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Synopsis: Soft Biological Tissues Can Be  _hature _ | Sl
Piezoelectric ' ' '

December 3, 2019

Artery walls, tendons, and heart valves can generate an electric voltage when squeezed—an effect that could be
harnessed to diagnose important diseases.

Aortic-wall tissue (above) generates electricity if squeezed, an attribute previously observed only in hard
materials such as bone. Credit: Jose Calvo/SPL

BIOPHYSICS - 10 DECEMBER 2019

The body electric: soft tissue makes electricity
under stress

Squeeze a quartz crystal, and it will generate an electrical voltage. This electromechanical coupling, known as Ultrasound pulses trigger an elec[rifying effectin Samples of Achilles tendon, heart
piezoelectricity, is exploited in many applications, from quartz watches to cigarette lighters to amplifying pickups

for guitars. The effect appears in crystals and ceramics but also in biclogical solids like bones. Now, Kenji lkushima

K lkushima et al., Phys. Rev. Lett. (2019]

valve and more.

and colleagues at Tokyo University of Agriculture and Technology have documented the first instance of
piezoelectricity in hydrated tissues—a finding that could have biomedical implications.
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K. lkushima et al., Appl. Phys. Lett. 89, 194103 (2006)

EHIIEDERIE




eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

ERZ

aA5—-4Y R
e R-SEES
DRS
BIrE
= TEH

) ﬁo)‘;‘i*ﬁi 3FE&E@E
e kil - EMH 7
el =SEED
B e LT
A=N=ch fize.58H
3t (] B

9



ASEM;E D 451

HBERICLKIER Mty
O 2D{% - BT E R AVER 4% FI BE
O T2—& 4 [E FRIE AT &E
O BRIREL TREYRLEE R EE
O X &/NEE g

IO—ZittADIEREZEHDORT I vIL




ASEMEDETHAIZEE - A% MEABAS

NS - EE. AN
(1)/7NJLRE  #555549199672 (UST) | g B/ AR
FE RIS RIS HIRENF /A R [E ek \ —a~
RSOFEEL 2D image
;.EIII,_-EH#FEﬁ : EL\ Lél;;aesrc::;\:l . 4
( 2 ) AM % EJE.I 5£ ¢§§¢%5892623% (JST) ‘ | 2D scanning stage X
.. Focused
Jﬁ/&éﬂﬁﬁg':ck%)*}f‘i%ﬂ?/’fz @Jﬂj ultrasound pulse % TOT?.gEa_ISI’;y
RSHEELY
’EI]IHEH#FEE] : %—‘E’-(’\ Induced electric
— olarization
BifES fro’
o - RS ibrous tissue eam line
(3) 7N ILRIEHEIE o
—
4FFE2021-137182 (= K) > A{
arge < -u | *‘w}
RS RIS LB IREN T/ X EE Ak B
FSnfE w0 T— T me Depth z

AIERFME LY o FHROED&EFRAZ N

=31

Les| ASEM signal

\ &

H i’tﬁ e 268367868 (2T K)

Jilll{
0l

11



BESND.
i g5 D ¥R T AL 2K

O — 4 UERDHBE

EHRE

11 (EE -]

= DA

B - ) 7 - REDAR D 52 B
Bk B i

= E =

KB Ak A% Bt
ll:lll?_l.]ﬂ:l:1ﬁ ﬁ:]:ﬁ' HL Eﬂ'l‘ﬁ'&ﬁ%

J||:|

I JN\E) - ATR—

1 B 75 8 fay 0D il fiE]
BENNERDA[RIE

RD1EE

B A

ITETE)

B FHFRIEZ B

fommlE-EERE. B8

BEH/INLA BER/INLA
—— BFE — — BE L

ASEMiGZ X ASEMISZ
famiE BLY e E[,\




WEDELZERYMEH

.
B RRIE
\_
B - w1

‘/ﬂiﬁ,“zﬁﬁ.ﬁfﬁﬂ b

EEBRGICETHHLL

ii{E D 1= 4

BEETIEEL,
“BE'EEITES

k- REETIEAL
RIETHEZTDLDNZFIMTES

D =R | 9

ERTIF7EL,

()

FFREICHRIEILZETSES

eeeeeeeeeeeeeeeeeeeeeeeeeeeee

U JE(28E J

|||||

|

WIREL
YR LIRER]

|

13



ik s DR AL

Dg. Blig. Fige KU MaE Dlgzs DR L
RAE W) HHESFMREAE S ™ BEGIS—SODETE

fRAE1L DB
=>aRNTAZHIT 0ERTIEE

O[S HILFHfEZE | BROT—LRREA—F
ozt T E K“EE’I@" pEOmEx
LR S

etc. S ECEREADSEDDL

IRREEZ TR~ DHATF

14




BR e BT &ED L ER

VAW =47

BROTHR  —HESR) (Fif) (R AR)
o it o = e TIEFICLST
Enae  wm B A ELLUAE
! " ROEE
o _ . mED sk Mg OES
GURER ST TAE ey BEL-RIN R/ HEEE
EEHID | -
Y clemgy  ABY L
#RYRL X A A ©
BE=1t-
:L_.Usl:“u — X X F/\A)LTA]

T4
= —~ X A ©

O A A

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

O
(g zmHY)

a5—472MD
EE 518
(BB HFIE N R)

25—

EL

©

E/\A)J)LT]

©

15



FYRENIETILIZT

EX ~ > AR o
OBAF% O IDEAtEE
EHE BAR4

..........

= e —p— —

IYMDEREETETIL
|C CTHREER A
(R2E)

| THRMEERIE R E . RLRIERE
| PEUREMHRAIEEE)
g 15[H2019-153856
HEEA JST
FEE HIERET



WEDE7LEY A b

RIS ICEITHFULMEEDIEH

V/ o | BEETIIEL, U 1L
- RERE | mEEBETES |
i o | TER-EETIEAL

 BRAERE T ekrmzpb0sEices

()

D =&

AL T,
SFREECIRML B TES

WIEEL
YR LIRER]

17



Wolf@) ;% Al

EFEICHEX EEIZE L.

_DEZIF

BlEENITH5AIZERT DI

RUBL-BEZEESES

- S mFOFEBICLEASN TS
TR AR (X E DECRI A R A D 515RIG 712580

@ ) ZECTF

w7 B R/ICKY,

H

ILT-IRERBENBEIND




B FHERJE
BYIR-BENEICES
FERERDO—D
Bir+EAEEE 22.7%
“%*ﬂ%ﬁﬁ”li\
TRE AR DDA

& EIRLTHLEZEINS
r—AZAM%0
& BATIEHRZEHEL

& BEFZE/HAPEELMIZ{RE
TLYS

4 )
20045 NIHO U HRAEE

BDIEIFENBFKRL.

B ORBIREAERT 2ES

BHEDET
( BmE  BE

_ (R -
(HAPE)  zizmps) )

G

FEREERZ MR AMTEL

DXA% : sl w]
(ZEIRILT—XEERYGAIE )
QUSE: HREZ D H
(EEMEERE)

BDERT (IRIELELE)

TEHE = | 2

— 4 H¥k

HAP : O5—4%> =1:1

.5
) | BEBH

19



e AT & D LR EETUE L

S EENBER | EXRRIGE (AH A
Ed

a5—472MD

— 2 CafA>®dD CafA>®D *Z‘ZI:"‘/O) SEYAS®
BERAEE XRRIE  SRRE  gREm T E0R

i

. BEBEECLD BRAE SILEC
- BIROHE  ESCEORBER

=i Q %’Eﬁ}l E %’Eﬁ}l b4 A=,
Sl R (BRZDH) (E287) &

Az

B8

rEAE . O 0
FEER (500 um#2E) (3 mmiEE) (500 umF£ )

ﬁégb © x X A ©

B2E1k-

a1—HE © A X X ©

)T«
aXk © A X X ©

eeeeeeeeeeeeee

eeeeeeeeeeeeeeeeeeee

20



HMHFZRIEEDOFHES EETIE L

2k
A RER BHEEETIL o I A
" I R X iz
CONT. Immobi. Bl B i BEFER

?_Ed' Femoral distal Femaoral diaphysis
3 epiphysis
’IEI- .0 100
E i =4

5.0 ' B0

e | EEX =

% E G.cl | -',?" B0
§ % 1.0 E 4]
£ “ <
i 2.0 2.4
a = — &0
o i > r
E Anterior Poztero Anterlar Prosteriar
E B CONT. o immobi, ECONT i mr:-l'u.
i
=
Fig 1 ASEM signal measurement
(A} Images of bones from control limb and immaobilized limb about bright field, Echo, and ASEM. (B] Integrated ASEM
signals. Values are expressed as mean &= 5EM, n= 11, **; P > 0.01 vs. CONT,, ***; P > 0.001 vs. CONT.

KEEREES (ASBMR)




.IIIn

S ZEiIEADEDY EEAER

IEE

| | =TIXK
1 2 3 =
EREAK-HHRE  EFRABHRE BEATOXRBRERE -
{ B AARIE 1 TaE S (REBATOLERDL) &
EHTERIE o
- .\ 05F [t
g N i
@ﬁﬁﬁ : — 3 BE &
(B-gmE) | PET I CORERS BEESTOEMMERER  »
----------------------------- 2-47F
Eir%‘isfﬁ ________________________
(2026F68) :AER-PMDAHE- K2
1-24F

22



HEX YT DE|E A S MABS

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

20055 ASEM;EM FER (£ IB5)

20194 A {(RERHHEB D EEHEZEIRR (FIES)
- b ()

TR S0 mRISA £ (R B D &1
'EIME) SEANER K
_ >
_|_J/J__\¥ RERERSEREX
EERBZICH TR L WAE v
8 o . REERIOR I

 gEEE | amaon Dﬁ%@lﬁ?ﬁﬁﬁf D - EEEREOHE
- FMRE | “BEERNTED @
LR Rt P A

T
BB T ppmimeirsEcess

23



1l
i

b1z M@ T1-3R 58

E 2R @Faﬁ%

ITHRIRTE -

fRPT COIELE T — /)"HQ

Rz - ER D FHR0E

(AIG)IL‘I J

O O O 0O

)

E .JH’IE)

o ER

( é ’TA': |:|L. __%JL%)

R—R2TIL, DxTS5TILADER
(/J\ﬁl_‘ﬂa G- 77'-7"0)“'_14



EEHRNDHG

O BEREZHOER{EZEL=L

O FHBIIANILART T EBFAS ALY
O [HEKDASAVEZEADTA

O FoOfith. ASEMEZFRALELY

fthDEEBENDIGH. CFRPEDMHESHHOBEE

EFEEDRRE
FTHEE. —Hﬁﬂ%ﬁzﬁz/x 2
MRE-HE 2T ANICK SR MTFZER




ARBATIZEE T S XNRI BT 2=

«FAAD AT REILAITEEE. RELAERE

BFIUOHFHAEERERE
- HFEES  $5F82019-153856
« HFEA  [E L 2R B 3 AR A T 2 1 il ik B
« ¥ HAFE - HIE fZ7]

s

Z D1,
» ASEMAIERE - HEDFET 614

» BRIl FDIFWIRREEEDFFFF 644




P

DR

-

(ke ) = #1

1202

ER-r&

ASEM;EAEF |

JEEEEE

S B EE - AR

L7=




HEIVWEHNE L

|3 SR R A A M PR iR R
BN ET RO AV NMEES XBEHN-FRIIL—T
TEL 03—5214—8486

e—mail license@jst.gojp

EIKRFEAREEILKRF
SR EE N E Y — EREEEETF—L
[EL 042—388—7550

e—mail suishin@ml.tuat.acjp

28



