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The introduction of a system to robotize surgery has begun in the do-
main of endoscopic surgery, a procedure that minimizes the burden
placed on patients. | visited Professor Kazuo Kawasaki at his advanced
design research lab at the Graduate School of Engineering, Osaka Univer-
sity, and talked to him about his prototypes in a government run project

conceptualized through the collaboration of medicine, engineering and
design. Professor Kazuo Kawasaki himself is also a Doctor of Medicine.
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Intelligent surgical instruments system prototype
“K-Interface”

Phatos by Shinya Murata
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Concept diagram for “i-Sphere” that assists in making diagnoses. 3D patient data is expressed in 2D images. The ba-
sic diameter of the ball is one inch, but it can be enlarged or contracted, Each ball serves as a sensor and receiver.
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At Osaka University, Professor Kazuo Kawasaki is also
designing advanced medical instruments employing
Photonics, He says, “In honor of Seishu Hanaoka who
performed the world’s first surgery, we should develop a
surgical system named "SEISYU' that is unique to Japan.”
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Various interfaces are arranged to averlap each other
on the "K-Crater” The slides can be moved like rub-
bing two plates and the movement within the 3D
space can be reproduced.
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Intraoperative action mapping. Verify-
ing these movements, the interface
was narrowed down to five forms.
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For neurosurgery, the placement and depth can be
changed, such as getting closer 1o the screen, de-
pending on the surgical method.

Prof. Kawasaki points out that the precision
of Japanese medical care is declining, and
says it's caused by a confluence of changes
in the medical system and social structure.
The most serious among them are the in-
crease in medical malpractice law suits and,
consequently, a shortage of opportunities
given to young physicians to experience di-
agnosis and operations. It's a vicious cycle
that reduces the number of opportunities for
skill improvement.

The “Intelligent surgical instruments re-
search & development project” by the Min-
istry of Economy, Trade and Industry and
NEDO (New Energy and Industrial Technal-
ogy Department Organization) aims at real-
izing a system that mechanically assists di-
agnostic imaging and surgery by the physi-
cians. A five-year plan that started in 2007,
it's being conducted by several domestic uni-
versities including Tokyo University, Nagoya
University, Osaka University and Kyushu Uni-
versity, along with the National Institute of
Advanced Industrial Science and Technology
and several domestic manufacturers. The
Kazuo Kawasaki advanced design research
lab at Osaka University made two proposals
in collaboration with the medical facilities in

neurosurgery, cardiovascular pediatric sur-
gery and digestive surgery at the participat-
ing universities.

Diagnosis assisted by a virtual sphere

In order to make a diagnosis, doctors have
conventionally used such aids as X-ray im-
ages. In recent years, however, we are seeing
increasing use of various types of image data
and 3D images obtained by scanning the en-
tire body. The Shake Sphere project by Kawa-
saki and others is a system in which the com-
puter automatically supports the doctor in
3D diagnostic imaging. The concept is as fol-
lows. When a virtual ball called the i-Sphere
is placed in the affected area of the patient,
it supports the doctor in such ways as deter-
mining the location that needs to be treated
or removed in reference to a past database,
or the ball automatically splits up and search-
es for cancer cells nearby. The diagnosis by
the veteran physician is recorded as a log.
Prof. Kawasaki explains, “In the highly
specialized field of medicine today, it is dif-
ficult for doctors to acquire image reading
skills.” He envisions a future in which “the
survival rate of the patient will increase dra-

FF28024 »FORBEZF—HAL L ERET T
BEEES (EEENTEE). X BRI THRICSY.
MRREREPOCEECWREE (A ko3 —F—(C
& BET. BEO NS 5 E) PRICEHNS.
Two 22-inch LCD monitors installed vertically act as
the surgery screens (horizontal arrangement is also
possible). The main screen is the lower maonitor, and
important information (such as the patient’s vital
sign) is shown in the middle.
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matically if the images are sent to a doctor
who is best skilled in reading images of the
affected area. The designer can provide hy-
pothetical sketches in collaboration with
doctors and engineers.”

Forms derived from observing medical activity

Endoscopic surgery is being performed in
many hospitals. “For stomach cancer, four
holes are made in the abdomen area and the
surgery is done by inserting a light, camera,
and two arms. The patient can be released
from the hospital in 7 to 10 days. Another
method called NOTES' is also attracting at-
tention these days,” Prof. Kawasaki says.

A remote controlled (robotic) endoscopic
surgery can be performed from a remote
location without the surgeon having to be
disinfected, and intraoperative information
can be shared by multiple people. What they
tackled in this project was the development
of a new interface for the "da Vinci Surgi-
cal System."? Since there have been calls to
improve da Vinci's contrellability, which re-
quired advanced training, and the control
environment of the doctor who has to keep
watching the image, Prof. Kawasaki et al. de-

signed a control environment called the “K-
Interface.”

They observed surgeries in order to de-
sign the interface. From the results, they
made an “intraoperative action map” (see
figure) and came up with a dedicated in-
terface that handles five groups of actions:
“pinch,” "pierce/cut,” "peel,” "suction,” "suture”
and “join.” The devices are arranged in a two
hand position, and can be held or released in
keeping with the surgical method.

Training and passing down skills

The K-Ball, for example, that was developed
for the complicated interaction of “suturing,”
is controlled by a finger-tip lever and an arm
that's controlled by a twisting movement of
the wrist. Although it's simpler than the “da
Vinci® method, veteran doctors gave it high
marks, saying, ‘It nicely recreates a realistic
feeling of suturing.” Another aim is to use the
K-Interface for training purposes and to pre-
serve and pass down the highly advanced
surgical skills of veteran surgeons.

Also on the list is an idea to convey hap-
tic information in real time to the surgeon. In
collaboration with Keio University, Nagoya
Institute of Technology and the National In-
stitute of Advanced Industrial Science and
Technology, Prof. Kawasaki is extensively
studying haptic responses received by the
surgeon, as he says, ‘It is necessary for the
surgeon to receive feedback on haptic infor-
mation such as the hardness of the tumor.”
As with the concept of the K-Ball, they are
not planning to reproduce the feeling of stiff-
ness or softness "as is.”

| could sense Prof. Kawasaki's great trust
in both "medicine” and the profession of the
“doctor,” fields that possess a much longer
history than either design or mechanical en-
gineering. The role of design here was solely
to assist eminently human doctors and il-
lustrate an image for the future in which
their capacities are expanded. This project,
which is presently experimenting with pigs,
is planned to specialize in cancer and aims to
verify various technologies and designs for
future realization. t

1: Natural Orifice Translumenal Endoscopic Surgery.
The endoscope is inserted into such natural bodily
openings as the mouth, nostrils, anus, vagina and
urethra to perform the surgery. It is a minimally in-
vasive surgical procedure since only a small hole for
the endoscope is necessary inside the body.

2: A robotic endoscopic surgery system by Intui-
tive Surgical in the US. Comprises a high-resolution
3D image monitor on the conscle remotely located
from the operation table and four robotic arms that
control the forceps and endoscope according to the
movement of the surgeon’s finger and wrist.

http://www.intuitivesurgical.com
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A neurosurgery monitor screen (left) and digestive surgery monitor
screen. The need to move the patient can be eliminated by a single sys-

tem covering all the procedures,
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