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Abstract—The clinical target of this study is intrauterine
patch coverage of fetal myelomeningocele. We propose a new
surgical robotic system for intrauterine fetal surgery with
patch-stabilizer and laser manipulator. The target disease of the
fetal surgery is spina bifida or myelomeningocele, which is
incomplete closure in the spinal column and one of the common
fetal diseases. In the fetal surgery, the collagen patch is supposed
to be stabilized onto the fragile fetal tissue during the laser
fixation process. In this study, a prototype of the patch-stabilizer
using wire driven mechanism has been developed for precise
force control on the patch without damaging fetal tissue. The
diameter of the patch-stabilizer’s shaft is 2.4 mm. The
patch-stabilizer including one ball joint and wire driven
mechanism is able to bend through 40 degrees. The stabilizing
part holds collagen patch with diamond shape mechanism using
wire driven. In this paper, we showed that the patch-stabilizer is
developed with the stabilizing force control using the tension
control of wires. Results of the experiment showed that the
tension of driven wires was controlled at 0.3 N to stabilize the
collagen patch onto the lesion surface without the damages of
fetal tissues and the influence by the amnion liquid.

I. INTRODUCTION

In recent years, fetal disorders have been discovered
extremely early by the progress of therapeutic apparatus
such as ultrasound and MRI diagnosis apparatus. Fetal
intervention has been developed over the last two decades to
provide better perinatal prognosis for the fetus with the
diseases which deteriorate before birth. Open fetal surgery has
successfully treated a number of fetuses, but its invasive
technique including maternal laparotomy followed by
hysterotomy could cause preterm labor or premature rupture
of chorioamniotic membrane. Meanwhile, minimal access
fetal surgery or fetoscopic surgery has been introduced in the
hope that less invasive surgery might result in better
therapeutic outcomes with shorter hospital stay and less
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expenses [1].

Myelomeningocele is a kind of disorder in which the nerve
gets into the liqur amnii from the dysplasia of the fetal
backbone and the spinal canal. This affection could cause
damages to the postnatal brain and the lower part of the body.
A patch protects the effected part to avoid any irritations of the
nerve, which is attached as the temporarily treating method
used before childbirth. It is required to stabilize the collagen
patch onto the fragile fetal skin tissue with appropriate force
and to fix patch by using laser.

However, conventional endoscopic tools are inadequate for
intrauterine operations, especially for operating a fetus with
fragile tissue. Our research strategy is to develop a surgical
robot for minimal access intrauterine surgery and then
quantitatively evaluate fetal tissue fragility to improve the
robot for more complicated tasks. In this paper, a prototype of
the patch-stabilizer using wire driven mechanism has been
developed for precise force control on the patch without
damaging fetal tissue because it is described by surgeons as
soft, fragile, gelatinous, and difficult to handle.

II. FETAL SURGERY

A. Clinical Target

Our target disease, myelomeningocele (MMC), is
congenital anomaly having spinal bone defects with open
spinal canal. MMC is not life-threatening, but mechanical and
chemical stimulus to the exposed spinal code and spinal fluid
leakage worsens postnatal infant’s neurologic function with
resultant life-long disabilities. Recently, intrauterine patch
coverage of the spinal defects has been performed [2] and we
proposed much less invasive procedure to attach a collagen
patch onto the fetal ski n using a laser [3]. For the fetal patch
surgery, we propose the system, which is shown in Fig. 1. The
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endoscope, the patch-stabilizer and the laser manipulator are
inserted into uterus. The collagen patch is pressed by the
robotic patch-stabilizer on the surface of the lesion that
cropped out into liquor amnii. Then, the collagen patch
protecting lesion temporarily is fixed in fetal skin tissue by the
laser manipulator.

B. Surgical Robots for Fetal Surgery

Many studies have been conducted to enhance the
endoscopic operability and some commercial surgical robots
[4] are used in the clinical cases. These robotic techniques are
expected to be introduced in minimally invasive fetal surgery.
However, experiments applying commercial surgical robots to
fetal animal surgery [5-7] have reported many problems.
Commercial surgical robots of 5 [mm] or more are too big for
the fetal size and allowable surgical space. Moreover, one
report found that not only the surgical robot is costly and
requires long setup time, but also clinical outcomes differed
little. In the meantime, researchers have studied to develop
surgical devices specially designed for fetal surgery including
a fetal blood sampling robot [8], a forceps manipulator [9],
laser forceps [10], a microfabricated instrument for haptic
tissue recognition [11] and high-intensity focused ultrasound
(HIFU) system [12]. Our approach is to develop an
inexpensive, simple and thin manipulator for easier and faster
introduce in clinical case. The developed patch-stabilizer is
expected to be useful not only in fetal surgery but also in other
kinds of minimally invasive surgeries.

III. PATCH-STABILIZER

A. Specification of Patch-stabilizer

The specifications of the robotic patch-stabilizer could be
concluded as: (1) The shaft diameter is required to be under
3[mm] that is able to insert a trocar with a diameter of 3 mm,
as the amniotic cavity breakdown raises the danger of
abortion. (2) The diameter of the stabilizing part is more than
60 mm in order to stabilize the collagen patch onto the lesion
(6040 mm~ 60 mm) of myelomeningocele in an embryo of
pregnancy of 20-25 weeks. (3) Bending and moving the angle
is needed, because of the limited movement space taken by the
placenta. (4)The precise force control stabilized the collagen
patch, which is required in order to avoid any damages on fetal
tissue.

B. Mechanism of Patch-stabilizer

Fig. 2 shows the developed robotic patch-stabilizer. The
developed patch-stabilizer uses a wire driven mechanism to
achieve two bending degrees of freedom with the use of one
ball joint-shaped arthrosis. The same mechanism introduced
in [13] is used for joint part.

The diameter of the stabilizer’s shaft is designed to be 2.4 mm
so that the manipulator can be inserted into a 3 mm trocar.
When the size of incision in the uterus is less than 3 mm, the
incision does not need to be sutured since the contractive force
of the uterus itself closes the small hole unaided.
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Fig.2 The Patch-stabilizer

Besides, the smaller incision is necessary to avoid premature
rupture of chorioamniotic membrane since the membrane has
poor wound healing ability.

The stabilizing part has been designed as a diamond shape
with wires driven and the mechanism of springs. The wires are
driven to open the stabilizing part and the springs are used to
close by the power of restitution. The length of the opening
stabilizing part is designed as 85 mm. The reason of doing this
design is to hold the collagen patch with the diameter of 60
mm.

In order to hold the collagen patch onto the lesion surface,
the drive unit is moved by a ball screw in translation with the
stabilizing force control using the tension control of wires.

C. Positioning experiment of bending

Sequential bending motions through + 40 degrees(0.6 rad)
were commanded to evaluate the repeatability of the motion.
With the same experimental condition of patch containment,
two markers were attached to the stabilizer tip and their
positions were tracked using the matching technique to figure
out the bending angle. The result was shown in Fig. 3 and the
high repeatability is confirmed. The asymmetric motion
depending on the direction is due to the difference of initial
tension of wires since the initial tension was manually set. The
gradual angle changes around + 40 degree is due to
insufficient initial wire tension and small gaps between the
fiber and holes in the joint spheres, not due to the kinematics’
features of this bending mechanism. This is because that the
minimum step angle and the stiffness of the manipulator itself
depends on the initial wire tension.

D. Positioning experiment of patch containment
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Fig.3 The result of the bending
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Fig.4 The tip of the Patch-stabilizer
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Fig.5 The result of the opening and shutting movement

By using the mechanism of diamond shape, opening and
shutting movement of the stabilizing part was evaluated by the
image processing. Four markers were attached to the stabilizer
tip and the positions of patch containment were tracked using
a matching technique of image processing to figure out the
opening and shutting angle(Fig.4). The result was shown in
Fig.5. The patch-stabilizer was opened to 80 degrees and an
error of 20 degrees was measured in movement to close. The
reason for this was the interference between the driving wires
and the friction of the ball joint arthrosis part with the driving
wires. The friction improvement methods are being reviewed
to change thin wires and strong springs in the future.

IV. STABILIZING FORCE CONTROL

A. Measurement of pressure distribution

Measuring the distribution of the pressure is essential, as
the pressure hold the collagen patch onto the lesion surface on
the stabilizing part is distributed unevenly. In this study, the
patch-stabilizer was pushed onto the fetal phantom(Oil 200) in
translation with the ball screw to estimate the pressure
distribution by pressure measurement film(Fig.6). Because
that the cutaneous mechanical characteristics of rat fetal
tissues are reported [14] to be similar in character of silicone
which the oil quantity is 200 g.
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Fig.6 The measurement system of pressure distribution
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Fig.7 The result of the pressure distribution

Fig.7 showed the relation between contact area and
pressure. The pressure is the largest at the ball joint arthrosis,
and the pressure weakened further from the ball joint
arthrosis. The aim of this study is to control the stabilizing
force less than 0.3 kPa as it has been reported from a
preliminary research[14] which the fetal tissues will not be
damaged under the force of 0.3 kPa. As the result shown in the
experiment, if the largest pressure acted on the contact area of
60 mm?2 is 0.3 kPa, then the stabilizing force could be
controlled under 0.3 kPa on the stabilizing part.

B. Experiment under water

The developed patch-stabilizer is designed to stabilize the
collagen patch with a precise stabilizing force using the
tension control of driven wires. With the initial study [15], we
measured the relation between the stabilizing force and the
tension of driven wires. In this paper, the precise stabilizing
force was evaluated by the tension control of driven wires
using the fetal model under water that is similar to intrauterine
environment as shown in Fig.8.

The ball joint moment of distribution load is described with

(1), where fo is distribution load, L is the length of the

contact area, B is the width of the contact area.

_ fL’B (1)
2
The ball joint moment of wires tension is described with (2),

M,

where T is tension of driven wires, R is the radius of the
ball as moment arm.
M,=TxR @)
By combining (1) and (2), the relation between distribution
load and tension of driven wires is described with (3).

Patch-stabilizer

Fig.8 The experimental system(Under-water)
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Fig.9 The result of the wires tension(Under-water)
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As the stabilizing force is required to be under 0.3 kPa, the
target tension of driven wires is calculated under 0.5 N by
using (3) (L, B were showed in Fig.7 with the contact area
of the largest pressure).

In this experiment, the tension of driven wires was
controlled at 0.3, 0.4, 0.5 N for controlling the stabilizing
force under 0.3 kPa. The tension of wires was measured by the
tension sensors which were set on the drive unit.

Fig.9 showed the force control of the wires tension. The
result showed a change too suddenly at the wires tension of 0.4
and 0.5 N. The reason is that the stabilizing force is so large
that the attitude of the fetal model was changed in the water.
Therefore, the tension of driven wires was controlled less than
0.3 N, the collagen patch could be stabilized onto the lesion
surface without the damages of fetal tissues and the influence
by the amnion liquid.

V. CONCLUSION

In this study, a robotic patch-stabilizer using wire driven
mechanism has been developed to hold the collagen patch
with a precise stabilizing force. The developed
patch-stabilizer could hold a collagen patch with diamond
shape mechanism and bend though =+ 40 degrees.
Additionally, by the tension control of driven wires, the
precise stabilizing force was evaluated using the fetal model
under water that is similar to intrauterine environment. As a
result, the tension of driven wires was controlled less than 0.3
N, the collagen patch could be stabilized onto the lesion
surface without the damages of fetal tissues and the influence
by the amnion liquid. In further work, the fetal surgery system
will be developed and in.vivo experiment will be carried out.
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