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Fusion of medicine and engineering for an innovative future
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Designing future health care
through cutting edge technology

When | started my clinical career as a trainee in Sendai City
Hospital, we had no access to sophisticated imaging devices such
as MRI. Emergency lab tests were only limited to a narrow range
of blood tests. | had to be patient enough to be waiting for the
results assuming the best and the worst scenarios for the patients.
Clinical outcomes of patients with various diseases, including
cancer, cardiovascular diseases, and musculoskeletal injuries and
diseases have dramatically improved not only because of skilled
surgeons and the development of new drugs. The introduction of
emerging technologies through engineering has been making a
significant and remarkable contribution to diagnostic and
therapeutic procedures we often experience in clinics and
hospitals.

Graduate School of Biomedical Engineering Tohoku University
was established in 2008 as the first biomedical engineering
graduate program to promote both education and science
confronting future healthcare issues through advanced
technologies. We have been able to launch several innovative
medical devices since the establishment. The program ensures
students to be in touch with cutting edge technologies for health
care innovation. Young scientists will have rich experiences in
health care innovation and opportunities to join exciting projects.
We will provide and offer opportunities to collaborate with
various internationally prominent departments and units covering
clinical, biomedical, pharmaceutical, material, mechanical,
electronics, electrical, information, quantum sciences, and more.
The entrepreneurship programs and business incubation
programs will support innovative projects to be implemented in
the global community through our global networks of biomedical
engineering.

Located in the Tohoku area of Japan, we have significant
advantages in that we are in the middle of the super-aged society
with a decreasing population. The fact that we have an
incomparable super-aged society is one of our great successes
and victory of the public health and healthcare systems of Japan.
Our progress, however, has been casting new critical issues. We
have to find out how centenarians could enjoy their lives in the
community. We have gone through enormous natural disasters
and are still suffering climate changes. Our cultural background
of Japan had been a great help to stay resilient, but not all of us
are aware of the strength. How can we be sustainable and
ensure happiness? The clues will be a guide to the whole world.
We welcome international students and scientists to join us in
and design and create innovative healthcare through biomedical
engineering for the future society where all of us could live
happily! We need you!

Dean Ryoichi Nagatomi

Graduate School of Biomedical Engineering, Tohoku University _
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Our Vision at the Graduate School of Biomedical Engineering
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pA Graduate School of Biomedical Engineering, Tohoku University

Biomedical engineering is an education and research
discipline that seeks to bring innovation to the conventional
fields of medicine and biology through an engineering
perspective predicated on mathematics, physics and
chemistry. Biomedical engineering marries engineering
theory, knowledge and practical applications with basic
knowledge and specialized technology from medicine and
biology in order to further understand the mechanisms
and functions of life and, in turn, to promote ongoing
advancements in medicine, biology and engineering.

The Graduate School of Biomedical Engineering is
dedicated to the pursuit of international-standard biomedical
research in line with the tenets of Tohoku University:
research first, an open-door policy, and an overriding
emphasis on practice-oriented research and education.
Research programs at the Graduate School equip
graduates with the basic theory and applied expertise to
become world-leading researchers and advanced
engineers. Our mission is to contribute to social welfare
and to improve human welfare by taking a new approach
to the conventional foundations of this academic discipline
and promoting fundamental innovation in the field of
medicine.

HEENERR

Aim and objective of our graduate school
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Our aim is to educate researchers and engineers who have
creativity, strong research skills, and expert knowledge in
the integrated field of biomedical engineering. These
researchers and engineers will pursue their own research
and development to promote evolution and innovation in
science for the improvement of medicine and social welfare
in order to realize a truly affluent society.
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Masters Program  We educate researchers and engineers who use their own ideas to solve problems using strong research
skills and expertise based on fundamental knowledge in the field of biomedical engineering.
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Doctoral Program

of social welfare and medicine. We also educate leaders who teach in their fields and carry out the

research subjects while developing their own broader perspectives.

HESE

Educational policy
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Biomedical engineering is a new interdisciplinary field that
bridges the gap between engineering and biomedicine
and, by integrating them, aims for the evolution of both.
This field develops not only by collaboration and expertise
in medicine and engineering, but also by creation of new
discipline. Therefore, in our graduate school of biomedical
engineering, we teach in-depth knowledge and techniques
of engineering and broad expertise in biomedicine to
foster the discovery of new principles in biology and
medical science and new technology for medical diagnosis
and treatment.

Graduate School of Biomedical Engineering, Tohoku University _
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Education

Curriculum

The Graduate School of Biomedical Engineering offers a graduate course, which is divided into a two-
year course (zenki-katei, or Master's Course) and a subsequent three-year course (koki-katei or
Doctoral Course). Students that complete the courses are granted a master’s degree (shushi-go) and
doctor’s degree (hakushi-go), respectively.

_Doctoral program
(biomedical engineering)
Medical, dental, pharmaceutical graduates 12 students

v

Graduates of existing graduate schools Basic Basic
of science and engineering master's programs " * Medicine Engineering
(including those in work force)

v v
Master's program(biomedical engineering) ) . .
T ] 39 students Applied Biomedical
ealth, biology. Engineering
pharmaceutical, Basic Biomedical Biomedical Engineering  Applied
agriculture Engineering Master's Thesis Studies Subjects ;
graduates M
(including those Basic W
inwork force) .. _ | | éBlomedlc_:al Ec_ol Special Biomedical
Basic. ”gg‘j’r%g”g oo Engineering Training
Engineering i £2 L
WG Doctoral Training in
_ g Biomedical Engineering
BADp"dGd I E%
iomedica o >)
.’ Engineering @& <
Science and : Course EE
engineering H o w
graduates ,  Basic L edical 23 Interdisciplinary
(including those Faf edica a5 Basics
in work force) Medicine > Device o._g
Course <=
v v
. . Medical
National Government - Medical ’ :
University research agencies and Exim'ﬂ'ﬂg equipment Hospitals Phsgm[a]gﬁ;géca\ e?,:ﬁmfgt
institutes local authorities authorities companies companies

Graduate School of Biomedical Engineering, Tohoku University _
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- Graduate School of Biomedical Engineering, Tohoku University

‘ Course Composition

Basic Biomedical Engineering Course

@®The course aims to provide opportunities for the students to develop global academic skills in biomedical
engineering research that enables new paradigms in the field of biology and medicine based on innovative
technology and knowledge of engineering.

@®Provides and promotes opportunities to participate in international academic biomedical engineering communi-
ties and industries through academic conferences, exchange programs and internship programs.

Applied Biomedical Engineering Course

@The course aims to provide opportunities for the students to develop leading skills in translational research and
development of innovative diagnostic and therapeutic technologies.

@Offers linkage between undergraduate biomedical engineering programs in the school of engineering will be
considered for the students who participate in this course.

@®Provides and promotes opportunities and experiences of collaborative studies with researchers and engineers
in the adjacent field outside of the lab.

@Global academic activity is expected for the students in the PhD program.

@®Provides and promotes opportunities to participate in international academic biomedical engineering communi-
ties and industries through academic conferences, exchange programs and internship programs.

Medical Device Innovation Course

@®The course aims to provide opportunities for the students to develop innovative medical devices in global
industries.

@®Provide opportunities for clinical observation in a variety of clinical department to promote skills to define unmet
needs as well as diverse vision across new technologies and new paradigms to find a way to meet the needs.

@®Provide opportunities to overview regulatory affairs of medical devices, healthcare system in different countries
and business planning in medical device industries.

@®Provide and promote opportunities to participate in international medical industrial communities through
workshops, exchange programs and internship programs.

Graduate School of Biomedical Engineering, Tohoku University
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RIB—E List of Subjects

Masters TIE2REREE Basic Engineering ETE#R Introduction to Biomedical Engineering
Program ETERYS - YES Mathematics and Physics of Biomedical Engineering ELO—F VIR Introduction to Coaching Communication in Biomedical Engineering
ETEROZ Basic Mechanics for Biomedical Engineering = vl Biomechanics
ETRAENZE Bio-fluid Mechanics EFEE Medical Materials
ETI#RNZE Strength of Materials for Biomedical Engineering EANA 2O - F /i Medical Micro/Nano Technology
EI#HNZE Thermodynamics for Biomedical Engineering ERER IS Bioelectromagnetics
ETBEF Medical Aspects of Electromagnetic Theory ERBEETE Biomedical Ultrasonics
BX - BFORIZE Electrical and Electronic Circuits EAREHAIREETS Measurement and Control Theory for Medicine
EAERETAE Medical Information Measurement
EZFREREE Basic Medicine HEAHERERIR S Bio-Medical Interface Fabrication
HEREY = Basic Biology ERBEGZI TS Technology Related to Diagnostic Medical Imaging
DT - BCEYFE Medical Molecular Biology ETERETS Quantum Medical Imaging
LERRERERIE Physiology for Biomedical Engineering ANLfEss - BEEERS Artificial Organs and Regenerative Medicine
AEHEIE - HEEF Anatomy R AES | Pathogenesis and Treatment of Diseases and Disorders 1
SRRESY FRIF Instrumental Biomolecular Analysis - Biomedical Engineering for Sports & Bio-Dental Engineering
ERpa = Fundamental Biochemistry ERRRAR AR Pathogenesis and Treatment of Diseases and Disorders 2 =~
: Biomedical Engineering for Therapeutic Treatment & Rehabilitation
BFaREETS Particle Therapy Engineering
HRETZ Socio-Biomedical Engineering
EABITE Medical and Welfare Engineering
R ERREFR Medical device innovation strategy
EEESELU 1O RN —TF AT VR Regulatory Science for Medical Device
EEEESRE IR AFE Business Ecosystem for Medical Device
EREE - ERIEFRE Laboratory Training in Mechanical and Electrical Engineering for Biomedical Applications
fGPREIES =R Laboratory Work for Physiology
fREEnF L Z2RE Laboratory Work for Biotechnology
EEREREEE Medical Device Development Practice
ETFERIER A Special Lecture on Biomedical Engineering A
ERA 5 —2 2w THHE A Domestic Internship Training A
ERA 5 —2y THHE A International Internship Training A
EEesAlEER 1 5y —> 2w JHHE A Medical Device Innovation International Internship A
PBL E=+—JU Problem-Based-Learning Seminar
ETHETHHME Master Course Seminar on Biomedical Engineering
BHERIB Related subjects
ARBZEER(ICHBNT Subjects recognized as related by the Graduate School Committee
BERIEE L TRDIEDD
FEEERE AT ET 2 5m Interdisciplinary Basics Artificial Organs
, N SHAE - %’/)léﬁEI?ﬁ;ﬁ ARV R R _ Advanced Biomedical Measurements and Diagnostics Advanced Biomaterial Science
1&,335%*_:5 ARET P55 ERFY AT LR T P45 Advanced Engineering for Medical Diagnosis and Treatment Advanced Biomedical System Control Engineering
SRS AT AET 245 ERERY AT LZFF R Advanced Biomechanical Engineering Advanced Biological Information Systems
Doctoral EHRBEET SR ETFRRFERB Regenerative Biomedical Engineering Special Lecture on Biomedical Engineering B
Program HRET R - ERNA V5—>2w JHEB Advanced Socip—Biomgdical Engiﬁeering Domest_ic Internship Training B
A ERRIE R T 455w ERA V5 —>>w JIHE B Advanced medical device innovation International Internship Training B
ERREIY AT LET 255 EREHESAIEER A 5y — 2w THHE B Advanced Biofluids Control System Medical device innovation international internship B

m Graduate School of Biomedical Engineering, Tohoku University Graduate School of Biomedical Engineering, Tohoku University _
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Introduction to Biomedical Engineering

Introduction to Coaching Communication in Biomedical Engineering
Technology Related to Diagnostic Medical Imaging

Quantum Medical Imaging

Artificial Organs and Regenerative Medicine

Pathogenesis and Treatment of Diseases and Disorders 1
: Biomedical Engineering for Sports & Bio-Dental Engineering

Pathogenesis and Treatment of Diseases and Disorders 2
. Biomedical Engineering for Therapeutic Treatment & Rehabilitation

Particle Therapy Engineering

Medical device innovation strategy
Biomechanics

Medical Materials

Medical Micro/Nano Technology
Bioelectromagnetics

Biomedical Ultrasonics

Measurement and Control Theory for Medicine
Medical Information Measurement
Bio-Medical Interface Fabrication
Socio-Biomedical Engineering

Medical and Welfare Engineering

Regulatory Science for Medical Device
Business Ecosystem for Medical Device
Labaratory Training in Mechanical and Electrical Engineering for Biomedical Applications
Laboratory Work for Physiology

Laboratory Work for Biotechnology

Medical Device Development Practice

Special Lecture on Biomedical Engineering A
Domestic Internship Training A

International Internship Training A

Medical Device Innovation International Internship A

PBL E=+—JU Problem-Based-Learning Seminar
ETHELTIHE Master Course Seminar on Biomedical Engineering
BEiERIB Related subjects
AMERZERICHENT Subjects recognized as related by the Graduate School Committee
BhERIE & U CRRIzBD
EMEE Specialized subjects
p: =@EIO ETZFRIHE Advanced Seminar on Biomedical Engineering
1§'H‘HE¥*-:E ETZEHHE Doctor Course Seminar on Biomedical Engineering
Doctoral
Program

m Graduate School of Biomedical Engineering, Tohoku University
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Medical device innovation strategy

Regulatory Science for Medical Device

Business Ecosystem for Medical Device

Introduction to Biomedical Engineering

Introduction to Coaching Communication in Biomedical Engineering
Socio-Biomedical Engineering

Pathogenesis and Treatment of Diseases and Disorders 1
: Biomedical Engineering for Sports & Bio-Dental Engineering

Pathogenesis and Treatment of Diseases and Disorders 2
: Biomedical Engineering for Therapeutic Treatment & Rehabilitation

Medical and Welfare Engineering

Biomechanics

Medical Materials

Medical Micro/Nano Technology
Bioelectromagnetics

Biomedical Ultrasonics

Measurement and Control Theory for Medicine
Medical Information Measurement

Bio-Medical Interface Fabrication

Technology Related to Diagnostic Medical Imaging
Quantum Medical Imaging

Artificial Organs and Regenerative Medicine
Particle Therapy Engineering

Laboratory Training in Mechanical and Electrical Engineering for Biomedical Applications
Laboratory Work for Physiology

Laboratory Work for Biotechnology

Medical Device Development Practice

Special Lecture on Biomedical Engineering A
Domestic Internship Training A

International Internship Training A

Medical Device Innovation International Internship A
Problem-Based-Learning Seminar

ETHELTHHE Master Course Seminar on Biomedical Engineering

BiERE Related subjects

ARRBFZEERICBNT Subjects recognized as related by the Graduate School Committee
BERIEE UL TRDIEDD

EHERIBR Related subjects

ARRBFZEERICHBNT Subjects recognized as related by the Graduate School Committee
BERIE & U CRRDIEBD

Graduate School of Biomedical Engineering, Tohoku University _



N\
STAl-3

%EI; Biomedical Measurements and Diagnostics

FEFETHE
EI%

Medical Ultrasound
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Biomedical Measurements and Diagnostics

EHEI-ZZHIE T B TS, il IS EAEHA 2/ A DMFEL ZOERELDETRE. TNSZAVE
BEFMARESUICERRMAICE T 2HEMRETVE T  ABEECIF L TFORHERELCLET,
Students in the Course of Biomedical Measurements and Diagnostics learn the underlying science for

developing new medical measurement and diagnostic techniques, then use these to conduct fundamental
medical research as well as education and research on clinical applications. We teach the following fields.

—

HRDEF Laboratories

OEFEERETS ON\AFEVIIIETSE
Medical Ultrasound Biosensing
O FIEEHTETS OETHEHRIERS

Biomedical Supramolecular Analysis Radiation Informatics for Medical Imaging

EFEBOEZEZIDTH DFTUWEERETR-HIELEDIR S

Research on new methods for ultrasonic measurements and controls for quantitative diagnosis of biological tissues
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_ _ Imaging of propagation of spontaneous vibration in the
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Ultrasonic measurements of physical properties such like viscoelasticity
of biological tissues and organs are investigated to realize their
quantitative diagnosis, in addition to qualitative diagnosis based on

L HBaXAR SaRE

conventional ultrasonic images. Researchers acquiring deep I'l"

knowledge and excellent ability in engineering and fundamental i

knowledge in medicine, such like physiology, are nurtured through | b {ELL [T

research and development of methods for controlling ultrasonic fields, g: . .. "__':'I :.

ultrasonic measurements, and digital signal processing required for o IRd*in | 1% AW T

the quantitative measurements. Bl ] DL | Q¥ AT
= b e

1. Studies on high-performance digital signal processing and ultrasonic "o i e ‘:!“ ]

measurements and their application for medicine and biology

. Studies on control of ultrasound field for high temporal and spatial
resolution medical imaging

. Studies on tissue characterization and quantitative measurements
of the dynamics and function of biological tissue

http://www.ecei.tohoku.ac.jp/hkanai/
http://www.ecei.tohoku.ac.jp/hkanai/index_en.html

LB IER (E) BRUEHE () U R MR DIRMIEESR
(1] BRFFR: AEROMAE, PR —~HRk#. 2000)
TER: BRIN (Bi7ZH T THISO TATIHICIRZLED D)
UTZBRICTRIMER D ERER § Dtk F 2@ EREHRILICRER
Top: Microscopic image of normal (left) and aggregated
(right) red blood cells (RBCs). Bottom: Change in the sizes
of ultrasonic scatterers (RBCs) due to aggregation during
avascularization
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Professor Tatsuo Yoshinobu
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Associate Professor Kazutaka Murayama

Biomedical Measurements and Diagnostics n‘l‘,ﬁu
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Development of Bio-Electronic Interface
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Sensing technologies are essential for the bio-electronic interface. For
rapid and reliable analysis of biomolecules, highly sensitive and
selective sensors are required for detection, measurement and
visualization of specific molecules and ions. In this laboratory,
chemical and biosensing technologies are developed based on
semiconductor devices, which would be applied to biology and
medicine.

1. Development of chemical imaging sensor.
2. Biomedical application of sensor technology.

http://www.bme.ecei.tohoku.ac.jp/
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Chemical imaging sensor system

{LZ2A X—TI UYL DpHA DRI

Visualization of pH by the chemical imaging sensor
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Comprehensive analysis for biological suplamolecular complexes
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As gene products, proteins are concerned with many biological
phenomena and they are key molecules to understand the
mechanisms for diseases. A protein structure has close relationship
with its function; therefore, revealing protein structures is very
important for understanding protein functions. Although analyses of
structural details for multidomain proteins or complexes are not
simple task to achieve, the combination of various measurements

(x-ray crystallography, molecular spectroscopies, mass spectrometry,

etc) enables us to investigate mechanisms of diseases as well as to
design new drugs.

1. High resolution x-ray crystallography for biological macromolecules

2. Structural analyses of multidomain proteins in solution

3. Development of new approach for structural characterization of
proteins

XIROITREC K DRHT—5 DRAIE

Measurement of reflection data by x-ray diffractometer

2 \DEOJ%?EFGJDT%tﬁ?‘ETH/(D%ﬁ

Electron density and modeling of protein molecule

http://www.structbiol.med.tohoku.ac.jp/index.html
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Radiation Informatics for
Medical Imaging
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Professor Hiroshi Watabe
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Applied information technology for medical imaging with radiation

PETPSPECTICRENOMEZEIR. BaHRZFNAUICER
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Radiation is widely utilized for medical field as diagnostic and
therapeutic tools. Radiation gives us information of living organism
noninvasively. However, detected signals are in a tangle from several
sources. We will investigate and develop advanced techniques to
extract useful information from medical imaging including PET
(positron emission tomography), SPECT (single photon emission
computed tomography) and other modalities.

1.Measurement of tracer kinetics in vivo by PET or SPECT to investigate
physiology and pharmacology in living organism. and drug e cacy

2. Multimodal molecular imaging for drug development

3. Image database for data mining

http://www.cyric.tohoku.ac.jp/index_j.html

http://www.cyric.tohoku.ac.jp/english/index.html

Graduate School of Biomedical Engineering, Tohoku University

Plasma Free Bound

Non- Composite

—RREVIEPET T — S fRT DI DHIEET )L

General mathematical model for analyzing PET data
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Generated parametric images from PET images with a rat
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Biomedical Engineering for Diagnosis and Treatment

BRETFEECEAEICAVSNSHEDHMREEZOERELDIETR. ZNSZHVVCERES
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Students in the Course of Biomedical Engineering for Diagnosis and Treatment learn the underlying

science for developing new medical treatments, then use this knowledge in fundamental medical research
as well as in education and research on clinical applications. We teach the following fields.

HRDBF Laboratories

OLEMEHIXRILF—ETSR OBERI /ETH

Electromagnetics for Biomedical Engineering Ultrasound Enhanced Nanomedicine
OESETE OCERRETS

Biomedical Engineering for Cancer Advanced Dental Science and Technology
OEAMEITOERTE QLRI TOERATE

Biomedical Materials Processing Biofunctional Materials Processing
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Electromagnetics for
Biomedical Engineering
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Measurement and translation techniques of bio-information from
human body by electromagnetic field approach are developed. We

develop minimally invasive medical devices and welfare equipment by
using electromagnetic phenomena.

ETe i

Professor Shin Yabukami

1.Evaluation of bacteria using magnetic nanoparticle and its
application for health care and welfare devices

2.Development of bio-magnetic sensors operating at room
temperature

3.Position sensing and translating system for minimally invasive
medical and welfare applications

4.Development of broad bandwidth thin film evaluation system for
bio magnetic sensor

http://www.ecei.tohoku.ac.jp/yab/

Graduate School of Biomedical Engineering, Tohoku University
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Electromagnetics for minimally invasive medical and welfare applications
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DY FERAVCERRN DU BIERETAMEEY AT
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Tracking a nasogastric tube inside a rabbit
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Measurement of Magneto Cardiogram without
magnetic shielding
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Biomedical Engineering
for Cancer
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Professor Tetsuya Kodama
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Noninvasive ultrasonic treatment of non-superficial tissue
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Ultrasound, whose information has been widely used for medical
diagnosis, is now becoming to be used for therapy by focusing its
energy into a tumor. Not only the technology to focus ultrasonic
energy into non-superficial tissue to be treated but also the imaging
technologies to aim the tissue and to detect its change due to
treatment in real time are required. Furthermore, a tissue selective
ultrasonic sensitizer, which induces therapeutic effect at lower
ultrasonic intensity, can markedly improve the safety and efficiency of
the ultrasonic treatment.

1. Research and development of ultrasonic focusing technology.
2. Research on sensitization of tissue to ultrasound.
3. Research on ultrasonic detection of changes in tissue.

http://www.ecei.tohoku.ac.jp/ume/
http://www.ecei.tohoku.ac.jp/ume/english/
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Tissue heating enhancement with microbubbles
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Students during experiments
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Preclinical study of early dlagnostlc and treatment of lymph node metastasis
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Most cancer cells are invasive and metastatic, and they become
disseminated to distant anatomical sites by invasive-metastasis
cascade. We will develop diagnosis and treatment methods of lymph
node metastasis at the early stages. Our research is interdisciplinary or
integrated research based on fluid dynamics, optics, molecular cell

biology, oncology, and pathology. Our research subjects are as follows.

. Mechanisms of lymph node mediated hematogenous metastasis

. Lymphatic Drug Delivery System (LDDS) targeted at metastatic
lymph nodes using nanoparticles

. Assessment of treatment for lymph node metastasis using
noninvasive multimodal in vivo imaging techniques such as
high-frequency ultrasound, bioluminescence, micro X-ray
computerized tomography (CT) and small animal magnetic
resonance imaging (MRI).

4. Mechanisms of activation of tumor cells in distant organs after

dissection of lymph nodes
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https://web.tohoku.ac.jp/kodama/

Graduate School of Biomedical Engineering, Tohoku University
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Development of early diagnostic and treatment for lymph
node metastasis requires an animal model applicable to
clinical trial. We have succeeded in developing the first
lymph node metastasis model in which tumour cells
introduced into the lymphatic circulation by direct injection
into the inguinal lymph nodes induce metastasis in the
axillary lymph nodes. (A) lymph node metastasis, (B)
metastasis site, (C) angiogenesis captured by high-frequency
ultrasound and nanobubbles

LDDST & EBHRREICH D Y FRIVU Y INER
EZDTRUVINEZDEDRNARTERT DL
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Development of a lymphatic drug delivery system

We have developed a lymphatic drug delivery system (LDDS)
to treat cancerous sentinel lymph nodes and their
downstream lymph nodes. Fluorescent molecules flowing
out from a lymph node that was injected using the LDDS are
visualized below. Flow dynamics are used to optimize the
LDDS.
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Advanced Dental
Science and Technology
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Associate Professor Hiroyasu Kanetaka
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Biomedical Materials
Processing
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Professor Takayuki Narushima
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ERIETZOREINAIC L DEETEEREIT 1/ X—ay

Innovation of highly advanced medical technology using high technology in bio-dental engineering
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The aim of our researches is to contribute to the creation of highly
advanced medical technology using high technology in bio-dental
engineering. In our research, we will develop wireless motion
capture system for human body and create reformative functional
biomaterials using Ni-free Ti-based shape memory alloys or
biodegradable materials. We aim to clinical applications of these
new technologies though multifaceted assessments for clinical
usefulness.

1. Development of wireless motion capture system for human body.
2. Medical applications of Ni-free Ti-based shape memory alloys.
3. Development of biodegradable biomaterials for medical use.
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Development of deglutition evaluation system
using magnetic wireless motion capture system.
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New internalized orthopedic device for craniofa-
cial plastic surgery using Ni-free Ti-based shape
memory alloy.
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Development of biofunctionalization process using metallic and ceramic biomaterials
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Improvements of biofunctionalized reconstruction systems are expected

in our country, which has entered the period of a “super-aging society.”

Our objective is to make enhancements to hard-tissue substitution
systems such as artificial hip joints and dental implants.

We focus on metallic biomaterials such as titanium and Co-Cr-Mo alloys
and ceramics such as calcium phosphate. We conduct a fundamental
study on the process of manufacturing these materials and the control of
surface and interfacial reactions under in vitro conditions on the basis of
the physical chemistry. Furthermore, we carry out an application study
on the development of surface modification processes and suitable
materials for use in the fabrication of artificial hip joints showing
improved biocompatibility with bones.

1. Microstructural control of metallic biomaterials with focus on light elements
2. Fabrication of biocompatible surfaces using ceramic biomaterials
3. Control of precipitation in metallic biomaterials

a

- Ti implant
Tiimplant R

RFYIRNOVRN\EUY TEICKDIERUICIER
BUVENILYD L (ACP)EHE (a) BRURREKRES
A 1BR# (b) DHE

Cross section of amorphous calcium phosphate (ACP)
coating film fabricated by RF magnetron sputtering
(a) before and (b) after 1 week implantation.

T w M om o nmom & oM
Irrplant wlatslity quotend, 190
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Relationship between ISQ and removal torque of
ACP-coated and uncoated implants from the
femur, 1, 2, and 4 weeks after implantation.

http://www.material.tohoku.ac.jp/~medmate/index-all.html
http://www.material.tohoku.ac.jp/~medmate/index-all-english.html
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j’n t ZI$ Development of biofunctional materials process for regenerative medicine and drug delivery systems
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Modulation of biofunctions is essential for treatment in regenerative VWeEREZMRESUICRRDAICE T BB RRZEITVE T . ABEEICF U TORHERBELTCVET .
medicine and drug delivery systems (DDS). Biofunctional materials is a . . . )
key technology that can be utilized for modulating biofunctions at a Students in the Course of Biomechanical Engineering for Biomechani-cal Systems learn how to employ a
molecular level. Our objective is to molecularly understand biofunctions mechanical systems engineering approach to research on life systems, and to apply this approach to fundamental

for developing novel biofunctional materials as well as to pursue
fundamental researches on organic-inorganic hybrids and soft matters
for modulating biofunctions. We also design biofunctional materials

medical research as well as education and research on clinical applications. We teach the following fields.

processing on the basis of the fundamental researches to improve m;‘ﬂﬁﬁ Laboratories

bioactivities of the resulting biofunctional materials for regenerative

medicine and DDS. L S i a2 OERT VAT LF

1. Biofunctional materials for the lineage specification of stem cells in Biological Flow Studies Medical Nanosystem Engineering
regenerative medicine .o — ) e s

2. In vitro disease models for drug discovery research OREES /AT LE ®UTvhTI\AATITE

3. Organic-inorganic hybrid nanoparticles for drug delivery systems Biomedical Nanoscience Wet Device Engineering

4. Spectroscopic analyses for understanding tissue functions

http://www.material.tohoku.ac.jp/~seitai/
http://www.material.tohoku.ac.jp/english/labs/mtp/yamamoto.html
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Biomechanics for studying physiological and pathological phenomena of human
Biological Flow Studies
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Professor Takuiji Ishikawa V=T, ERER RS R H LB RO E LS/
Computational biomechanics of cardiovascular,
Biomechanics is a research field to understand biological, physiological ~  respiratory and digestive systems
and pathological phenomena in terms of physical principles. The
methodology gives novel knowledge, which has not been accessible
by conventional biological, medical and chemical tools. Our group
focuses on biological flow related to human being and
microorganisms, and try to overcome some of health and
environmental problems. Our research interests cover a broad range
s Sgith ;ﬁ,* of topics, such as large scale GPU computing of a suspension of

Associate Professor Kenji Kikuchi biological cells, physiological and pathological flow in the
cardiovascular, respiratory and digestive systems, and development of

a micro-fluidic device for diagnosis.

D ADEZRTPIIREHRID e DUINTRIFREE
Microfluidics for cancer diagnosis and blood flow
measurement

http://www.bfsl.mech.tohoku.ac.jp/index_jp.html
http://www.bfsl.mech.tohoku.ac.jp/
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Biomedical Nanoscience
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Associate Professor Makoto Kanzaki
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Research and development of biomedical micro/nano system based on semiconductor neural engineering
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Semiconductor neural engineering is a discipline that uses semiconductor
process/device/circuit technologies to further understand properties of neural
systems and to create novel fusion systems of living body and machine. One of the
goals in this laboratory is to establish semiconductor neural engineering and

develop biomedical micro/nano systems. Another goal is to educate the next
generation of leaders in biomedical engineering through research including:

1. Intelligent Si neural probe and brain-machine interface

2. Fully-implantable retinal prosthesis system

3. Bio/nano technology and novel Bio-FET sensor

4. 3-dimensional integration technology and analog/digital LSI design

http:// www.lbc.mech.tohoku.ac.jp/
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Nano-imaging analysis of life and diseases
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We are experiencing an explosive increase in the number of people

diagnosed with the various lifestyle diseases including type 2
diabetes worldwide. Current research in the Kanzaki laboratory

technology and advanced cellular/molecular engineering
technologies.

1. Nano-imaging analysis of Cellular Functions and Diseases
2. Cellular Engineering Innovation

3. Sorting Disorders and Lifestyle Diseases

4. Mechanisms underlying the Beneficial Effects of Exercise

http://www.ecei.tohoku.ac.jp/kanzaki/
http://www.ecei.tohoku.ac.jp/kanzaki/en_index.html
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Electrical stimulation and recording
of hippocampal slice with intelligent
Si neural probe

FRLUIL37X37EI IO AT REF YT
A 37x37 pixels artificial retina chip
(3.2mmx3.2mm)
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Device fabrication in the clean room
(Handling of 8-inch silicon wafer)
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Live Imaging Analysis of Skeletal Muscles

has been focused on understanding the molecular pathogenesis of
the lifestyle diseases (and mechanisms underlying the beneficial
effects of physical exercise) by using cutting-edge nano-imaging —

T/ VAT LR RO S ATRMIR

Fluorescent Microscopy for Biological Nano-systems Analysis
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Wet Device Engineering
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Professor Matsuhiko Nishizawa
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Associate Professor Hirokazu Kaji

Biomechanical Engineering ﬂzﬁsﬁmyxj_-blz:[?
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Research and development of bio-hybrid devices

ERRBRNECEND A TRERT /A AV RT LOFREFH
EAT2CVBFIC DTy NEEBRIFRTITOVINTUT L
DI THEAiTZBIRU. Be5575) \A 7 5744 (52 IO &) - #lfa i
EVERDIADT )\ A AELEZTREE T D EICRD T ) A A 1A
ZRARIGEDUCEIFI DR e SRE SHERLEEHE TN
A AZZRIET B,

O A FEMTERE I D2 aE) T

@ N\AROTIVRDERE=_SUVTERI AT I
® FRIIEHADERBDRET /AR

O BEERCARZEH I OMEEY I (R

We have developed biohybrid devices and systems that are bio- and
eco-compatible. By inventing manufacturing techniques applicable for
delicate biological elements (proteins, hydrogels, cells etc.), superior
biofunctions including high-sensitivity and high-efficiency can be
utilized as the device functions for medical, healthcare, cosmetic, drug
discovery applications.

1. Biobattery-driven skin patches for healthcare and drug delivery
2. Hydrogel-based microelectrodes for neuro-monitoring

3. Implantable autonomous DDS devices

4. Novel in vitro cellular assay devices

http://www.biomems.mech.tohoku.ac.jp/index_j.html
http://www.biomems.mech.tohoku.ac.jp/index_e.html

BHeHRER) 1 4DDS/\vF
Self-powered DDS patch
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Hydrogel-based microelectrodes

Graduate School of Biomedical Engineering, Tohoku University
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BREEETS

Rehabilitative Auditory
Science
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Professor Tetsuaki Kawase

FEE T

Regenerative and Biomedical Engineering

EFBEETFHEE ClE EFBEZERELHEOEED S T2 EL CRITY 2, flfg-HlL )b

TOBRLEZRET EEBIC  NTREICIDEEBRZRRT . SO(CEMREUCDEMEREZRIHT D

ERITERI7ZRFE. I UERS B D, COd ERBEETFHEECIFLU FONEHZREL CLET,

Students in the Course of Regenerative and Biomedical Engineering learn to apply engineering techniques

to regeneration from the standpoints of both form and function. Starting from regeneration at the cell

and tissue level, they study the restoration of functions by means of artificial organs, and go on to the
more complex challenge of developing and establishing information engineering technologies for
controlling life functions. We teach the following fields.

R EF Laboratories

OREBEETS OB ARRRS
Rehabilitative Auditory Science Department of Neurosurgical Engineering and
Translational Neuroscience
OHLEBRETR OEBLEETS
Gastrointestinal Tract Reconstruction Bone Regenerative Engieering
O FREETS

Medical Science

BEBEERICHISIETFNJO—F

Hearing restoration for deafened patients using the approach based on the biomedical engineering

BERFIREELTOEBRDBINEIERICEIRI NAPIRIC
GESNDVRAT LTHD . EEDEAL. [RRICKDE L DEERE
DEFREREFATLELDFT,

#EEEMEEEQOL (quality of life) DEZEMIC. BEBEE.
REHEEEICHEARTTRNGL, BIRORAERRA. REREEDIE
BRI ST, T ZENOICE D HREEHE BIEADRE. RN

FUNEUT— 3K EDIFRZETOTVE T, EA > TSUNDIEDDIVE VT ZAT LDRIH
Electrophysiological mapping system for auditory brainstem

O BERRAEDRRIAC M 22U A DRI CBI T DI implant

@ BEFEEERICEI I DR (HEREE. A\ TNE. A>T

@ BEUN\EUT—2aVI[CETHRR iy e

@ mERMOICHRE-EREICKDBimodal Speech Perception '

[CBS T2

Sound information, which is converted to the electrical spike signal of the
cochlear nerve in the inner ear, is transmitted to the brain via the auditory
system. Disturbance of any part of auditory system causes hearing
impairment. In considering the improvement of speech perceptibility of
impaired listeners, it is important to understand the pathology and
pathophysiology of deafness. In our laboratory, researches being
conducted on auditory prostheses and related auditory science to help
impaired listeners compensate for the deteriorated speech perception.

1. Development of diagnostic tools based on the pathophysiology of = - — 4
hearing loss AR 7z FA U BRI R RGBS T B E 52

2. Research on auditory prosthesis (cochlear, brainstem and mid-brain Zi;;‘:,’::g netic investigation on auditory steady state
implants, hearing aid)

3. Research on auditory rehabilitation

4. Research on binaural hearing and audio-visual bimodal speech

perception

http://www.auditorylab.med.tohoku.ac.jp/

m Graduate School of Biomedical Engineering, Tohoku University
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Department of
Neurosurgical Engineering
and Translational

Neuroscience
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Gastrointestinal Tract
Reconstruction

Professor Kohei Fukushima

Regenerative and Biomedical Engineering QEMS%QEEI#

RN R OZR AR ARFE SRR A

Development of new tools and therapies for neurosurgical diseases, and rapid translation
to patientse

R RRIEEIEN DBEREICDHEZUL BEEINDEITLD
QOL (quality of life)MIETFHELL.

B2 DR EREERICHITDREZT D FEVZNF A PRIER
HEHFEFEDTZNFEZRMEL TRIBL. LIT DI AREEIE
MRS EICRDFTIF AR AR FE LR RICAZBIET .

@ Museffifaz AU iR SR B4R E A DRIE

@ FRMASARE R IRERDRFE

@ BEEEAICEHIDME

@ #ERAEDZ 7RV CEIRERE DIMITENREICRI I D5

® HRICBIFDDFIFUVIICRET DR

The central nervous system (CNS) is especially vulnerable and has limited
potential for regeneration in the baseline level. Even with the current
sophisticated treatments for CNS injury, lots of patients get disabled. We
reveal pathophysiology of CNS diseases with both biological and
engineering approaches and develop new treatments for CNS injuries.

1. Development of neuro-regenerative therapy with multi-lineage
differentiating stress enduring (Muse) cells.

2. Development of new thrombolytic and neuroprotective agents.

3. Development of materials for bone regeneration.

4.Research for hemodynamics of cerebral aneurysms using
computational fluid dynamics (CFD)

5. Research for molecular pathways of CNS injuries.

SROBEIE. R R . Al
BROZBEICEEIORNFZ)  CFOERVVERT—5—(CLDBBINEDENT ZD
i UL/ A ADRISE IR 54 T OBIRE CIAETMIS N R R, BHIC38< B

EDOHRBEICEOTND, ELTWS,

EXPE"’""E"ta“,V induced aneurysm Patient data specific CFD analysis of brain aneurysm.
in rat. The process related to the This type of aneurysm had strong relationship
initiation, growth, rupture and between maximum wall shear stress and growth and
cure is analyzed. This model is rupture.

useful to study new development
of endovascular devices and and
pharmacological therapy.

KONTTHIEEREEZRIBELD DRI DM R RFE

Development of novel technology which compensates for impaired gastrointestinal function

JHIEEARDERECTH DN FREDEREVTCDOEARH M. B
YOEREETEEEIRIN. EABEE DR EZERL. EE
PR S D FEY P BREBZEEST ST ER
ZEMELBEERIBROEFARDONEKEDELEND DES
T ZITVNE T . SBIC CNOBICEELEH LWLV AT A
DFIFEICIA REEE L TEE0E B 2B EL T T2 7
TO—F RO AN AL AR A DR ZRIBH AT O CVEEXT,

@ JBEEXREVBREDREMRACITAREDRF
@ BERICFDBEEHBRO=RTEEREATLRZEEDRA
@ FUWFATER DRIF
@ BARHEODHBE{EEREBNDLA 4 i - 10pm

. 7ROV 2HERUILEN T EBEE C7 LR
We try to understand mucosal defense system, mechanism of food  FO>mimman. REMNaRIEEEFET S
transport and reservation, process of nutrients digestion and Aldosterone-incorporated D, L-lactide/glycolide
absorption, and symbiosis of enteric flora and the host. We copolymer microspheres: aldosterone release in
investigate compensatory mechanisms of the body after massive ;gfli;ﬁa;b’:’;;‘ﬁgna"d induction of electrogenic
resection of the gastrointestinal tract qualitatively and
quantitatively using various methodologies such as histology,
immunohistochemistry, molecular biology, and electrophysiology.
We aim to develop novel research systems and therapies to
improve Gl dysfunction and to enhance quality of life by applying
new concept, materials, and methods.

1. Investigation of compensatory mechanisms after massive bowel resection and development of novel therapies for
impaired Gl function due to removal of the Gl tract

2. Three dimensional construction of artificial intestinal mucosa and development of an artificial intestine

3. Development of new surgical devices

4. Application of beneficial intestinal flora for prevention and therapies of Gl diseases

http://www.fukushimalab.med.tohoku.ac.jp/aboutus.html

Graduate School of Biomedical Engineering, Tohoku University m
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Development and in vivo evaluation of new bone regenerative materials toward clinical application
Bone Regenerative A
Engieering RQTTREBZFCRDEDNCBIEE DEATEERMZ A RIE(C
FOTHBET DIDDHRENALE T YR ZBL CHRE

ERETIVOERPEL DEBEMEIOERRINE RIS CHE

EICKDBBEDKFORALITREBEMBORIRLOZD
BRI A7ZERELE T,

UE T SRR R AR (FREE S AIES RIS R T . . . .
Blomedlcal Englneerlng for Health and Welfare

©@ BBLEICEETDHYERRTT I LIERICEI T DI Cllnlcal trial of octacalcium phosphate collagen L\fg- ztﬁgr-lt-l; L/{—Fo)ﬁgf%‘_: gbtb\ijo
R ites (OCP/Col) i ; - ; ; ) .
e S 1EL @ BEBHEBOTES(CICET DR composttes ° The Biomedical Engineering for Health and Welfare Course provides education and research on innovative
Professor Shinji Kamakura To develop newly bone regenerative materials and to apply them for technologies and their applications aimed at creating revolutionary new social health and welfare systems.
clinical use, we intend to regenerate loss of living hard tissue such as OC P/COI co“agen We teach the following fields.

bone that was lost by various diseases. To accomplish the goals, we
aim to elucidate the mechanism of bone regeneration through
establishment of animal models for bone regeneration and various
techniques including a characteristic ones on hard tissue, and through

HRBF Laboratories

om0 1 09 oUNCUF—sa BT onBETY
) Physical Medicine and Rehabilitation Health and Sports Science

1. Bone regeneration by octacalcium collagen composite

2. Establishment of a lnlew.animal model for bone regeneration I ——— OEEFUTE OHREFETER

3. Research for quantification of regenerated bone tissue Bone regeneration by OCPICol in large animals Medical Welfare Engineering Neural Electronic Engineering

OS5 TYR—bIZE
Life Support Engineering

http://www.boneregeneration.med.tohoku.ac.jp

BN SlE-BRREEADE TUERRIERR VA i ] r=Ik = 9 ofxi
e B2, SlE-RERF SR EDRALINERIRR UNEUF=—Y32 B BADEIEZ IR T DIl

Development of remedies for cancer, hypertension, diabetes and renal failure Technology for restoring human activities based on neuroscience

Medical Science
KIREDEF CTIF EY. RIVEY  EENYE REBEVE PR

EYB) OHISIRENX S AN ENRE, RER CH(TDI[EAX D=

EI¥ TR EB BRI CER T DR SR EEER. SRR SI LOBEETFHL. BIML T DD DES T
Physical Medicine and DRERIEITZEL. T OMRERISRTUF S BANICIESHE BRI C &2 AT BN Z L DA, SERRT

ALDERZBUC, B BA2. BIE. ADIMERDOHICIEE Rehabilitation K st ERPERER 2 Z DA UCERDRE L. FR T2 RMOLAICRDIEI/\EUT —23 Y XT LDOEE.
BOEDBERERINAZRDE T, ESICTNEDEATPY AT LWV CEERIDERZSRE I DI DIIBH RN AR OMRZTNET .
OF it es s 710l
@ BRL  SIMEDZH - EEEDRE R Our gloal is to develop a new technology based on medicine gnd engineevring for preyenting and minimizing disabilities
B DT resulting from neuromusculoskeletal disorders through studies on plastic changes in human central nervous system
. @ FUERIDRR induced by noninvasive brain stimulation, optimization of motor control using motion analysis and computational
e BE_[JDIB _I%_EH @ FERIRFE. ALBAN =X LD neuroscience, network science for community-based rehabilitation, and psycho-social intervention for patient-centered
Professor Takaaki Abe Variety of membrane transport systems play essential roles for medical management.
maintaining homeostasis in the body. In addtion, many membrane ~ BRARIGELETRIVA i % E =z =
transporters involve in the regulation pathogenesis of renal failure, ~ Renal-specific gene delivery ,E' Ll L Bulis nmE__
hypertension and cancer as well as diabetes and obesity. We study 1'$ E 1;" -'I [ ]
. . : ) ; {
for developing diagnositc tools or screeing new drug by modulating ‘f b . . :l—i::fﬁ
such molecules. I = 3 2
o BRHAE
1. Characterization of membrane transport systems I 22n
2. Search of diagnostic tool and new drugs for renal failure and H}Q g BELECCBENEEE
hypertension :. E3=TIANE
3. Discovery of anti-cancer drugs e l. AL £ ? ’ aTm—
4. Research for diabetes and obesity -L_L I' L-F
'I‘;"'jl:- i |
=~ | [
|
;1 ME:
—a— AEEnANLAS
B89 2SR AN FEREREIBRI R UNRSFYIORSHOI=FV Y
DHEMR ERAA R ERELSHOIX
Restoration of Body and Brain AZT—v3avERRIATY S

A Guide to Coaching for Rehabili-
tation Practice and Education

http://www.reha.med.tohoku.ac.jp/

Graduate School of Biomedical Engineering, Tohoku University Graduate School of Biomedical Engineering, Tohoku University
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Health and Sports Science
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Professor Ryoichi Nagatomi
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Medical Welfare
Engineering
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Professor Mami Tanaka

BREAR—YDETZ

Biomedical Engineering for Health and Sports

AR—YPHBEECRI SIS TEADEEIHDFT,
TOBEPEZSHDCENWPRERICOENDE T —77
[EE | DBEPENMETL TV & BIIUCETENREICED
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® SFEB-EHERRRES
@ FHERAVISENEEZ DETM

Efficient temporal and spatial combination of movements
enables athletes to accomplish extreme performances leading
to success in sports competitions. On the other hand,
long-term losses of physical movements and activity may lead
to various chronic life-style associated diseases. Our research
focuses on understanding the underlying mechanisms for
improvement and deterioration in movement skills and
efficiency, in order to provide useful information for healthy
lifestyles and athletic activities.

1. Investigation of mechanisms of restoration process of
damaged skeletal muscle and factors that modifies the
process.

2. Factors responsible for sarcopenia.

3. Epidemiology of physical activity and fitness.

4. Assessment of efficiency in movements.

http://www.sports.med.tohoku.ac.jp/
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Physical activity level
SFBEELANI-FHEEREDRE

Medical care cost and physical activity & performance
Geriatr Gerontol Int 2010 (Epub)

Control - PS-1 knockdwn

BREF R DRMEHEFRFPS- 1 DIFIC K DI LIRE
Facilitation of skeletal muscle differentiation by suppression
of a protein that maintains undifferentiated status of
myogenic precursor cells (J Cell Sci 122, 4427-4438, 2009).

AF—DERBREAE

Measuring oxygen uptake of skiing

[PE LS | Z2eimikiii CRIH T dEREU TS

Advanced medical welfare engineering for improvement of QOL (quality of life)

EEEUTFORRCIE FcEEYIPrIFaT—
SRR, VAT L ERLVERMOSEEHERFR
BEEODF T ARRDEHFCIIEIPTFTIF2T—5D
REHPRAE. ZNOICEHA BEFIEI P X ANOZ I R7E
EDFEAMTDIEIFAF S OICIFERINIER M DBEAL DI
FOTV LY AT LORFERFTEEICEDEG  E
BERATAICBEETDHFLMAZTOCLERT,

O EEREA-ERICEISA0L T7./09—08IT

RERESTRAE Y

Palpation sensor for monitoring skin conditions

@ MEREZEIDEYYYRT LORFEICEI DI

Our aim is to improve the QOL by technologies of
advanced medical welfare systems such as development
of the sensing and actuator devices, integration of the
system, and information processing technologies, et al..
The research and education involved the innovation of
the sensor/actuator for medical welfare field, integration
of mechatoronics technologies including measurement
and control, and advanced information processing
technologies are carried out in our Laboratory.

1. QOL technologies for medical welfare and health care
2. Development of tactile sensor system

http://rose.mech.tohoku.ac.jp/

Graduate School of Biomedical Engineering, Tohoku University

RERFROAEVYYRT
Tactile sensor system for reading Braille

HEETELSR

Neural Electronic
Engineering
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Professor Takashi Watanabe
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Life Support Engineering

s LLO] 72

Associate Professor Takeshi Yamaguchi

Biomedical Engineering for Health and Welfare *i%‘EI#
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Measurement and control for assisting and restoring motor functions, and for advanced

rehabilitation system

BERPEEROEEREICN T BRI A%k U/\EY
T—YaVEITEICB T DI RZEIT D, FC. B BRI (FES)
Fify B YIRS SRR Z DR L. B HERE PHMmER
EEHECLDEP AR, RERERSIONTIU/\EUT -3y
B BIEEREZ. AR COIATRBOIZSTILY AT LEL
THRIRI BDICHDMRFHEFAZ(TD . Fo. TNODETFHIEB I
DREFRZETOIEBIC A -V —YBOREEERZERUICY
AT LNDEFZHD, St ER B AT LORRZEET .

O HEEEURIE (FES) [CRDRVERERDENERIENCRI T D5

®@ D7 ST IVEEETRIY AT LD EENAEETE DT

® e ERRI(FES) ZRIAUIER U/ \EUT—23 VYR
PNOLE

The neuromodulation mechanism that includes the electronic
information transmission is one of the control-information systems
of the living body and has important relations to functions of the
living body. In this laboratory, assistive technology and neural
prosthesis, therapeutic and rehabilitation systems for motor and/or
sensory disabilities are studied focusing on electronic external
control technique of the neuromuscular system on the basis of
control engineering and electronic engineering.

. motor control of paralyzed limbs by functional electrical stimulation (FES)

2. development of wearable motion measurement system and its
application to evaluation of the motor function

. development of motor restoration system using functional
electrical stimulation (FES)

http://www.ecei.tohoku.ac.jp/fesfindex.html
http://www.ecei.tohoku.ac.jp/fes/English/index_eng.html

w

UI7 57 IVERERIY AT LR S EEEETEANDLA
Development of wearable motion measurement
system and its application to evaluation of the
motor function

FESUNEUTF—Y3V YR T LOBFE (HTUN\EUT—Y
IVEFESECEBVTU/\EUF—2ayDmA)
Development of FES rehabilitation system
(applications to gait rehabilitation and FES cycling
wheelchair rehabilitation)

RBERQVSHRZRITT Em-EEETF

Life support engineering for safe and secure society

BEQDFEEP. B RUBEEEDOBILUCAEEDRED )
[CIF A EEEIE T DUV IE MO E (5S4 TP R—hT
Z) DD UE CH Do AMFDE Cla. IS DHRA LIRS
LEDzHDE FRDOBRFE. STREMFHM T ADRF. BIEsEER
MN—YBEPEEARORFRSEZBUC. 54 TP R—h T2
EYDHBEEMNREITD,

O HITREMICET D) A T ANZI AR
@ FROEEEORRAICRIT DR
® EMBHERUROFRFEICET T

In order to realize an independent living of elderly people and
disabled people and a safe and secure life, the construction of new
engineering filed that supports life and livelihood i.e. life support
engineering. Our laboratory promotes education and research
concerning life support engineering through studies on
investigation of fall mechanism, development of footwear and
floor for fall prevention, development of evaluation method of gait
stability, and development of high-performance sport equipment
and livingware, etc.

1. Biomechanical study on gait stability
2. Investigation of mechanism of fall due to induced slip
3. Development of high slip-resistant footwear and floor

IANDEREF B

Elucidation of the mechanism of slip-related falls

MR ERE DR
Development of high slip resistant shoe outsole
pattern

http://www.glocaldream.mech.tohoku.ac.jp/ja/index.html
http://www.glocaldream.mech.tohoku.ac.jp/en/index.html

Graduate School of Biomedical Engineering, Tohoku University
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Biomedical Imaging
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Professor Yoshifumi Saijo
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Medical Device Innovation
(CCICEE#SRIEETZOHENADET)

(Description : Medical Device Innovation)

ERXIZF

Biomedical Optics

ETes 7f’ ‘ﬁ Al

Professor Yuji Matsuura

HRDEF Laboratories

OERAX—IVT OERAXTE
Biomedical Imaging Biomedical Optics
O LM HEEERINE OF /T RAETH
Bio-Medical Interface Fabrication Nanodevice Engineering
OiEREKEmIFRLIZ

Next Generation Biological Information Technology

FoERN T — 5 N - IC R DERBERBDA X—I T

Imaging of biological tissues by novel data acquisition and analysis

F(FERERIRLZ

Bio-Medical Interface
Fabrication

FRFEDEClE EICDMERBBD=RITA A —I T SHEE

BEPEREZ U, MRORNDERTIEEZ BERCCT (AVEa—

SWIEE) MRIHESHIBER) EEDT—5 2RV REDES

BT BEHRAT Z1 T D E CTRIBLUCWVER T Ko BREIRMDEE

WCTTF /NI DR EZRIBUCBE RBEMBEORFEICKD.,
IRiI=EAVCINECN = N ENETIVE N =N/ 4= N = N g ¥ ek = 22X0)

DT REFIFH M CESTIIDA A—I VT ZRIRL. BER

RE72 ) \A A XN =D AWTIFARRD ST CLE T,

O DMERERO=RTTA A—I VI BRLUEREERZ
@ DIMERDIRDFADEAT
O EDEEELERAA—I VI DI DIBERIRMIHDFEF

Our laboratory is developing signal and image processing methods of

zim EF) || BT

Professor Tsunemoto Kuriyagawa

ultrasound, CT (computed tomography) and MRI (magnetic £ EEDEROMERT N
resonance imaging) in order to realize three-dimensional imaging, 45 iD= 1vTiBERE
precise automatic diagnosis and flow analysis of cardiovascular tissues. ET BaiROBES RIS
We are also developing several acoustic microscopes to visualize AT &SRO BERIEMIEFG

Medical Device Innovation E;ﬁ%éﬁ%ﬂgﬂg:[#

RIREE o 22T DRIRZ BRI E UTCE RN\ DIEZHMIN A

Applications of biomedical optics for least invasive surgeries and diagnosis

FICKREIFGZE DI FITEE-ZRI7Z1T DI D, %2 LBl
ZIA-RFE T D LZBNICHRZTOCTVE T EFE- DN
FRMERIY HEL DI STRSFHEL—THZRVCEERE
PRRREE PR TR A DB AT LAIEEICDNT
MRFFARETOCNET,

O ERZMDICDDUE—ID I AR—IVITVAT I
@ U—YEEAX T 7)) XV AT I
@ XER-ENSE T INIVYRAKRT7AIN

Optical applications for bioengineering are developed for least
invasive surgeries and diagnosis. We are working on investigation of
optical characteristics of biotissues and biomaterials. We also
develop optical systems for surgeries and diagnosis in medical and
dental fields. The systems include equipments for laser surgery and
optical biopsy systems using an endoscope and optical devices.

1. Remote spectroscopy and spectral imaging systems for medical
diagnosis.

2. Laser delivery systems using specialty optical fibers for laser
surgeries.

3. Optical fibers and waveguides for X ray, ultraviolet light, and
terahertz wave.

m http://www.ecei.tohoku.ac.jp/photonics/

UE—RSYYDHAA—IVITRRERT 71U
RV

Hollow optical fiber bundle for remote Raman spectral
imaging

Laser plslation by 30 pulies

.

L—87IU—arhO#E R

Thermal imaging during laser ablation
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Fabrication of biocompatible/bio-functional interface using new machining processes

F/RERHINTEOBER BO IO KilizBEBELT R
N BRI A V5 — D T — AR DRI A A ARRER O
[CEENAZ B CANCRBRRZEZERE AR DBHETTo
TV,

O N\AROF2T7 )G ANEFRIC R DERBIERIAFE
@ EHFAKRE DRI
@ AT =AT v OREDRIANE.

Our laboratory aims to promote innovations of nano-precision
Micro/Meso Mechanical Manufacturing (M4 process) at the frontier of
manufacturing technology for a smart functional interface. The
geometric structure and chemical composition of material surfaces
change in a variety of ways under machining conditions. Our
laboratory examine this phenomenon and attempt to clarify and
control the mechanism. This method can create various surface
functions, such as biocompatibility, antibacterial activity, and
wettability, which could lead to new surface creation processes. Our
goal is to create new principle and technology for the next-future
bio-medical interface and devices.

[T y——

ety g e
N —ITyhFIRIY3VEERAL/\( RO+
DT INGA NERRRIC K DR R AEE
New dental treatment utilizing powder jet
deposition of hydroxyapatite

kidney, liver, tendon, cartilage, bone and tooth besides cardiovascular
tissues and assessing pathophysiology from the view point of
biomechanics.

1. Three-dimensional / automatic precise diagnosis of cardiovascular
tissues

2. Blood flow analysis of cardiovascular system

3. Development of acoustic microscopes for precise biomedical
imaging

Graduate School of Biomedical Engineering, Tohoku University

http://www.ecei.tohoku.ac.jp/imaging/index.htm
http://www.ecei.tohoku.ac.jp/imaging/index-e.html

Upper left: Blood flow vector in left ventricle
Upper right: Three-dimensional ultrasound image
of fingerprint

Lower left: Ultrasound microscope image of coro-
nary artery

Lower right: Ultrasound microscope image of
living cell

L X - A P
1. New dental treatment utilizing powder jet deposition of

hydroxyapatite,
2. Generation of biocompatible surface,
3. Fabrication of biomimetic surface, etc,

ERRANREORI (EFEMEREEDNS)

Generation of bio-active surface

T [T ——
Snmrgrn e, melw Bescrtrgrofude’
I\ FEXF v ISR T DREEEERIR (M RIRE
http://www.pm.mech.tohoku.ac.jp/ @%nﬁ@?ﬁ_ufﬁ) F
http://www.pm.mech.tohoku.ac.jp/english/ An example of surface function: surface wettability
control

Graduate School of Biomedical Engineering, Tohoku University
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Nanodevice Engineering
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Next Generation
Biological Information
Technology

iz 5 27

Professor Masatoshi Saito
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Ffe. NSO TEAMZNVZAT 7 (REREE) g OERL LRI DM
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WEEY /O Y EERURETT V2R EROFib—Z27.
R ERFRIC DI DR MBS LURDHEI AR CHTLZBIELTVET.
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Small and high-functioning and multi-functioning endoscopes, surgical tools
have been developed using micro fabrication technologies, for example,
micromachining, nanotechnology and MEMS (Micro Electro Mechanical
Systems) technology aiming to realize practical and useful medical devices in
near future, and we are aiming to realize robot surgery and microsurgery
from inside the human body in the future. Microsensors, microactuators, and
batch fabrication technologies for low cost and precise production have been
studied and developed to realize the above. Utilizing these microfabrication
technologies, we also aim for healthcare applications to realize new widely
useful measurement items and methods and to develop thin and light weight
wearable healthcare devices. Furthermore, organ models, for example
vascular model and brain model, equipped with micro sensors have been
developed to contribute surgical training of medical doctors and to evaluate
effectiveness and safety of developing new medical devices.

1. Ultra-miniature fiber-optic pressure sensor (O.D. 125pm)

2. Bending transformative endoscope which enables sophisticated endoscopic
surgery

3. Intraluminal MRI (Magnetic Resonance Imaging) probe

4. Patch system on the skin for continuous monitoring of biological substances

http://www.medmems.bme.tohoku.ac.jp/
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Next-generation medicine based on micro/nano technology
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Optical fiber

T INEEY (9HE125um)

Ultra-miniature fiber-optic pressure sensor (0.D. 1251m)

AEREAIS 1T FRZEZ U ARER (SH25mm)

Bending Transformative Endoscope for Intraperitoneal surgery(0.D. 5mm)
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Metal needle with micro flow channel for biological substances
monitoring patch Cross-section view of flow channel (needle
0.D. 200um).

FEDZHOSHcEmDEREEMBRLIFNDILA

The application of complex biological networks throughout various stages of development
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It has been found that some environments around fetus, such as
maternal diet and infection, affect the baby's growth or
constitution significantly. For example, the excessive intake of fat
diet of mother during pregnancy is due to recent increase of
children's autism, juvenile diabetes, and air pollution around
mother has been found the cause of increase in childhood asthma.
In spite of the recent advanced technology, most of the precise
mechanism of fetal differentiation process has been unknown in
the black box named uterus. In this laboratory, we study the fetal
diseases from the relationship between maternal conditions and
fetal development using the mice experiments, gene analysis, and
clinical studies. And we explore the medical engineering in the
near future though the study of measurement information
obtained from the faint fetal signals appeared from maternal body.
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http://www.fetalecg.med.tohoku.ac.jp/kimuralab/kimuralab_top_jn.html
http://www.fetalecg.med.tohoku.ac.jp/kimuralab/kimuralab_top_en.html
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Biofluids Control System
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The Biofluids Control Systems Course provides education and research from the standpoints of both fluid
dynamics and biology, aimed at clarifying the mechanisms of circulatory system diseases and establishing
methods for treatment and prevention, based on an understanding of the blood circulating system and

other complex fluid systems in the body. We teach the following fields.

MEYIalb—YavETE
Integrated Biomedical Simulation

ERRESIE

Biomedical Fluid System
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The Integrated Biomedical Simulation Laboratory conducts
education and research for understanding complex biofluid
phenomena and development of advanced medical technologies
through experimental work utilizing ultrasound, laser, image
processing; numerical work using a supercomputer, and the work
combining experimental and numerical methodologies. Main
research projects are listed below.

1. Measurement-integrated blood flow simulation

2. Mechanical properties of cells with inclined-centrifuge microscope
3. Dynamics of biofluid systems

4. Microfluidic device mimicking in vivo microenvironment

=

BERETARSMRYS1L—ay
Ultrasonic-measurement-integrated simulation

A OORET ) A A2V HBERER

Cellular experiment using microfluidic device

Graduate School of Biomedical Engineering, Tohoku University
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The focus of this laboratory is to develop new concept of implant
especially based on flow and to establish new methods for evaluating
the implants. For example, when you treat a cerebral aneurysm with
endovascular treatment, you should know the effects of medical
devices on controls of blood flow. The flow may depend on the
geometry, materials and clinical conditions. Since these are so big

issues, we collaborate with biomaterial groups, biomechanical groups,

and medical groups to gather their top knowledge.

1. The development of blood vessel, oral mucosa, and bone
biomodels using biomaterial gel

2. Computational simulation for blood flow in aneurysms with treatments

3. Development of in-situ measurement of blood flow in treatments

Graduate School of Biomedical Engineering, Tohoku University

B EDARIE S KU B BIIR DR IR & P B REZ IR L
emEETIV

Development of cerebral aneurysm model with
realistic physical material properties.

ATV NEBE U & EDRREIRBHEDMIROKRF
Blood flow in stent on cerebral artery with
aneurysm
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Artificial Organs
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The Artificial Organs Course provides education in interdisciplinary fields of biomedical engineering

through R&D on almost all artificial organs, from head to tail. The aim is to instill students with basic
knowledge of medicine and engineering through various artificial organ development projects.

BEDTONADSBRET. EEDHDEGSWDIATAlRZEIR{E

Every kinds of artificial organs are developed in this division
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All intenal organs in human body are reported to be able to be

replaced by the artificial organs. Artificial heart, myocardium
esophagus, and sphincter are developed in this laboratory.

1. Artificial heart, myocardium
2. Artificial esophagus

3. Artificial sphincter

4. Convulsion attach stopper

7
Artificial Organs AIH@%&EI#
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Schematic illustration of the artificial myocardium

FAREEINTVDATOEIC K2 DFBIFIRS . RIS EEZRIRIER
BRICKDIEREINDODHD
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Met.a\IIurglcaI and_Mater:lals Development of highly functional medical metallic materials by advanced metal processing
Engineering for Biomedical
Applications NEBHEDEFNFEDIOICAERD RISH RS S A
AEEMEIOMBRRREZTO TS EANICE A TEEY T
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Medical Materials
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In the Medical Materials Course, students will engage in research and development of titanium alloy and

other metallic biomaterials from design to manufacturing, processing and evaluation under a system of
collaboration with medical and dental researchers.

PEFE-LEBERZEUSEVcRFHROMNI IOty Y
TICROTHHINERICEC DM L2 R E-BFTL. 5
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In order to establish advanced medical technology, it is important
to study highly functional metallic materials as biomaterials. Our
current research focuses on electron beam additive manufacturing
(EBAM), a cutting-edge additive manufacturing or 3D printing
technology, and its application for developing medical devices such
as artificial joints, stents, and spinal instrumentation devices. In
addition, we are trying to develop a novel processing that
combines EBAM technology with basic deformation processing to

create advanced medical metallic materials with superior
properties by controlling their microstructures. Using the latest
analytical techniques and computer simulation, we aim to

w .
HRREF Laboratories systemize the relationships between the processing, structure, and
g e s properties of medical metallic materials. v
OEREBEEHAEHIHZ
Designing Metal for Medicine Based on Metallurgy BFE—LREESH CRELCo-Cr-MoBE AT

FRRIER

O EZEHEEMEIE Artificial knee joint made of CoOCr-Mo alloy
fabricated by EBM.

Metallurgical and Materials Engineering for Biomedical Applications

http://www.chibalab.imr.tohoku.ac.jp/index.html
http://www.chibalab.imr.tohoku.ac.jp/english/index.html
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E‘Eﬂg%ﬁuﬁﬂﬁ Alloy, Structure and Morphology Design of Metals for Medicine Based on Material Science and Engineering
TEMROBEBIUZOREEZ., ARZICED<TOERZH E

Designing Metal for WCHIE T DT EICRD EREE M AR EICENDFTULL) — Al =0
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Medicine Based on Metal urgy g U e vt A~ e, Cr. M)
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Structure and morphology of metals are designed by metallurgical ol ﬁ-‘ By & R OE &

methods to develop new metals for medicine with high ok — —
biocompatibility and excellent biological function. %%\S%g;rsl‘iﬁb‘ba&_le’xﬁﬂnmﬁa—%’

. S Dealloying reaction design to remove toxic Ni
1.Phase of metal is controlled to be the non-equilibrium states such as  gjement from SUS316L surface

glassy and nano-crystalline phases by mean of the non-equilibrium
process.

2.Surface or whole body of metal is controlled to be porous with less
RIRVYLRERITFELC VT IUDRES NI

toxicity by mean of the dealloying technique.
SUS316LKXEKEZR I EDSHHFER
EDS results on cross section of SUS316L surface in
which toxic Ni element has been selectively
removed in a Mg liquid

http://www.nem2.imr.tohoku.ac.jp/
http://www.nem2.imr.tohoku.ac.jp/index-e.html
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Professor Makoto Yoshizawa
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Biomedical System Control Engineering
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Using information, systems and control engineering and advanced information technology, students will engage
in research related to development of biosystem modeling, state estimation and simulation techniques along
with development of technology to optimally control artificial organs, rehabilitation equipment, healthcare
equipment and other medical systems as well as technology to achieve highly func-tional human interfaces.

HARSIEF Laboratories
O AN-ERVRT L
Cybermedicine and Biocybernetics
O 1—0O0RT«4IR

Neuro-Robotics

OHREV AT LETE

Intelligent Biomedical System Engineering

YA N—EECRRERZFD !

Promoting healthy society using medical cybernetics

FUWEERS ERY AT AORFEICIE WRESDEFT T
LDOERERRBREZ NICREDVOEE- EFRIHFROFEFE DA
RCDB ANECIE TA )\ RTA TR ERBELF VAT L\
TR O TR BRRMZERE T D EICR DT ERT AT LD
EFUVTREBHETE V22 —2ayFEDORHECE I DR E
T5EEBIC AR U \EUT —Y 3 HEs RIS EDE
BT WEEHEICHIE T DIch DT R OBz 1—< >
A I I —AZERIRIT DEAMOFEFHZET Do

O EREBDICHDD I Y EFFRHEE )L IV
@ FRIEDIAIEEZDHE BT

@ &IV T YDEGRETR

@ N\=Fv)LWWT7UT«ZFBLIUN\EUT—23Y

Elucidation of biological functions based on cybernetics and systems
theory is essential to development of new therapeutic devices and
biomedical control methods. By use of information technology,
computer sciences, system engineering and control engineering, the
Division of Cybermedicine and Biocybernetics studies modeling, state
estimation and simulation techniques for biological systems, and also
aims at development of not only optimal control technologies for
artificial organs, rehabilitation devices and healthcare systems but also
high-performance human interface systems.

1. Internet of things (loT) for health maintenance and estimation
algorithm of physical condition

2. Control and monitoring systems for in vivo medical devices

3. Assessment of biological effects of digital image contents

4. Virtual reality systems for rehabilitation

http://www.yoshizawa.ecei.tohoku.ac.jp/

Graduate School of Biomedical Engineering, Tohoku University
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Tele-healthcare system based on correlation analysis
of multi-dimensional biosignals obtained from
distributed sensors

EBFRNZRAVOERERY AT L

Tele-medical system using the Electronic Doctor’s Bag
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Intelligent Biomedical
System Engineering
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Professor Noriyasu Homma
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Neuro-Robotics
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Professor Mitsuhiro Hayashibe
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Imaging Neurophysiology and Intelligent Computer-aided Diagnosis and Therapy
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By using multi-modal imaging techniques, we aim to accurately
visualize wide range of biomedical phenomena such as
microscopic neuronal activities as well as macroscopic whole brain
functions. The images can then be utilized for not only extracting
useful biomedical information, but also revealing mechanisms of
neural information processing. We also build computational
models of neural information processing inspired by highly
intellectual cognition skills of human specialists, such as medical
image diagnosis by radiologists. Based on the models and some
machine learning techniques, we develop intelligent computer-aided
systems for medical image diagnosis, interventional radiology, and
image-guided therapy.

http://www.rii.med.tohoku.ac.jp/
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Multi-cellular imaging (left) and whole brain imaging
(middle) for revealing brain functions and novel
intelligent imaging techniques (right: tumor extraction
from x-ray fluoroscopy) for diagnosis and therapy.

http://www.rii.med.tohoku.ac.jp/index_en.html
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Robotics for Neuroscience, Neuroscience for Robotics
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Recently, the current era is referred as a century of robotics and Al.

However, robot capability in real life is still rather limited then there are still
a lot of things we need to deeply learn from advanced and robust motor

control and sensory functions which humans have, for next step forward.

Robotics is also useful as computational tool to understand human motor
learning mechanism. Neuroscience knowledge can be useful to improve
robot capability.

We study on neuroscience for robotics and robotics for neuroscience as
[Neuro-Robotics].

1. Study of human motor control, adaptive learning mechanism

2. Modeling and identifying biological signals and functions

3. Study on redundant joint control and biological motor learning of vertebrates
4. Development of robot technology to Neuro-Rehabilitation

http://neuro.mech.tohoku.ac.jp

RIEEEREIRIMADONIRS-EEGRHRETUVY
NIRS-EEG joint imaging during transcranial direct
current stimulation

R DHEE £18 B RU1—LETFUVY
Muscle volumetric modeling for function, physiology and
deformation

REDEHRAICIKEFL
BVWINSYRHE
Balance estimation
independent from
foot pressure
measurement

Graduate School of Biomedical Engineering, Tohoku University
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Bio-inspired Robotics
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Professor Akio Ishiguro
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Biomedical Information Systems
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The Biomedical Information Systems Course provides research and educa-tion concerning medical
applications of biological information processing. We teach the following fields.
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Bio-inspired Robotics Micro Magnetic Devices for Medical Engineering
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Nano-Biomedical Engineering
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Understanding Biological Systems by Building Robots
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Living organisms exhibit surprisingly adaptive and versatile
behavior in real time under unpredictable and unstructured real
world constraints. Such behaviors are achieved via spatiotemporal
coordination of a significantly large number of bodily degrees of
freedom. Clarifying these remarkable abilities enable us to
understand life-like complex adaptive systems as well as to
construct truly intelligent artificial systems. We study the design
principle of autonomous decentralized systems that exhibit life-like
resilient behaviors from the viewpoints of robotics, mathematics,
nonlinear science, and physics.

) ) o SARFECEELERE DZALICIRUCTHIOEN LA ZE
. Real-time adaptive control of legged robots via distributed CHEEHICERIREE4MOMR Y~
neural system Quadruped robot driven by a fully decentralized

neural network-based control.

N

. Autonomous decentralized control of soft-bodied robots (e.g.
snake robot)

. Understanding the behavioral versatility of true slime mold and
its application to robotics

w

http://www.cmplx.riec.tohoku.ac.jp/
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Micro Magnetic Devices
for Medical Engineering
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Professor Kazushi Ishiyama
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Nano-Biomedical
Engineering
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Professor Ayumi Hirano
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Move and Measure by Magnetics
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For realizing good communication with human body, and for
realizing the properties of the human body as a information
system, we have to realize the function of the human body as
information. We are working on the technology for sensing the
information from the human body and for approaching action to
the human body. High-frequency carrier-type magnetic field sensor
is studied for sensing system for bio-information. As one of the
approaching system for human body, wireless actuators and
manipulators are investigated. A part of this technology is applied
for a motion system for a capsule endoscope working in the colon AN BEREET I F1T—5
tube. Actuator for Capsule Endoscope

1. Magnetic sensing system
2. Micro magnetic actuators
3. New medical equipments using magnetic

http://www.ishiyama.riec.tohoku.ac.jp/
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New biosensor fields based on nanotechnology
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This group is developing novel nano-biomedical devices through
the reconstitution of biological functions on small chips based on
the combination of nanotechnology and biological materials.
Attention is mainly focused on construction of artificial cell
membranes and artificial neuronal networks, and their application
to medical devices. This research field is a fusion of various fields,
including nanotechnology, nano-structures, semiconductor devices
and biological sciences.
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An artificial device that mimics biological cell membranes
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Reconstruction of neuronal circuits using living cells

1. Artificial cell-membrane devices and their medical application

2. Construction of electronic/ionic devices based on biological
two-dimensional materials

3. Artificial neuronal networks using cultured neuronal cells

http://www.riec.tohoku.ac.jp/~hir-lab/index.html
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Abe, Takaaki -------eeeeeeeeeremiemeniiinannn. P24

Professor | Medical Science

Development of remedies for cancer, hypertension, diabetes and renal
failure

Arakawa, Mototaka -----eeeeeeeeeen P12

Associate Professor | Medical Ultrasound

Research on new methods for ultrasonic measurements and controls for
quantitative diagnosis of biological tissues

Chiba, AKINIKQ -oeeevrrreneeriiini P35

Professor | Metallurgical and Materials Engineering for Biomedical Applications

Development of highly functional medical metallic materials by combining advanced
metal processing technique and state-of-the-art 3D additive manufacturing technology

Fukushima, Kohei -eeeeeeeeemneennnnn. P23
Professor | Gastrointestinal Tract Reconstruction

Development of novel technology which compensates for impaired
gastrointestinal function

FUkUSima, Takafumi -----oeeeeeeeeeneen P20

Associate Professor | Medical Nanosystem Engineering

Research and development of biomedical micro/nano system based on
semiconductor neural engineering

FunamotO, Kenichi -------eeeeeeereeneneens P31
Associate Professor | Integrated Biomedical Simulation

Integration of measurement and simulation to comprehend complex
biofluid phenomena

Haga, YoiChi oo, P30

Professor | Nanodevice Engineering
Next-generation medicine based on micro/nano technology

Hayase’ TOSh|yUk| ........................ P31

Professor | Integrated Biomedical Simulation

Integration of measurement and simulation to comprehend complex
biofluid phenomena

Hayashibe, Mitsuhirg ---oeeee P37
Professor | Neuro-Robotics
Robotics for Neuroscience, Neuroscience for Robotics

Hirano, Ayumi -, P39

Professor | Nano-Biomedical Engineering
New biosensor fields based on nanotechnology

Homma, Noriyasu ........................ P37
Professor | Intelligent Biomedical System Engineering

Imaging Neurophysiology and Intelligent Computer-aided Diagnosis and
Therapy

Ishiguro, AKIQ e, P38

Professor | Bio-inspired Robotics
Understanding Biological Systems by Building Robots

|Shikawa, Taku” .............................. P19
Professor | Biological Flow Studies

Biomechanics for studying physiological and pathological phenomena of
human

Ishiyvama, Kazushi -eeeeeeeenens P39

Professor | Micro Magnetic Devices for Medical Engineering
Move and Measure by Magnetics

|Zumi, SHINICAI -+--reveererrrreeerernieeenennn P25

Professor | Physical Medicine and Rehabilitation
Technology for restoring human activities based on neuroscience

Ka“, Hirokazu ------eeeeeeemmmiieennnnnnn. P21
Associate Professor | Wet Device Engineering
Research and development of bio-hybrid devices

Kamakura’ Sh|nj| ........................... P24
Professor | Bone Regenerative Engieering

Development and in vivo evaluation of new bone regenerative
materials toward clinical application

Kanai, Hiroshi ----eeeeeeemememiiinnn, P12
Professor | Medical Ultrasound

Research on new methods for ultrasonic measurements and controls for
quantitative diagnosis of biological tissues

Kanetaka, HiroyaSU ..................... P17

Associate Professor | Advanced Dental Science and Technology

Innovation of highly advanced medical technology using high technology
in bio-dental engineering

Kanzaki, Makoto eeeeveeninnen P20

Associate Professor | Biomedical Nanoscience
Nano-imaging analysis of life and diseases

Kasahara' Yoshiyuki ..................... P30
Senior Assistant Professor | Next Generation Biological Information Technology

The application of complex biological networks throughout various stages
of development

Kato, Hidemi v P34

Professor | Designing Metal for Medicine Based on Metallurgy

Alloy, Structure and Morphology Design of Metals for Medicine Based on
Material Science and Engineering

Kawase, Tetsuaki ----eeeeeereeeeeeens p22
Professor | Rehabilitative Auditory Science

Hearing restoration for deafened patients using the approach based on the
biomedical engineering

Kikuchi, Kenji -, P19

Associate Professor | Blological Flow Studies

Biomechanics for studying physiological and pathological phenomena of
human

Kodama’ Tetsuya ........................ P16
Professor | Biomedical Engineering for Cancer

Preclinical study of early diagnostic and treatment of lymph node
metastasis

Kuriyagawa, Tsunemoto - P29

Professor | Bio-Medical Interface Fabrication

Fabrication of biocompatible/bio-functional interface using new machining
processes

Matsuura’ Yu“ ................................. P29

Professor | Biomedical Optics
Applications of biomedical optics for least invasive surgeries and diagnosis

Mizutani! Masayoshi ..................... P29
Associate Professor | Bio-Medical Interface Fabrication

Fabrication of biocompatible/bio-functional interface using new machining
processes

Mori, Takayuki «---eeeeeeemiiiiinninns P25

Assistant Professor | Physical Medicine and Rehabilitation
Technology for restoring human activities based on neuroscience

Murayama, Kazutaka - P13
Associate Professor | Biomedical Supramolecular Analysis
Comprehensive analysis for biological suplamolecular complexes

Nagatomi, RyO|Ch| ........................ P26

Professor | Health and Sports Science
Biomedical Engineering for Health and Sports

Narushima, Takayuki -..ceo.. P17

Professor | Biomedical Materials Processing

Development of biofunctionalization process using metallic and ceramic
biomaterials

Niizuma, Kuniyasu ........................ P23
Professor | Department of Neurosurgical Engineering and Translational Neuroscience

Development of new tools and therapies for neurosurgical diseases, and
rapid translation to patientse

Nishizawa, Matsuhiko e P21

Professor | Wet Device Engineering
Research and development of bio-hybrid devices

Numayama, Keikg --eeererreeeeeennnn. P19
Associate Professor | Blological Flow Studies

Biomechanics for studying physiological and pathological phenomena of
human

Ohta, Makoto -eeeeeeeeemmeeinneennn P32

Professor | Biomedical Fluid System

To approach the structures and function of the body through biomedical
engineering

S

SaUO, YOSshifumi----eeeerereeeeerennnnn P28
Professor | Biomedical Imaging
Imaging of biological tissues by novel data acquisition and analysis

Saitoy Masatoshi -----oeeeeeeeeerennnnn P30
Professor | Next Generation Biological Information Technology

The application of complex biological networks throughout various stages
of development

Tanaka! Mami -cooeeeeerrieeeee P26
Professor | Medical Welfare Engineering

Advanced medical welfare engineering for improvement of QOL (quality of
life)

Tanaka, B =) £=] U PR P20
Professor | Medical Nanosystem Engineering

Research and development of biomedical micro/nano system based on
semiconductor neural engineering

Watabe, Hiroshi:..-cooooovvevveeiiinninn. P14

Professor | Radiation Informatics for Medical Imaging
Applied information technology for medical imaging with radiation

Watanabe, Takashi -oeeeveeeenne p27

Professor | Neural Electronic Engineering

Measurement and control for assisting and restoring motor functions, and
for advanced rehabilitation system

Yabukami, Shin - P15

Professor | Electromagnetics for Biomedical Engineering
Electromagnetics for minimally invasive medical and welfare applications

YamaguchL Takeshi-------oeeeeeeeeeene P27
Associate Professor | Life Support Engineering
Life support engineering for safe and secure society

Yamamoto’ Masaya ..................... P18
Professor | Biofunctional Materials Processing

Development of biofunctional materials process for regenerative medicine
and drug delivery systems

Yambe, Tomoyuk| ........................ P33
Professor | Artificial Organs
Every kinds of artificial organs are developed in this division

Yoshinobu' TatsuUQ --eeeeeeeeerennnnns P13
Professor | Biosensing
Development of Bio-Electronic Interface

Yoshizawa, Makoto ---eeeeeeereeeneenns P36
Professor | Cybermedicine and Biocybernetics
Promoting healthy society using medical cybernetics

Yoshizawa, Shin v P16

Associate Professor | Ultrasound Enhanced Nanomedicine
Noninvasive ultrasonic treatment of non-superficial tissue

Medical Device Innovation

BMBiomedical Measurements and Diagnostics MBiomedical Engineering for Diagnosis and Treatment WBiomechanical Engineering MRegenerative and Biomedical Engineering MBiomedical Engineering for Health and Welfare

Biofluids Control System M Artificial Organs M Medical Materials MBiomedical System Control Engineering MBiomedical Information Systems
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Biomedical Engineering Cancer Research Center
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m Graduate School of Biomedical Engineering, Tohoku University

In 2010, more than 800,000 people in Japan were newly
diagnosed with cancer, and around half this number die
each year. The mission of The Biomedical Engineering
Cancer Research Center (BECRC) is to eliminate cancer in
Japan and indeed the world, through systematization that
integrates the prevention, diagnosis and evaluation of
cancer, and through the establishment of an
interdisciplinary education/research framework.

The main functions of the BECRC are to:

1) Promote leading-edge biomedical engineering research
in the field of cancer

2) Establish an international research environment for the
study of cancer

3) Consolidate the international clinical trial system for
cancer

4) Develop innovative methods in biomedical engineering
to treat cancer

Director Tetsuya Kodama

Medical Device Innovation Center
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Development of innovative medical devices and its global
outreach is one of the most important issues for future of
Japan. In comparison with pharmaceutical products,
medical device has a wide variety of size and styles and it
should be tailor-made for the each clinical needs. Medical
Device Innovation Center matches the clinical needs raised
by medical doctors or co-medical staffs with the
engineering seeds possessed by the researchers in
Graduate School of Biomedical Engineering and related
faculties in Tohoku University. The center produces the
prototype of the medical device from the idea of matching
of clinical needs and engineering seeds and it relays to
animal experiments or clinical trials with the collaboration
with Clinical Research, Innovation and Education Center,
Tohoku University Hospital.

The main functions of the Medical Device Innovation
Center are to:

1) Match the clinical needs and engineering seeds
2) Produce prototypes of medical devices
3) Promote collaboration between academia and industry

Director Yoshifumi Saijo

Graduate School of Biomedical Engineering, Tohoku University m
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Career Options for Graduates
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The Graduate School of Biomedical Engineering offers a graduate course, which is divided into a two-year course
(zennki-katei or Master's course) and a subsequent three-year course (koki-katei or Doctoral Course). Students that
complete the courses are granted a master’'s degree (shushi-go) and doctor’s degree (hakushi-go), respectively. The
career options are varied, from the front lines of medical equipment development to related governmental agencies

and education and research institutes. The aim of the Graduate School of Biomedical Engineering is to train and
produce human resources such as the following:

HBAZEHE Educators and researchers

FUWETIZZREE LFDEEZH I 2EMRIMAE C . 2EDHB LMF XTI DERIILKRZOHEPE
RIAFEBEDMRECTEDFEDE T DD EDETFEEDH R ZHE T DL BIC EDTRICDZD AN,

Basic researchers with the ability to make new developments in biomedical engineering that can become teach-
ing staff at national and private universities carrying out student education and research and researchers at
national research institutes that will promote biomedical engineering research in Japan and train their juniors.

SFAETEEEEMME Staff at government biomedical engineering agencies

EIZPHRET S BEEE AR MFICLWAREZE I 950MiE C. BHEEL CODEDEEITERETL
FEEDHIM BERIE. B-BahED0ER JOITI/MDEE, BN EFEFEORIR. ERE#SEE P TDEES
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Engineers with wide-ranging knowledge fields such as biomedical engineering, socio-biomedical engineering,

medical economics, law and intellectual property that can participate in technical and policy proposals related to

health services and biomedical engineering in Japan, planning of national and local medical treatment projects,
creation of national and international standards, review and management of medical equipment, etc. as govern-

ment officials.

EEsHFERT#E Medical equipment development engineers

EIFEEPECSVT HUWEBKIEDB R, REHREDEN B T2 BAERBZFORIMZHBA TcikirE
T EEERES TR EEHENV TFv—DEEE . EEMBEEREREFICEM CEDAM o, BEEEWIE
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Engineers at biomedical corporations that are able to design and develop new medical equipment and have skills
related to tissue engineering and regenerative medicine. Engineers who can start medical eqguipment
manufacturing/sales companies and medical equipment ventures, and can contribute to medical and pharmaceuti-
cal companies. This includes biomedical engineers required at medical equipment manufacturing and sales compa-

nies by the amendment to the Pharmaceutical Affairs Law and engineers at these companies in charge of
handling regulations related to biomedical engineering technical patents and clinical studies.

bt COREREIEE Equipment managers at hospitals

RN DEZHTEBRER DR X T A EEEDREEREN A T30 E T AR TR T DB R
DIERALSTEICHZFHE TEDAM.

Engineers with the knowledge and skills to modify, maintain and manage diagnostic and treatment
equipment at hospitals and exercise their ability to provide guidance to clinical engineers and formulate
hospital modernization plans.

m Graduate School of Biomedical Engineering, Tohoku University
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The main employment of the past

{General companies)

KDDI CORPORATION / NIPPON TELEGRAPH AND TELEPHONE EAST CORPORATION /
Asahi Kasei Corp. / OMRON Corporation / Olympus Corporation / A&D Company,
Limited / AP Communications Co., Ltd./ Canon Inc./ KONICA MINOLTA, INC. / Sysmex
Corporation / Sharp Corporation / JOYO BANK, Ltd / SINFONIA TECHNOLOGY CO.,
LTD. / Skymark Airlines Inc. / SEIKO EPSON CORPORATION / Sony Corporation /
TERUMO CORPORATION / TOSHIBA MEDICAL SYSTEMS CORPORATION / Tohoku
Electric Power Co.,Inc. / NISSAN MOTOR CO.,LTD. / NIHON KOHDEN CORPORATION /
Nintendo Co., Ltd. / Tohto C-tech Corporation / FANUC CORPORATION / Fuji Xerox
Co., Ltd. / FUJITSU LIMITED / FUJIFILM Corporation / Funakoshi Co., Ltd. / Honda
Motor Co., Ltd. / Mitsubishi Heavy Industries, Ltd. / Yamaha Motor Co., Ltd. / RION Co.,
Ltd. / FUJITSU NIIGATA SYSTEMS LIMITED / HappyJapan Inc. / Murata Manufacturing
Company, Ltd. / Hitachi High-Technologies Corporation / SHIMADZU CORPORATION
/ JAMCO CORPORATION / DENSO Corporation / Dentsu Digital Holdings, Inc. /
TOSHIBA CORPORATION / NIKON CORPORATION / Hitachi, Ltd. / Fujikura Ltd. /
Sumitomo Mitsui Banking Corporation / GOTO INC / Mitsubishi Electric Information
Network Corporation / Mitsubishi Motors Corporation / Mitsubishi Electric Engineer-
ing Co., Ltd./ CHUBU Electric Power Co.Inc./ TORAY INDUSTRIES, INC. / Pharmaceuti-
cals and Medical Devices Agency / Medtronic / Japan Airlines Co., Ltd. / NEC Corpora-
tion / FUJI ELECTRIC CO,, LTD. /

{(Other)

TOHOKU UNIVERSITY / Akita Prefectural University / Kindai University / Osaka University /
National Institute of Technology, Ichinoseki College / Tohoku University Hospital / RIKEN,
Japan / Pharmaceuticals and Medical Devices Agency / Ministry of Economy, Trade and
Industry / Ministry of Defense / Kanagawa Prefectural Government / Tochigi Prefecture /
City of Sendai / Kohnan Hospital / Nippon Kaiji Kyokai/Japan Air Self-Defense Force

Graduate School of Biomedical Engineering, Tohoku University m



