o = S
S RO LAVS IR
Direction to Our Campuses
ETEMERI. RIERZDIDDOF v ) A CTHE-BEZTOCVE T,

-

o ———
O~ % ES LY

=

-
-
- ~

WA ERSERAR
Y
= 3O tmsET
(™ ) X JECr
L\ o e
el \ = S @
O N A?\ =
ass b‘\ﬁé =ms
SR \ EEE
iy B \'O-_‘\
=N el T BEE o O
o RS APEAE Q] O
e FER L Ey I L
« iy ‘ """""
) e
D e e i
AR =
)\*Lﬂiﬁf%it\,l
e o)
BRIUF /)R 7980-8579 IIATTEERREFEREE-6 ~———-=-- e
OflETTE M TEERIGHR
BEILRTE fE1EHONSHES 105
EREF /)R 7980-8575 UIATIEREREMET-1 —-----==========rm oo
OlETE/R OfliamEit Rk
RILRPRITAI NE  fES 199 JEUETERTE J2BLEOADSHKES 1569
ZBEERILAZRAI N E {549
B2 ) VA 7980-8577 IATIEZERH F2-1-1 ~======--==m=ommmmmmmmsseos oo
OflATE/R OfliETTE it TREREER
SRILKIEPSRTRE  fE525) SEE—ERTE &BIELONSIES 105
O®JR OfliamE it Rkl
IIEBRFEEORDRES 165 FBERTE Jt2dt4BHEODSRES 109

RIEKXFZEAXRZHRETFHFAR
T980-8579 IlEMBEREXEFHX6-6-12
URL https://www.bme.tohoku.ac.jp/

Graduate School of Biomedical Engineering
Tohoku University

6-6-12, Aoba, Aramaki, Aoba-ku,

Sendai 980-8579, Japan
https://www.bme.tohoku.ac.jp/

20224 HETHR

RIEXFEXF R

= T Fif A

Graduate School of Biomedical Engineering, Tohoku University

5‘[‘;,5\']%’9}[*)?@1%"_ Biomedical Measurements and Diagnostics
;ﬁﬁlzlﬁ Biomedical Engineering for Diagnosis and Treatment
SRS AT L\EE I Biomechanical Engineering
ﬂEﬁSﬁﬂEEI@"— Regenerative and Biomedical Engineering
*i‘%lglﬁ Biomedical Engineering for Health and Welfare
EEEISEI4E TS Medical Device Innovation
EFREB AT LETS

ATN#gSETI S Artificial Organs

ﬂEﬁSJM’*:I—ﬁ Medical Materials

i%?}?bﬂ%ﬂﬁﬂ@lfyﬁ Biomedical System Control Engineering

H{RIFER> AT Ln5 Biomedical Information Systems

UNIVERSITY




)

_HEORET

??%&i%N

Fusion of medicine and engineering for an innovative future
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New Century of Biomedical
Engineering at Tohoku University

Magnoscope, the electrical stethoscope and speaker for
training of medical students, is introduced in the first page of
the history of medical-engineering collaboration at Tohoku
University. It was developed by the collaboration between
Professor Akira SATO at the Department of Pediatrics in
Medicine and Professor Heiichi NUKIYAMA at the Department
of Electrical Engineering. The result was published in the
6th volume of the Japan Journal of Medical Device in
1929. It might have required for several years to develop
the Magnoscopee and the Japanese Society of Medical
Instrumentation was found in 1923. Thus approximately 100
years have passed since the start of medical-engineering
collaboration and we are now entering the next 100 years.
“You will not get the tiger cub without entering the tiger's
den.” is the secret of success of the medical-engineering
collaboration. Emeritus Professor Motonao TANAKA, who
developed worild’s first ultrasound tomogram of the heart
and also has been also my life-long mentor, always said to me
"I conducted my research at Professor Yoshimitsu KIKUCHI's
lab located in at Katahira campus.” The essential knowledge
isnt acquired by reading books but is acquired through the
circumstance.
Inspired by Stanford Biodesign, our Graduate School of
Biomedical Engineering modernized the policy and started
problem searching learning in training of medical device
innovation, in which engineering students visited hospital
to find unmet clinical needs. Various medical engineering
collaborative studies are being conducted by invitation of
medical professionals to engineering labs.
In the coronavirus pandemic, new working styles such as
online class or telework have been on the rise. Although the
opportunities of informal communications in drinking parties
decreased, “entering the tiger's den” becomes easier by
making full use of online tools. In the next 100 years, close
communication with various people in the various countries,
exceeding the limit of geographical distance, is required
for interdisciplinary and international medical-engineering
collaboration.
The philosophy of the Graduate School of Biomedical
Engineering is not the fusion of medicine and engineering
but the chemical reaction between medicine and engineering
to develop biomedical engineering as the interdisciplinary
area of science. Our activity is not limited in the research
on biomedical engineering or development of the medical
devices. Our vision is to revolutionize the concept of health in
order to enrich the society.
Students, medical professionals and companies, let's create
next 100 years with us!

Dean Yoshifumi Saijo

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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7 £ We educate expert researchers who choose pertinent, socially relevant research subjects for the betterment

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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m Graduate School of Biomedical Engineering, Tohoku University

Basic Engineering

Mathematics and Physics of Biomedical Engineering
Basic Mechanics for Biomedical Engineering
Bio-fluid Mechanics

Strength of Materials for Biomedical Engineering
Thermodynamics for Biomedical Engineering
Medical Aspects of Electromagnetic Theory
Electrical and Electronic Circuits

Basic Medicine

Basic Biology

Medical Molecular Biology

Physiology for Biomedical Engineering
Anatomy

Instrumental Biomolecular Analysis
Fundamental Biochemistry
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Interdisciplinary Basics

Advanced Biomedical Measurements and Diagnostics
Advanced Engineering for Medical Diagnosis and Treatment
Advanced Biomechanical Engineering

Regenerative Biomedical Engineering

Advanced Socio-Biomedical Engineering

Advanced medical device innovation

Advanced Biofluids Control System

FIH—E List of Subjects

Introduction to Biomedical Engineering
Introduction to Coaching Communication in Biomedical Engineering
Biomechanics

Medical Materials

Medical Micro/Nano Technology

Biomedical Ultrasonics

Measurement and Control Theory for Medicine
Medical Information Measurement

Bio-Medical Interface Fabrication

Technology Related to Diagnostic Medical Imaging
Molecular 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

Quantum Biology

Socio-Biomedical Engineering

Medical and Welfare Engineering

Medical device innovation strategy

Regulatory Science for Medical Device

Business Ecosystem for Medical Device

Laboratory Training in Mechanical and Electrical Engineering for Biomedical Applications
Labaoratory 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

Master Course Seminar on Biomedical Engineering

Related subjects
Subjects recognized as related by the Graduate School Committee

Artificial Organs

Advanced Biomaterial Science

Advanced Biomedical System Control Engineering
Advanced Biological Information Systems

Special Lecture on Biomedical Engineering B
Domestic Internship Training B

International Internship Training B

Medical device innovation international internship B

Graduate School of Biomedical Engineering, Tohoku University _
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List of Subjects

Introduction to Biomedical Engineering

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

Molecular 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

Quantum Biology

Medical device innovation strategy
Biomechanics

Medical Materials

Medical Micro/Nano Technology

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
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

PBL E=+—JU Problem-Based-Learning Seminar
ETHETIHE Master Course Seminar on Biomedical Engineering
BiERIE Related subjects
AMEREER(ICHNT Subjects recognized as related by the Graduate School Committee
BERIE & UTERDIEHD
At 5= Specialized subjects
P =mEIO ETZ45RIRHE Advanced Seminar on Biomedical Engineering
1§'H‘HE¥*-:E EITZEHHE Doctor Course Seminar on Biomedical Engineering
Doctoral
Program

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

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

Biomedical Ultrasonics

Measurement and Control Theory for Medicine
Medical Information Measurement

Bio-Medical Interface Fabrication

Technology Related to Diagnostic Medical Imaging
Molecular Imaging

Artificial Organs and Regenerative Medicine
Quantum Biology

Laboratory Training in Mechanical and Electrical Engineering for Biomedical Applications
Labaoratory 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

ETHETHHME Master Course Seminar on Biomedical Engineering

BERIE Related subjects

ARREZER(ICHNT Subjects recognized as related by the Graduate School Committee
BhERIEE L CERHIBD

EERIB Related subjects

AMEREZESR(ICHNT Subjects recognized as related by the Graduate School Committee
BhERIEE L CERDIBD

Graduate School of Biomedical Engineering, Tohoku University _
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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
conventional ultrasonic images. Researchers acquiring deep
knowledge and excellent ability in engineering and fundamental
knowledge in medicine, such like physiology, are nurtured through
research and development of methods for controlling ultrasonic fields,
ultrasonic measurements, and digital signal processing required for
the quantitative measurements.
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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

. Studies on high-performance digital signal processing and ultrasonic
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
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Professor Tatsuo Yoshinobu
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Associate Professor Kazutaka Murayama
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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 can 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
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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. Biophysical characterization and functional analysis of intrinsically
disordered proteins / regions

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

Graduate School of Biomedical Engineering, Tohoku University
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'F§E$ Applied information technology for medical imaging with radiation
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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.

@ BHODEIUTAZNBUCD FA X—I 2T DISABMT
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» Radiation is widely utilized for medical field as diagnostic and
NN i iati i i i ivi i
Ee ] IRDB /%EJ ther_apeu_nc tools. Radiation gives us mforme_mon of living organism
noninvasively. However, detected signals are in a tangle from several
sources. We will investigate and develop advanced techniques to

Professor Hiroshi Watabe

NIRSEPETDRIEEIE

X s X X X X X Fusion image of NIRS and PET
extract useful information from medical imaging including PET mg{ﬁgi Laboratories
(positron emission tomography), SPECT (single photon emission » Bl
computed tomography) and other modalities. T T — .Eﬁs =R TR )LF— EI? .EEiET/EI%A_
1. Measurement of tracer kinetics in vivo by PET or SPECT to  investigate -. .- o Electromagnetics for Biomedical Engineering Ultrasound Enhanced Nanomedicine
physiology and pharmacology in living organism. and drug e cacy - =
2. Multimodal molecular imaging for drug development . . -. OEEEIZE OCERRIETS
3. Image database for data mining Biomedical Engineering for Cancer Advanced Dental Science and Technology
-‘ .. - OERHMETOERTE ORISR IO TR T
B .- . Biomedical Materials Processing Biofunctional Materials Processing

https://www.cyric.tohoku.ac.jp TWF@PETT—?D‘bﬁE‘ﬁEI—lﬁM’Fﬁi

Generated parametric images from PET images with a rat
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Electromagnetics for minimally invasive medical and welfare applications

EI# Iraint. EREUEDHOER
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Electromagnetics for FEREER, BRI DEESNTV S SHRE TR BT Z
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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.

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 4 . ] -
bio magnetic sensor ERBEOEAMSIBEREIAY 2T LICLDDHSER

Measurement of Magneto Cardiogram without

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

Graduate School of Biomedical Engineering, Tohoku University Graduate School of Biomedical Engineering, Tohoku University
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Ultrasound Enhanced
Nanomedicine
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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

Students during experiments
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Preclinical study of early diagnostic 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/
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Perfusion deficiency in lymph nodes visualized by micro-CT
and high-frequency ultrasound.

Vascular deficiency occurs in the tumor mass due to the lack
of vascular network, and it is visualized black (arrow) by
these imaging system.
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Lymphatic drug delivery.

A small amount of anticancer drug is administered to the
sentinel lymph nodes to treat them and their downstream
lymph nodes.
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Advanced Dental
Science and Technology
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Professor Hiroyasu Kanetaka
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Biomedical Materials
Processing
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Professor Takayuki Narushima
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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.

4. Development of medical system applying the latest Al technology

5. Regulatory science through industry-government-academia
collaboration

https://www.bme.tohoku.ac.jp/labo/field_02.html
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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.

http://www.dent.tohoku.ac.jp/field/liaison/02/index.html
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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
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Cross section of amorphous calcium phosphate (ACP)
coating film fabricated by RF magnetron sputtering
(a) before and (b) after 1 week implantation.
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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

Graduate School of Biomedical Engineering, Tohoku University
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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
medicine and drug delivery systems (DDS). Biofunctional materials is a
key technology that can be utilized for modulating biofunctions at a
molecular level. Our objective is to molecularly understand biofunctions
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
processing on the basis of the fundamental researches to improve
bioactivities of the resulting biofunctional materials for regenerative
medicine and DDS.

1. Biofunctional materials for the lineage specification of stem cells in
regenerative medicine

2. In vitro disease models for drug discovery research

3. Organic-inorganic hybrid nanoparticles for drug delivery systems

4. Spectroscopic analyses for understanding tissue functions

http://www.material.tohoku.ac.jp/~seitai/
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Development of biofunctional materials process for
regenerative medicine and drug delivery systems

http://www.material.tohoku.ac.jp/english/labs/mtp/yamamoto.html
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Biomechanical Engineering

SRR AT AETHEECR MY AT LATENT TO—FICRDERI AT LOMAL. ZNSZH
Ve BREZ R ESOICRRIDAICE T 2B EMRZTVE T . ABECE U TONHZRELTVET,

Students in the Course of Biomechanical Engineering for Biomechani-cal Systems learn how to employ a
mechanical systems engineering approach to research on life systems, and to apply this approach to fundamental

medical research as well as education and research on clinical applications. We teach the following fields.
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Biomedical Nanoscience
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Biological Flow Studies
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Professor Taku;ji Ishikawa
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Associate Professor Kenji Kikuchi
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Biomechanics for studying biological functions
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We are pioneering the field of "biomechanics," which is the study
of biological functions based on mechanics. In recent years, it has
become clear that mechanics plays an important role in health
and environmental problems. In order to solve these problems, we
elucidate biological functions from the perspective of biomechanics
by combining experiment, theory, and numerical simulation.
Our research interests include not only health issues such as the
flow of the circulatory, respiratory, and digestive systems, sperm
swimming and fertilization, the formation of intestinal flora, and
the development of medical devices, but also biofilm formation,
red tide development, and the evolution of multicellular animals.

http://www.bfsl.mech.tohoku.ac.jp/index_jp.html

http://www.bfsl.mech.tohoku.ac.jp/
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(left) Visualization of zebrafish intestine and the
inside flow, (right) Strain of stratum corneum
caused by mechanical stimulation on the skin
surface.

) EMEFOBREEXII1L—Y3y, B)MEYE
DITEY=alb—vav
(left) Simulation of collectively swimming human
sperm, (right) Simulation of microorganisms'
behaviors under flow.
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Biomedical Nanoscience
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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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Cold Atmospheric Plasma in Future Medicine and Healthcare
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“Plasma” is the fourth state of matter following Solids, Liquids and
Gases. Recently, cold atmospheric plasma has been successfully
utilized for several medical applications, but the underlying mechanisms
in details remain unknown. Current research in the Kanzaki Laboratory
has been focused on understanding @ How our body / cells sense
and react the “Plasma”, and @ What types of “Plasma” are suitable for
medical treatments, especially applicable for @ the lifestyle-related
diseases including type 2 diabetes, and obesity. Furthermore, we are
exploring the molecular pathogenesis of the life-style diseases

BREADSA TA A—I VI
Live Imaging Analysis of Skeletal Muscles

R TO—JICKDBBERAS A AND
BRRRCEE BT

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)

IU—VIV—LNTDT )\ A X5
Device fabrication in the clean room
(Handling of 8-inch silicon wafer)

(diabetes and sarcopenia) by employing the cutting-edge live-imaging &/ S AT LRITRO SR

technologies.

(D Atmospheric Plasma Actions on Biological Nano-systems

(@ Plasma Medical Science for the Lifestyle-related Disorders and Ageing
(® Nano-imaging Analysis of Life and Diseases

@ Mechanisms underlying the Beneficial Effects of Exercise

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

Fluorescent Microscopy for Biological Nano-systems Analysis

https://tohoku.pure.elsevier.com/en/persons/makoto-kanzaki

Graduate School of Biomedical Engineering, Tohoku University
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Professor Matsuhiko Nishizawa

Biomechanical Engineering ﬂzﬁsﬁmyxj_-blz:[?

R RIBRNLICENDI A TRGES )\ ADFHHE

Research and development of bio-hybrid devices

ERRBRNECEND A TRERT /A AV RT LOFREFH
EAT2CVBFIC DTy NEEBRIFRTITOV I TUT L
DI THEAiTZBIRU. Be5575) \A 7 5744 (52 IO &) - #lfa i
EVERDIADT )\ A AELEZTREE T D EICRD T ) A A 1A
ZRARIGEDUCEIFI DL e SRE SHERFEEHE 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

e S

J\AROY)VER

Hydrogel-based microelectrodes

Graduate School of Biomedical Engineering, Tohoku University
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Development of new tools and therapies for neurosurgical diseases, and rapid translation
to patientse

HENE
Fima AR

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.

Department of
Neurosurgical Engineering
and Translational

FEE T

Regenerative and Biomedical Engineering

EFRBERTFREECE EFBEZRREREHEEOMEN'S T A XM ZEEL TRIE T . fllfa-fL L
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.

Neuroscience

1. Development of neuro-regenerative therapy with multi-lineage

BREEETS

Rehabilitative Auditory
Science

.\‘
zz )| [ 5EH

Professor Tetsuaki Kawase

OREHEETS

O ERTIIMETS

R EF Laboratories

Rehabilitative Auditory Science

O HENE i AERERS

Department of Neurosurgical Engineering and

Translational Neuroscience

Department of Aging Vision Healthcare

O FREETH

Medical Science

OEBLEETZ

Bone Regenerative Engieering

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
HUIN\EUF—a kDI IEE DR ZETOTVE D,

O HERRREDRIAL Sl 2 WA DREFICEI I SRR

@ R BREEICE Y 2R GHIEss. A LRE. K&~ TN

® BEUN\EUT—I3 V(BT DR

@ MERE IR E-FEEICKDBimodal Speech Perception
(BRI DIZR

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
hearing loss

2. Research on auditory prosthesis (cochlear, brainstem and mid-brain
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

BiEEA >V TSV DIDDIVEV TV RT LDFRFE
Electrophysiological mapping system for auditory brainstem
implant

i i i

B E UV BRI E B RIGICR T SR
Neuromagnetic investigation on auditory steady state
response

=l
EI%

Department of Aging
ision Healthcare

Hzus 18R i

Associate professor Noriko Himori

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.

SERMIMMENITIE. R, AR, TR,
SBROEBIEICEET 2RF =)
o LWL/ A ADFIF. R
EDWRIEEICEOTND,
Experimentally induced aneurysm
in rat. The process related to the
initiation, growth, rupture and
cure is analyzed. This model is
useful to study new development
of endovascular devices and and
pharmacological therapy.

4B .
CFDZRLVVERT — 5 —IC K SINENRBDMFT CD
54 T DEIRIE TIFEBIHIB D R, IRR(ICIE<E
BLTW%,

Patient data specific CFD analysis of brain aneurysm.
This type of aneurysm had strong relationship
between maximum wall shear stress and growth and
rupture.

BHER - AR, BEREER - POl

Early detection and treatment, and attempt for personalized medicine and prevention

FFE NI RVBAR CIFRE. BERFhZEF T ENFREICE
[FENTVET, ABDEET TS DX THEFBEROMNBEF
BWENBETCVDESOHNTHD. BRFHELE T CDICER
NERDCENIEBICEETT, TOEHICRREEZRRIR T
25— (INGEM) EBAULT. SA TR AL (BYUE, &E, &
B, B%E. EF) BES). 7 vIRT—F (BLF. XIR
O—L). RESE. X FsERS (OCT) BEg=ZRE LicEy
UF—5EBRL.BBEAB Ry IDT - D SAIBIREZRICT
FHRPA EBEEOA V-V IEDT YA LT URICE
DUVcBDRETICET HMRICIDIBATHEDERT ., K.
BADBEAEA S 27237 LWL Z BV CRIBE LBRRRED
BEZRRYT 2 L CENEERDRIRICBHTHDET .25
DIERBPRAVECEBRLERZREN S/N\AF Y —H—&
UCIHREMICEID T Y+ 707 )\ AEDERKZE DT
[CHEIDEATEDET,

Japan has a long average life expectancy, and extending its
healthy life expectancy is a current challenge. Humans acquire
approximately 80% of the information they need for survival
through vision, so preserving vision is essential for extending
healthy life expectancy. To this end, we are collaborating with the
Advanced Research Center for Innovations in Next-Generation
Medicine (INGEM), aiming to build a big data set that combines
lifestyle variables (smoking, alcohol consumption, weight, diet,
exercise, sleep, etc.), omics data (genes, metabolome), ocular
fundus photographs, and optical coherence tomography (OCT)
images. Our research focuses on the prevention of eye diseases
and is based on data science that includes subjecting data from
routine physical checkups to Al diagnosis for prognosis of and
screening for systemic diseases. Furthermore, we are working to
promote personalized medicine, using new equipment to quantify
oxidative stress in individuals and exploring the relationship
between oxidative stress and eye diseases. We are also engaged in
the development of medical devices such as micro-devices that can
non-invasively extract information presented by ocular biomarkers
to elucidate systemic vascular diseases and dementia.

Graduate School of Biomedical Engineering, Tohoku University m
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Classification of the causes of blindness in Japan
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BRARBICOIFDRRRFEEHREREDOEEE
Association between risk factors and systemic
disease in glaucoma.
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Development and in vivo evaluation of new bone regenerative materials toward clinical application s N\
Bone Regenerative A ‘ /— ‘ |_L|
Engieering RQIFREREICRDRDN I BIFEDEFIER B Z A HIEE(C : . -
FOCELETDIcHDHREZEMELE T EEFREBLCEBE i : K 7

KRETIVOERPRECDEBEMBOERRIDZR AR
Biomedical Engineering for Health and Welfare
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!! @ BBLEICEEITDEYESRTTILERICEI T DR Clinical trial of octacalcium phosphate collagen WET o RFBEECE AR DR EFZRELCTLET,
ST ites (OCP/Col) : ) . ) ) ) )
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 GC P-"FCDI Colla gen 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 1 090 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

SFHREETYS BEEN R et para e IINVEIEVE i S DEE=SIET DHl

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

Medical Science
KIREDEF CTIF EY. RIVEY  EENYE REBEVE PR

EYB) OHISIRENX S AN ENRE, RRER CH(TDIEAX D=

TR EB BRI CER T DR SR EEER. SRR SI LOBEETFHL. BIML T DD DES T
Physical Medicine and DRERIEITZEL. T OMRERISRTUF S BANICIEIHEEN BRI C &2 AT BN Z L DFE. SRR

such molecules.

ALDFERZEBELUT, & BA 2. sl N ERDH I8 Rehabilitation Kiff St BRI RZZNAUCER DRE L. R T2 EIMDILAICKDMIEU/\EUT —23> Y AT LD,
BOEDBERERINAZRDE T, ESCTNEDFATY AT eV e BERDEREZRE T /DB AN ARIMOM R ZTNET .
@ R EXEAS D AZR
; @ BARL . BIMTOZR - AR EDRE Our gloal is to develop a new technology based on medicine gnd engineevring for preyenting and minimizing disabilities
L — resulting from neuromusculoskeletal disorders through studies on plastic changes in human central nervous system
L ( ® EAIDERTR induced by noninvasive brain stimulation, optimization of motor control using motion analysis and computational
= FOZR =BH @ VERIRFEIE . BETBA D Z X LDERR 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 " .5 . ms
transporters involve in the regulation pathogenesis of renal failure, ~ Renal-specific gene delivery i 1} L] Sula umE
hypertension and cancer as well as diabetes and obesity. We study ; ;g cu [ ]
4 SR O—Fy

. ) : o
for developing diagnositc tools or screeing new drug by modulating 1’$ fE

1. Characterization of membrane transport systems
2. Search of diagnostic tool and new drugs for renal failure and
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PrARR

hypertension , .
3. Discovery of anti-cancer drugs ) : > ? ’ -
4. Research for diabetes and obesity ; P f b f'.-_}.
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DHEEHFR ERAA R ERELSHOIZ
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

EFEiLLS

Medical Welfare
Engineering

P
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Professor Mami Tanaka

BREAR—YDETZ

Biomedical Engineering for Health and Sports
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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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Liar Moderane High
Phyiical sctraty vl
SFBEELANI-FHEEREDRE
Medical care cost and physical activity & performance
Geriatr Gerontol Int 2010 (Epub)

Control PS-1 knockdown
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).

L ZE—OEEERENE

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
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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

iz BB S
Professor Takashi Watanabe
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Life Support Engineering
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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
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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 DEm-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
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@ 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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(Description : Medical Device Innovation)

Next Generation Biological Information Technology

ERAA=IY0

Biomedical Imaging
KHAZEDE Tl FCDMERBEDO = RTTA X—I | SREE

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

R ) A A XN AR RD ST CVE 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
ultrasound, CT (computed tomography) and MRI (magnetic
resonance imaging) in order to realize three-dimensional imaging,
precise automatic diagnosis and flow analysis of cardiovascular tissues.
We are also developing several acoustic microscopes to visualize
kidney, liver, tendon, cartilage, bone and tooth besides cardiovascular
tissues and assessing pathophysiology from the view point of
biomechanics.

iz TR BN

Professor Yoshifumi Saijo

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

Medical Device Innovation

RASBEF Laboratories
OERAA—IVYT OERAXTE
Biomedical Imaging Biomedical Optics
O LM HEEERINE OF /TIAAETLE
Bio-Medical Interface Fabrication Nanodevice Engineering
OiEREKEmIFRLIZ

FoERN T — 5 N - IC R DERBERBDA X—I T

Imaging of biological tissues by novel data acquisition and analysis

EEEOERDMFENI N
ALENO=RTBERE
ETBEiROBEREMRER
AT EEHROBERIRMRS

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

ERXIZF

Biomedical Optics

ETes 7f’ ‘ﬁ Al

Professor Yuji Matsuura

F(FERERIRLZ

Bio-Medical Interface
Fabrication
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Associate Professor Masayoshl Mizutani
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Development of non-invasive diagnosis and healthcare devices using optical technology
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Blood glucose measurement system using infrared

By introducing new optical technology, we develop diagnostic and light
health care systems that analyze components in blood by touching
the optical sensor and that diagnose various diseases by simply
blowing on it. We are conducting research and development in
a wide range of fields, including the development of healthcare
systems, elemental technologies such as the optical fibers for those
systems, and the investigation of the various optical characteristics
of biological tissues.

(1) Biological spectroscopic analysis system using infrared light
(2) High-sensitivity gas analysis system using an optical fiber gas cell
(3) Development of hollow optical fibers and optical fiber devices

HIT7A AR ZAVFROTRE

Breath analysis system using optical-fiber gas cell

http://www.ecei.tohoku.ac.jp/photonics/
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Fabrication of biocompatible/bio-functional interface using new machining processes

F/RERHINTEOBER BO IO KilizBEBELT R
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Our laboratory aims to promote innovations of nano-precision T I A NMNEFREIC L DEFHIEREAEE
Micro/Meso Mechanical Manufacturing (M4 process) at the frontier of New dental treatment utilizing powder jet
manufacturing technology for a smart functional interface. The  deposition of hydroxyapatite
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.

LTHEE
iyl Fep joe
ERRANREORI (EFEMEREEDNS)

Generation of bio-active surface

1. New dental treatment utilizing powder jet deposition of
hydroxyapatite,

2. Generation of biocompatible surface,

3. Fabrication of biomimetic surface, etc,

! -
_.I.H R — Iil.ll

A Z;Xr»r VOISR TOREKEERIRL (Mﬂiﬁ

http://www.pm.mech.tohoku.ac.jp/ DENMHDEIE)
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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Next-generation medicine based on micro/nano technology
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ERISERICB s R M BRUNROMEICET CHT LB gy,  Vira-miniature fiber.optic pressure sensor (0.D. 1254im)
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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 . . p
batch fabrication technologies for low cost and precise production have been R PIF T FRZE L ALPR RS (SHE5mm)

studied and developed to realize the above. Utilizing these microfabrication Bending Transformative Endoscope for Intraperitoneal surgery(0.. 5mm)
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

B = T s
BERGRA I U AR D TR I URES (T B # SRR
HfiE (#1542200um)
Metal needle with micro flow channel for biological substances
monitoring patch Cross-section view of flow channel (needle
0.D. 200pm).

http://www.medmems.bme.tohoku.ac.jp/
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The application of complex biological networks throughout various stages of development

BT SDREDELF. #ENRIE(EIZT TIFFFH L DEPIE
HOREICDUREHDDDD. NEFAZL LT LUILF—DIENN.
SLEHOEBFEDEIN. BEUERROENAEFRETRESN.
FRANDESEUEFTERVERREISEL TV L. CNHD
FEEDZLDEHH. Vv T—ROBRIBEOC ANV AZ(FU
HETDHIRFDRBAEZERDELFRIEORIEDNRR THEOE
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1EREEHAL T DIEARROEE T F 7 RD.

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 HRTH CRBERESESERE T EICED
diseases from the relationship between maternal conditions and %gi%ﬂ%;5§¥i?%%’g%%%€g§fgﬁg
fetal development using the mice experiments, gene analysis, and TC ARG AR LIC, COZE CCCEtn
clinical studFi)es. And w% explore thep medical egngineeriné in the BERRE =YY IDEIREICIEOET .

near future though the study of measurement information

obtained from the faint fetal signals appeared from maternal body.

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 vivo. We teach the following fields.

ARSI Laboratories

OBMEYIalb—yvavETR
Integrated Biomedical Simulation

CERREIE

Biomedical Fluid System
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The Integrated Biomedical Simulation Laboratory conducts
education and research for elucidation of mechanisms leading
to diseases and disorders, and development of novel methods
for their prevention and treatment, based on the integrated
methodology of experimental measurement and numerical
simulation. Main research projects are listed below.

1. Development of microfluidic devices to reproduce in vivo
microenvironments.
2. Elucidation and control of cellular dynamics and interactions.
. Understanding biofunctions and development of novel medical
instruments by measurement-integrated simulation.

w

Graduate School of Biomedical Engineering, Tohoku University

3-in-1 &R EEF YT

3-in-1 organ-on-a-chip

FvITRICER U HUIMER

Microvascular network created in the chip
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Development of cerebral aneurysm model with

@ EEIRS COIMMATEEDRE realistic physical material properties.

@ FREFEZ RV IR

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

4. Blood flow analysis using deep learning

ATV NEBE U & EDRREIRBHEDMIROKRF
Blood flow in stent on cerebral artery with
aneurysm

Graduate School of Biomedical Engineering, Tohoku University
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Artificial Organs
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FORAAHZFICOIDIZBELET,

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.

BEDTONADSBREFT. EEDHDEHGSWDIATAlRZEIR{E

Every kinds of artificial organs are developed in this division

RAKRPFA TR CB I DRFDHADGHNDDE Y . ZZEMENA T OEDR)
DRAEFISRIERZATHIIL BREISED . FTo=OR T AL OE CHEY
KRIMFLFZEHL RED BAPR CEEOAEBEDEREROCVE I F/C ]
L EEHRIO0FBEZERH LU CVBDECMOY AT ADIIERY J (& RIEKF TERER
SNCTVeYRT LTS, :
RENICIF. HEDHODDESEEHMEDTETHDEVWDNTNET, ZOVIEk ALDEHEDABY T—X

Tl DEDORBEDRRCES I T SEELLCLESORBIDCORETT.  paipie o e e,

AMFRBEEEE. AT A0 ATBE. ALENH. CADAFIHERESES . &F Schematic illustration of the artificial

SFFA TR OFREFRMF 2RO T ABDRREBUICERUCVEET, myocardium
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Tohoku University has a long tradition of research on artificial organs. The first long-term BRICLDIHE

BEnNoD

survival of a pneumatic ventricular assist device was successful at Tohoku University and
proceeded to commercialization. The centrifugal pump ventricular assist device also set a
new world record for animal experiments and is still saving the lives of patients with severe
heart failure in Japan.

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.

Currently, the blood pump of the ECMO system, which is saving the lives of severe COVID19
patients, is a system that was being evaluated at Tohoku University.

Eor)

1. Ventricular Assist Device, Total Artificial heart, Artificial myocardium
2. Artificial esophagus

3. Artificial sphincter EREHROO0-REEESE
4. Convulsion attach stopper &I DVWECMOYRT L

VWECMO for the patients
HEBARNR DB AT EvaHeart-2  with Covid-19
Implantable Rotary Blood Pump, Eva Heart2

5. Extra Corporeal Membrane Oxygenator (ECMO)

Graduate School of Biomedical Engineering, Tohoku University
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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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ADELEFEFIRAN =X LDOERICHIMDBA TS,

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. U
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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’ Alloy, Structure and Morphology Design of Metals for Medicine Based on Material Science and Engineering
IBERRERHI
ERMBOBES LU ZDREZ ARF(CEDLTOERZA E
WCHIET DT EICKRD  EEE M- AR CENDHTULL — AH <D

Designing Metal for ERS B EERT 5, 2 A REAEOIETE IO A
57 St 7 o T=A/T Y 1 — AN 0
MEd'C'"e Based on Metallurgy EupmihicyommyeEesominmmgiiomusmsi o Ee. Cr. M)

S SRR FIHUVVEATSBZRL T XN sEF0ETOEX ER # M
t ZRAVCES SABERE(LICIOCRALEZHIEL. BIESTC
FRHERREA S OEE B4 FEAMOWEICERY 5, (Ni) ()
Sm;atu(;e apd rgorplhology of metz)a[lsI aref design(e;ld _by meﬁ;l]lurg@cz;]l & i ti-t By = R OE &
methods to develop new metals for medicine wi ig = — _
biocompatibility and excellent biological function. %%\S%g;rsl‘iﬁb SBIE=YTIVTRERMA TS

. 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

m Graduate School of Biomedical Engineering, Tohoku University Graduate School of Biomedical Engineering, Tohoku University E



\

QE{ZF*‘JZ;—A%U&I]EI? Biomedical System Control Engineering

BLIN—-E%B
VAT L
Cybermedicine and
Biocybernetics

sz 2 Bk

Professor Norihiro Sugita

ﬁﬂnﬁﬁﬁ@ D'

EAX AT I
hfE = T =

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.

R EF Laboratories
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Cybermedicine and Biocybernetics
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Neuro-Robotics

OHREV AT LETE

Intelligent Biomedical System Engineering
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Cyber-physical Systems for Well-being Society
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We are conducting a study on the analysis, evaluation, and Mirror type device for non-contact measurement
modeling of biological systems using methods that integrate  ©f biological signal
biological sensing, artificial intelligence, and system control. We
aim to propose theories about cyber—physical systems in medicine,
health, and welfare and develop advanced techniques for social
implementation.

1. Cyber health management systems

2. Contactless human sensing

3. Virtual reality systems for medicine, health, and welfare
4. Assessment of digital content using biological signals

N=Fv)VBCEEVTYRAT A
Virtual cycling wheelchair

Graduate School of Biomedical Engineering, Tohoku University
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Neuro-Robotics
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Imaging Neurophysiology and Intelligent Computer-aided Diagnosis and Therapy
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Multi-cellular imaging (left) and whole brain imaging
. . . . . . (middle) for revealing brain functions and novel
By using multi-modal imaging techniques, we aim to accurately intelligent imaging techniques (right: tumor extraction
visualize wide range of biomedical phenomena such as from x-ray fluoroscopy) for diagnosis and therapy.
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/
http://www.rii.med.tohoku.ac.jp/index_en.html
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Robotics for Neuroscience, Neuroscience for Robotics
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Muscle volumetric modeling for function, physiology and
deformation
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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

SHRIIC
3. Study on redundant joint control and biological motor learning of vertebrates EENE AT

BVINSYZIHEE

4. Development of robot technology to Neuro-Rehabilitation Balance estimation
independent from
. foot pressure
http://neuro.mech.tohoku.ac.jp meas’f,,e,,i‘em

Graduate School of Biomedical Engineering, Tohoku University
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Bio-inspired Robotics
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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.

R EF Laboratories
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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.

1. Real-time adaptive control of legged robots via distributed
neural system

2. Autonomous decentralized control of soft-bodied robots (e.g. ~ SWRHEPEEREOZLICHU THOEHN LEZH
snake robot) CHEEHICERIREE4MOMR Y~

! . . . adruped robot driven by a fully decentralized
3. Understanding behaviors of extinct animals ,?gu,a,lfetwo,k_base(',vcontr{,,' e .

http://www.cmplx.riec.tohoku.ac.jp/
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Micro Magnetic Devices
for Medical Engineering
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Nano-Biomedical
Engineering
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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.

FMERONN  SENET
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An artificial device that mimics biological cell membranes

ST AR E AU R RS DAL

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 ------oooeeveeeiiiiiiiinn, P24

Professor | Medical Science

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

Arakawa, Mototaka -------eeeevenneees P12

Associate Professor | Medical Ultrasound

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

Chiba, AKiNiKO oo P35

Professor | Metallurgical and Materials Engineering for Biomedical Applications

Development of highly functional medical metallic materials by advanced
metal processing

FUkUSima, Takafumi --------eeeeevveeeen P20

Associate Professor | Medical Nanosystem Engineering

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

FunamotO, Kenichi -----eeeeeeeeeennnnn. P31
Associate Professor | Integrated Biomedical Simulation

Integration of measurement and simulation to comprehend in vivo
phenomena

Haga, YoiChi -, P30

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

Hayashibe, Mitsuhirg «-oeeev. P37

Professor | Neuro-Robotics
Robotics for Neuroscience, Neuroscience for Robotics

Himori’ NOriKO e, P23
Associate professor | Department of Aging Vision Healthcare

Early detection and treatment, and attempt for personalized medicine and
prevention

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 biological functions

Ishiyama, Kazushi «eeeeeenens P39
Professor | Micro Magnetic Devices for Medical Engineering
Move and Measure by Magnetics

|Zumi, (o] 81181 e] o | ISR P25

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

Kamakura, Shm“ ........................... P24
Professor | Bone Regenerative Engieering

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

Kanai, Hiroshi --oooeeeeevemveieniiiinn. P12

Professor | Medical Ultrasound

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

Kanetaka’ Hiroyasu ..................... P17
Professor | Advanced Dental Science and Technology

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

Kanzaki, Makoto eeeeeeemeeeninns P20

Professor | Biomedical Nanoscience
Cold Atmospheric Plasma in Future Medicine and Healthcare

Kasahara, YOSthuI<| ..................... P30

Senior Assistant Professor | Next Generation Biological Information Technology

The application of complex biological networks throughout various stages
of development

Kato' Hidemi ----oooeeeerereemeeeiieennnn. 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 -oooveeeeeeinnns p22

Professor | Rehabilitative Auditory Science

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

K||<uch|, Ken” ................................. P19
Associate Professor | Blological Flow Studies
Biomechanics for studying biological functions

KOdama, Tetsuya ........................ P16

Professor | Biomedical Engineering for Cancer

Preclinical study of early diagnostic and treatment of lymph node
metastasis

Matsuura’ Yu“ ................................. P29
Professor | Biomedical Optics

Development of non-invasive diagnosis and healthcare devices using
optical technology

Mizutani, Masayoshi----eeeeeeeee P29

Associate Professor | Bio-Medical Interface Fabrication

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

Murayama, Kazutaka - P13

Associate Professor | Biomedical Supramolecular Analysis
Comprehensive analysis for biological suplamolecular complexes

Nagatomi, Ry0|Ch| ........................ P26
Professor | Health and Sports Science
Biomedical Engineering for Health and Sports

Nakao, Mari - P25

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

Narushima, Takayuki ---oeeeee P17
Professor | Biomedical Materials Processing

Development of biofunctionalization process using metallic and ceramic
biomaterials

Niizuma, Kuniyasu «eeeeeeeiens 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------eveeee [=F=3

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

Numayama, Keikg --eeeerereeeeeennnn. P19
Associate Professor | Blological Flow Studies
Biomechanics for studying biological functions

Ohta, Makoto oo P32

Professor | Biomedical Fluid System

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

Okuyama, Takeshi -------eeeeeeerevenees P26
Associate Professor | Medical Welfare Engineering

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

Saijo, Yoshifumi- e P28

Professor | Biomedical Imaging
Imaging of bioclogical tissues by novel data acquisition and analysis

Saito’ Masatoshi ------ooeeeeereeeeeeennnn P30
Professor | Next Generation Biological Information Technology

The application of complex biological networks throughout various stages
of development

Y

Sugita, Norihirg e P36

Professor | Cybermedicine and Biocybernetics
Cyber-physical Systems for Well-being Society

Tanaka’ Mami ---oooeeeeeeermeereie. P26

Professor | Medical Welfare Engineering

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

Tanaka’ B =) K] U U P20
Professor | Medical Nanosystem Engineering

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

Watabe, Hiroshi:...-cocooovveveeieniinnnnn P14

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

Watanabe, Takashi - eeeveeeenns po7

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

Yamaguchi, Takeshi- e po7

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, Tomoyuki ........................ P33

Professor | Artificial Organs
Every kinds of artificial organs are developed in this division

YoshinobU, TatSuUQ ---eereeeeeeeennnns P13
Professor | Biosensing
Development of Bio-Electronic Interface

Yoshizawa, Shin oo P16

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

MBiomedical Measurements and Diagnostics MBiomedical Engineering for Diagnosis and Treatment MBiomechanical Engineering MRegenerative and Biomedical Engineering WBiomedical Engineering for Health and Welfare Medical Device Innovation

Biofluids Control System W Artificial Organs B Medical Materials WBiomedical 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:

HBHFEHE Educators and researchers

FUWETIZZREE LFDEE7ZH I 0EMRINMAE C. 2EDHE EMF XTI DERI L KRZOHEPE
RIAFHEBEDMREICTEDFEDE T DD EDETFEEDH R ZHE T dECBIC EDTRICD DA,

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
([CBBTEDAI,

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
([CHOCEEESREIGIRTTIE I CRB M IO ELFZROIFIME . SHICINSDTEE CE I FEIEDIRIMTRET
PERRBRIFEDERZEL T HRIMEDZFINET,

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 equipment manufactur-
ing/sales companies and medical equipment ventures, and can contribute to medical and pharmaceutical compa-
nies. This includes biomedical engineers required at medical equipment manufacturing and sales companies 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 / HappydJapan Inc. / Murata
Manufacturing Company, Ltd. / Hitachi High-Technologies Corporation / SHIMADZU
CORPORATION / JAMCO CORPORATION / DENSQ 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
Engineering Co., Ltd. / CHUBU Electric Power Co.,Inc. / TORAY INDUSTRIES, INC. /
Medtronic / Japan Airlines Co., Ltd. / NEC Corporation / FUJI ELECTRIC CO., LTD. /
Kawasaki Heavy Industries Co., Ltd / PHC Co., Ltd / Panasonic Co., Ltd / Terumo Co.,
Ltd / Olympus Co., Ltd / Teijin Co., Ltd

(Other)

TOHOKU UNIVERSITY / Akita Prefectural University / Kindai University / Osaka
University / Nagoya University Hospital / 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 / Miyagi Prefecture /
Patent Office / NHK

Graduate School of Biomedical Engineering, Tohoku University m



