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Pneumatically Driven Laparoscope Holder Controlled by Head Movement

THE NUMBER OF laparoscopic sur-
geries and their applications have in-
creased in recent years. In conventional
laparoscopic surgery, a scopist has to
hold the laparoscope and change its
angle under the verbal instruction of the
operating surgeon. The scopist needs a
deep understanding of the surgical
procedure and must have excellent
dexterity. Camera shake may occur due
to the fatigue of the scopist, which may
cause the surgeon to get nauseous,
especially in 3D vision. Therefore, a
laparoscope holder is an important
and effective advancement for laparo-
scopic surgery.

Laparoscope holders have been
studied for many years, and some are
commercially available. However, the
operation methods such as voice control
or switches in current laparoscopic
holders are inferior in that they are not
intuitive.

We have developed a laparoscope
holder system, instead of a scopist
holding the laparoscope, a robotic arm
holds the camera, and the arm is posi-
tioned by the operator’s head move-
ments, as shown in Fig. 1. Robotic
holders that have been previously
developed use electrical motors for
actuation. However, in this system,

pneumatic actuators are used instead.

This is because pneumatic actuators
have many safety advantages such as
low heat generation, compressibility,
the ability to control the maximum
force by regulating the supply pressure,
ease of releasing the acting force by
discharging the compressed air in the
actuator, and the ability to realize an
arm that is both compact and light-
weight (0.9Kg).

The robotic arm is controlled by the
head movement measured using two
gyroscopes attached to the operator’s
head and back. As shown in Fig. 1, the
view angles of the laparoscope for up
and down, left and right, and rotation
synchronously follow the head rota-
tions. The camera’s zoom in and out
synchronously follow the anteroposte-
rior motions of the operator’s head.
We use gyroscopes in the proposed
system.

The rotation speed during head move-
ments is directly detected by the 3-axis
gyroscope attached to the operator’s
head. The zoom in and out can be mea-
sured from the translation velocity of
the head movement. The velocity can
be theoretically obtained by integrating
the data measured by an acceleration
sensor attached to the operator’s head.

However, it is difficult to obtain an

accurate velocity from the acceleration
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Fig. 1: Concept of the developed system

Fig. 2: Clinical trial
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sensor due to the errors caused by grav-
ity compensation, drift of the zero
point, and sensor noise. Therefore, we
focused on the anteroposterior body
movements of the operator. We estimat-
ed the translation movement of the head
from the anteroposterior body move-
ment based on a gyroscope attached to
the operator’s back. The estimated val-
ue is used as a control signal for the
zooming movement of the robot.

The image of the laparoscope can be
displayed to a monitor or on a head
mount display (HMD). When the HMD
is used as the monitor, the image is al-
ways kept in front of the operator’s
eyes, even when the operator turns his/
her head. Therefore, using an HMD can
provide highly intuitive operation and
can avoid the need to consider the mon-
itor layout. We confirmed the tracking
accuracy of the system through experi-
ments. Moreover, the effectiveness of
the system was demonstrated through
clinical trials as shown in Fig. 2. We are
planning to commercialize the system

in autumn this year.
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Discovery of a Novel Source of Dendritic Cells,
the Control Tower of the Inmune System

A MAJOR REASON people can stay
healthy is the protection afforded by the
body’s immune system. This defense
system is essential for performing a so-
cial life, and living out one’s life. In the
immune system, dendritic cells (DCs),
distributed throughout the body as the
most powerful antigen-presenting cells,
activate immune cells upon viral infec-
tion, and maintain immune tolerance to
self-antigen under steady-state condi-
tions thereby preventing autoimmune
diseases. DCs consist of two major sub-
populations, i.e., conventional DCs
(cDCs), which have excellent antigen-
presenting capacity, and plasmacytoid
DCs (pDCs), which have prominent
type I interferon (IFN)-productivity.

The pDCs’ activation and type I IFN
production are critical for the initiation
of anti-viral immune responses, where-
as pDCs’ activation in the absence of
infection causes autoimmune diseases,
such as systemic lupus erythematosus
(SLE) and psoriasis vulgaris. Thus, the
identification of DC progenitors that
give rise strictly to cDCs or pDCs, but
not to other hematopoietic cells (Fig. 1),
could be important in medical applica-
tions for treating viral infections and
autoimmune diseases.

Our research group, led by Dr. No-

buyuki Onai, has recently discovered
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Fig. 1: Definition of DC progenitors

DC prosgenitors give rise strictly to cDCs or pDCs, but not to other hematopoietic

cells.

the DC progenitors, a novel source of
dendritic cells (DCs). In 2007, in col-
laboration with a research group in
Switzerland, we identified progenitor
cells committed to the DC lineage for
the first time. However, these progeni-
tors gave rise to many more cDCs than
pDCs, implying that there must be an-
other unidentified type of DC progeni-
tor that serves as a major source of
pDCs. Under the background, we fo-
cused on finding progenitor cells that
serve as a major source of pDCs and
that were closely related to the previ-
ously identified ones. After a long
search, we successfully identified a DC
progenitor with prominent pDC differ-
entiation potential. Importantly, each of
these DC progenitors can give rise to
500~1,000 DCs. The number of pDCs
generated from each of the new DC
progenitor cells is several times higher
than that from the previously reported
DC progenitor, and the new DC pro-
genitor highly expresses E2-2, a basic
helix-loop-helix transcription factor
essential for pDC development and sur-
vival. Since both the previous and new-
ly identified DC progenitors strictly
give rise to DCs, and the former ex-
presses M-CSF receptor (MCSFR)
whereas the latter does not, we desig-
nate them by the term, M-CSFR* com-
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mon DC progenitors (CDPs) and M-
CSFR™ CDPs, respectively (Fig. 2). What
then is the relationship between the pre-
vious and this distinct DC progenitors?
We propose that the former might pro-
duce the latter by stimulating with M-
CSF or thrombopoietin (TPO). In addi-
tion, we further found that the CDPs
appear to be directly derived from
lymphoid-primed multi-potent progeni-
tors (LMPPs), the end stage of MPP.

As DCs have recently received much
attention as a potential target for vac-
cine development against infectious
diseases and cancer, our findings, the
identification of DC progenitors that
produce 500-1,000 DCs and no other
hematopoietic cells, may provide in-
sight into DC differention pathways and
may also be valuable in the develop-
ment of therapeutic applications for in-
fectious diseases, cancers, and autoim-

mune diseases.
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Fig. 2: M-CSFR* CDP and M-CSFR™ CDP

M-CSFR* CDPs give rise to many more cDCs than pDCs, whereas M-CSFR~

CDPs give rise to many more pDCs than cDCs.
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Rapid Attachment of Artificial Materials to Bone Surface

WE HAVE DEVELOPED the novel
technology for rapid biological attach-
ment of artificial devices to the surface
of bone substances. Presently, biocom-
patible materials as titanium and hy-
droxyapatite enables surgeons to attach
devices implanted to bones through os-
seointegration (direct attachment of ma-
terials to bone tissue) and are utilized in
many clinical applications including ar-
tificial joints and artificial tooth roots.

In the use of such materials, however,
significant invasions to bones are re-
quired at device implantation since the
bone forming cells derived from bone
marrow are necessary for generation of
bone tissue on the materials. In the cas-
es of placement of devices to the bone
surface, the scenario is quite different.
Prior to the placement, surgeons have to
peel off the membranes covering the
bone surface. During this maneuver, the
bone forming cells are severely dam-
aged and no such cells could be recruit-
ed around the devices; hence realization
of biological attachment to bone surface
is a very difficult task.

Albeit the difficulty in osseointegra-
tion technology onto the bone surface,
it will enable us to realize quite number
of innovations in clinical devices. One
of the great possibilities lies in the field
of orthodontics. Actually, various kinds
of devices have been created in the

orthodontic treatment, with the use of
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such devices orthodontist applied par-
ticular mechanical load to the tooth and
generate the desired tooth movement. If
such devices are fixed to the bone, their
efficacy will increase significantly. Re-
cent progress in dental implants already
demonstrated such possibility, however,
such implants inevitably accompanied
with considerable invasion. Hence we
investigated the technology for rapid at-
tachment of artificial materials to bone
surface.

We had to improve the surface charac-
teristics to realize the direct attachment
of materials to bone. Either titanium or
hydroxyapatite, conventionally utilized
materials for osseointegration, would
induce fibrous soft tissue around the
materials due to the absence of bone
forming cells. We therefore adopted a
brand new nanocomposite material, hy-
droxyapatite/collagen (HAp/Col) which
was developed by researchers of Na-
tional Institute of Msterials Science
(NIMS) and TMDU. This composite
has a unique function of bioabsorbabili-
ty; commonly known bioabsorbable
materials are spontaneously degraded in

the in vivo milieu and resorbed whereas

Fig. 1: Bare tita-
nium rod (A) and
HAp coated tita-
nium rod (B) was
capsulated by
soft fibrous tis-
sues whereas
HAp/Col coated
titanium rod (C)
attached directly
to bone tissue.
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HAp/Col is ingested through phagocyt-
ic processing of cells. The enhanced ac-
tivity of bone forming cells around
HAp/Col had been proved in clinical
trials and now the HAp/Col sponges are
commercially available as the bone fill-
ing materials. These two characteristics,
phagocytic processability and activation
ability for bone forming cells are favor-
ably employed for our intended usage
of materials.

The technology developed in this
study was the dip coating of HAp/Col
to the surface of titanium. The efficacy
of the technology was confirmed in the
animal model in which coated titanium
rods were placed under the periosteal
membrane of rat's calvaria. The controls
for comparison were bare titanium rods
and conventional HAp coated rods. Dr
Masayuki Kikuchi of NIMS, the inven-
tor of HAp/Col, donated us the materi-
als with kind expertise, and the experi-
ments were performed by PhD
candidate Masayoshi Uezono. Typical
microscopic observation is shown in the
figure. Bare titanium rod (A) and HAp
coated titanium rod (B) was totally cap-
sulated by soft fibrous tissues and no at-
tachment to bone was realized. On the
other hand, the HAp/Col coated rod (C)
attached to bone.

Thus developed HAp/Col coating
technology would be applied to various
fields of dentistry and surgery. We are
now promoting the joint investigation
with a dental device company for the
experiment with large animals, and ex-
pecting the device will be in clinical use

in near future.
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