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1 Iniroduction

One of the main issues in current tele-operated medical robotics is
the loss of tactile information and the change of senso-motoric
coordination. The desire for obtaining a natural and intuitive way of
human-machine interaction and for multi-modal sensory feedback to
users has resulted in the design of haptic interfaces. At present, they
are still confined mainly to rescarch and development facilities, al-
though there are some genperal purposc commercial devices, These
interfaces are generally used in two contexts: tele-manipulation and
computer simulation. Diverse control architectures and models have
been proposed in order to achieve the haptic perception.

2 Methods

The control architectures for haptics can be classified based on the
types of contyol variables, low level algorithms, and coordinate sys-
tems used. Some architectures and models differ by means of special
treatments: gravity compensation, friction, time delay, virtual cou-
pling and fixtures, human mode! and human performance. In order to
present further analysis of the classification, we performed simula-
tions using a system of 1-DOF. The systems are identical at both
master and slave sides, without the need of mapping either systems or
scale effects. The structures were analysed based on the classification
of control variables,

3 Resulte

Paosition/position architectures neglect internal and external forces, In
contact situation with stiffer bodies on the slave side high-gain motion
may resultin damage of manipulator and body, instability and actuator
saturation. Forcefposition architectures require the transformation of
variables in order to compare variables and to generate the error
signsl. The force measurement on the slave side is of special impor-
tance in case of contact of the device with the envirenment. The po-
sition measurement is essential for geometric precision. Forcefforce
architectures tend to instability when there is no contact on one of the
sides, however working better in contact situation.

4 Conclusion .

The control in haptics involves the coordination between master and
slave devices, In the medical field, the procedure in guestion defines
the important varizbles and constraints to be treated by the system
thereby defining the control architecture to be used. In some cases, it
could be necessary to use hybrid systems, for example when it is
necessary to have force and position measurement of the interven-
tion site, Moreover, risk analysis and needs for redundant sensors
and control systems have to be taken into consideration.
Acknowledgment This work has been partially supported by Foun-
dation CAPES/MEC, Brazil
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Invasive device tracking

1 Introduction

In this paper, we suggested the extended active tracking methed
based on active tracking principal [1] for minimally invasive surgery
with MRI guidance and surgical navigation system. Qur method can
measure both the position and orientation of the small receiver coil
with three series inductances (Fig. 1).

2 Methods

In this study, 0.3-T open MR scanner (AirisII, Hitachi Medical Co.,
Chiba, Japan) was used. In order to evaluate the basic performance

@ Springer

Fig. 1 Left Panel The tracking coil assembly with three series
inductances (Coil 1, Coil 2, Cail3). It can measnre both the pesition
and orientation of itself. Right Panel The image.of the tracking coil
assemnbly and projection data. The peaks of projection data indicate
the position of each inductance

of the proposed method, we conducted following three experiments,
The first experiment was the flip angle optimization for the reduction
of background noise by the proton around each inductance. The
second experiment was reproducibility evaluation. The 20 times of
measurements were repeated while placing the tracking coil 2ssembly
at the same. The third experiment was measurement accuracy eval-
uztion. The difference of measured value between the propased
method and an optical tracking system was compared.

3 Results and condusion

In the flip angle optimization, the NMR signel peaks, which indicated
the position of each inductance, were not clearly at 60° fip angle. On
the other hand, all peaks were clearly at 7° fiip angle. In the repro-
ducibility evaluation, standard deviation of measurement positions
was less than 0.4 mm. In the accuracy evaluation, the difference
between the proposed method and the optical tracking device was
043 mm (RMS). It was concluded that this method could be used
instead of an optical wacking method.

Acimovledgment This study was partially supported by “Research
on medical devices for analyzing, supporting and substituting the
function of human body” funded by Ministry of Health, Labour and
Welfare.,
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1 Intreduction

We propose an automatic bone surface detection from ultrasound
images. Our model is based on an active contour with & force that
pushes the contour upward and a regional energy term. Results are
then used as an input for a feature based registration in the context of
computer assisted hip surgery applications.

2 Metheds

Active contours [1] are usually defined with an internal energy that
imposes the regularity of the curve and an external energy that draws
the contour towards the significant features. The segmentation pro-
cess is then achieved by minimization of the sum of these W0
energies. To avoid the mode] finding a local minimum solution
Cohen [2] proposes an additional force during the optimisation.
pushing the contour along its normal direction. Given that in ults-
sound images, a dark shadow can be found below the bone surfacs.
we incorporate such a force in the vertical direction to push the
contour upward from the shadow area to the bone surface.
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(2) Result #1 {b) Result #2
Fig. 1 Experimental result; the path of drilling by human

(2) Result #1 () Result #2
Fig. 2 Ezperimental result: the path of drilling by SPINEBOT

automatic mode. But, significant deviation error was observed in the
experiments. The deviation error comes mostly from one specific
inaccurate sensory system component, OTS. Replacement by a more
accurate OTS along with employment of better calibration methods
for the system components would reduce the deviation error and lead
to successful implementation of the robotic system for spinal fusion.
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1 Introduction

This paper describes to develop 2 real-time modular slave manipu-
lator system, which can integrate various independently developed
forceps manipulator, and the results of experiments to evaluate the
utility and performance of this slave manipulator system as one
application of modular master-slave system.

2 Methods

We proposed a new systera configuration with following rwo major
fonctions] systems to realize develop a realtime modular slave
manipulator system, which can integrate various independently
developed forceps robot: Two kinds of control systems, forceps
manipulator control system and arm robot control system, to avoid
performance changes caused by the introduction of forceps manip-
ulator with individual control interval and Modular system with
asynchronous capabilities of safe and quick interchange of an inte-
grated forceps.

3 Results

Master-slave operation was performed while changing the three
kinds of forceps manipulators several times [1-3]. Safe and quick
removal of integrated forceps manipulators from the slave manipu-

£ Springer

Iator system during a surgical operstion was realized and the prob-
ability of feasible interchange of forceps was indicated (Fig. 1). We
could realize real-time modular slave manipulator system, which can
integrate independently developed functional forceps.

Fig. 1 In vivo experiment: & Overview of master-slave operation b
Ablation of bile-duct using electric scalpel forceps
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1 Introduction
We have developed the endoscope system that can be used to ob-
serve a wide field of view without moving or bending the whole
endoscope system [1, 2]. By attaching two wedge prisms at the distal
tip of general rigid endoscope and rotating them respectively, the
direction of view can be changed. Accordingly it is possible to ob-
serve a wide field of view with the endoscope being fixed, and it does
not damage body tissues or internal organs. In this study, 2 couple of
evaluation experiments have been conducted to confirm that this
endoscops system would be acceptably used in clinical use.

2 Methods

Firstly, the maximum moving angle of local field of view and the

global field of view was measured so that we could check that this

endoscope system is able to observe sufficiently wide field of view.

Secondly, we conducted image quality evaluation abour chromatic

aberration, resolution, and distoriion. Finally, we conducied & per-

formance evaluation about moving field of view because it is
important to observe the area which the surgeon needs to see.

3 Results and conclusion

As a result, 93° FOV was obtained by using 55° FOV rigid endo-

scope, and the direction of view can be changed from 0 to 19°. In the

image quality evaluation, there is no significant problem now, but 10

improve image quality, the distortion is desired to be corrected.

In the performance cvaluation, field of view is moved in allowable

range, but return-to-the-origin-error may as well be corrected be-

cause it might affect to degrade the accuracy of the movement.
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Abstract. We developed a combined system of tumor detection by 5-ALA-
induced PpIX fluorescence and precise ablation by micro laser for the first time,
with an automatic focusing and robotic scanning mechanism for the brain
surface. 5-ALA accumulates on tumors to be metabolized to become PpIX that
is a fluorescent. Intra-operative detection of 5-ALA induced PpIX fluorescence
provides useful information for tumor detection. The wavelength of the micro
laser is 2.8 pm close to the absorption band of water. This laser is effective only
on the surface of brain tissue, enabling precise ablation at the boundary between
tumor and normal tissue identified by intra-operative 5-ALA induced
fluorescence. Combination tests of the fluorescence measurement and the laser
ablation were performed, and it was possible to extract the area with fluores-
cence appropriately from the measurement data, and the micro laser with
automatically scanning selectively ablated the extracted area.

1 Imtreduction

In current neurosurgical practice, surgeons can remove most of a tumor with an
accuracy of a few millimeters by using a combination of conventional surgical
instruments, such as an electric cautery, and a computer-aided navigation system
based on diagnostic images, such as MR and CT images. Residual tumor, especially if
the malignant tumor like glioma, may impair the prognosis of the patients and it is
necessary to remove as much of the tumor as possible while keeping the normal tissue

R. Larsen, M. Nielsen, and J. Sporring (Eds.): MICCAI 2006, LNCS 4190, pp. 543550, 2006.
© Springer-Verlag Berlin Heidelberg 2006
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intact. However, it is difficult to know the exact boundary between tumor and normal
tissue, and excessive ablation of the normal brain tissue will damage its function.

In craniotomy procedure, deformation of the brain tissue, called “brain shift”,
occurs due to cerebrospinal fluid leakage and surgical interventions. In some cases,
brain shift reaches to several tens of millimeters and continuously increases during the
procedure [1]. This requires navigation based on iniraoperative MR images. This
navigation, however, contains a few millimeters of errors at a maximum caused by a
registration of preoperative diagnosis images [1] and intraoperatiove images and an
accuracy of the position tracking using such as an optical marker. Furthermore, there
is a tradeoff between high frequency of image acquisition for more accurate
navigation and not time-consuming imaging. '

Similarly, the accuracy of conventional surgical procedutes is a few millimeters for
removal of residual tumors. Therefore, we desired to achieve a more precise operation
with an accuracy of sub-millimeters. To that end, each of a measurement and removal
of residual tumors has to realize this accuracy.

To solve these problems, we have proposed a novel approach to therapy using 5-
aminolevulinic acid (5-ALA) [2][3] and a micro-laser ablation system [4], with the
boundary between the tumor and the normal tissue distinguished by the 5-ALA-
induced protoporphyrin IX (PpIX) fluorescence in the tumor and with accurate
ablation of the tumor with the micro laser. 5-ALA, which is orally administrated to a
patient, accumulates on tumors to be metabolized to become PpIX that is a
fluorescent substance [5]. The wavelength of the micro laser is 2.8 ym. Light with this
wavelength is mostly absorbed by water, and therefore this laser is effective only on
the surface of brain tissue, enabling precise ablation at the boundary between tumor
and normal tissue [4].

In this paper, we developed a combined system of tumor detection using 5-ALA
and precise ablation by micro laser, with an automatic focusing (AF) and robotic
scanning mechanism for the brain surface. This system is designed for possible
localized pinpoint detection of the tumor, then ablating the fluorescent area with
stepping driven precise position control in the whole system. This is first attempt to
integrate intraoperative fluorescence detection and high precision laser ablation
system. In addition, each of the measurement and ablation is performed under the
robotic position controlling.

2 Materials and Methods

In this chapter, the tumor detection using 5-ALA-induced PpIX fluorescence, the
micro laser module, the automatic focusing and robotic scanning system, and the
whole system integration are described. Finally we proposed the experimental
procedure for combining these surgical processes.

2.1 Intracperative Detection System for Brain Tumor Using 5-ALA

Fluorescence of PpIX is fully observed a few hours after orally administrated 5-ALA.
TIrradiating near-ultraviolet light of around 400 nm, PpIX emits the fluorescence of the
wavelength of 635 nm at peak intensity from the brain tissue.
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Applying a highly sensitive camera is one of the reasonable ways for intraoperative
detection of PpIX fluorescence. Although it is possible to acquire a wide-area 2-
dimensional data at one time, obtained data contains only light intensity and simple
color information. As PpIX fluorescence is so much weaker than the excitation light and
a guide laser of the AF system, it requires the optical narrow-band-pass filter to cut off
the other light sources. Nevertheless, it is difficult to separate the fluorescent component
from the intensity and the color information of the image signal. Therefore, we chose
the use of a spectral photometer, easily extracting the peak intensity of the fluorescence.
The spectral data contains important information about tumors; for example, a spectral
shape and a peak wavelength possibly vary with a density of tumor cells, a class of
tumors, and other conditions of tissues. In the future task, we consider acquisitions of
the functional information of tumors by spectral analysis.

Spectrometer

Laser Diode

Fig. 1. Tumor detection system using 5-ALA-induces PpIX fluorescence

Fig. 2. Fluorescence detection probe

PpIX fluorescence was collected by a detection probe and guided into a
spectrophotometer through an optical single-mode fiber, then performed spectral
analysis (Fig. 1). The detector has a diameter of 8 mm, using aspheric lenses to
correct aberrations. The detection resolution is set to 0.6 mm, considering a tradeoff
between not decreasing of the acquired light intensity in proportion to the square of
the resolution diameter and improving the accuracy of the measurement (Fig.2). A
band-pass filter, which transmits over 60 % at 635 nm and up to 5 % at 670 nm, was



546 M. Noguchi et al.

fixed on the tip of the detector, cutting off the excitation light and the guide laser
(peak at 670 nm) of the AF system. The working distance of the detector is 16 mm to
a tolerance of plus or minus 0.5 mm.

2.2 Micro Ablation Laser Module

For ablation of tumor tissues, we used a mid-infrared continuous-wave laser with a
wavelength of 2.8 pm, being output by a microchip solid-state laser on the tip of a
laser probe [4]. The pumping light source for the solid-state laser is a near-infrared
diode laser with a wavelength of 970 nm, guided through a quartz optical fiber to the
laser probe.

As the light wavelength around 3pm has strong absorption feature by water, this laser
is effective only on the surface of the living tissue, and it can make a precise ablation
with a low output of 0.2 W or less. The laser beam is focused to a diameter of 0.1 to
0.15 mm with a lens, and an ablation groove is formed equivalent to the spot diameter in
the soft vital tissue. The working distance of the laser probe is 15 mm * 1 mm.

2.3 Automatic Focusing and Robotic Scanning System

Both the fluorescence detection probe and the micro laser probe have each working
distance, and this requires an AF mechanism, constantly maintaining the distance
from the brain surface. In this practice, we used an AF system designed based on the
three-dimensional measurement system (Mitaka Ko-ki Co., Ltd)) (Fig. 3). In this
system, position measurement was performed using a confocal optical mechanism and
the guide laser was picked up with a split photodiode, enabling a focusing with an
accuracy of micrometers. The wavelength of the guide laser is 670 nm. This system
was coupled with 2-axial automatic stepping drive stage and can make a robotic
scanning on the surface of the brain.

Fig. 3. Automatic focusing and robotic scanning system
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Micro laser probe

Data of the
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Ablation control based
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Automatic focusing and
robotic scanning system

Fig. 4. System configuration

2.4 System Integration

Fig. 4 shows the system configuration in this paper. The fluorescence detection probe
and the micro laser probe were attached to the AF system. The data from the spectral
photometer was stored into a personal computer (PC). Switching of the micro laser
and scanning with the stepping drive were both controlled by the PC. We can observe
surgical field view by a CCD camera in the AF system. This image was used to
control electric motors to position the fluorescence measurement system and the laser

ablation system.
2.5 Experimental Procedure

Measurement of Fluorescence Signal
Measurement area was defined on a CCD camera view of the AF system and
sectioned in a grid pattern. Measurement was performed on each grip point with raster

Highly fiuorescent region | Dura matter

Measurement area

Pl

Brain cortex

Fig. 5. An example of the measurement procedure of the fluorescence on a porcine brain
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scanning. A point in the measurement area was regarded to have same fluorescent
property with nearest grid point. A grid interval was determined to 0.4 mm,
considering that the grid square was included in the circle of the measurement
resolution of 0.6 mm. As a measurement required more than a few hundred of
milliseconds, it took several tens of seconds or more to measure a few millimeters
square. Fig. 5 shows an example of the fluorescence measurement procedure.

Ablation of the Target Area

A threshold was set for the intensity level of measured fluorescence. In this paper, a
surgeon or an experimenter determined the threshold, viewing the measurement area
on the CCD camera image. Then scanning was started, and the micro laser was
automatically irradiated on the region over the threshold.

3 Results

Combination tests of the tumor detection system and the micro ablation laser module
were performed for a biomedical simulant material (phantom) and a porcine brain.

3.1 Phantom Experiment

The phantom was composed of agar plate containing Intralipid-10% that is intra-
enous lipid emulsion and used for scattering medium [6]. The concentratlon of
Intralipid-10% was adjusted so that the scattering coefficient became 3 cm™, which is
similar to that of Glioma [6][7]. A half part of the phantom contained PpIX to emit
fluorescence and the other half part did not contain PpIX.

Fig. 6(a) shows one of the results of experiments. Black rectangular area stands for
the scanned area by the system. The system could identify the boundary between the
area with fluorescence and without fluorescence, and could precisely ablate the

fluorescent area with automatically scanning.
1 Dura matter l
g S

non-PplX
area

PplX area

Y

| Measurement area
3.2x3.2mm

Measurement area | Brain cortex |
3.2x4.8mm ' ‘

Fig. 6. Result of the combination tests of the tumor detection system and the micro ablation
laser module
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3.2 Porcine Brain Experiment

The target was the surface of a porcine brain exposed by craniotomy under anesthesia.
Before the experiment, S5-ALA was administrated in sufficient quantities to
accumulate on a normal brain tissue and metabolize to become PpIX. A half of the
measurement area was covered with dura matter, where the fluorescence was not
observed, and the other half was exposing brain cortex.

Fig. 6(b) shows one of the results of experiments. Black rectangular area stands for
the scanned area by the system. The dura matter covering the porcine brain could not
completely block the fluorescence. We could identify weak signal of fluorescence
from some part of the dura matter. As shown in Fig. 6(b), ablation laser was irradiated
to such area on the covered region. We could successfully identify and ablate the
fluorescent area of the porcine brain based on the fluorescence data. The AF system
functioned properly even for porcine brain and was effective to stabilize both of the
conditions of the measurement and the laser ablation.

4 Discussion and Conclusions

We developed a combined system of tumor detection by 5-ALA-induced PpIX
fluorescence and precise ablation by micro laser for the first time, with an automatic
focusing and robotic scanning mechanism for the brain surface. In this system,
ablation was performed based on the fluorescent information under the robotic
position controlling.

Combination tests of the fluorescence measurement and the laser ablation were
performed for a biomedical simulant material (phantom) and a porcine brain.
Measurement areas of the phantom and the porcine brain were both separated into
fluorescent part and non-fluorescent part. In each test, it was possible to extract the
area with fluorescence appropriately from the measurement data, and the extracted
area was selectively ablated by the micro laser with automatically scanning.

In this practice, the experimental targets were clearly separated into the area with
fluorescence and without fluorescence. In clinical cases, the boundaries between
tumors and normal tissues are often unclear, and tumors invade normal tissues.
Therefore, thresholding of a fluorescence data and an extraction of the area for
ablation will have problems, and are considered making some automation process.
Solutions for these problems are desired in the future work. To automatically
discriminate the tumor region by fluorescence data, a multiple classification
analysis based on another spectral features not only peak intensity of the
fluorescence will be investigated.
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Abstract Computer-aided surgery commenced in the late 1980s when computer was clinically
used for diagnosis and surgical planning. Since then the computer has been used in surgical
navigation systems. At the beginning of 1990s a robotic surgery started, in which an intelligent
device or a robot was used as surgeon’s new hands. The key to achieve minimally invasive
operation in neurosurgery will be active use of manipulation (robotic technology) . However it is
nonsense to let the robot carry out whatever the man’s hands can do. What is important is that the
robot performs procedures which only the robot can do. As intraoperative diagnostic imaging
devices were improved open MRI devices were installed in operating rooms and intraoperative
diagnostic imaging became nothing special. Real-time diagnosis and navigation have already been
demanded to be performed intraoperatively. Based on intraoperatively acquired information
surgical procedures are precisely determined using computer-aided design (CAD) system. Then
according to the procedures surgical devices are controlled accurately using computer-aided
manipulation (CAM) system. Therefore, an immediate treatment after diagnosis became possible.

€ Key words : precision surgery, master-slave manipulator, CAD-CAM, LASER ablation, intelligent operating theater
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Original Article

Development of Surgical Manipulator System
“HUMAN?” for Clinical Neurosurgery

JAAJ 4811+ 12}: 1-10, 2006
Koji Nishizawa,""? Masakatsu G Fujie,** Kazuhiro Hongo,** Takeyoshi Dohi,** Hiroshi Iseki*®

Abstract

Surgery using manipulator . systems for medical treatrnent has recently attracted considerabls attemlon as
a method for realizing certain minimatly invasive surgeries. In the field of navel surgery, some manipulator
systems for medical treatments are used in Europe and the United States. However, it is inappropriate to apply
these systems 10 neurosurgery because the size of the manipulators is too large, and only one of them can be
used in one insertion part. To solvs this problem, we. daveloped the manipulator system “HUMAN", which
has an insertion partwith adiameter of 10mm and'contains one endoscops and three manipulators. In this paper,
we' propose the concem for reahzmg mlmma!ly invasive surgery, and discuss the mechanism and control of
our developed system based on this concept ‘A clinical application using this system was successfully performed
in August 2002, and was successiul. Since the mampulalor is so small that operation is possible from one
small incision, this. system is effective in realizing certain minimally invasive neurosurgeries.

Key words  Surgical support, Master-slave manipulaior system, Neurosurgery, Clinical application

difficulty in the manipulation of surgical tools

,,Introdut:tion , - - is a major drawback of this procedure as com-
: ~ . pared with open surgery. As an alternative way to
The development of minimally invasive surgery, safely perform minimally invasive surgery, much
mvolvmg as little damage to the body as pos- attention has recently been directed at the use of
sible; is strongly desired as a means to alleviate surgical manipulators incorporating robot tech-
the physical and psycholegxcal suffering of pa- nology. Thete are several surgical manipulators
tients and to accelerate postoperative recovery. currently applied to clinical use mainly in West-
Ina form of such surgery known as laparoscopxc ern countries, such as the da Vinci® and ZEUS®
surgery; a surglcal operation is performed using systems, which have been fairly well appraised
a lapamscope, and surgical tools such as slender by clinicians for good maneuverability.?

forceps are mserted th ugh small mclslons 'Ihxs - Realization of mmlmally invasive surgery has

also been pursued in the field of neurosurgery.
For &xample, pmtcdnres such as thermal treat-
s ; , 8l ment and biopsy using neuro-endoscopes have

Although iapamsco;:nc surgery has the ad- entered pracncal use.® However, the applicability
vantage of low mvaswenf,ss, the h1gh degree of of thls method is hmﬁed o smple movements,

Tckyo =2 Medmmcal Engmeemg Resaerch uboratow, Hitach, Lid,
pscyo, f4 Depemnen! of Naurosungﬂv Shirighu Umversny Sohoo! of

nmﬂdm'swwasmmm41&MnmlcwewmotﬂmJapmsseSmtyforMm1mdBmlogm! Enginesring held i
Sepporo on June 3-5, 2003
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and the reality is that enucleation of tumors and
other operations involving delicate and compli-
cated maripulation are normally performed by
means of extensive cramotomy andmicrosurgery
under a sm'glcal microscope® The realization of
minimally invasive surgery remains a “problem
to-be solved.

As compared with abdominal operations in

general, neurosurgery requires- considerations re-

garding the following characteristics: 1) import-
ant pormal tissues are located densely around
the lesion; 2) tissues are prone to damage and
susceptible to pressure; 3) the field of operation
is limited to a small area; . 4) there are strict limi-
tations-on the site of the cranictomy provndmg
an approach to the lesion site; and 5) manipula-
tion must be controlled finiely and accurately to
avoid damage to normal tissues.

To realize: mlmmally invasive surgery that can
provide an alternative to conventional crani-
otomy, we must be able to- perform a dextemus
surgical: operatlen in whiich the surgeon can ma-
nipilate multlple slender’ surglcal tools inserted
thmugh one smaﬂ cranial opening in such away
that the lesion may be treated. accurately without
causing: prcssure of damage 10 the surmundmg
normal Hssues, Such 20 extremely delicate sur-
gical operatwn can not be pérformed by human
hands

Existing surgical manipulator systems such
as da Vinci® and ZEUS® are not suitable for use
in NEeuTosSurgery, because of the size and config-
uration of their surglcal tools and other devices
mvolved In these systems .each manipulator
consnsts ofa surgwal tool ai one eénd and a bulky

drive mechamsm ai the othér. end and this struc-

ture results in physical interference when mul-
tiple mampulators are used.in close. proximity.

To avoid such interference,. devices are set up

5o that the mampulaters and the endoscope are
inserted into the patxent’s bady through: separate
incisions, In addition, the surgical tools used in
the da Vinci® systern have a diameter as- large as
11 mm? Due to these factors, it is 1mposmble to
insert the set of mampulators needed for treat-
ment tln'ough one small cranial opening. If we
try to ‘avoid mterference by inserting manipula-
tors’ through ‘more than one cranial. opening, it
would be difficult to secure the approach route
for each surgxcal tool, and a wide field of opera-
tion would be reqmred This method, therefore,
is not appropriate in the field of neurosurgery,

Athe HUMAN System ‘

where avoidance of pressure on tissues is desired,

To realize minimally invasive surgery in the
field of neurosurgery, it is thus required to create
a system that allows the insertion of an endo-
scope. and mulnple surgical tools through one
small cranial opening and supports the delicate
and accurate manipulation of these tools With
this consideration in mind, we developed the
manipulator system “HUMAN”.” In August 2002,
we succeeded in the world’s first clinical applica-
tion of HUMAN in the field of neurosurgery®
and so far have used this system in the treat-
ment of four patients,

,?Ba'sed‘_k on the concept of minimally invasive
surgery in the field of neurosurgery, this paper
describes the mechanism of the HUMAN system
developed to realize the use in clinical settings.
It also reports the results of our study confirm-
ing the practical effectiveness of this system in
clinical use.

Minimally Invasive Surgery Usmg

The purpose of the HUMAN system is to per-
form a surgical operation using an endoscope
and three manipulators inserted through a cra-
vial opening with a diameter of 10mm. The
target of treaunent is a tumor with a volume of
about 1cm®. While larger tumors need exiensive
craniotomy,. cases of small tumors in this size
range are greatly helped by the use of minimally
invasive surgery, which is also effective in the
imp’rovérhem of the patient’s quality of life
(QOL).

‘This manipulator is capable of periorming
miore finely controlled motions than the human
hand and, thus, realizes more delicate surgical
treatment, After further development for prac-
tical use, this system may be combined with
conventional surgery as an advanced surglcal
instrument supportmg delicate operations in
about 30% of cases with malignant brain tumors
It will also enable us to treat small tumors in

. locations that have been imoperable on with

conventional methods as well as to perform pre-
cise removal of residual tumors located adjacent
to functional areas.

,Mechamsm of the HUMAN System

Fig 1 shows an external view of the HUMAN

JMAYS, Novernbar/December 2006 — Vol 48, No 11+12



DEVELOPMENT OF SURGICAL MANIPULATOR SYSTEM “HUMAN™ FOR CLINICAL NEUROSURGERY

Cylindrical insertion parl

Operation console

Cylindrical inseriion parl :
{10 mm in diameter}

Endoscope
{4 mm in diameler) -

ManipulatorX3-—___
{3.0mm in diameier)

Surgical toolx3
{1 mirn'm diameler)

Fig.  agniflod image of cpincioa nserion

system developed by us, and Fig: 2 shows the
details of the cylindrical insertion part While
observing the endoscoplc image at the center of
Fig. 1, the surgeon uses the operation input de-
vices to the right of the ﬁgure to perform 4 surgi-
cal operation via the action of the mampulators
shown on the left of the figure and in Fig. 2.

The operation input device detects the force
applied by the surgeon on the operation lever
with a resolving power of 7.8mN. It controls
the posmon of the operation lever in response
to the applied force and prevents movement
beyond the range of permitted motion.

The insertion part-(with a diameter of 10mm)

JMAS, November/Decembar 2008 — Vol 49, No 11+12

consists of a bundle composed of an endoscope
(4mm in diameter) and three manipulators
(3mm in diameter). At the tip of each mani-
pulator is-a detachable surgical tool {1mm in
diameter), The spaces in the bundle of the mani-
pulators and endoscope contain five irrigation
tubes that can be used for dripping and suction.
Each manipulator has three degrees of freedom,
corresponding to (bending), B (rotation), and
Z (translation) indicated in Fig. 2. Each surgical
tool has a two degrees of freedom, correspond-
ingtoa (opemng/closmg) and b (rotation rela-
tive to the ;omt) m Fig 2,

Table 1 summarizes the specification values

Bab
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Teble 1 Working arsa and minimum distance

1/oirad-  Zarad

50mm

Working area

Fig. 3 Hollow micre joint

Drive wire

Pulse mo!or (ﬁ} .

Pulse molor (e} o
sl

Driva |
- ire

Fig. 4 Drive mechanism of manipulator and micro joint

for the range of movement {working area) and
the smallest step of tool-tip movement (mini-
mum distance) in each direction of the three
degrees of freedom. Here, the minimum dlstance
refers to the teol-np displacement resulting
from the one-pulse action of the pulse motor
used in the mampulator drive mechanism. Be-
‘cause the minimum disiances regarding cockmg
and. rotation depend ‘on the cocking angle at
the beginning of movement, the Table gives the
values correspondmg to the positions where the
minimum distance would be the largest.

The manipulator drive mechanism and ‘the
endoscope are attached to the holdmg device
via an adapter. The holding device inserts the
insertion part into the field of -operation in re-
sponse to the surgeon’s manipulation. To ensure
safety, insertion is performed with the entire
mampulator assembly contained within the in-
sertion part. Mampulators éxtrude from the in-
sertion part when used in treatment.

Fig. 3 shows the structure of the micro-joint

in the tip of the manipulator. To realize the mini-
ature moving mechanism, a pair of studs on the
top (distal) part has been fitted into correspond-
ing holes in the base part to form a rotation axis.
The base part and the top parl are designed as
hollow tubes with the inside diameters of 2mm

~and 1 mm, respectively, so that a surgical tool

with a diameter of 1mm can be housed within
the joint,

Fig. 4 shows a schematic illustration of the
manipulator drive mechanism.The end of a drive
wire, connected to the top part of the micro-
joint, is conmected to the motor controlling the
angle of the joint in the a direction (Fig, 2). This
part of the drive mechanism is called the bending
unit. Rotation is realized by revolving the hollow
rigid pipe together with the micro-joint and the
beridinig unit in the B direction (Fig. 2}. Trans-
lation is realized by the ball screw producing
fine’ linear motion of the hollow rigid pipe, the
bending unit, and the rotation mechanism as a
whole in the Z direction (Fig. 2). This structure

JMAJ, November/December 2008 — Vol 48, No 11-12
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