism with a
balloon to a required shape in fetus supporting, and another is
used to adjust the holding plane of the hook-like mechanism.
Ultrasound and endoscope are also used to guide the
intrauterine surgical treatment.

A. Procedure to support fetus

Fetus is rotated and moved when being pushed at
lumbosacral area during surgery. The center of mass is
around chest. In order to support fetus stably without
touching umbilical cord, trunk of the body especially from

side to chest should be held up below abdomen (Fig.1).

Supporting stability is ensured by making contact area large
in orientation of fetal height and fit the fetal waist. It is easy to
keep away from the umbilical cord by large space around
umbilicus.

The manipulator is equipped with two bending
mechanisms. One is for getting the hook-like mechanism with
a silicone balloon into a required shape in fetus supporting
and the other is for adjusting the plane of the hook-like
mechanism corresponding to insertion angle and point which
is far away from place of placenta.

The procedure of the manipulator is supposed as follows.
To ensure the surgical space of intrauterine treatment, the
uterus can be inflated with saline or Ringer’s solution. The
manipulator is arranged as straight form and the balloon is
fold to be minimum size before ‘the insertion. Then the
manipulator is inserted through a trocar. fixed on a small
incision in the back side of the fetus. The holding mechanism
is bent to suit the fetal body and the balloon is swollen up with
saline under the guidance of endoscope and ultrasound.

B. System configuration

System of the manipulator is configured with manipulator
itself, control unit and water injection unit (Fig.1). We control
the manipulator by a dialog on PC. Water injection unit
includes tubes made of teflon and silicone and a roller pomp
to keep saline clean easily.

Ultrasound and fetoscope is necessary to observe in uterus.
Since the sight of fetoscope is narrow and may be cloud by
amniotic fluid, ultrasound plays major role.

C. Manipulator mechanism

Holding mechanism is the most important part of the
manipulator to support fetus in uterus.

Hook-like mechanism for supporting fetus consists of 5
frames connected by pin, which means 4 Joints, and driven by
two stainless steel wires (Fig.2). The wires, tied to the tip
frame, pass through each side of the other frames and tied toa
pulley with different radius for reelin g up and reeling off.

, o
;] s
P Pomp
Saline [ ection unit

Umbilical cord

Fig. 1. System configuration and method of supporting fetus. Manipulator
fits the fetal abdomina! sides from the beneath.

Linkage

Hook-like mechanism Joint

Fig. 2. Holding mechanism. Hook-like mechanism is driven by wires.
Bending space is small since manipulator bend from tip by super-elastic alloy
wires. Mechanism for tilting holding plane is controlled by the linkage
corresponding to the insertion point.

Since each of 4 joints can bend 45 degree, manipulator can
bend 180 degree as a whole. By bending, the width between
tip and root frame gets smaller and meet the fetal abdominal
sides, and the middle frame supports the chest. The size of the
fetus would be various because the period for surgery is long
and the development of the fetus would be different one by
one. In order to meet wide range of the size, the bending angle
can be fine controlled.

The hook-like mechanism should be bent into a half circle
of about 180 degree for corresponding small fetus, while the
angle should be smaller if the fetus is bigger. Further, it is
taken into consideration that the space made by bending
should be small in order to reduce the risk of contact with
placenta. It depends on the sequence of bending, as it is

- smallest in bending from tip or the largest in bending from

root side. The hook-like mechanism bends from tip in
sequence since the joints have different hardness in order by
super-elastic alloy wires, of which diameters are 0.3 mm and
0.5 mm. The wire tension becomes larger with bending point
coming to root frame.

The other mechanism on base shaft bends vertical to
holding plane, corresponding to insertion angle and point
(Fig.2). The range of bending is +60 degree. This mechanism
is driven by linkages, so as to withstand heavy moment while
supporting fetus. And the motion driven by linkage without
slack and elongation is more accurate than that driven by
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wire.

In practical use, surgical tools have to be cleaned and
sterilized. The holding unit meets autoclave sterilization and
can be separate from driving power unit, which meets
ethylene oxide gas (EOG) sterilization for electric devices.
The pulley for wires is connected to motor at an Oldham’s
coupling, and driven directly by motor (RE10, maxon). An
attachment on the linkage rod fits a nut on feed screw, which
is connected to a motor for converting rotation to linear
movement, and a taper key locks them (Fig.3).

The manipulator weighs just 450 g as a whole, due to the
smallness and lightness of the motor. It is not hard to operate
during surgery.

D. Balloon mechanism

Balloon is made of silicone because rubber expands to
larger size and absorbs shock softly than plastic sheet, and
latex may cause allergy. The balloon, of which membrane is
about 0.3 mm thick, consists of two cylinder bonded on
outside. One cylinder is for expanding to support fetus, with a
slender silicone tube to connect to stainless tube in the pipe of
holding unit. The other cylinder is for covering the
mechanisms.

As well as the holding unit and driving power unit can be
sterilized, the balloon is to be disposable and can be separated
from the holding unit. When the balloon is attached to the
holding mechanism of the manipulator, hook-like mechanism
is inserted to covering part of the balloon and the silicone tube
connect to stainless tube, then balloon is fixed on gap of each
frame by clips (Fig.4). Since the balloon follows the holding
mechanism, balloon can turn to appropriate shape by its
bending (Fig.5).

Sterilized air is an option for balloon inflatin g However, it
has a risk of leak, furthermore, reflection of the air will limit
the use of ultrasound device. Since saline also assures safety
and ultrasourd can pass through it and we can observe under
balloon. In this study, the balloon is inflated with saline.

Key

Spring

Nat on feed screw ;
DC-motor

‘Driving power unit

Attachment on
linkage rod

Inserted unit

Wire

Fig. 3. Inserted unit and driving power unit are separated.

Fig. 4 Manipulator equipped with balloon, Manipulator is inserted into
covering part on balloon and fixed by clips.

Fig. 5. hape f maipu]at_or in fctu supportin. Left. without balloon.
Right: with balloon inflated by air.

III. EXPERIMENTS AND RESULTS

We carried out quantitatively evaluation for accuracy of
bending performance and load-bearing power of the inflated
balloon, furthermore qualitatively estimation of supporting a
fetus model in water close to a practical situation with
ultrasound guidance.

A. Accuracy evaluation of bending performance

The hook-like bending mechanism is most important part
to support the fetus with fitting fetal abdominal sides. We
examined the accuracy of the bending angle from 0 degree to
180 degree in steps of 30 degree with 5 trials. We took photos
of the mechanism by a digital camera (Lumix DMC-FZs,
Panasonic) and calculated the bending angle between tip
frame and root frame on photos (Fig.6). Since it bent about
only half angle against input in former test, we gave double
theoretical pulse number from PC.

Although the result showed that the error between
theoretical and experimental performance was very big, the
manipulator could bend from 0 degree to 176.9 degree and
the standard deviation was within almost 1.0 degree,
excepting one point around 0 degree, of which standard
deviation was 5.2 degree (Fig.7-Left).

Digital camera

Digital camera

Fig. 6. Experiment setup of bending performances evaluation. Left* for
holding fetus. Right: for adjusting holding plane.
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Fig. 7. Result of bending performances evaluation. Left: driven by wire for holding fetus. Center: path of end-effector. Right: driven by linkages for

adjusting holding plane.

The path of the end-effector was also evaluated. The
experimental space is larger than the theoretical one in
bending from tip, but smaller than the theoretical one when
all joints bend evenly (Fig.7-Center).

The bending mechanism for insertion angle consists of
linkages. We carried out a test for evaluating accuracy of
bending angle from -60 degree to 60 degree in increments of
10 degree. And we measured the bending angle between base
shaft and root frame of hook-like mechanism.

The experiment showed that manipulator bent from -50.4
degree to 54.6 degree against target angle from -60 degree to
60 degree, and that standard deviation was 2.5 degree

(Fig.7-Right).
B. Feasibility evaluation of balloon-type fetus supporting

We measured load-bearing power and softness of the
inflated balloon to evaluate the safety in supporting fetus.
Load-bearing power of the balloon means maximum force the
balloon generates without contact fetus and the frames of the
manipulator in supporting the fetus. We put the holding
mechanism with the balloon in water and bent hook-like
mechanism about 180 degree and injected water by pomp.
After injecting water for over 60 second, we measured the
power 5 second apart unti] the balloon was broken. We
pushed down the balloon vertically with'a case to contact
whole balloon, measuring the whole load-bearing power by
digital force gage (Fig.8). The case was a little heavier than
water and the contact area is 90 mm x 60 mm. Furthermore,
we measured partly load-bearing power to estimate the
sofiness of balloon. We measured the power of the balloon on
three points; the tip, the middle and the root frame of the
hook-like mechanism with a cylinder of diameter 20 mm. We
made the average value of the three as a partly load-bearing
power. We carried out the experiment for two balloons.

The experimental results showed that whole load-bearing
power of one balloon was up to 520 gf and the other was up to
620 gf. In addition, the partly load-bearing powers of both
bailoons were about 100 gf when the balloons generated 500
gf as a whole load-bearing power.

Pushing whole balloon Pushing balloon partly

Balloon

Fig. 8. Pushed area of balloon. Left: pushing whole balloon with case. Right:
pushing three points; tip, middle and root frame.

C. Simulation experiment of fetus model supporting

We estimated the size, the bent shape of manipulator and
the procedure in fetus supporting,

1) Fetus model is placed in water simulated as amniotic
fluid. The fetus model weighed 690 g, its volume is about 700
cm?, its height is about 35 cm and width of abdominal sides is
6cm. The model is considered to be about 25 weeks gestation
or more over the period for surgery. And its leg was floating
and the head went to the bottom.

We set the manipulator around one abdominal side of the
model from back and bent the hook-like mechanism to suit
the abdominal sides, keeping away from fetal navel. After the
end-effector bent to the beneath of the other side, the balloon
was inflated with water, taking about 70 second. Then the
mechanism for adjusting the holding plane was controlled to
keep the fetus stable. The balloon suited the abdominal sides
and supported the fetus without touching the frames of the
manipulator (Fig.9). .

However, the clips broke the covering part on the batloon
when they were loose and then the balloon partially slipped
away from manipulator.

2) We carried out another simulation more close to the
clinical procedure with fetus model in uterus model in target
period. The manipulator was inserted with balloon through a
hole into the uterus model around the abdominal side of the
fetus model. Although we tried to bend the hook-like
mechanism below the chest of the fetus, it was hard because
the density of the model was larger than water and sank down.
We supported the fetus by hand from outside of the uterus and
bent the mechanism to the other abdominal side. Then the
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balloon was inflated by water.

It was not stable to support the fetus because the width
between tip and root frame was large to the fetal sides when
manipulator was bent 180 degree, that is the area of contact
between the balloon and the fetus is small. But it became
stable when put the fetus between the balloon and the uterine
wall (Fig.10). The balloon prevented the contact between
fetal chest and frame as first experiment, but fetal limb
touched the frame from side, where the balloon did not swell.

3) Similar simulation using a larger fetus model in uterus
model as above also has done. The fetus model used for
simulation experiment is about 30 weeks. Since the model is
floating in the water, it is not difficult to bend the hook-like
mechanism under the fetus. We controlled bending angle of
about 150 degree to fit the fetus size and then support the
fetus.

Fig. 9. Manipulator supporting fetus model in water. Manipulator stabilized

fetus model without contact of fetus and frames.
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images guidance. Left: manipulator with balloon folded. Center: inflated balloon. Ri ght: manipulator supporting fetus model.

D. Ultrasound guided manipulator implementation

We evaluated the feasibility of ultrasound guidance for the
manipulator. We put ultrasound probe on water surface and
took images of manipulator’s bending motion and the inflated
balloon.

The manipulator and its bending motions were visible, but
the position of the end-effector in 3D space was not easily
realized, especially when hook-like mechanism was bending
(Fig.11). Condition under the manipulator was not
sufficiently shown. On the contrast, the inflated balloon was
clearly visible as well as we could measured its diameter.

IV. Discussion

A. Mechanical performance of manipulator

The main cause of the bending angle error on the hook-like
mechanism was that the wire slack around 0 degree. After
reeling up the slack, the slop change of bending angle fits the
theoretical one. We can make the error smaller by straining
the wires at beginning. In spite of large error, the standard
deviation of bending angle was within 1 degree. The bending
performance of the mechanism for adjusting holding plane
was almost fit the theoretical one and the standard deviation
was 2.5 degree. The accuracy of the mechanisms would be
sufficient to operate under the guidance of ultrasound or
fetoscope and problems on manipulation can be resolved by
calibration.

The path of the tip of the hook-like mechanism in bending
was smaller than that of each joint’s evenly bending, and its
hysteresis error was about 4 mm, which reduced the risk that
manipulator contacts placenta in bending and recovering to
straight form.

B. Generative force of the balloon

Although it is not uncertain how large load the fetus is
given in surgery, whole load-bearing power of 500 gf is
thought to be enough to support. Partly load-bearing power of
100 gf is equal to 3.1 kPa, which is smaller than
viscoelasticity of fetal (rat’s) skin of 4 kPa [12]. The
experiment showed possibility of supporting the fetus without
injuring by the balloon.

We should measure the load on the fetus in clinical cases
for some methods of covering exposed spinal cord, such as
suturing and patching, in order to judge the usefulness of the
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