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as a Global Center of Excellence for Biomedical Engineering
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Tohoku University has been selected as a candidate for the "Universities
of International Research Excellence" to be supported by the investment
profits of a 10 trillion-yen fund. In terms of a university that conducts
internationally outstanding (i.e., world-class) research, Tohoku University,
which has been committed to the "research first" principle since its
founding, should just focus on research as per its philosophy. However, for
conducting world-class research, the university is required to make major
changes in academic and operational reforms so that students and faculty
members can focus on research, create an environment where young
researchers can conduct research independently, and design careers so
that all members of Tohoku University, including students, faculty, and
staff, can be active and brilliant on a global scale. The Graduate School of
Biomedical Engineering is also in the midst of these changes.

Although sometimes mistaken, we are not the Institute of Biomedical
Engineering, but the Graduate School of Biomedical Engineering.
Therefore, the mission of the faculty is not only to achieve significant
research results themselves, but also to advance biomedical engineering
research by educating students. Currently, we are increasing the amount
of time students can concentrate on their research by reorganizing
lectures and practical training courses and utilizing online/on-demand
classes. These reforms are also increasing the amount of time faculty
members have for research. In addition, students do not just assist the
research of faculty members, but rather conduct their own research as an
independent researcher, thereby fostering a sense of responsibility and
conceptual ability that will enable them to be immediately effective in
research fields at research institutes and companies after completion of
the program.

Internationalization is also required as a priority item of the "University
of International Research Excellence," with commitments to increase
the ratio of international students to 40% and to invite internationally
outstanding foreign faculty members. The Graduate School of Biomedical
Engineering will promote internationalization with an emphasis on
"export" as well as "import". We will expand the short-term study abroad
and internship programs for students at overseas universities and
research institutes that we are currently offering. In addition, we are
already offering joint lectures with overseas universities through online
classes, and will further increase the number of partner universities and
expand the double degree and joint degree programs with overseas
universities in the future.

Japanese culture is said to be a culture of "wa" (harmony). This may seem
to be the opposite of internationalization, but "wa" is extremely important
for medical-engineering collaboration. Harmony is created and medical-
engineering collaboration matures when researchers from different fields,
such as medicine and engineering, breathe the same air. We are providing
medical and biological education for science and engineering graduates
and engineering education for medical, health, and biological students.
We send students to our university hospital to explore clinical needs and
create new idea on medical devices through medical device development
training. The Graduate School of Biomedical Engineering also emphasizes
"harmony" with industry, and conducts many joint and funded research
projects, as well as the Educational Program on Medicine and Biomedical
Engineering for Engineers (EMBEE).

The Graduate School of Biomedical Engineering aims not only to conduct
biomedical engineering research and develop medical devices, but also
to change the concept of health and enrich human life. Students, medical
professionals, and companies, join us, the Graduate School of Biomedical
Engineering, in spreading the "harmony" of biomedical engineering to
the world.

Dean, Graduate School of Biomedical Engineering
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.
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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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{é,ﬂﬂ E**E We educate expert researchers who choose pertinent, socially relevant research subjects for the betterment of

Doctoral Program

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.
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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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n Graduate School of Biomedical Engineering, Tohoku University

BENHE

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 subseqguent 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) .. | | Biomedical Ec_o' Special Biomedical
Basic. E”gg‘:’resg”g oo Engineering Training
Engineering i £2 L
WG Doctoral Training in
_ g Biomedical Engineering
BADDIIC(Jad I E.—S
» Biomedica o >)
;" Engineering . G % <
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
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m 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 and technolo-
gies and to expand them in global industries.

@®Provide opportunities to understand and learn the basic principles and technigues of biomedical engineering.

@®Provide opportunities to promote skills to define and to evaluate unmet clinical needs through observation in
clinical departments and internships.

@®Provide opportunities to overview regulatory affairs of medical devices, healthcare systems in different
countries, ethics, business planning in medical device industries and social problems such as SDGs.

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

Graduate School of Biomedical Engineering, Tohoku University
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List of Subjects

FIH—E List of Subjects

Masters IZ2FREREEE Basic Engineering ET 2w Introduction to Biomedical Engineering
Program ETERHSE - Yz Mathematics and Physics of Biomedical Engineering ETO—F VIR Introduction to Coaching Communication in Biomedical Engineering
ETERNZ Basic Mechanics for Biomedical Engineering EFHF Biomechanics
ETRAENZE Bio-fluid Mechanics ER R Biomaterials Science
BTN Strength of Materials for Biomedical Engineering EANXA 2O - F /#biisw Medical Micro/Nano Technology
EI#HNZE Thermodynamics for Biomedical Engineering ERBEETZE Biomedical Ultrasonics
ETB@EF Medical Aspects of Electromagnetic Theory EAREHRIRIEHETS Measurement and Control Theory for Medicine
EX - BFOBRIE Electrical and Electronic Circuits ERIEHRETAIZ Medical Information Measurement
EARERIE Bio-Medical Interface Fabrication
EXRERHEE Basic Medicine EAERZI LS Technology Related to Diagnostic Medical Imaging
Ry Basic Biology DFARX—=I VTR Molecular Imaging
T - BLEYF Medical Molecular Biology AL - BEERERS Artificial Organs and Regenerative Medicine
FAREERIE Physiology for Biomedical Engineering RS AR Pathogenesis and Treatment of Diseases and Disorders
AFIEIE - HEES Anatomy SFEMBIFER Quantum Biology
JRRED TR Instrumental Biomolecular Analysis HRETH Socio-Biomedical Engineering
(b Fundamental Biochemistry ERBITE Medical and Welfare Engineering
R ERRIFR Medical device innovation strategy
EEfEsELUTF1o )P4 TR Regulatory Science for Medical Device
EERERE I RAFE Business Ecosystem for Medical Device
AW - SR LFEE Laboratory Training in Mechanical and Electrical Engineering for Biomedical Applications
s LT [FEE Laboratory Work for Biotechnology
A RES Medical Device Development Practice
ETFRERIER A Special Lecture on Biomedical Engineering A
ERA 5—>2 2w THHE A Domestic Internship Training A
ERA 57—y THHE A International Internship Training A
B SRAIEER A Y — 2w JHHE A Medical Device Innovation International Internship A
PBL E=+—JU Problem-Based-Learning Seminar
ETHETHHE Master Course Seminar on Biomedical Engineering
BHERIE Related subjects
ARRBFZEERICHBT Subjects recognized as related by the Graduate School Committee
BERIEE L TRDIEDD
4 R FIEEEHE Interdisciplinary Basics
1&¢H‘HE¥*EE TR - EEWIET 2555R SRR T 25550 Advanced Course for Biomedical Measurements and Diagnostics Advanced Course for Medical Diagnosis and Treatment
Y& - TRILF—45 ET¥45RIER B Advanced Course for Materials and Energy Special Lecture on Biomedical Engineering B
Doctoral ES P SIN ERNA V5 —y THHE B Advanced Course for Biological Systems Domestic Internship Training B
Program ?i%lii%*—ﬁ?ﬁ_ ERA 5 -2y TiHE B Advanced Course for Biomedical Engineering for Health and Welfare International Internship Training B
R AR A R EEESRAIEER VY — 2y JIHMEB Advanced Course for Medical Device Innovation Medical Device Innovation International Internship B
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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
Quantum Biology

Medical device innovation strategy

Biomechanics

Biomaterials Science

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 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

ETHETIHE Master Course Seminar on Biomedical Engineering

BAERIR Related subjects

ARRRZERICHBNT Subjects recognized as related by the Graduate School Committee
BhERIE & U CRRIzBD

=l 5= | Specialized subjects

ETFHRRIHE Advanced Seminar on Biomedical Engineering

ETFEHE Doctor Course Seminar on Biomedical Engineering

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
Medical and Welfare Engineering

Biomechanics

Biomaterials Science

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
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

ETHETHHE Master Course Seminar on Biomedical Engineering

BHERIE Related subjects

ARRBFZEERICHBT Subjects recognized as related by the Graduate School Committee
BERIEE L TRDIEDD

BSERIE Related subjects

ARBEZEER(ICBNT Subjects recognized as related by the Graduate School Committee
BERIEE L TRDIEDD
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Associate Professor Mototaka Arakawa

ﬁﬂnﬁﬁﬁﬁ Divis

T

T
| /A I:lé.

Biomedical Measurements and Diagnostics
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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.

HRIEF Laboratories

OEFEERETS

Medical Ultrasound

O FIEEHTETLS

Biomedical Supramolecular Analysis

Biosensing
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Radiation Informatics for Medical Imaging

RETR-HIELADRZ

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

BE R EMRICE T IR ZEITOCVET (T, kD
ERMTBRICRDEMRIEZMAICINA M IR I I & A (AR
BREDRAIFRIEZEHAIL CEENZRIZTREE I 2 Lz Bis
UCWE T T BIE BE R ESHIENE. BEREHANE.
TA VY VESEMBMOM AR ZBL TRV T FEIERA
M RIBER R HBERRENBIOERNADICOICHETR
FEFLEDEPORFEOMEE ZRIUFA A ZERLTHD
EER

O BlEeT I IVESETBEREIAEDM A EFERHA
@ ER-EDEEELERAA—I VI DI DBERHEEDIFT
@ EFAERDIERBRUENRE HAEDE BZRTEDIFL

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.

1. Studies on high-performance digital signal processing and ultrasonic
measurements and their application for medicine and biology

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

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

m http://www.ecei.tohoku.ac.jp/hkanai/
http://www.ecei.tohoku.ac.jp/hkanai/index_en.html
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Left: Developed ultrasonic probe capable of measuring arterial
pressure waveform. Right: Relationship between arterial pressure
and diameter, and B-mode image.
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Top: Microscopic image of normal (left) and aggregated (right)
red blood cells (RBCs). Bottom: Change in the sizes of ulrrasomc
scatterers (RBCs) due to aggregation during
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Biosensing

Professor Tatsuo Yoshinobu

7 FrEEhEh
EI%

Biomedical
Supramolecular Analysis

sz AL FORE

Associate Professor Kazutaka Murayama

Bi dical Measur and Di: ic :l-l-lﬁu
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Semiconductor sensors for chemical and bio-imaging

EHRETIVINOZIRADA V=TT RIF BV IH D

ROBEE A EREEYEIC DOV TIRN DEEEOE VD

ST OICDICIE BEDD FA 74 2 2 BREICIRH TEE-FI1R

LTV UDUECTT . ADEF Tl FEHT) A RZALAE

FYEDFAEAR—IVIICHTDMRZITOCNERT  Kes
CNoOEM7ZERWVC AP PEEREYBEDOHAICE T MR

T CVET,

O FERERA AT BT DR
®© U DI A A 15

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/

{ERAA—IVIEIBVRT A

Chemical imaging sensor system
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Metabolic activities of microorganisms detected by the chemical
imaging sensor

EMEREDREBAIC I ToB D FES DS ANEIEET

Comprehensive analysis for biological suplamolecular complexes

BLTFEYELTCY VI OBEFSRETLEMRRZEOTHO.
FRDOERICOVWTCTHEBRFRELDDDTH . Y/ IED

HBEF T DI S EREFBEDDON S0, &)\ OBDILFHEE

DEEBRIFZTDHAEDEERICE O TEARBNEER M ZE D B4

FVIOEICRERSNDER D FOMBEZ XIS RBERN. B

ENM D FRIELFEZANT. ZDIUEBENSERTHTE

ZEELTCVD,

O XipIERASERTIC R DEFZ D FOFFMIFILAEEDHEH
@ VIVFRAA V2V IKOBD2FESEDHFT
@ RARZEMS VI OE /BEOYIR LR H I E CHEBEDIRAT

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

http://www.structbiol.med.tohoku.ac.jp/index.html

XIROITREC K DRHT—5 DAIE

Measurement of reflection data by x-ray diffractometer

1
X . o \"‘-,..
5V OEOBTFEEDHEESFEFILOEE

Electron density and modeling of protein molecule
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'F§E$ Applied information technology for medical imaging with radiation

A PETWSPECTICRKRENAHEZBER. MaHRZFAUCER T

Radiation Informatics for [FEHIDAEICRDT TEDTELEVBDEFESTVET L UL, i k!

Medical Imaging BRTIF BEROF DO—EBDBIRUNMEDN TV E B Ao BBET __ TN

FREHRENAUICBR T — I D SR miFiERZHHL. 8=
Blomedlcal Englneerlng for Diagnosis and Treatment

F7ZHBRFE TN T,
PETWSPECTZ AW cEFDHAEZES VAR YL : =
v Lo TR R RS SR ARETFRETIE AR AL SNDADHERE ZOBBLEHETE, ZNSEMALCRBES
WRESUICERRMAICEAT 2REMRETVET  ABEEICIE. U TODEHFZERELTVET .
Students in the Course of Biomedical Engineering for Diagnosis and Treatment learn the underlying science

@ BROESYUTAZRABLUICD FAX—I VT DIGAEMR
@ BT —IX—ZHFEMAR

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.

: Radiation is widely utilized for medical field as diagnostic and
e ] 52%'3 5%5_‘ therapeutic tools. Radiation gives us information of living organism
noninvasively. However, detected signals are in a tangle from several
sources. We will investigate and develop advanced techniques to
extract useful information from medical imaging including PET
(positron emission tomography), SPECT (single photon emission e B

Professor Hiroshi Watabe NIRSEPETDORIEEIR

Fusion image of NIRS and PET

HRDBF Laboratories

computed tomography) and other modalities. — = —— — .Eﬁs MI*} b4= EI? .EE;ET/EI?—
1. Measurement of tracer kinetics in vivo by PET or SPECT to investigate Electromagnetics for Biomedical Engineering Ultrasound Enhanced Nanomedicine
physiology and pharmacology in living organism. and drug efficacy
2. Multimodal molecular imaging for drug development O EEETE O EERIETSR
3.Image database for data mining Biomedical Engineering for Cancer Advanced Dental Science and Technology
OEAMEITOERTE QLRI TOERATE
Biomedical Materials Processing Biofunctional Materials Processing

@ https://www.cyric.tohoku.ac.jp SYPOPETF— 5 D SEAEEIRD{EMR

Generated parametric images from PET images with a rat

SEGER IRV E— B il Wt ol e

Electromagnetics for minimally invasive medical and welfare applications

EI¥ DFEEt. EREEULENRIOEROBE. JV/IORNTAT—H
Electromagnetics for HEE#S. BUERIPNEE SN TV D, ARAETEER R~
Biomedical Engineering 18RS DEFNNDEREROTAMEERITZRR T LD
00000000000c00rtssssssssccsressssssssece o BHEESEF ALK ISED R AERT O R ELESD.
EEESEOIUEL NEKEREUCHERRZEIET .
1. /R FZAVCHESZEORE Y AT LAERENIVRT 7
PRANTESEOEA
2 EREMEOERESIBHREDAT AT ADFRAFE LR EEERK

DA UT L&A L TRETTREE AN B U RIS
SEGNADUEBBRESDAMEEY AT LORFKEIKIBEERE 8 Real-time detector for microorganism
s s&- (= HHEZRNDILA

A LR ETAI Y RS RSl E DR

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.

Professor Shin Yabukami

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

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

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

4.Development of broad bandwidth thin film evaluation system for bio
magnetic sensor ERBEOERTIEIRET BT T AICKDDHTHA

Measurement of Magneto Cardiogram without magnetic

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

m Graduate School of Biomedical Engineering, Tohoku University Graduate School of Biomedical Engineering, Tohoku University _
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Professor Tetsuya Kodama

is and Treatment
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Noninvasive ultrasonic treatment of non-superficial tissue

BERIF. TOBERAEREZICL<AVSNTERLZD, &l
TlE ZDIRIVF—ZEERCED T HABREE BRI D EIC
BAVSNBDIRIITFOTNE T . CHVZRIRT DIsIC(d HEBIC
BERIRILF —ZEHDEIMIETTFEL ADADSHIRT
[FRREVEEICREZE D, BEDBEICLDE(LZRERHIR
H T DEIMTDAEARE R T o SOIC BEBICEIRAICETDPT
EVBERBE CRENWRZEZHAET DIBRMENRETEN
1 BERAEOR L ENEERENCEHD LN TERT,

O ERBERBIOIRTFF
© BERABIEREMOINS
® BERICIDEME RHRIOS

Ultrasound, whose information has been widely used for medical
diagnosis, is now becoming to be used for therapy by focusing its
energy into a tumor. Not only the technology to focus ultrasonic energy
into non-superficial tissue to be treated but also the imaging
technologies to aim the tissue and to detect its change due to
treatment in real time are required. Furthermore, a tissue selective
ultrasonic sensitizer, which induces therapeutic effect at lower
ultrasonic intensity, can markedly improve the safety and efficiency of
the ultrasonic treatment.

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

http://www.ecei.tohoku.ac.jp/ume/
http://www.ecei.tohoku.ac.jp/ume/english/
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Tissue heating enhancement with microbubbles
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UItrasound image-guided focused ultrasound treatment
utilizing bubbles
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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.

1. Mechanisms of lymph node mediated hematogenous metastasis

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

3. 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

https://web.tohoku.ac.jp/kodama/

Graduate School of Biomedical Engineering, Tohoku University
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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.

1 injection of dnags (T Lymphatic vessels.
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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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Professor Hiroyasu Kanetaka
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Professor Takayuki Narushima

Biomedical Engineering for Diagnosis and Treatment
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Innovation of highly advanced medical technology using high technology in bio-dental engineering

ERE T2 (CHIFDIimBi 2 b AU, SeERrEIHR R A 45T
B BRUBAEME A EIDRAZ TV BESTEEREITD
BIRICERT 22BN E U5 ZT 2. fIc EF AT AV
VRE—Y3VF+TTFvIRT LOBE EFEGHDOEN =Y
TILTU—TIBRRE RS P EFRN 2R B U EHN
HEEEE AR ORIRZTV. S ENICERIRF A At Z5 Tl 5
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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 deglutiti i

magnetic wireless motion capture system.

system using

ST LIU-TIBRREREEZFIAUEREAN
BRI RBEDRRE

New internalized orthopedic device for craniofacial
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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Biofunctionalization of metals based on surface and microstructural control

BERARICRAULHDE T, SBREFKEEDE T PREC
WIS UTCAEGEREREAM Y AT LOBEDEIRFENTVE
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EFAEEMHIORE - B/ BEHIEEE U EFEAT) (R
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WET. ERRFENCBITDERRAB LU TSI v I RERH
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O AVTSY NREFYVREDHE - LD VAL
©@ A7 hACo-CrasDOMiBHa S & 7Rk
O £FAFT Y U EEORERINICBIT DRERR - SHEM I

The demand for high-performance devices to restore functions of the
human body is steadily increasing. This is due to the decline or loss of
biological functions of elderly persons in today’s super-aged society. Our
research group focuses on the basic and applied research pertaining
to the enhancement of the functionality and durability of implantable
devices (implants) through surface and composition/microstructural
control of metallic biomaterials, such as Ti, NiTi, Co-Cr, and Mg alloys.
We conduct basic research on controlling surface reactions of metallic/
ceramic biomaterials in a biological environment. In addition, on the
applied research front, we develop materials having surfaces with both
antivirus/antibacterial activity and bone-compatibility, as well as design
materials for artificial joint and stent applications.

1. Antibacterial and antiviral functionalization of Ti surface for implants
2. Microstructure control and mechanical properties of Co-Cr alloys for stents
3. Experimental and computational studies on surface reactions of biomedical Tialloys

= éihhl]ﬁ

TiORNDARAIRGF CH SRBILERRDE L E
SECNIRAEE (AIRARG T CHRERZERR T
375 —EBBTIOMMICEFRFENZEINTLDS,

**p<0.01)

Change in normalized number of viable bacteria with
visible-light irradiation and carbon concentration in TiO:
layers: the carbon caused the antibacterial activity of
anatase-rich TiO: layers under visible-light irradiation.

B0 KV, 400 mA, 1296 me 85 KV, 320 mA, 26.5 ms
L0 (Co-25Cr-10MI-5W (mal%))
Bl
Designod: Co-25Cr-SNI-T0PT-10W (mal%)
— —i

Designed: Co-25Cr-20Pt-5W [molis)

NAESE(LE05) ERFTGEDCTA X—J (PtZES
BIDREGRICHNTXRRERMED @ ELTND)
CT images of standard Co-Cr alloy (L605) and designed
alloys: X-ray visibility was improved in designed alloys
containing Pt.

Graduate School of Biomedical Engineering, Tohoku University

aRETS




7
ﬁ;ﬁ EI$ Biomedical Engineering for Diagnosis and Treatment Biomechanical Engineering E%&w F/Zj__b EI#

i ﬁﬁﬁ Divi
HiFigREdAEl BEEBEPDDSA DR RAEEH Ul A MEEHE 70t X DBR -

70 D t Z I$ Development of biofunctional materials process for regenerative medicine and drug delivery systems
ToImEEE X A & ERRREM BIDERET (I3 EARBED D TR
Biofunctional Materials SRS AR EECH S, FRHTIS, LATH —mnee @ 0D
P o BITDVIINI— TSAFVI, IfZSEESHMJr aH - & prli B
rocessing 1)\ T U RO FRZNFIBRE w@amgwm% A

9000000000000000000000000000000000000000 ?i’jtb\%o 65(:\ ﬁj\¥DRDTb7_LgE1$%HE*Z_*4% ﬁi@ﬁ\ P

BAFIR. KSwIFUU—Y 27 1 (DDS). BERSES /- e AP -_____
RALOTSAF v o D4R BTN SRRE L T3, e s - C—— \
F
1.7/ - RAOOTIRF v I DEFRGERT g m-—:v;:u:ﬂ-
2. BEER DI EHEAERE - 3D/ U 4T F 1 OB ] &» J
3. Bl - B - DABIRODTHDEN BT 7 LOBAS s

e
b o B st o Aea Vo
4. B - B\ DUy R/ ElOBEF o o o o
5. AR BEEmPDDS\OLRE AL AR Biomechanical Engineering
17
3t IJ_IZI: EE Materials processing by molecularly understanding biofunctions in Development of biofunctional materials process for .= - 3 R — < - — -
Professor Masaya Y: biological systems plays a pivotal role in designing biofunctional ~ regenerative medicine and drug delivery systems RIS AT AETFRBETIE BV AT ATENT TO—FICKDERVRT LORRL. ZTNSZR
materials for advanced medicine, such as regenerative medicine and Ve ERESRRESOICEKRIGAICE T BB MEETUVET . AEEICIE. U TONHFELZBELTVETD,
drug delivery systems. Our objective is to molecularly understand
biofunctions in biological systems to create novel biofunctional Students in the Course of Biomechanical Engineering for Biomechani-cal Systems learn how to employ a mechanical
materials as well as to pursue fundamental researches on organic- . : . . .
inorganic hybrids and soft materials to be applied for biological systems engineering app.roach to research onhll‘fe syster‘ns, .and to apply this appro.ach to fundamental medical
systems. Based on the fundamental findings, we design and research as well as education and research on clinical applications. We teach the following fields.
synthesize biofunctional materials, such as hydrogels, peptides,
polymeric particles, stimuli-responsive polymers, and their hybrids ﬁﬂg{ﬁﬁ Laboratories
with inorganic materials, and investigate their applications for
regenerative medicine and drug delivery systems. s s -
generative medicine and dug defver OETF OERF I YRAT L
1. Nano/Microplastics toxicology Biological Flow Studies Medical Nanosystem Engineering
2. Biofunctional materials and 3D bioprinting for regenerative medicine .
3. Invitro tissue and organ models for environmental,drug, and cancer research OFES JIRATLETE O UTYNTINA AT
4. Organic-inorganic hybrid nanomaterials Biomedical Nanoscience Wet Device Engineering

5. Spectroscopic analyses for understanding tissue functions
O 1—0O0ORT«IR

Neuro-Robotics

http://www.material.tohoku.ac.jp/~seitai/
http://www.material.tohoku.ac.jp/english/labs/mtp/yamamoto.html
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Biomechanics for studying biological functions
Biological Flow Studies

BLF NFEREBRE U TEYOREEZREIENT [)\AF XA
ZOR] DRFHEFRLUTCVNET ., FF., BREBEPRIERREC
NENEEFRENZERCT LMD O TEXR U FAETD
UfcsBREO@RZEIE L. RBREIER, MEY=21L—Y 3%
e LI/ A AN =5 2 AV T AR L TV T, a0 T R
FRNRIE, BRERR FRER BERRORND, WEOE  he wmmie s e amaa s B
Sk s H%ij—iajﬂ?ﬂ\ E%%%&Eﬁ%HCQE)ﬁF@%@ (left) Visualization of zebrafish intestine and the inside
E“ | $E=.| R R 5 N flow, (right) Strain of stratum corneum caused by
E2654 = FHEOF. INAF T 4 JULDERPIREDFRE. SR D mechanical stimulation on the skin surface.
Professor Takuji Ishikawa bEE. ZIBIChI=DhET .
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 E)EMEFOBIAEXYI1L—v3y, B)MEYE

=¥ SEh =9 —5°
AR ﬁiﬂ; ﬁ/ﬂ flow of the circulatory, respiratory, and digestive systems, sperm OfTEY=alb—23y o
8 S . . . e . . . (left) Simulation of collectively swimming human sperm,
Associate Professor Kenji Kikuchi swimming and fertilization, the formation of intestinal flora, and the (right) Simulation of microorganisms' behaviors under

development of medical devices, but also biofilm formation, red tide flow.
development, and the evolution of multicellular animals.

b éﬁ m http://www.bfsl.mech.tohoku.ac.jp/index_jp.html
[ETT (T rre— F e F 'y

http://www.bfsl.mech.tohoku.ac.jp/
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Professor Tetsu Tanaka
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Associate Professor Takafumi Fukushima
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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

FBUEMRTR2SEROHRY AT ANFERTZZRELTBED., ZTDHE
EEEBEDRFZBL C AR ZIRE UCHULLVRE Y AT LAZRI T
DI REE TH D AFRE TIFFEHEMR T RICE DV ERRANEI DI
LWRAo0F JEBYRAT AICODVWCOHEEMBZITD EHEEIUERE
BEZH T DATHIRY . B PR R7ZES T IARICEHA BT BRIFT D
IBA- BATBUERRILAIRE T ) A RICDWVW TR Z1ToC W\ Kfc. DT 7 50

WA VTSI TIT) A REERAVERN T BN DEG L s o o) ST )RR
FRERBEEHMRICREBHIEL. DUF VDIV ERICERITDERERATV R (3.2mmx3.2mm)

T LDOMEBHITD.

O ADIRICEDANTHREZBET DATHEE AT L

@ BA-BEIEUERR LAIRET) \A AL AR A > 5 —T 1A X
® DT ST TUFITIVT) A RREH AT

@ 3D/FvIvhERRITE 7 FO0-57I% )VERDIEERE !
Semiconductor neural engineering is a discipline that uses semiconductor #ETO—JICKDBBERAS A AND

process/device/circuit technologies to further understand properties of neural BN AE BT ER

. L . Electrical stimulation and recording of
systems anq to create nO\{eI fusion sysFems of.llvmg body and machlr‘e. On'e of the hippocampal slice with intelligent Si
goals in this laboratory is to establish semiconductor neural engineering and neural probe
develop biomedical micro/nano systems. Another goal is to educate the next

generation of leaders in biomedical engineering through research including:

1. Fully-implantable retinal prosthesis system

2. Intelligent neural probe and brain-machine interface
3.Wearable/Flexible device packaging technology

4.3D/Chiplet integration technology and analog/digital IC design

IY=2)L—LATDT )\ X5 1E
Device fabrication in the clean room
(Handling of 8-inch silicon wafer)

http:// www.Ibc.mech.tohoku.ac.jp/
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Cold Atmospheric Plasma in Future Medicine and Healthcare

TSARE B - R - [BICHR<BADYERETT, i
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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 (diabetes and
sarcopenia) by employing the cutting-edge live-imaging technologies.

T/ VAT LT RO STRMIR

Fluorescent Microscopy for Biological Nano-systems Analysis

(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

m http://www.ecei.tohoku.ac.jp/kanzaki/
https://tohoku.pure.elsevier.com/en/persons/makoto-kanzaki

Graduate School of Biomedical Engineering, Tohoku University
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Neuro-Robotics
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Professor Mitsuhiro Hayashibe
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Research and development of bio-hybrid devices
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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

m http://www.biomems.mech.tohoku.ac.jp/index_ j.html
http://www.biomems.mech.tohoku.ac.jp/index_e.html

BEHRER/ \14DDS/\vF
Self-powered DDS patch

e
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Hydrogel-based microelectrodes
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Robotics for Neuroscience, Neuroscience for Robotics

DRy OISR E ST FEDNDD FICRIUFRDIREE DB A
V503V EVWSRIE CTETLEE AR DS DB EFESHIHE. 2
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Recently, the current era is referred as a century of robotics and Al. However,
robot capability in real life is still rather limited then there are still a lot of
things we need to deeply learn from advanced and robust motor control and
sensory functions which humans have, for next step forward. Robotics is also
useful as computational tool to understand human motor learning
mechanism. Neuroscience knowledge can be useful to improve robot
capability.

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

1. Study of human motor control, adaptive learning mechanism

2. Modeling and identifying biological signals and functions

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

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

REZEREIRHPDONIRS-EEGRHETVY
NIRS-EEG joint imaging during transcranial direct current
stimulation

> I"']E‘"

BAPNDHEEE £ B RU1—LETUVY
Muscle volumetric modeling for function, physiology and
deformation

EEAERICEKEL
BOWNSYRHEE
Balance estimation
independent from foot
pressure measurement

Graduate School of Biomedical Engineering, Tohoku University
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Rehabilitative Auditory
Science
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Professor Yukio Katori
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Regenerative and Biomedical Engineering

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

RRIEF Laboratories

OREBEETS O RN ARMRES
Rehabilitative Auditory Science Department of Neurosurgical Engineering and
Translational Neuroscience
O REHMBELS O FREETS
Department of Aging Vision Healthcare Medical Science

MRt S UICEERRERED T

Prevention of age-related and acoustic hearing impairment

EEMREREE. BALEERBICL O TEUOIRGHRT i iy R e
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BELTHHD. BLIEZOFHICABILEEENELETH DT e B RAIDETLTLS,

Age-related hearing picture of wild-type and antioxidant

ZEHUTCE . IR1E. SEMEREEEDMNE RN T DR mice model (Keap f**) is shown. There is no difference
in hearing between the two at 2 months of age, but at 5

WEDBVNFRHERZKD T, MRZEDTND, and 12 months of age, wild-type mice have significantly
reduced hearing.

Acoustic hearing impairment is sensorineural hearing loss caused by ~ (Oishi . et al. 2020 npj Aging Mech Dis)

excessive acoustic exposure. The WHO reports that about half of the

world's population is at risk of hearing loss due to acoustic exposure

during workplaces and social activities. In Japan, 30% of people

aged 65 and 70% of people aged 75 have hearing loss, and hearing

loss that develops in middle-aged and elderly people increases the

risk of dementia, so dealing with hearing loss is an urgent issue. Age-

related hearing loss is an irreversible change, but we have found

that antioxidant functions are promising in its prevention. Currently,

we are conducting research in search of highly effective preventive

measures against acoustic hearing impairment and age-related

hearing loss.

m Graduate School of Biomedical Engineering, Tohoku University
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Department of
Neurosurgical Engineering
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Department of Aging
Vision Healthcare
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Associate Professor Noriko Himori
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Development of new tools and therapies for neurosurgical diseases, and rapid translation

to patientse

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

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

2.Development of new thrombolytic and neuroprotective agents.

3.Development of materials for bone regeneration.

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

5.Research for molecular pathways of CNS injuries.

SERHIBNENIRIE, S R TR,
AROEBIECEET 2RFZS
o LWLV T) N1 DBISE M
EDWRIEEICEOTND,
Experimentally induced aneurysm in
rat. The process related to the initia-
tion, growth, rupture and cure is ana-
lyzed. This model is useful to study new
development of endovascular devices
and and pharmacological therapy.

AH o
CFDZRAWVCRT — 5 —(C K DRENRBDET D
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Patient data specific CFD analysis of brain aneurysm. This
type of aneurysm had strong relationship between
maximum wall shear stress and growth and rupture.

BHXER - AR, BEREER - POl

Early detection and treatment, and attempt for personalized medicine and prevention
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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.
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Classification of the causes of blindness in Japan

BARICHITPERATFEEBREBEOBEEE
Association between risk factors and systemic disease in
glaucoma.

Graduate School of Biomedical Engineering, Tohoku University _
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Professor Takaaki Abe
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Development of remedies for cancer, hypertension, diabetes and renal failure
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Variety of membrane transport systems play essential roles for
maintaining homeostasis in the body. In addtion, many membrane

transporters involve in the regulation pathogenesis of renal failure,

hypertension and cancer as well as diabetes and obesity. We study
for developing diagnositc tools or screeing new drug by modulating
such molecules.

1. Characterization of membrane transport systems

2. Search of diagnostic tool and new drugs for renal failure and
hypertension

3. Discovery of anti-cancer drugs

4. Research for diabetes and obesity

Graduate School of Biomedical Engineering, Tohoku University
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Renal-specific gene delivery
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Biomedical Engineering for Health and Welfare
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The Biomedical Engineering for Health and Welfare Course provides education and research on innovative
technologies and their applications aimed at creating revolutionary new social health and welfare systems.

We teach the following fields.

R BF Laboratories
OEEREATE

Medical Welfare Engineering

OS5 A TYR—hIZ
Life Support Engineering

EFEILLS

Medical Welfare
Engineering
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Professor Mami Tanaka
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Neural Electronic Engineering
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Advanced medical welfare engineering for improvement of QOL (quality of life)
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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

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

Graduate School of Biomedical Engineering, Tohoku University
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Prostate sample
Logem
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BIZBRAEZOMRYN T4 VAV RT I\
Robot finger system for prostate palpation
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YA DERITHERD—HI ()

Palpation sensor system for self-checking of breast cancer (left) and
an example of sensor output analysis (right )
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Professor Takashi Watanabe
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Life Support Engineering
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Professor Takeshi Yamaguchi
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Measurement and control for assisting and restoring motor functions, and for advanced

rehabilitation system
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Our laboratory conducts research and development to realize
assistive systems, neural prosthesis, and rehabilitation systems for
motor and/or sensory disabilities caused by spinal cord injury or
cerebrovascular disease, as wearable systems that can be used in
daily life, applying functional electrical stimulation (FES), wearable
sensing, and machine learning. In addition, we aim to realize
advanced medical and welfare systems through the study on these
basic medical engineering technologies.

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

2. Measurement and evaluation of motor function using wearable
sensing and machine learning

3.Study on motor rehabilitation method using functional electrical
stimulation (FES)

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

FESZERIFUISTUN\EYT —2ay VAT LOBFE
Development of rehabilitation system using FES
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Estimation of body center of mass position during gait
using wearable sensors and machine learning
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Life support engineering for safe and secure society
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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

IRDIEREREDRREA

Elucidation of the mechanism of slip-related falls

i g o a5,
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lop t of high slip r shoe outsole pattern

m 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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Medical Device Innovation
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(Description : Medical Device Innovation)
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Biomedical Imaging

OEFHERERIRLE

Bio-Medical Interface Fabrication
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Biomedical Optics
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Nanodevice Engineering

Next Generation Biological Information Technology
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Biomedical Imaging
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Professor Yoshifumi Saijo
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Imaging of biological tissues by novel data acquisition and analysis
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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.

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

m http://www.ecei.tohoku.ac.jp/imaging/index.htm

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

Graduate School of Biomedical Engineering, Tohoku University
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Upper left: Blood flow vector in left ventricle

Upper right: Three-di ional ultr d image of
fingerprint

Lower left: Ultrasound microscope image of coronary
artery

Lower right: Ultrasound microscope image of living cell
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Professor Yuji Matsuura
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Bio-Medical Interface
Fabrication
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Professor Masayoshi Mizutani
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Development of non-invasive diagnosis and healthcare devices using optical technology
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By introducing new optical technology, we develop diagnostic and
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

m http://www.ecei.tohoku.ac.jp/photonics/
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Blood glucose measurement system using infrared light

HIT7A INAZR BRI ZBVFRDTRE

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

1. Generation of biocompatible surface,
2. Fabrication of biomimetic surface, etc,

https://mmlab.mech.tohoku.ac.jp/

Graduate School of Biomedical Engineering, Tohoku University
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Generation of bio-active surface
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An example of surface function: surface wettability control
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Next-generation medicine based on micro/nano technology
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Small and high-functioning and multi-functioning endoscopes, surgical tools
have been developed using micro fabrication technologies, for example,
micromachining, nanotechnology and MEMS (Micro Electro Mechanical
Systems) technology aiming to realize practical and useful medical devices in
near future, and we are aiming to realize robot surgery and microsurgery from
inside the human body in the future. Microsensors, microactuators, and batch
fabrication technologies for low cost and precise production have been studied
and developed to realize the above. Utilizing these microfabrication
technologies, we also aim for healthcare applications to realize new widely
useful measurement items and methods and to develop thin and light weight
wearable healthcare devices. Furthermore, organ models, for example vascular
model and brain model, equipped with micro sensors have been developed to
contribute surgical training of medical doctors and to evaluate effectiveness
and safety of developing new medical devices.

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

2. Multifuntional medical tools which enable sophisticated endoscopic surgery
3. Non-planar photofabrication and non-planar mounting technology

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

http://www.medmems.bme.tohoku.ac.jp/

RN T 7+ I EH Y (9HR125um)
Ultra-mini fiber-optic p sensor (0.D. 125{4m)
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Bending Transformative Endoscope for itoneal surgery(0.D. 5mm)
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Metal needle with micro flow channel for biological substances
monitoring patch Cross-section view of flow channel (needle 0.D.
200pm).

HEDEDSH L DFEREERBRTFZNDILA

The application of complex biological networks throughout various stages of development
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It has been found that some environments around fetus, such as
maternal diet and infection, affect the baby’s growth or constitution
significantly. For example, the excessive intake of fat diet of mother
during pregnancy is due to recent increase of children's autism,
juvenile diabetes, and air pollution around mother has been found
the cause of increase in childhood asthma. In spite of the recent
advanced technology, most of the precise mechanism of fetal
differentiation process has been unknown in the black box named
uterus. In this laboratory, we study the fetal diseases from the
relationship between maternal conditions and fetal development
using the mice experiments, gene analysis, and clinical studies. And
we explore the medical engineering in the near future though the
study of measurement information obtained from the faint fetal
signals appeared from maternal body.

R THH TIRIBERBRESZHMHT AT ECED
BROMARE=YUVIRBZERREL.2018F78K
DHEFENFBEINEI U, COKRBZRAVNSDIETERE
ERRREZIUVINTREICIEDET .

m 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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Development of cerebral aneurysm model with

Bioﬂ u id S ContrOI Syste m ® EERG COMRAIEEDRF realistic physical material properties.

@ FEFEZ RV IR

SRR AT AETEHEECE. MRBERREEEFADEMIETRE D AT LADOEBRFICE DLBIRSR The focus of this laboratory is to develop new concept of implant
FRED AN =X LDERBYLZ DBRHE KUSEESEDREII DI . A M8 i & A= 8 s DT especially based on flow and to establish new methods for evaluating

- ~ * m ™ the implants. For example, when you treat a cerebral aneurysm with
DO DHE -HFERZEITLET . RBEEICIE. A TDDBHZRELCVET, endovascular treatment, you should know the effects of medical

devices on controls of blood flow. The flow may depend on the

The Biofluids Control Systems Course provides education and research from the standpoints of both fluid geometry, materials and clinical conditions. Since these are so big issues,

dynamics and biology, aimed at clarifying the mechanisms of circulatory system diseases and establishing we collaborate with biomaterial groups, biomechanical groups, and
methods for treatment and prevention, based on an understanding of the blood circulating system and other medical groups to gather their top knowledge.
complex fluid systems in vivo. We teach the following fields. 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

o ) AT VNEBB Ul & EDORMENRERHEDIMROERF
4. Blood flow analysis using deep learning Blood flow in stent on cerebral artery with
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Integrated Biomedical Simulation Biomedical Fluid System
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The In'tegrateq Bion?ec'iic.al Simulation.Labora.tory 'condu.cts Y R P re——
education and interdisciplinary research integrating biomedical 3-in-1 organ-on-a-chip
engineering and cell biology based on fluid engineering to elucidate
the mechanisms of diseases and disorders and to develop novel
methods for their prevention and treatment. The main research
projects are listed below.

iaacad

1.Development of microfluidic devices to reproduce in vivo
microenvironments.

2. Elucidation and control of cellular behaviors and interactions.

3. Understanding biofunctions by measurement-integrated simulation.
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Microvascular network created in the chip

Graduate School of Biomedical Engineering, Tohoku University Graduate School of Biomedical Engineering, Tohoku University
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Artificial Organs
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Every kinds of artificial organs are developed in this division
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Tohoku University has a long tradition of research on artificial organs. The first long-term
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.

1. Ventricular Assist Device, Total Artificial heart, Artificial myocardium \,‘ 3

2. Artificial esophagus

3. Artificial sphincter

4. Convulsion attach stopper

5. Extra Corporeal Membrane Oxygenator (ECMO)

Graduate School of Biomedical Engineering, Tohoku University
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The Artificial Organs Course provides education in interdisciplinary fields of biomedical engineering through
R&D on almost all artificial organs, from head to tail. The aim is to instill students with basic knowledge of
medicine and engineering through various artificial organ development projects.
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Schematic illustration of the artificial
myocardium
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Implantable Rotary Blood Pump, Eva Heart2
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Metallurgical and Materials
Engineering for Biomedical
Applications
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Medical Materials

ERMRIZBE TS A VTSNP ERRE B ENDICAZREIC, ZBIFS TEDRZEEN U
FERAMERCZ DER-FERIES SUNMI 7Ot ROEFEZE U EESmMZBEL C. 2 BFDERE
EZDRIIGAICET 2BBRAZHELE T . COTSH. R EIFERECII T DR BFZREBELTL
ia-c

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.

HRDEF Laboratories
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Metallurgical and Materials Engineering for Biomedical Applications
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Designing Metal for Medicine Based on Metallurgy

FimMMLI7OtRICKDEHEERAEBRMEIDORRE

Advanced processing for metallic biomaterials

FEMEIOEBCRMFAESEME T THRINIIOERICH
KEEKEFUTCELLU. [EDKDICEDD] EVVDEIEDEHRR
PEREDFEEE LD EDIELDBOFT. ADEFTE. M
TT70CRISFEUCERZBMEICET MR ZTo>TLE
TS PN T EV o e BEANL BN T 7O RN OiEE
EB7Z&EsHAdditive Manufacturing (lBRiEH) & Chalh <
TR E U, RIS S AN CREBERTREEELE
FEEDMILY SIcshDi R TOTARETOWIIZEIELTVE
I e, BEDEOFRIETERV TR - BRI K DE
KL TOER — 8 — FFEOREFRPERR - —XICED
ULWEREEMHEDRIRICODEDHATNETD,

The characteristics of metallic biomaterials and their clinical
applications depend not only on alloy composition but also on
the manufacturing process. Our research focuses on metallic
biomaterials from a manufacturing standpoint. We delve
into both fundamental metal processing technologies, such
as casting, plastic deformation, and powder metallurgy, and
emerging technologies, namely Additive Manufacturing. Our
goal is to establish material and process designs that enable
significant improvements in alloy properties to ensure high
reliability for long-term use in the human body. Additionally, we
are actively involved in the elucidation of the process-structure-
property relationships by utilizing advanced characterization
techniques, such as synchrotron radiation and neutron analysis,
while also addressing clinical needs.

m Graduate School of Biomedical Engineering, Tohoku University

(@) wis [0
<
PgpesEnE
11 ’ 1
A soum R
001 101 L 1
() 2000 v
J :
Flad:
E’1mu: :
E : i ]
® 500k 3
EREMHE
u....l....l.;..l....
0 10 20 30 40
HOTH (%)
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(a) Microstructures and (b) mechanical properties
of a multi-principal element alloy prepared using
electron beam powder bed fusion (EB-PBF) additive
facturing and c ional casting. Despite having
the same alloy composition, variations in manufacturing
methods result in distinct microstructures, thereby
exerting a significant impact on mechanical properties.
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Alloy, Structure and Morphology Design of Metals for Medicine Based on Material Science and Engineering
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Structure and morphology of metals are designed by metallurgical

methods to develop new metals for medicine with high
biocompatibility and excellent biological function.

1.Phase of metal is controlled to be the non-equilibrium states such as
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
toxicity by mean of the dealloying technique.

m http://www.nem2.imr.tohoku.ac.jp/
http://www.nem2.imr.tohoku.ac.jp/index-e.html

Graduate School of Biomedical Engineering, Tohoku University _
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Dealloying reaction design to remove toxic Ni element
from SUS316L surface

YIRVDLRIERISREL T v ILDRES NI
SUS316LEREEZR I EDSHHER

EDS results on cross section of SUS316L surface in which
toxic Ni element has been selectively removed in a Mg
liquid
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Biomedical System Control Engineering
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Using information, systems and control engineering and advanced information technology, students will engage
in research related to development of biosystem modeling, state estimation and simulation techniques along with
development of technology to optimally control artificial organs, rehabilitation equipment, healthcare equipment
and other medical systems as well as technology to achieve highly func-tional human interfaces.

HHARDEF Laboratories
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Cybermedical System
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Intelligent Biomedical Systems 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 modeling Mirror type device for non-contact measurement of
of biological systems using methods that integrate biological ~ biological signal
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=FP)VBCEEVTYRAT A
Virtual cycling wheelchair

Graduate School of Biomedical Engineering, Tohoku University
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Intelligent Biomedical
Systems Engineering
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Intelligent Computer-aided Diagnosis and Therapy based on Biomedical Signal Analysis and Control
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To derive clinically useful information and findings from biomedical
signal and images, we aim at studying and developing new methods
and theories of computational intelligence including Al and machine
learning technologies and implementing them as intelligent medical
systems to advance the clinical diagnosis and treatment further. For
example, we are developing intelligent systems that automatically
detect lesions latently captured in the medical diagnosis images
and classify them based on more clear explanations associated with
medical evidence and practices in specialists’ diagnoses. Another
research topic for achieving more accurate radiation therapy is the
mathematical and computational methods to accurately track and
predict the time-varying location and shape of tumors obscurely
captured in X-ray images. Also, we are actively advancing research
collaboration with companies in the field of medical systems and
making contributions to our society by releasing our developed
technologies.

m https://www.rii.med.tohoku.ac.jp/

FEFBERAVCBEDARZEREHSIEV AT LE
Z DARYLERAT

Explainable deep learning-based computer-aided system
for H. Pylori infection diagnosis using gastric X-ray
images.
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Comfortable bio-feedback control system with body
surface measurement for stable respiration induced
tumor motion during radiotherapy.

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.

AR 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. ~ SARHEPEEREOE(LICHU THOEHNUEZE
snake robot) CHREMISEISATAEE4IOR Y ~
. . . . Quadruped robot driven by a fully decentralized neural
3. Understanding behaviors of extinct animals network-based control.

http://www.cmplx.riec.tohoku.ac.jp/

Graduate School of Biomedical Engineering, Tohoku University
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Micro Magnetic Devices
for Medical Engineering
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Professor Kazushi Ishiyama
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Nano-Biomedical
Engineering
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Professor Ayumi Hirano
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Move and Measure by Magnetics
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For realizing good communication with human body, and for
realizing the properties of the human body as a information system,
we have to realize the function of the human body as information.
We are working on the technology for sensing the information from
the human body and for approaching action to the human body.
High-frequency carrier-type magnetic field sensor is studied for
sensing system for bio-information. As one of the approaching
system for human body, wireless actuators and manipulators are
investigated. A part of this technology is applied for a motion system
for a capsule endoscope working in the colon tube.

NTCIWRHEHRSR7 IF1T—5

. . 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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Novel biodevices based on the combination of nanotechnology and biomaterials
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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.

ENEBRY /1 FREZNITHo )\ 47X
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Biomaterials in the human body and biodevices based
on these materials

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

Graduate School of Biomedical Engineering, Tohoku University
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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

Fukushima, Takafumi --ooeeeeve P20
Associate Professor | Biomedical Nanosystem Engineering

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

Funamoto, Kenichi -ooevveveiinnnns P30

Associate Professor | Integrated Biomedical Simulation

Creation of technology for reproduction of in vivo microenvironment and
control of cell dynamics

Haga’ YOICHi ---eeeveeeeerrmeeneeiieenn P29
Professor | Nanodevice Engineering
Next-generation medicine based on micro/nano technology

Hayashibe, Mitsuhirg -...ooeeve P21

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

Himori, [\ [] g o IR eerrseon P23

Associate Professor | Department of Aging Vision Healthcare

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

Hirano’ Ayum| ................................. P38
Professor | Nano-Biomedical Engineering

Novel biodevices based on the combination of nanotechnology and
biomaterials

Homma, Noriyasu  «-oeeeveeeneenins P36

Professor | Intelligent Biomedical Systems Engineering

Intelligent Computer-aided Diagnosis and Therapy based on Biomedical
Signal Analysis and Control

|Sh|gur0, AKIO oo P37
Professor | Bio-inspired Robotics
Understanding Biological Systems by Building Robots

|Shikawa, TakU]I .............................. P19

Professor | Biological Flow Studies
Biomechanics for studying biological functions

|Shiyama’ Kazushi --ceeeeeeeeerennnnn. P38
Professor | Micro Magnetic Devices for Medical Engineering
Move and Measure by Magnetics

Kanetaka, Hiroyasu ..................... P17

Professor | Advanced Dental Science and Technology

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

Kanzaki, Makoto ---eeerreeriiiiennns P20

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

Kasahara! Yoshiyuki ..................... P29
Senior Assistant Prafessor | Next Generation Biological Information Technology

The application of complex biological networks throughout various stages
of development

Kato, Hidemi -« P34

Professor | Designing Metal for Medicine Based on Metallurgy

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

KatorL YUukio oo, p22
Professor | Rehabilitative Auditory Science
Prevention of age-related and acoustic hearing impairment

Kikuchi, Kenji e, 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

Kuwahata, AKinirg oo P15

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

Matsuura, Yuji- oo, P28

Professor | Biomedical Optics

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

Mizutani, Masayoshi ..................... P28
Professor | Bio-Medical Interface Fabrication

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

Murayama, Kazutaka .o P13

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

Narushima, Takayuki --eeeeee P17
Professor | Biomedical Materials Processing
Biofunctionalization of metals based on surface and microstructural control

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

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

Nishizawa, Matsuhikg:----eeeeeee P21

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

Numayama, Keiko e P19
Associate Professor | Blological Flow Studies
Biomechanics for studying biological functions

Ohta, Makoto -eeeevveeemmeeiiinnnn. P31

Professor | Biomedical Fluid System

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

Okuyama, Takeshi -------eeeeeeerevnnees P25
Associate Professor | Medical Welfare Engineering

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

Rashad, Sherif oo P23

Assaciate Professor | Department of Neurosurgical Engineering and Translational Neuroscience

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

SaijO, YOShifuUMi-ooeeerreeererneeerennnn P27

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

SaitO, Masatoshi ------eeerereeeeeeeennn P29
Professor | Next Generation Biological Information Technology

The application of complex biological networks throughout various stages
of development

Shiraishi, Yasuyuki ........................ P32

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

Sugita, NOrNIrQ - --eeeeeeeerrreerenninens P35
Professor | Cybermedical System
Cyber-physical Systems for Well-being Society

Suzuki, Takehirg - P24

Associate Professor | Medical Science

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

Tanaka, Mami -coeeeeeerrreeeeeei, P25
Professor | Medical Welfare Engineering

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

Tanaka, Tetgu e P20

Professor | Biomedical Nanosystem Engineering

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

Watabe, Hiroshi-------eeeeeereeeermennnnns P14

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

Watanabey Takashi ---ooeeeevveeeeens P26
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------eeeeeeeeene P26
Professor | Life Support Engineering
Life support engineering for safe and secure society

Yamamoto, Masaya «--oeeeeeeeee P18

Professor | Biofunctional Materials Processing

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

Yamanaka, Kentg --oeeeeeeerreneenns P33

Associate Professor | Metallurgical and Materials Engineering
for Biomedical Applications

Advanced processing for metallic biomaterials

Yambe, Tomoyuk| ........................ P32
Professor | Artificial Organs
Every kinds of artificial organs are developed in this division

YOShinObU, TatSUO ........................ P13

Professor | Biosensing
Semiconductor sensors for chemical and bio-imaging

Y08h|zawa, Shin oooeerereeeereiin, 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 2019, more than 999,000 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
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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 _
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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

ET#RERRICBU T HILVEREOER. B MO AR T2 BERESORITERH IS
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Engineers at biomedical corporations that are able to design and develop new medical equipment and have skills
related to tissue engineering and regenerative medicine. Engineers who can start medical 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 / HappyJapan Inc. /
Murata Manufacturing Company, Ltd. / Hitachi High-Technologies Corporation / SHIMADZU
CORPORATION / JAMCO CORPORATION / DENSO Corporation / Dentsu Digital Holdings, Inc.
/ TOSHIBA CORPORATION / NIKON CORPORATION / Hitachi, Ltd. / Fujikura Ltd. / Sumitomo
Mitsui Banking Corporation / GOTO INC / Mitsubishi Electric Information Network Corporation
/ Mitsubishi Motors Corporation / Mitsubishi Electric 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 / TOTO Ltd / Symbio-
Labo co,Ltd / SINTOKOGIO,Ltd / Bio-Rad Laboratories,L.td / AISIN SOFTWARE Co., Ltd. /
Western Digital Co., Ltd. / Topcon Yamagata Co., Ltd. / Bushu Pharma Co., Ltd. / ASM Japan
Co., Ltd. / NS Solutions Co., Ltd. / JGC HOLDINGS Co., Ltd. / Marubeni Co., Ltd. / ASAHI INTECC
Co.,, Ltd. / NTT EAST Co., Ltd. / Benesse Co., Ltd. / ATOM MEDICAL Co., Ltd. / NIHON KOHDEN
Co., Ltd. / Japan Lifeline Co., Ltd. / SUZUKI 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 / Yamagata Prefectural Shinjo
Hospital / Tokyo Metropolitan Government / Bangladesh Atomic Energy Regulatory Authority
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