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integration. CT and PET are conducted on the same in-
spection bench, and by superposing both images, anatom-
ical CT information is added to PET imaging. Cancer
is located correctly, effectively improving the diagnostic
yield.

We demonstrated the effectiveness of integrating multi-
ple diagnostic information, although the integration of in-
formation is conducted only for the integration of preop-
erative image information. No system has, to our knowl-
edge, been reported that integrates histological informa-
tion such as brain malignancy by SALA induced Pp9 fiu-
orescence measured during surgery, which our proposal
realizes with anatomical and functional information ob-
tained from diagnostic devices prior to surgery and shown
in real time.

By proactively using both preoperative information and
information from measurement equipment during surgery,
the surgeon is encouraged to judge more exactly and ef-
fective treatment support is ensured. The integrated plat-
form integrating intra-operative and preoperative infor-
mation is expected (o progress in the future as a basis
for realizing more effective treatment support. To ob-
tain precise treatment information, it is useful to real-
ize and maintain precise time synchronization. We have
shown that 30 ms time-synchronous precision is stably
obtained under continuous two-hour system operation in
an in vivo environment simulating clinical use, so more
precise computer-assisted surgery is expected to be real-
ized.

6. Conclusions

In our work, we have assumed a surgical environment
in no Internet connection is available and have developed
an integrated platform focusing on the integration of posi-
tion and time. To realize such integration, we emphasized
the importance of highly precise time standardization of
subsystems and a redundant time-synchronous sexver.’

‘We realized highly precise time integration by synchro-
nizing time based on Cristian’s algorithm under system
environment limited to a LAN. Experiment confirmed
highly precise time synchronization within 2 ms is real-
ized.
We developed and implemented an algorithm in which
a time-synchronous server is made redundant based on
the number of surgical devices to be uscd, and inte-
grated time information is maintained even when the
time-synchronous server is not connected. In experi-
ments evaluating performance, the standard time in the
integrated system is not lost when the server is not con-
nected and time consistency is maintained within a time-
synchronous precision of 30 ms. Communication com-
ponents combine communication and time-control com-
ponents. Surgical navigation is configured using an inte-
grated énvironment for neurosurgery and in vivo experi-
ments confirmed basic navigation functions.

Journal of Robotics and Mechatronics Vol.19 No.3, 2007

An Intraoperative Information Integration System

Acknowledgements

We thank the many people and groups who have contributed to
this effort. Research on medical devices for analyzing, supporting,
and substituting for the function of the human body was funded by
the Ministry of Health, Labor, and Welfare of Japan.

References:

gress on

on Mechatronics, pp. 135-140, 2003.
[2] M. Noguchi, E. Aoki, D. Yoshida, E. Kobayashi, S. Omor,
" Y. Muragaki, H. Iseki, K. Nakemura, and L Sakuma, “A novel
Robotic Laser Ablation System for Precision Neurosurgery with In-
cu::m-aﬁve S-ALA-induced PpIX Fluorescence Detection,” In Pro-
ings of 7th International conference, MICCAI 2006, pp. 543-

550, Copenhagen, Denmark, Oct., 2006. :

{31 J. Hong, Y. Muragaki, T. Inomata, R. Nakamura, N. Hata, T. Dold,
and H. iseki, “Intraoperative 3-D display of glioma for effective
removal,” JSCAS, pp. 235-236, Tokyo, Japan, 2004.

[4] E. Acki, M. Noguchi, J. Hong, E. Kobayashi, R. Nakamura,
T. Maruyama, Y. Muragaki, H. Iseki, and L Sekuma, “Development

. and Evaluation of inte; surgical robotic plaform for neuro-
surgery,” JSCAS, pp. . Chiba, Japan, X

151 G. Coulouris, 1. Dollimore, and T. Kindberg, “Distibuted sys-

. tza.uﬁ. Concepts and Design.” Wokingham, Addisoa-Wesley, 3rd ed.,

(6} P. Knappe, L Gross, S. Pieck, J. Wahrburg, S. Kuenzler, and F. Ker-
schbaumez, “Position control of a ical robot by a navigation
system,” Proceedings 2003 IEEE/RSJ International Conference on
%lslisem Robats and Systems (IROS 2003), Yol.3, pp. 3350-3354,

{71 O.Schom, N. Hata, A. Bzostek, R. Kumay, C. Burghart, R. H. Tay-
for, and R. Kikinis, “Distributed Modular Computer-Integrated Sur-
gical Robotic Sysiems: Architectire for Intelligent Object Distribu-
tion.” Medical Image Computing and Computer-Assistad Interven-
tion (MICCAI), pp. 979-987, 2000.

(8) Q. '?a_txa;telk. ED‘sKm&aer:d Hata, O. Sc:hcrrl.n R. Kihnsxs and

. Taylor, “Distri odular Computer- argical

Robotic Systems: Implementation using modular m and net-

" waork systems,” Medical Image Computing and Computer-Assisted
Intervention (MICCAI), pp. 965-978, 2000.

9] S. Jia and K. Takase, “Intemnct-Based Robotic Sysiem Using
CORBA as Commmnication Architecture,” Journal of Intelligent
and Robotic Systems, Vol.34, pp. 121-134, 2002.

[10] D. Leviac and S. Mungee, “The Design and Performance of
Real-Time Object Request Brokers,” Computer Communications,
Vol.21-4, 1998.

[11] G. Pardo-Castellote and S. Schneider, “The network data deliv-
ery seqvice: real-time data connectivity for distributed control ap-
511canons." Proceedings 1994 IEEE International Conference on

obotics and Automation, Vol.4, pp. 2870-2876, 1994.

112] J. Tokuda, M. Hirano, T. Tsukamoto, T. Dohi, and N. Hata, “Real-
Time Organ Motion Tracking and Fast Image Registration Sys-
temn for MRI-Guided S " Systems and Computers in Japan,
Vol.37, No.1, pp. 83.92, X

[13) A.Pope, “The CORBA Reference Guide: Understanding the Com-
mon Object Rasg:sl Broker Architecture,” Englewood Cliffs, NJ,
Prentice Halt, 1998.

[14] B. Dalton and K. Taylor, “Distributed Robotics over the Internet.”
IEEE Rob. Autom. Mag. 7(2), pp. 22-27, 2000.

[1S] F. Cristian, “Probabilistic Clock Synchronization,” Distributed
Computing, Val.3, pp. 146-158, 1989.

[16) hup:/iwww.slicer.org/

349



Aoki, E. et al.

Name:
Eisuke Aoki

Affiliation:
Ph.D. student, Greduate Schoo! of Frontier Sci-
ences, The University of Tokyo

Address:

7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8856, Japan

Brief Biographical History:

2004 Master (Environmentology), Graduate School of Frontier Sciences,
The University of Tokyo

Main Works:

« “System Design for Implementing Distribated Modular Architecture to
Reliable Surgical Robotic Sysiem,” Lecture Note in Computer Science
3217, pp. 184-191,2004.

Membership in Academic Societies:

o The Japan Society of Computer Aided Surgery (JSCAS)

« The Robotics Society of Japan (RSJ)

Name:
Jee-Sung Hong

Affiliation:

Research Associate, Department of Nanobio-
medicine, Faculty of Medical Sciences, Kyushu
University

Address:

3-1-1 Meidashi, Higashi-kn, Fukucka 812-8582, Japan

Brief Biographical History:

2004- JSPS Foreign Researcher, The University of Tokyo

2005- Research Associate, Kyushu University

Main Works:

* “An Ultrasound-driven Needle Insertion Robot for Percutaneous
Cholecystostomy,” Physics in Medicine and Biology, V0).49(3),
pp. 441455, Jan. 2004,

+ “Interventional Navigation for Abdeminal Surgery by Simultaneous Use
of MRI and Ultrasound,” Medical and Biological Engineering and
Computing, Vol.44(12), pp. 1127-1134, Dec. 2006.
Membership in Academic Societles:

o Japan Society of Computer Aided Surgery (JSCAS)

Name:
Masafumi Noguchi

Affiliation:
Ph.D. student, Graduate School of Frontier Sci-
ences, The University of Tokyo

Address:

7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan

Brief Biographical History:

2005 Master (Environmentology), Graduate School of Frontier Sciences,
The University of Tokyo

Mazin Works:

o “Development of a Compact Automatic Focusing System for a
Neurosurgical Laser Instrument,” Journal of ISCAS, Vol.6, No.4,
pp. 483-489, 2004.

Membership in Academic Societies:

« The Japan Society of Computer Aided Surgery (JSCAS)

Name:
Etsuko Kobayashi

Affiliation:

Associate Professor, Depariment of Precision
Engineering, School of Engineering, The Uni-
versity of Tokyo

Address:

7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan

Brief Biographical History:

2000- Research associate at the Univ. of Tokyo

2002- Lecturer at the Univ. of Tokyo

2006~ Associate Professor at the Univ. of Tokyo

Main Works:

s “Development of Wide-Angle-View Laparoscope using Wedge Prisms,”
Joumnal of Robatics and Mechatronics, Vol.16, No.2, pp. 129-137, 2004.
Membership in Academic Socleties:

« The Robotics Society of Japan (RSJ)

« Japan Scciety of Computer Aided Surgery (JSCAS)

« Intemnational Society for Computer Aided Surgery (ISCAS)

350

Journal of Robotics and Mechatronics Vol.19 No.3, 2007




€9

An Intraoperative Information Integration System

Name:
Ryoichi Nakamura

Affiliation:

Research Associste, Institute of Advanced
Biomedical Engineering and Scieace, Tokyo
Women's Medical University

Address:

8-1 Kawadacho, Shinjuku, Tokyo 162-8666, Japan

Brief Biographical History:

2001-2003 Visiting Researcher, Dept. of Radiology, Brigham and
Women’s Hospital and Harvard Medical School

2003- Research Associate, Tokyo Women's Medical University

2005- Research Assistant Professor, Intemational Research and
Educationa) Institote for Medical Science, TWMU

Main Works:

« “Control System for MR-Guided Cryotherapy — Short-term Prediction of
Therapy Boundary Using Antomatic Segmentation & 3D Optical Flow —*
Lecture Note in Computer Science, 3217, pp. 542-550, June 2004,
Membership in Academic Socleties:

« The Robotics Society of Japan (RSJ)

» International Society for Computer Aided Surgery (ISCAS)

« Japan Society of Computer Aided Surgery (JSCAS)

Name:
Takashi Maruyama

Affiliation:

Research  Associale, Institute of Advanced
Biomedical Engineering and Science, Tokyo
Women's Medical University

Address:

8-1 Kawadacho, Shinjuku-kn, Tokyo 162-8666, Japan

Brief Biographical History:

1592- M.D., Faculty of Medicine, Showa University

1993- Research Fellow at Faculty of Nearosurgery, Graduate School,
Tokyo Women's Medical University

1994- Research Fellow at Harvard Medical Schoo), Brigham & Women's
Hospital, Children’s Hospital, Brain Tumor Research Center

1997- Ph.D. at Faculty of Neurosurgery, Graduate School, Tokyo Women's
Medical University

1999- Board of Japan Neurological Surgery

Main Works:

» “Efficacy of S-Aminolevulinic acid induced fluorescence detection in
malignant glioma surgery,” Springes, p. 1290, June 23-26, 2004.
Membership in Academic Socleties:

 Japan Neurological Surgery

Joumnal of Robotics and Mechatronics Vol.19 No.3, 2007

Affiliation:

Assistam professor, Faculty of Advanced
techno-surgery (FATS), Institute of advanced
Biomedical Engineering & Science {ABME&S),
Graduate schoo! of Medicine (R&D), Tokyo
Women'’s Medical University (TWMU) and
Deparment of Nevrosurgery, TWMU

Address:

8-1 Kawada-cho, Shinjukn-kn, Tokyo 162-8666, Japan

Brief Biographical History:

1986-1988 Resident of department of neurosurgery Tokyo Women’s
Medical College

1988- Attending staff of department of nevrosurgery Tokyo Women's
Medical College .

1992- Board neuroshrgeon of Japanese Neurosurgical Society

1992-1995 Visiting scientist of Department of pathology and laboratory
Medicine of Pennsylvania Univessity (USA; Prof. Trojanowski and Prof.
Lee)

2000- Attending staff of Faculty of Advanced techno-surgery (FATS),
Tokyo Women's Medical University

2006~ Assistant professor of Feculty of Advanced techno-surgery (FATS)
and Department of Neurosurgery, Tokyo Women's Medical University

‘Main Works:

o Y. Muragaki, T. T. Chou, D. R. Kaplan, J. Q. Trojanowski, and

V. M. Y. Lee, “Nexve growth factor (NGF) induces apoptesis in human
medulloblastoma cell lines that express TrkA receptors,” Journal of
Neuroscience, 17(2), p. 530.

o Y. Muragaki, H. Iseki, T. Maruyama, T. Kawamata, F. Yamane,

R. Nakamura, O. Kubo, K. Takakura, and T. Hori, “Uscfulness of
Intrzoperative Magnetic Resonance Imaging for Glioms Surgery,” Acta
Neurochirurgica Suppl., 98, pp. 67-75, 2006.

o Y. Muragaki, M. Hashizume, D. Hashimoto, H. Iseld, and K. Takakura,
“A new concept of three-dimensional endoscope for practical use of
endoscopic surgery,” Surgical Endoscopy, (10), 2003, robotis and
navigation system for advanced surgical procedures.

Membership in Academic Societies:

« The Japanese Society of Neurological Surgery

» The Japanese Society of Neuropathology

« The Japancse Computer Assisted Radiology and Surgery

351



Aoki, E. et al.

Name:
Hiroshi Iseki

Affillation:

Associate Professor, Faculty of advanced
Techno-surgery, Institute of edvanced Biomedi-
cal Engineering & Science, Graduate School of
Medicine, Tokyo Women’s Medical University

Address:

8-1 Kawada-cho, Shigjuku-ku, Tokyo 162-8666, Japan

Brief Biographical History:

1976- Research Assistant Professor at Dept. of Neurosurgery, Tokyo
Women's Medical College (TWMC)

1996- Assistant Professor at TWMC

2001- Associste Professor at Tokyo Women's Medical University

(TWMU)

2006- Professor at Tokyo Women's Medical University (TWMU)
Main Works:

« “Intelligent Operating Theater Using Intracperative Opea-MRL”
Magnetic Resonance in Medical Sciences, 4(3), pp. 129-136, 2005.
Membership in Academic Societies:

» Japan Neurosurgical Society (INS)

« Japan Society of Computer Aided Surgery (JCAS)

« Japan Society for Medical and Biological Engineering (ISMBE)

Name:
Ichiro Sakuma

Affiliation:
_Professor, Department of Precision Engineering,
Schoal of Engineering, The University of Tokyo

.
hY

Address:

7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan

Brief Biographical History:

1985-1987 Faculty of Engineering, The University of Tokyo
1987-1998 Feculty of Science and Engineering, Tokyo Denki University
1990-1991 Research Instructor at Baylor College of Medicine
1998-2001 Associate Professor at The University of Tokyo

2001- Full Professor at The University of Tokyo

Main Works:

« “Stem Cell Harvesting Device with Passive Flexible Drilling Unit for
Bone Maryow Transplantation,” Trans. Robotics Automation, 19,
pp- 810-817, 2003.

¢ "A Dynamic Action Potential Model Analysis of Shock-Induced After
effects in Ventricular Muscle by Reversible Breakdown of Cell
Membrane,” IEEE Trans. Biomed. Eng. 49, pp. 18-30, 2002
Membership in Academic Societies:

© The Japan Society for Mecbanical Engineers (JSME)

o Japan Society of Computer Aided Surgery (JSCAS)

» Japanese Society for Medical and Biological Engineering (JSMBE)
© The Japan Society for Precision Engineering (JSPE)

» The lostitute of Electrical and Electronics Engineers (IEEE)

o International Society for Computer Aided (ISCAS)

o American Society for Artificial Intenal Organs (ASAIO)

» Japanese Society for Electrocardiogram

352

Journal of Robotics and Mechatronics Vol.19 Np.3, 2007




o Joumnal of Robofics end Mechatronics W1oF W3g AMR10908 FRI9F6A208RF ISSN 0915-3942

o
Vol.19 No. 3 Jun 2007
o
» Special Issue on Selected Technicaly Cospansored by~
Papers from ROBOMEC'0s e o e eel Enginears A
(Part 2) 5)
@

@ ;

8

http://www.fujipress.jp/
http://www-arailab.sys.es.osaka-u.ac.jp/jrm/



FRBEHFRORECL Y. BHEIRROY T
W74Aﬁ%£$?é%ﬁtﬁﬁoﬂﬁwﬁﬁa
&otq%ﬁﬁﬁkﬁﬁ&ﬁko—wwuxb%
BN HEFH LY ) LD, HF
B85 - MRIOBEZ .0 & LEERIETTE
&<\ﬁ¢®4x—?77%ﬁﬁLtﬁﬁtﬁe
Eﬁﬁﬁ&%oﬁﬁﬁm#EET&boﬁmow
hEEE YTV A BT Yy TF—FTRTES
— 3 L H L RE T FW L 210 & BBBRIEOH
tE= ) Y /IcE Y, FPObrain shift (FH
BElC X DIROET - BH) R EEL, FHRHEE
%Eﬁ#0§£tiﬁ?z:kf\ﬁﬁﬁﬁ®%
ﬁﬁ@%%?b?b@%%ﬁi?ﬁﬁ?é%li
u&b‘%ﬁﬁﬁﬁwm%$%$ﬁ%%uiﬁ
Babico SEEHETHS L G (44H)IX78% (£
B AREEAE 25%). GV (4441 1313% (7%).
GI (44%) & GIV (44 81) % Br 5 L 42% (18%)
<H ). SEEHEOW2EEER L

[FU®HIT .

oS REEREAEGONBIES L L
D. EEFREMERCERFROKSOEIC,
mi L 7 p B L CELORE, BIEEHEY

¥ OREEERE S U RERE OB AR HIER
WMo BRICTTHRAL L, WPCbFRT—4

B L BROBEI S, BHORREEH IR
ﬁﬁbn\%wéﬁoﬁ%%E%KWML\&o
a8t R RET 2 DHEIRBROBRE 2 o7
L#L\ﬁﬁfuithﬁﬂﬁﬁﬁﬁ%ﬁuL
FERF U —Y 3 v Y AT ACRARFRES
3 OA—HBHTH D, FIlT ¥¥—3a YIIFH
B LTERR S v 7 R R O BIHH
% 1mm AT ORECRMUTHIFHIBZE VAT A
THoHH, WHEEEEICLLT ¥¥—a s

b, HROFHEFCLIBRFERER LY 4TI

9 2 BB R EBETH I LRTTETD
%o %12, FAPICbrain shift (FHBIEICLD
ROLER - BE) HEUS L, WREKRESERE
Sebil hoTLE) OFBATH o Fl
B L DRROERCBHIERET 5121, T
hic EEDIEE B S TRPEKR TG
L. EROHTEEEVTNVIA DTy TT—
LB UERH B, FES— T a VEREERT
LB EEFEY— Y s YEFCED, WO
brain shift % EB L. FHEELERIOREKL

XY BILNTE L, WEOBERELL LT,
%R, BEOEROTIAANTATRER T T

LC. BRENBREHOLENDTHD, MAEE
LEEEGD O FROERRECREEEOR

ﬁ%ﬁékwi:tu\$ﬁz&v7uﬁﬁoﬁ
A WSO B TRILLTRTTZIL
kb, BLRERDORT v TORMEER Y
6E;E§§iféﬁwomﬁﬁu\%ﬁk%

e BRHtF AT LN TEB LIk, TRDD

578

=

T RREREMET A LT TH D, WHCE

BREBBH
M@@fﬂ@ﬂlz 20076



BT — AL RIIBITL. GRETOBEI L £0 TV, SEEREGEROKAIL Y. &
BRIED RHBSHISR ST PERRELE W% EESIUEADORE, FIEKRLY
BRI BT B LERC, ZOBBAAICE  ORBERY S USRS O ERAE ARICT
SRS EES NN TH BT bbb, Bl FHF—2ITRBT HILHTES, F
BREMRICY TAI 4 JCHEEL, BERMEEZ  WFES—Ya Y YRTARFMICRLT, FH
iz BEORREBHCEHEL BB BME. A5y TCFRRMERE O BIHRERET2F
FEROBRET B LIMBELEV, HHBEBETH D, FWLTRLBHHERLD
S4B 0P % Imm U FORETHGES

“r FITETT B EWNBEONE L ERIHT S
%241503%& LWE _ _ BRI BB L E . SOICEGEE
NABEOHF LVE LR, RAZVHETHLT  BoORBLOUBHGEEIT S LOIRECH

T T A B, BROS 50 B REE T T T ERCEE LRSS AT 2. O U
B THILICEoT, BEICLoTHERR BRI L 2RBOELCBHITERT 51213,
597t o THREIDAIPT LD R PUHEDHEEL RS THRFERENA
W REZERY-CARRETERLICE L EHORFEREVTVS L AT Y ST
Bo AVFUVZVE (A=F7YMRD FHET M TILENDHE. TEY— Y a YEREEHRT
(1), HRERECMRIOBELHRLEL  520T Bl BRRALLFES - a v
REEIIT TR, BADA AV YT RIEA  WERT ThEVYTNSAL Ty TF—1F
LABERHAERNSL EORPREAIES U=V aYiRAT S, FF Y-V v

Vol.39 No.6 579



arcuate fiber -~ R .

- L Y. FiPDbrain shift Z EfE L. FARE
P EREAORSICKIETHII LN TES (B2),

F7-. T1-T2 - MRA - DWI (diffusion weighted

image) *HEROBE T THM AL T2star £\

3B Y — 4 Y ADIERD R N, BIRHEO

L B BES O+ L EEE BT B
SR, HISERE D HRBIEHOREEOF
FHh., FRIECAE R AR TR L %

IANFEFX—Tavid 5TI/ LT VR
(5-ALA) #EO5 T2 L. 8 V7 11 ¥ (PpIX)

ruS RIS L TEEMEICOSERT 2.

4050m OF k% BT 5 & 635nm ORBEAE
%L, WRT74 V5 —%2 A L TRFEEOHD
#TE B (D4) % HESHITE, HPIBTR.
£/54 LCT. *—7 ¥ MRU% X CEARIFIC

i B2 FEr—yavIyATLEFHAMRN

| WRFIAIL

B3 HEEaHTEy—y 3o
HBENS—BR -

2 brain shift DR % BT 5% BEHITIZ
FHORBEEREAETS 2 LT BEFLBAT
BB L., Km0 EERE O&BHE L BR
T LR E L D% Thbh, BETFH
SRk, BREMR EOSBERENTE=S ) ¥
ZRER L. ARORILEHREFIIC SRR
bE LTSN DIRBLEFOFHTZ L
FEETHD (E5). 2. BEEZDOIONA

RS FEFS TS VERTAS TG A (M3 7 WS TREYT TRALTHRCARTE L)

BiEAED, BAICE o THBEOBEERBICIE
Wb LEZEBRTHLEND D BHRFHRT

CEEEEN LAY, ERRECEERERY T

2B 3R TEBREND b, HEDTEHLETH
BAEEL. BEOBHRERKICTSL I LR
DHOLNTVD, P LDEBEEENHTD, £&3
CLRAELESERZOTRRL, BREEEEZESLZ

580

BREBEE
M@iﬂ@@ﬂ 20074568



s, BOTER=3a09R7 46

absorption spectrum: 405nm

g fluorescence spectrum: 635nm

4 {e2HFES— 3 (5-ALA)
. HIEHS S8

®5, RETFHCORSERRT

Er e

LAMRICEROBERMESEH I LT RN
REBFEHEPERT 2N ERFHICBIS
£vF)Va v VRSSO BN TH B BT,
EREHRORA L, FHAY v 7THRORBLER
BBA RIS Lo $ 7= W MREHRCERE
BORREHEIIBBTES L) FlAZ Y
2 bW ERE Y, BEEINEEOY TV S A
AERERT ZZW & REOBABAMOFE L 3t

T TS TS TV A BOERR R SR T A Y

AT LDEENPURE ol Tl RETDD
CLERERERIIV TS 4 AICEFHShLY

COUTHEAR25% RRMTE B LUWI%TH S, LT

TR ACKIBE AN BRI OREIIEEICHE

74— F28v s 8h, B4 OBLITHEL
7oy BERBREVIRENDHMAHNA VT Y
DV VNFEREOT—NVTHIBRMT A THAD
(E6) > %

jecslimat ol ivea
TREMRIFE T —Yay

£VFUY 1Y NFRECORRNE

EWREE BT, HHMREGCREE
BERBTHILICLY, REPOBHEIN~
95U DYREISER T E Do = DEETIIYHRR
PERRELRDLTELERTH), FHLE
WSS, TIBRET5%UT TIISELEFRN
148<108% Th % 2% YIBRIES% D k72 L 548

UBBIRE LM &5 252 BHLL
DT, EHFEH - ERAF L LOBE LRI

HEBELTES S RIERE L E LABRAYS

3o SOkD, HPMRERRLFEY—Yavik
LCBRED W EVIRE 2 REIERT S S
LIEEICEETH DT, 000438 LD, K
RRFERKEA V7Y V= ¥ PFRWEI03T

Vol.39 No.6

581



$fﬁ§ﬂk$ﬁ%7-x7d)ﬂkf%’&&?"lnn :
N - EERe %o)'cr«fa)x@ /7#3“«(0)1114:1*%&1%%

OF—7MRI (AIRIST : B A 74 af) %
#A L. 2007483 3K F TIC 499 OB SR F T
%475 TV %o BT TI. AL 740081
(20004E3 B %> & 2006466 B % T) D 28351 (70%)
i3, glomafEBITH Bo FHIC X B EHHER. 4
B (1%) TR 261 (05%) THRfiin 14
HE3IEE, 1BIIEBIEA) Tholo £D28
BIR» 5N T F—<ERME, POV
— X (20004E~ 2001 4F) 4681 & #%3 (20034 ~
20044E) 5080 & 24T BHRET L7 TFIGHHTE

3, SBTRRTH Y. MO L% 2 HHEIC
1295% ¥ THIE L72, 2B, 46% (44/%)

Thbo HELEFRORI T, G I (55 2100

% (& HAREEHET60%), GI (44%1) 1278%
(& BAREEHRE 25%)0 GN (@4F1) 1213% (&
BABESSE7%)o GII (4481 EGN (4451)
RBHE B & 42% (& B AREERE18%) TH ) .
HoEDSEETEE BRI,

=6 &%TR?@‘E%E#’%‘IB&A’JTU gz F?ﬁf’it@iﬁ")lrb

% (& BABIEHHE100%). GI_(G68) 130

BHHIC

ERREE S RERECURT 5200}, B
b & BROBE LA TH B, A YTV V=V b
EHE T, BELHLE LR MRERT Y
Fea v TR, BADA AV TE
BRI % MR TE A L MR S RS
S 25 AHEE L. TOEYEAFE LA TV,
BTk o3, EROBERRRICEIE LTS
B L EREA & T - ENERTHD. X
NEETT 5D L EEO— LRI, BES

FB Y AT 5 ThH B M ORRILE LRI,
HETABEOEMN. K BECHEIND. &

MR DB il < BB SR

7 DAEEHREESRIR (near eloquent area) % DT,
BETHBMMPBELLIE FPERLTFRET
&M 55ﬁﬂiﬁ$’i’ﬁ_téﬁ'7o EWZohB
TEREIITHR. S, FEHTIROERAL

COEEM R LT BRI R RIS T

582

ERERI5EE i
Rﬂxﬂmﬂ 2007 46 A



B7 FES—YavoBRBtHERY=ZaL—
¥3Y - HBIEHS—BR

PLREZY, FHAY y TRIELHETZT—
7 7 0—DRNHEOERLELZTHD ). TD
—B/ELTHT—2s 70—y 3al—Yavkl

1)
358-363, 2003

Maruyama T et al Intraoperative detection of
malignarnit gliomas using 5-Aminolevulinic acid induced
protoporphyrin fluorescence, open MRI and real-time
navigation system. Lemke HU et alfedt), CARS2001-
Computer Assisted Radiology and 'Surgery. Elsevier
Science Health Science Div, Amsterdam, 2001, p279
FB I BESBHERCLERRES - #HT
B - | ERRSE Y ¥ —F 0V 11@). 508-514, 2002
HESZEI: BNy Uy 7 EMPMRIZ AL

2

3)

4

P HiE: BOLHOREBFHE. ESBE 3N

FEF—aviATh

[ omz |

T, F¥¥—3a vORBHEHE TEBRO—R
! t L"Cﬁ‘oflﬂé (E?)o

727 ) A=< DOFHi. BRAIN MEDICAL 13(3): 255-263,
2001

8 i3> FWCBIIERMNL—-HEY T4 -
LRBET A 7 WAREESLEL 16(7): 731-737, 2003

Iseki H et al: Intelligent operating theater using
intraoperative open-MRL Magn Reson Med Sci 4(3):
129-136, 2005

Muragaki Y et al: Usefulness of intraoperative mag- :
netic resonance imaging for glioma surgery. Acta
Neurochir Supp! 98: 67-75, 2006

Vol.39 No.6

583



‘ AKBE/15@

RSAE) 0y EEREERVNV-FHBRBAXIER
ERATENEEDORH
A De;velopment of Rigid-Flexible Outer Sheath using Slider-linkage Locking -

Mechanism and Air Pressure for Endoscopic Surgery
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Abstract
To reduce the invasiveness of surgery, we developed an outer sheath for flexible devices in endoscopic surgery. The

outer sheath is switched to two statuses, flexible and rigid. Operator inserts the sheath through tissues or organs from a

. narrow gap in flexible mode. After insertion, operator switches the sheath to the rigid mode. Then operator can insert devices
and reach devices the target of the deep area easily. This sheath consists of a set of frame units connected serially, and each
unit has a link, a slider, a stopper, and an air channel inside the instrument. When air is added to the sheath, it can be switched
to the rigid mode, and when the air pressure is off, the sheath is switched to the flexible mode.

We made the prototype whose diameter is 16mm and length is 290mm. We evaluated the performance of switching two
modes, and the performance of insertion via a silicone phantom experiment and an animal experiment. The experimental
results show that this device switches from flexible mode to rigid mode when air is added over 200kPa pressure, the sheath
was possible to go through the curved path with a curving radivs of more than 7.5¢m, and the sheath was possible to be
inserted into the narrow gap where conventional laparoscopic tools can't reach.

Key words
Rigid-Flexible outer sheath, Flexible surgical device, Laparosocopic surgery.
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Fig. 1 Image of outer sheath: a) the sheath enters into human
body in advance. b) after reaching target, the sheath makes the
path for flexible devices.
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Fig. 2 Mechanism to switch rigid mod and flexible mode: a)
flexible mode. b) rigid. mode.
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Fig. 4 Double wire mechanism; a) Wirel is attached to head
unit and wire2 is attached to second unit. b) The wire stopper
attached on the tail of sheath to stop movement of only wire2.
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Fig.5 The prototype of outer sheath: a) over view of the sheath. b) close up image of the units and joints. c) the cross section

image. d) Tail part of the sheath.
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Fig. 6 The image of outer sheath: This image shows that the
sheath curves like snake and hold its shape against the self

gravity.
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Fig. 7 System of the outer sheath.
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Fig. 8 Experiment between external load and sheath curve: a)
experiment condition and parameter.. b) load direction. ¢) this
graph shows relation between load and head angle in flexible
mode. d) graph in rigid mode. d) sheath’s shape when load was
0.4N in flexible mode. €) sheath’s shape when load was 0.4N in
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Fig 9 Experiment about curve by wire. a) Relation between unit
bending angle and tension of wirel.b) Sheath’s shape when
- wirel tension is 6N and wire2 is Jocked. ¢) Sheath’s shape
when wire] tension is 6N and wire2 is free.
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Fig 10 Condition of experience about insertion and control.
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Fig 11 Image that outer sheath goes though the path made by
silicone. a) the straight path. b) curves one time. ‘C) curves
twice.
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Fig. 12 Phantom manipulator for outer sheath.
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Fig 13 Outer sheath inserted into abdominal space: a) through
gap of the liver lobes. b) gap between liver and abdominal
membrane. c) The view from fiber scope that went through the
sheath.
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Development of a Miniature 2-DOFs Bending Manipulator with Bipolar Coagulator
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Abstract
We developed a miniature 2-DOFs bending manipulator of 5-mm diameter for laparoscopic surgery. Bending directions

of the mechanism are perpendiéular and the mechanisms are controllable respectively. A new wire-connected linkage-driven
bending mechanism is built in the manipulator to drive rotate joints for 2-DOFs motion. This manipulator has a central
channel of 1.3-mm diameter to drive a pair of blades with electrodes as the tip-side bipolar-coagulator. Surgeons control the
manipulator with a grip-type interface in one hand. In mechanical performance evaluations, bending angle was maximum
153.9 degrees (from ~71.6 t0 82.3 degrees) with positioning reproducibility of maximum 0.7 mm. About generated force,
holding force of bendmg mechanism was more than 1.82 N, and grasping force by a pair of blades was maximum 3.70 N. In
vivo experiment using a pig (38 kg, male) with laparoscopy, we evaluated whether the manipulator performed as a suitable
bipolar coagulator for pracﬁcal clinical use. We were able to coagulate living tissues and occlude blood vessels on the
mesenterium completely. In conclusion, our new bending mechanism is useful for miniaturization of the laparoscopic
manipulator with the simple structure and high mechanical performance. '
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Wire-connected bending mechanism, Linkage-driven, Laparoscopic surgery.
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