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Profile

Instruction at Stanford, USA (2013)
e Bornin Toyama

e Kendo 6-Dan

e Tohoku University, Sendai (-2006)

 Sendai National College of Technology (2006-present)
e Stanford University, USA (2013, Visiting Associate Prof.)
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School System of Japan

KOSEN
(Colleges of Technology)

e Five-year engineering education from 15 years old
e The first KOSEN was established in 1961
e 51 national KOSEN in Japan.

e Approximately 300,000 students have graduated
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“Think globally, act locally”
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MEMRO

7th International Symposium on Middle Ear Mechanics in Research and Otology
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Massachusetts Eye and Ear Infirmary
(Boston, USA) (CTZ68%(2003)
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e Hearing disorders occur in
about 1-2 out of 1,000

neonates.
(Morton and Nance, 2006) MADSEN AccuScreen
e Automated ABR Ossicles
e OAE Tympanic membrane Cochlea

Conductive hearing loss 7

Sensorineural hearing loss ? \
I\/Iiddl‘e ear
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Sweep Frequency Impedance (SFl) meter

US Patent 5063946 Wada, Koike et al., 1998
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Purpose

Ear canal

Middle ear

Effects of maturation on dynamic behavior

Sweep Frequency '
Impedance (SFl) meter

Personal
computer

I\/Iucrjakoshl/, Hamanishi, SF| tests (~5 months) FE mode] for.neonatal
Wada et al., 2013 external & middle ear



Chronological study (SFI test)

Subject Neonate A Neonate B
Sex female male
Gestational age 41 weeks 40 weeks
Chronological ages 6 to 92 days 9 to 143 days
Birth weights 3,054 g 3,312 ¢

This study was approved by the Ethics Committee on Clinical Investigation, Tohoku University School of
Medicine, and was performed in accordance with the policy of the Declaration of Helsinki.
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FE computational model of neonatal ear
(a) (b)

Soft tissue \\

SFI probe Ear canal

(a) Model mesh of a left human middle-ear structures with neonatal external ear canal. (b) Middle ear
includes the malleus (M), incus (I), stapes (S), malleus-incus joint (MlJ), incudostapedial joint (ISJ),
footplate of the stapes (FP), tympanic membrane (TM), tensor tympani tendon (TT), anterior ligament
of the malleus (AL), lateral ligament of the malleus (LL), posterior incus ligament (PIL), stapes annular
ligament (SL), and tympanic membrane annular ligament (TMA).
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SFI and FE model
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SPL curves, obtained from SFI (a) and FE simulations (b).
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In the FE simulation,

the Young’s modulus of the soft tissue of the ear canal (Eec) was set from 30 kPa

to 2 MPa.
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Distribution of the RF; and ASPL, values from SFI measurements in two
neonates, and corresponding FE simulations with different ear-canal wall

stiffnesses.
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Japan: 1.8 million
Korea
USA etc...

Instruction at Stanford, USA (2013)

e Modern Japanese sport/martial art
e Descended from swordsmanship
e Bamboo swords (shinai) and protective armor.
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Hearing Loss in Kendo Players

 Hearing loss above 4 kHz (Nakiri, 2009)
e Hearing loss at 2 and 4 kHz (Kato et al., 1996, 2012)
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Chronic Traumatic Encephalopathy (CTE)

12 1EIMB IERMAE

e American Football
 Boxing

* |ce hockey

e Wrestling

Science News

tinnitus

Date:  July 7, 2014

Source:  Loyola University Health System

Retired NFL players may be at risk forfj=elslae Bers and

from research organizations

| Hearing Impairments |

While there is a vast body of literature concern- noticeable pathological findings; there existed no
ing the results of single head injurics, only a few pa- difference between groups 1 and 2,
pers have been published on the effects of repeated In the adult group of amateur [poxers|six audio-
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Goal of our study

Hypothesis:
Accumulation of small concussions in the inner ear by the
impact of the bamboo sword on the head

Physiological approaches :

e Audiometry

e DPOAE

e ABR

e Bone conduction mapping

Computational approaches :
e FE model of a human head
e FE model of a kendo helmet



Physiological approaches
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3rd Place in 52th National Kendo Championship for Students in National
College of Technology (Aug 20, 2017)
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Physiological measurements in kendo players

Kendo team
Sendai National College
of Technology

16 subjects aged 15 to 18
years

The length of their kendo
experience ranged from 4
to 13 years

1.5 hours of kendo
training

(a) Audiogram

Audiometer

Headphone

( )
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Audlogram Age: 15 to 18 years
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Years of kendo experience [yrs]

Relationship between years of kendo experience and hearing
level measured by audiometry. The thin solid line is linear
approximation (n=16).
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DPOAE
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Change of DPOAE levels between before and after 1.5 hours of
kendo training (n=16). A negative value means a decrease in
level and the thin solid line is standard deviation.
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Bone conduction mapping



Bone conduction mapping

Shinai
(bamboo sword)

Skull Model
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Bone conduction mapping (Impact area)
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Bone conduction mapping

Strain (ué)
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Computational Approaches



FE computational model of a human head

(A) (B)

Cortical
Bone

N. Kim et al., JASA (2016)

Skull, brain, soft tissue, and
cartilage

Auditory peripheries, including
the middle ear, cochlea and
semicircular canals

o Incus

A Lateral
. "'_.I . . l
Tympanic | / semicircular
membrane i canal (SC)
Ampulla
Bony shell ,

- Common
~crus

Superior
semicircular

- Scalae fluid canal (SC)
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Velocity amplitude (m/s)
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FE computational model of a kendo helmet

Shell element
Total elements: 73382

Thick cloth for head
protection

Titanium alloy for facial
protection

ABAQUS

0.5 1 1.5 2

Hamanishi and Aoki, 2010



computational model of a kendo helmet




Future work:
Coupled model of human head and MEN

Hamanishi et al., 2010
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Human Auditory System

i EZ/!\%
Tympanic membrane ~ OSsicles

el

Cochlea

Hearing Loss

| SE 'wmE 'mE Japan: 5 %
External ear Middle Inner US.A: 9%
ear ear




Conventional Hearing Aid

Battery
Earphone

Low gain at high frequencies
Occlusion



Implantable Hearing Aid

Audio processor

Internal receiver

Springs

Vibrant Soundbridge®

Floating mass
transducer



Implantable Hearing Aid
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http://www.bio.mce.uec.ac.jp/research/experiment.html
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Non-implantable Electromagnetic Hearing Aid

Microphone Induction coil  Driving coil
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earlens

Earlens Light-Driven

Hearing Aid

« Most complete sound of any hearing aid

» Automatically adjusts to challenging
listening enviornments

» Clinically proven to improve
speech understanding*®

« Easy, wireless recharging

Photodetector

Grasping Tab

Umbo Platform
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Cochlear Implant
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Cochlear Implant




Contact

A G

ILEEEFEEHPIFER
Bétm = A7 T FH
hamanishi@sendai-nct.ac.jp




	ゆりかごから�グランド・ジェネレーションまで � �－聴覚のメカニクスを医療・福祉・スポーツへ－
	スライド番号 2
	School System of Japan
	スライド番号 4
	March 11th, 2011
	“TSUNAMI” area
	スライド番号 7
	スライド番号 8
	スライド番号 9
	スライド番号 10
	スライド番号 11
	スライド番号 12
	スライド番号 13
	スライド番号 14
	スライド番号 15
	スライド番号 16
	Chronological study (SFI test)
	スライド番号 18
	スライド番号 19
	スライド番号 20
	スライド番号 21
	スライド番号 22
	スライド番号 23
	スライド番号 24
	スライド番号 25
	スライド番号 26
	スライド番号 27
	スライド番号 28
	スライド番号 29
	スライド番号 30
	スライド番号 31
	スライド番号 32
	スライド番号 33
	スライド番号 34
	スライド番号 35
	スライド番号 36
	スライド番号 37
	スライド番号 38
	スライド番号 39
	スライド番号 40
	スライド番号 41
	スライド番号 42
	スライド番号 43
	スライド番号 44
	スライド番号 45
	スライド番号 46
	スライド番号 47
	スライド番号 48
	スライド番号 49
	スライド番号 50
	スライド番号 51
	スライド番号 52

