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1. Introduction

DNA damage can be categorized into base changes, cross
linking, and single- and double-strand breaks (DSBS).
Among them, the damage of DSBs is most serious and they
lead to cancer and death.

Ascorbic acid, vitamin C, is a well-known naturally
occurring organic compound with antioxidant properties. In
order to evaluate the protective effects of ascorbic acid
(AsA), as a representative chemical among antioxidants, on
genomic giant DNA molecules, we studied the double-strand
breaks of DNA caused by different damage source, visible
light in the presence of photo sensitizer, y-ray and
ultrasound through single-molecule observation by use of

fluorescence microscopy.

2. Methods
2.1Real-time observation of photo-induced breakage
under fluorescence microscopy

A low DNA concentration (0.1 uM in nucleotide units)
with AsA’s final concentrations as 0.5 mM and 1.0 mM was
used for photo-irradiation.'Fig. 1 shows an example of
observation on the time process of double-strand break on a

single DNA molecule under photo irradiation.

0.0s

13.7s 22.8s
5 pm

Figure 1:Real-time observation of double-strand break
caused under stationary light illumination with 450-490
nm for a single T4 DNA molecule stained by YOYO-1, as
observed by fluorescence microscopy.

2.2 Gamma-ray irradiation and ultrasound irradiation
T4 phage DNA (final concentration: 0.1 pM) was
irradiated by $°Co y-rays at a dose rate 3860 Gy/h after
added ascorbic acid with a concentration as 0.5 and 1.0 mM.
The strength of ultrasound could be controlled by the
repositioning of transducers. Ascorbic acid’s final
concentration is 1.0 mM.%3
2.3 Measurement of single-DNA molecules’ length by
fluorescence microscopy
DNA molecules were fixed on a glass surface after added
YOYO-1. Glasses were pre-treated with 0.05% (v/v)
poly-(L-Lysine) solution. Fig. 2 showed a group of

representative images.
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Figure 2: Examples of DNA images fixed on a glass slide
after irradiation with different doses of y-rays.

3. Results
3.1 Protective effect of ascorbic acid against
photo-induced DNA double-strand breaks

Fig. 3 showed the relationship between the content of
damage DNA and time, which demonstrates that AsA has a

good protection on photo-induced DNA damage.
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Figure 3: Protective effect of ascorbic acid against the
double strand breaks caused by photo-irradiation.

3.2 Protective effect of ascorbic acid against
gamma-ray-induced DNA double-strand breaks

The result of the observation was showed by Fig. 4. It is
found that the average length of DNA molecules s longer
after add AsA into samples, indicating the protective effect

of AsAagainst DSBs caused by y-rays.
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Figure 4: Protective effect of ascorbic acid against the
double-strand breaks caused byy-ray.

3.3 Ultrasound-induced DNA double-strand breaks
As Fig. 5 showed, the average length of DNA remained
essentially constant, indicating the absence of protective

effect of AsA against ultrasound-induced damage.
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Figure 5: No apparent protective effect ascorbic acid
against the double strand breaks caused by ultrasound.

4. Conclusion

Comparing the protective effect of AsA among three
different radiation resources, the followings have it become
clear: For the photo-induced DSBs, AsA obviously slows
down the breaks and this protective effect is enhanced at
higher AsA concentration; With regard to the damage caused
by y-ray, AsA still exhibits protective effect being not so
significant compared to that for the photo irradiation. In the
experiment of ultrasound irradiation, AsA shows no apparent

protective effect against the DSBs.
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Fig.1 Schematic view on the mechanical agitator on the
solution in a test-tube. The moving part performs

orbital motion with the radius of 4.5 mm.
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Fig.2 Experimental procedure to evaluate the
number of double-strand breaks based on the
measurements on full-stretch length of DNA.
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Fig.3. (a) Fluorescence microscopic images on
single T4 DNA molecule stretched on a glass slide as
in the procedure shown in Fig.2. (Fluorescent dye
YOYO-1: 0.05 puM) (b) DNA length of T4-DNA
(circle: 57 pm, 166 kbp) and A-DNA (square: 16 pm,
48 kbp) as a function of mixing time. Mechanical
agitation of T4-DNA was conducted with 500 rpm
(blank circle) and 1300 rpm (circle). (c) The
breakage increases for the period of a few seconds
and then goes into the stage almost no additional
damage.
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Fig.4. (a) Number of DSBs per 10kbp as a function of
mixing time. (circle: The rotation speed was 1300 rpm
during the mechanical agitation.; diamond: The
rotation speed was gradually accelerated to 1300 rpm
over 60 sec.) (b) X-axis of proposed procedure was
shifted 60 sec to the left in order to compare the
results.
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1. Introduction
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2. Experimental results
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3. Discussion
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22 ¥ ¥ Tr—Ta v

Fr b7 —va v L TRETOKENET T2
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Power amplifier 55dB
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e

[ |
Syringe pump
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. 100 mm
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Fig. 1 Ultrasound exposure system
to DNA solution.
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Fig. 2 DNA molecule image.
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Fig. 3 Sound pressure characteristics of DNA breaks.
FEMURIEE O ZEIZPE 5 DNA “HEHGIEOZ LA
I L7z, ZORR, RN R S 2212 LT
DNA “HHUIW AT HEEENRE S D Z
LR CE Iz, T ORER, R KHNEL 2o
Lk, FryET—va BRI R
D, ZOfES DNA “HEUIEAREAE LIZI <o
OTIHRWNEEZLND.

BE IR
[1] HHEEAM, v ©7—2 a VEOFEN
DNA %3 ® —EEHGIWTC 52 2 %8, (5778
#, vol. 114, pp. 7-12, 2014.

[2] Y.Yoshikawa, T.Mori, M.Suzuki, T.Imanaka, K.
Yoshikawa, Chemical Physics Letters, 501, pp.
146-151, 2010.

[3] ¥TEKM:  fth  Proc. Symp Uotrason, 27, (2006)

20



ﬁ

TR ET S1A V7OV 2D~ DG~ AT A DOFRAE

mEF /et R rET il wpET

T RIEAE RS

E-mail:

F—T—F

i
I
2
=
&

Ak, BISMIHNE

1L.IIC®HIT

IT4, ARFI (Acoustic radiation force impulse) 72
EOEBBH 2RI 5 G B2 S 3 E A
TS, ZTHIEEZBRS I X o THEHHE 2 5o
AL &, MBEOENSA L D AW o & E 2§l
E L, Motz MT 528 THL. ok
BT TH W S D 8 T AE Sk 08 E R W
BV RS R, RENRKE WL Z 03 EH
INTVD

AAREATIIBEEZHEEOZ LR L LT
Ispta.a (Intensity Spatial Peak Temporal Average) =720
mW/cm? 7> MI (Mechanical Index) = 1.9 BiRE
SN TW5D. Ispta L%
MI (B EHICL2FERNEROL ML FTMT 5
%%T&é.b#b,AMl@E@&ﬁ?ﬁwgn
LB EE ANV ATIEZEOBRBIFEHANTH -
THAER~DRBENREIINTEY, FICEBEKRE
WAIB 5 %28 5 ARFL O AR 1EH OB HR1Z D0
T TR,
FOOINETIZUSXEH W@ Y FER %
TV, ZOERMGROBEEREYA 2 &E5%I20
o LBEREZRS Lo e, BEEREDICET
LHEMEMEUT THHANAMENELET DRI <
"HT EERLIE.

ARFI (2 K > THISME 23 58 £ 4 D Fe 2 T & 2
T 22810%, BERERE IS LIEOEN & W
SMNAERAER LB N T2 T — 2PN ETHD. L
ML, TRNETOERY AT ATIEBERIBH S
NTWDLLBOEHNZRET 200 7T VZA
LE=FY TR RETH 7. £ T ARFI fiH
E=Z Y T LS b WA IUNG 38 A R A Il E T
LERAT LOEELIT oI,

W ESFMIE Y o % — T 610-0394 FLHERIF AL H
dmq1040@mail4.doshisha.ac.jp

SRR B — 7 WP R 2 K L

1% % RS 1-3

2. BERZWHEBODLEE Y
2.1. Ml
MIZHEBERIC LA EANEROZ M % FEM 9

LHEETHY, v ETF—Ta ryOFEKNAERIBE
BATHEORELZFRS. MIIZN (1) TRERD.

pr,\(/z(TZsp) ( | )

fo X2V 23 o L E B 4% [MHz],
TERE DN KE 2D R zop BT DEERORE
AEBLT-BEHROATIE [MPa]Th 5.

3. EBRIVAT ADOHME
Kﬂ%fiﬁﬁ&ﬁ%§&5%®®ﬁ’Amq%
FaEBE LESAICAE T WA ERm L, B4E
ﬁ&&%aﬁ@%ﬂ%ﬁ®%%%%6#_ﬁé_
ET, WA ORAEA D= AL EMPATH %
HEIE LTWB. 0D ITDIEo & o fEikic i
HRiThbhTWadhE=F1U 7 LN s
MRAELREZRUET HLEND L. T Z TR TIX
RSYS0004 Z W T ARFI R4t & B E— KA A —
VI EFE - OBER e —T7 TITH 2 L A2 AR
L7z.

WIZ, M2 38 ERICBITLI2BE RO Z 1
IV ERELTHWD. RENS THEOTEAE TG
BL, THIES?LS REFE T 10ms A TS5 ARG

MI =

Pra IX70L 2

ZITH. £-448T 10 B 27V, B2 IHE O
RAEHERRDD., ZOREEZITO ZOICEAKERY

AT LTIEPC TREMBE OO DORBIE, R MM
M MY TRV AEZHNT 5 FE TORAERM % &
L, R iM% arduino 2 W THERESZ2H A
T 5. LICERY AT 2O Ty 7 ERLIEZ.

21



PC
(R HIE)
< Irig. BaarhO—LEE
- (arduino)
A
RSYS0004 Jp——
BE—RAA—S0Y ol DER
ARFIF S &R P 7 i
&l Aa— L8
- >Aixp|orerFFl'J:7CZ:J'
< SL15-4
1 EBY AT A
R T
peak
IDEIRW

P

Q5 my
X2 B2 A7

4. ARFI JR 5T 32 & D Fe ARy 14
4.1. EH ORI E

ARFI M EEBOERFEMLE L LT T+ — T A%
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T H S, X4 ORMIGEHRNOBEBEKR 7 —7 1k
D~ —H—3 RIZBT D, S 6IEEF0XEEOEH
WEHEHLE., RIEIXL1OISITR- T,
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[11 T .Douglas Mast, “Empirical relationships
between acoustic parameters in human soft
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Tomography Sound Velocity Reconstruction Using
Incomplete Data” , pp329-341. 2004.

[3] AR 71, “MRISE2fEH”, pps6-99. 2008
1 5 DEFT0HFHEM

B FHEN G
FREE [mm] | BRRE [us] | 3509 [mis] | BEEE [mm] | B§R [us] | 353 [mis]
7.00 4.960 1411 33.00 21.92 1505
4.50 3.168 1420 30.50 20.22 1508
7.50 5.248 1429 21.00 13.86 1516

X 4 BEKBE— Nl

0 16 32 48 64 [ps]

{5 = a—{55

24



11

B MEBE LIEEEA A= T
—HEHE L MR IZ &2 HFH A1 OHETE & T DOAIE—

FiitE %

NP ORI Wb E

A S R S IR E S 5et o % — T 610-0394 FUEF Rt HA % ~ FEEs 4 1-3

E-mail;

T, ctub1016@mail4.doshisha.ac.jp

F—U—F BE— N, HF#5f, EF7+—VA, MRl SEEGREXS Y 7—7

LIIU®IC

EARZEI CHOWLN TW DB ERZ M EE XS
fiERem Lol T VA IRKE A2 W& 7 4+
—HALEENDHE—L T+ —I TN T T
W5, BT AOFFEITIZAERNOF MO
BHGERPMLELN, WRITEFER—-E EIRE L TE
BLTWD., LaL, ARNEIEMEMCEID FERN
Bnlz, FESHESHBOFTEREZNEE S
WCHBEHZ TS, BICK TIEMOREWHRE T
W, FLOVEHBESIENEL D, KHE T, EHE
%~ 7 > b A (Triple modality 3D abdominal phantom,
A—AT v )R TLET 74— D ADHEICD
WTHFE Lz, ZTOBRICHERN Lz EESMIT MRI
RGN TEBERTa—FES52HWTHE
L.

2. BT 7+ — A RN

BT 7 A — AL, EEHICIESTEY—A%E
WESHDL LI ICEEEFICRIERHEZ 5 2, ZIERF
WX, EHEOREB T C2ZELEEEIC, BERKMEE
HGZ2ZT0roMETLZ2ZELECE s TEEOMNED
DAL OEREZ K L, LA DOALE D S O
LEOREZKBSE28TTH L. FFrio, ZE7
F—HAFEAFTIv I T xr—H AL BETHh,
BRI E S 2R ET D2 T, HE2EO T
KOS Rz ESE5. SR F-TRESNE
FEEICHZDBIERBIZU Fo (1) KckRIND.

-4

= 1
2cl, W

2T, c iEEEEE, n XFRRFICEE S 5 EHE)
FoOB, | ZRBFOEFS, A TR T OHME, If
FESAEECTHS. (1) ROoFHBEIEMBEOTHD
EWEZZEL TR, BHORL D ZFEE N T

T DA, EEOAM & B LB IE R [H O FF 5
FUTFo (2) ATRSnD.

(T (T

2¢cl, 2¢,l,

FAIRE F O VIR & R D B BRI AR O JE K
I LT (2) RoBEFpEZzEIEL L TEEN
fizxEBEL-EBERMAZHAETE . 401 (2)
XKEHNWCEL T A= D ADHEELT .

3. EBR G

3.1 EBXR

BMER 7o —T%2) =7 EELELLTHEHT S
7eolc, BEH 77 FAD EICERT7 7 P A% E
x, B EIT-o7 (Fig. 1), EBRR% Fig. 2 1
T~

3.2 BEESMMOHERE

MRI ENTHBIK o —7 2G4 %0 LICEX,
MRI & B E— FEBOHRGHE %« EE L, MR k%
ZAT-72. MR B X 0 A U 7= B8 o 55 B ® &
BEW SV ADKEEEMI ) EEE2HE B L. B
LEEERZ7 7 Ma, BBV, IAOFERIZIENEN
1520 m/s, 1430 m/s, 1540 m/s T - 7=.

] Agar phantom
® Dﬁt

[ Muscie

& Lesion

Fig. 1 Schematic illustration of the phantom
and the probe.
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Fig. 2 Experimental system for ultrasonic image.
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Fig. 3 B-mode images of the phantom.

(a) Conventional (b) Proposed

Table 1 Improvement of half width

of auto correlation.

Proposed/Conventional
0.5 0.9 0.8 0.8
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Wt re —7%2ERHL, MEBEOW LK
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5.

' N
[1] FREE, NEBKE, EHE, iz,
BtfEZ, Cool-tip BEME H W REH T U4
W BE VIR T & B T o iR R
[2] #HE 3, +HF, BABEBRERSES, MR
g B il 5%, p68-p69, A4 — %k (2008)
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Fig.5 Sound field of the flexible probe
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Fig.6 Fusion image of MRI and US image
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LIXC®IZ

AW, BERMBERZH O =T A =%
ELTAKMEBMOBMEEOZY OBAEE C I2&FH
LTW5s. Fx i3l E IR L2 AERHEORE L
FH#R S, C & in vitro THIET 5 FIEERF LT
WD RRE TN R AR O BE & C O RIE B
DREREIZ DN THOMIEEZ AW ERIZ L > TH
L.
2. kB FRR

BRI E Y EREEO KRR E L2 ET
D 7o T 5 AR B R AE R (1) R,

EZWZT_ﬁJrﬂ (1)
dt T

ZIT, kIXBVRHCE, AT I3 A RO IR E
AL, T MIRFEER O R ER, ¢ FBVERNE, O FE
FEBAA B Ch DI 5 1 I A o AR AR R PR
TOLRCTHY, F2HITMEMEERICL > TEDNL D
Thd. BREORKEEMMBEEZ = 0/ LIHE
MWD& T, FUOFELHEAEHT LR TED.
T, AEBRIL in vitro TORETH L -0H 2HE%E
WHT A LNTED. Lo TRELEREE ¢ L ¥
ALY =D G OHICE>TIRESL. £72, BF
WA B T D gv 1ZE B O BT I EREK o, BF
WME I EZHWTH (2) TRIND.

gy =200 (2)

X 1) ek 2 Z2MRAL, EBLEZNX 3) I2&b
BRECGERDD.

__ 2
(dT1d0),_q ®

G

T ctub1021@mail4.doshisha.ac.jp

3.EBRFIE
3.1 A R HE

A E B TIE, 100 mmx100 mm x70 mm O 7 7 U )L/
—AZEZ20mm D4 OfFE AR S 9mm O F 7 A
TURDO LICERE L. AEEEIFoTEEL, £
O EEBIEM A K T 7z L7z,
3.2 WMEALM ELP

FEBFRE Fig. 1LIcaT. Hbto EicT 7 U vk %
REL, NP =Ly —NE RN THLE R 2.5
MHz OFEERB F2r 6l EFRERSL, 727 UL
B (A), BEHE KSR (B)2 6 ORI 2 RIE LT
FEEOMEZT 7 VL L2 (A) 7D O RKEIEIC
BOWTHATY, I b OREREEEEMmr L, X (4)
WWARAT 22 L THERK a2 RD T,

a(f):im{Ao(f)z—A(f)zJ @
2h A (f)B(f)

3.3 B E BRI E

N Fe7rrafnCTMERES FOBEAEEL
WE L. BERE o, RENGRESE ABO®K
B op BHc X VMIET 2 2 & TREH OB E KR
B IERE L.

Pulser/Receiver

é

Oscilloscope

Transducer

Fig. 1 Measurement system of attenuation coefficient.
3.4BE EAHE

FEBR % Fig. 212737, ERAPRBAEICMET S
Kol MERE -2l Eficx®E L. 72, B
FORLDZELPLEE S LMHAL, Joim BRI
BYo&oCRELL. MERE T OKAEEHT 35
mm CTH 5. 2 MHz, 25 VO EREZMMNL, #Ex
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ZHNT 2 sHOBERBIFICEIDEE EFAZMEL
7=. viscous heating O 1E & 17 5 7= 9 |2 [A 4 0 HI & %
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$ofE1% 0.21 Np/em & 720, Z OE E S %2 H 0 CHl
1E U 72 5BN 8 5 38 O 1% 14 Wiem? & 72 o 72
BRELAMEICLVEONZABOREZELHHERXR
WL DIEELEEZBA T 52 L1k Y viscous heating
DRIEZAT > 72 FE B % Fig. 4 12”7 . Z OMEME % M
WCHR B B S-3E dT/de % R 7o fE R % Fig. 5 1237 .
Fig. 5 £V (dT/dt)i-0 DEZHEM L. 2 bW E
BxEX QIERATHZLICIVBERELRET L.
WERE R & B BERZ Table 1I2/RT. AFIEICE Y
ELEARBAAREDOMIL 35 THH ., BRI L DORE
201 ThHo7.
53¢ ®

ARETITHEFRBFICL 24O FIBROBE LA
B 2 BEXIC RV E L TAAR ¢ OlEHE L
fo. TORRE, Bl LIS RECEVERS S
oo A%, BBEMEZERT 2L L HITHE LMk
DIRFEEE B C OWIE 21TV, 1IE 5 Rk & 98 2 Mk
BIFAEMIONWTHRHFT A ENEETHLD EEX
5.

Table 1 Measured values and refereed value.

Thermocouple

Reflector

o [Np/cm] T[W/em?] (dT/di)e~o [K/5]
0.22 14 1.7
Measured C [J/em? - K] Refereed C,[J/em? - K]
3.5 3.6

Function Power
generator || amplifier Transducer
Water
Oscilloscope
Sample Gelatin

Fig. 2 Measurement system of temperature rise.

>
=
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g
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Frequency [MHz]
Fig. 3 Frequency analysis of reflected wave.
o —— Liver
O -
o 154 ... Agar
2 — — Corrected -
o 104 -
> s
< -
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(<3} ¢ =
[ i -
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Fig. 4 Relationship between time and temperature rise.

2.0
— 151
o
= 1.0
=
© 054
0 100 200 300 400
Time [ms]
Fig. 5 Relationship between time and dT/dt.
XHR

[1]Wesley L Nyborg et al, “EXPOSURE CRITERIA FOR
MEDICAL DIAGNOSTIC ULTRASOUND: I. CRITERIA BASED
ON THERMAL MECHANISMS” National Council on Radiation
Protection and Measurements, 1992.

No.13, pp. 52-60,

[2]Junjie Chang (Dalian Maritime), Evaluation of Rubber
Viscoelasticity by Pulse Acho Method , Proc Symp. Ultrason.
Electron., Vol.27, (2006) pp.427-428 15-17 November, 2006.

[3]Thermophysical constants adapted from Sekins and Emery,
1982. Units have been chosen (within the extended Sl system)

for convenience, in that multiplying factors of ten have been

avoided.
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177~
2. FHICLPBEE LRAE

ARFIEE, FEOEEREE MBI RN T
OFEREAEZWEL, BELFEZHEETS.

21 RENICB T2 EEOREREK

FrE LR BT v 22 B35 &, &k
FiHE THER»POOKFFELRBR SN, KEEND
Bon s BN TOREEHRERABOEL NG, &
BINOHEHRERD S .

22 Af@uEmkHER

A8 WMIRIC X 2 A RMEEORE ER T oRH A

Lix (1) oA&KEEEFREATREND.

AT _ iy AT 20
dt £

v

2T, xk TMAROBILHGER, ¢ TMEMEERIC XL D
WA O ER, o AR O BRI E

W, CVITEREARECTH L. WE LN/ T
HAIVETAENE 1 HOBYLHE 2, EREHE O MR TH
AUTE 2 HOMRMEERH A EH T& 5720, dT/dt=
201/Cy Ll E N 5.
23 BEEICIZ2EEEOUE

T H XA R ONIEC L D AR o RE EF I
FOENT B0, BELZBIER A ALADT a—
FERICHMY 7 N4 LS. BE LAXM/ATHN
IFAe x) € ¢c(x) &2, FHE/LAc (x) 1T (2)
Il TE 5.

Ac(x) = —=c(X)— (2)

c(x) IFRABOFIE, Ac(x) IFTHEINOEED 2 1
A ICB T 25 EELTHD. (TEORFH t, LI
BIbdza—v 7 b EllEZa, nk 35L&, TNERh
DESTHDHA, AcEVIEEOEMICB T2 EEE
bk E 3.

3. EBRRK BN TIE
3.1 FEHOBEEREK

EEZAEK 1 IZRT. 1IEC60601-2-37 H#1C HEHL
LT 100X100X20 mm® ® 7 7 > M AZ{EHRL, #Hl
ERERE Lz, WL 8 2S5 MHz O S i R B 12
2NV — (OLYMPUS, 5072PR) TA ¥ /X)L A& E
ZHIMUZZ., E-8ENSEZ2HWWTTZ 7 FAKND 5
FIZBWCTIREZBN L. FIHIEE 22°C225 30
C O#FPHT, WEN1°C ERT LR
DO EF SHERPE L. MEE»SEZHEN
TOMGMEER &R OEA 20mm LV, FIREICE
JHREBINOFHEZ KD -,

32 BELRAE

FESEREE 60 mm, BEZ 10mm O MmAE (LiRE
WH 5.2 MHz) @ & #flEHIRE) 05 E IS, W
10 mm, #MEE 28 mm O M M BRI (LIRS 5 3.2
MHz) O IR A 3R B) 1 A5 [ §il Rl E S 7o 5 AR i
TE2HWT, RENIZR T 2 85 IR FT#% 0% #H
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/Zjé’ﬂﬁ % ELT. N = 21T, Hﬂ:_ﬂ%tﬂq' = Preamplifier
3.1 & ﬁ % L , %it *’l’ W D 4 A‘f—i z j% ANE {EIJ ﬁ L. (OLY LM}HPR} Transducer E’ta;g%‘?i{ﬁ\\'.-\lil[}}
SN A #R B - 12 100 Vpop, BurstPeriod 100 ms, 160000 E
Cycle ZEIJnL, Bt Z2IR L7, E#EEHESD

FAS /N —TA /L X EIEZ BN L, IR AT & Oscilloscape v
MR 0 ls MET1sMea—Eoaziilr. & (Yokogawa DI-350) X

B ORIEE Tps & L, W& L MRATEO = = 1 Thermocouple (Type K)
—fEErbTa—v T FEREREBLE. S, Desasedwater Glveerin

X (2 CBTFDHALE Tus &L, Ta— 7 kIR ﬁﬁﬁ 1?“

DO IEE T O EE EICB T SR E LS ORI L - —

RO 1 EBR R CE & O E R )

3.3 RE EHMEN Power amplifier Preamplifier

® (1) BAVTAEKERZ 7> FAORE EF e (OLYMPUS S072PR)
T2 Ialb—varafrojc. H®E 20 mm, Transducer T

Mg 12mm OET &2 HA W, WESRME & L THER 45 mm s l?cgasslcd water, -

7 0.5 dB/cm/MHz, B\IE#R 0.15 mm?/s & F v\ 7251, 20} ;‘Il?w“ﬂ
SIhlcmitz LERE LD, X (1) OFUE 2 10 mm~1 Alg.:::lom {-}Scj“usc;pc
O MEEEREIZ 0 & L. £ MEHIES T o R ﬂﬁﬂgﬁy (Yokogawa DL8S0E)
WX 32 EREEEE LT, - ‘
4, EBRERROEZR B2 FEBCRORE L5

BE % 22 °CHh5 30 "CofH TR T L x
DEERENERHIICAT. ZOELZEBELT S
L, 77 bPARNICBT 2 HEEOREREIT 1.9
m/s/°C &7 o7, ZOFELPIZEIT DR E/REDOEIL
0.97 72 o 7.

BRI THAEES3 mm D 58 mm BT 5

® Average value
—— Linear approximation

[
=

Ac [m/s]
=

BELROMERRE Y I al—va s 2iTork 0
FERPDOHEM UZIRE LA OMATHERZK 410577, 6 2 1'1 6 é
@UE{@LibD{EE#Fﬁﬁ b§%§:@j—é & Yﬁgiﬁ"fﬁbik% Al [OCJ

<7V, JINEBIEEAS 950 ms % T 1.6 °C DIRE |

3 HFIH O ERE
HElolh, vIab—va LV REEBLEMERE, 2 o e

NI BA 46 7> 5 950 ms R ICB W T 1.7 °C ORE L5 2.0F o 11 —
e e e _ - _ easurement value

L7y, BHEMRE DS L7 OB RIS 15t O Simulation value } }

F oz, ) %

BLEED, 77y b ANICBOTREEIC L SN © ol %
BEREEAMENTETHD - LARSAT, = 4
5. ¥&® 0.5¢ ? {

AEWECITEFRMEIC L AT D EEREE T 00 ¢

7 M AN FEEEA A 2 8 EEh— AR 0 g R ) 200 400 600 800 1000
iR izl CHEL, BELFEL2HEHLL. £z Time [ms]

V3ialb—Vva ik AEKERY 7 N LADIR 4 R -5
EEAMEEZEH L. MIEMEE Y IalL—va VA [2] Wesley L Nyborg et al., “EXPOSURE CRITERIA
N > S V- A FOR MEDICAL DIAGNOSTIC ULTRASOUND: I.
AR ﬁ( Ll &m b, RFRIC LD AR CRITEIRA BASED ON THERMAL MECHANISMS,”
B2 PIE X D REBRENRB IR, 5%, & National Council on Radiation Protection and
o s . ) S B T e N Measurements, No. 113, pp. 52-60, 1992.
PR AL & O 7o B A A Y27 OREFIEIC [3] Medical electrical equipment — Part 2 - 37: Particular
OWVWTHHNZEITOVNEN D 5. requirements for the basic safety and essential
it performance of ultrasonic medical diagnostic and
. . monitoring equipment. IEC (International
[1] H. Hachiya, “Present Status and Future Prospects of Electrotechnical Commission) IEC 60601-2-37 Ed
Ultrasonic Quantitative Diagnosis,” IEICE 2.0; 2007.

Fundamentals Review Vol. 5, No. 3, p. 244, 2012.
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1. IZC®HIZ
AUV EMITT L, RELEOLZOICH bF
TH/NNR -z a— 2z, FEEMBEED LR -
Ta—|ll Lo THEEMWIZERB LIRS AE T B,
L2 Lans, ave ) TEENRRERKETICE
WThH, MEESCEEYICHEZEETICRITTE D
FIFEMAE A O FHWICELT2EFROF N, E%
DTa—PhZEzMETIAI=ALEFALAHATH .
avEIUNFEHAT I a—ar—va N R

Wi, B E, SV ARZEOENVIZEH>TALLHE
WENRH Y, LATHFIE TIE, TN T T 5,

Wt S A D RBEESLANANVARE, BE, BE XA
YO WTORFDRIT L T & 2B
AHFZETIL, 237 F Y 050 2O EA M & BT
FBHNRNT A= L LT, HEICEEERSIORIZHE
BL7. 20 ) o020 EAEERIoRIC X
S THEMATONZEEERH Y, BRETIEFOD
BRI 0ER, B OS2 o B ¥R
O EHUT DA, L BEERIRGERGGBEITE S
WMEns L EHRESL TR,

AKFge T, RiTFPo= v ViZxL, VR E
B LG ETZE R L. BT 0EST ORI
sl o E A, AEKRSIORICRT 5 2

UEY ONNREEEEOEEBRFT L.
2.%%?%

2. BB R AE

7'&5%%311 T a—n s —3 3 |2 FM(Frequency-
modulated) DNV REFEH T 22 Hayxy
(Miniopterus fuliginosus) 8 ff1& (bat A-H) %
7z. bat A, B OMAI R L ZAD AR ha s T A
% Fig. 1A , BlZm L7,

2. 2. EBRFIE

EBRITBME (9.0 X 45 X 235m) 2% v b T
XY - 7= 28 Fﬁ@o><45x235m NTIT-7=.
ZZE o 4 MIZTRE L 7Z A Y —% (PIONEER
CORNRANOMPPRHH)ﬁ%ﬁﬁiﬁ%zﬂ“?é_
LTOEBREEREZEELL. ity Y 0
T 7SV 2 THEBICHEHE LD FM U A Y L A<
f7uakry (FLv~vA7) THELE. TV~ A7
WEVEEIN-EFIT, BIHENICEELEZT &

Ta—nr—vary, TLvA7,

JR(ZFIEEFTED, Terminal frequency

120 A 120
N BatA =y Bat B
T 100 T 100
3 80 3 80
g 60 S 60
g \ B i
I 40 3ms T 40 3ms

20 20
Fig. 1 Spectrograms of echolocation pulses of the bat A (A) and the bat B (B).

N
—“.:_E .1120 Linear TEGIRCH Exponential reversed
00 Linear Exponential
>
080
c
@ 60 \
=]
g0 3 ms

Fig. 2 Spectrograms of jamming sounds that had five different shapes of sweeps;
CF (a), Linear (b), reversed Linear (c), Exponential (d)and reversed Exponential (¢).

TFENL, FM LYy —RX—TZEL7=DH, DAQ
(NI PXle 6358, fs = 500 kHz) % T PC (2728
L7z.batA, BIZX LTI, TNEFNANRRITLTWVD
B, HEFTZE2 R LR WIRN (off 1), BERT DIRWL
(on) , HFOERLARWIRI (off2) L8]V ¥ X, Bat
C-H IZX LTI, HEFEFZERL2WVIKRI (off) ,
WEEZZ2 7T 500 (on) WY B, HH L.

2. 3. W
BEEZL LT, 5K 3 ms, BIEHEN 45 kHz O
FM % % W7, #% (Linear) BX WX, =2 vE Y D

57 IZFE{L L7z Exponential B & LT, T Eh %
RHREISELHEETO STEEZ LT OB -
T, fERRL 7=,

1O =L - (L) + - o] (1)

ZIT, foldBRE R, f 3K E R, o 1395

DHERETDERCHD. a DIEEELEED 2
LT, Bl FNELDIETEER L.
3. EBRER

Exp 22" LEE, a7V ITAS OB LR
O TF #F R A &&= (Fig. 3). Exp, Lin &%
ERLEZEDO TF O£k % Z £ h Fig. 4(a)(b)IT 7=
7. Lin D 2R3 L, AR TF O 208 & bR
S7=. —J, Exp ® 2K L TiX, bat A-H X TF
AW ER ST MmN A B2 Exp IZB W T,
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BEEEERLARV-5 - 0 BREICET S TF 0%y Noise on
BlX 464 kHz TH YV, EEEZERTH0-5M
B D EBEIT 48.4kHz TH -2, 22T, Zh
SBOVREE —EOHEETDHE, WEENERIN
20ICBITD TFOFEHEN LI ER ERKED TF
DOFYMEIZET 2 E TOREEEIE 100-150 ms TH
> 7.

EHI, FPEFTORRIIHTLZ2avE) D TF
DEAE % Fig. 51287, bat C %< &2 TOE
KIZEB T, CF, Exp, rev-Exp ® 2/RIZ% LT TF @
AL E N K& <, Lin, rev-Lin ® 2/R12%F L CTlx TF
EHFEOVEESE oIz

>

a (o2}
o o

(o230
o o

A
o

Frequency [kHz] Frequency [kHz]

N
o

Fig. 3 This figure is a spectrogram that a bat flew in the chamber. The bat changed

4. % g TF of pulses suddenly while presenting Exponential jamming sounds of 85 - 45 kHz.
AT O a2 7 VICx LSV R &R LZIE o o
THEERTAHE, auvx VX TF # LR I 5 MA (@) Exponential (b) Linear
MA BT (Fig 4a). & BT, JHWEH 31 2B 72 T T 1
HEFT LIV b YT Y OFFICHEANI KM £ yWMMWWMWMWW
B2 EwmG 2R ESTEERLESAO 40 £ -
FFB TF OFALEITHM L7 (Fig. 4). Z DI &» 4a4r { a4} -
5, AVTVHRAHOSNALBMPL LRI EFHD g P e
FEEICx LC,TF 22 bs8 5 2 & CTREZHRBEME Time [s] Time [s]
FRTIELARERIRBINT. Fig. 4 (a)Gray lines are changes in TF of each bat(A-H). “0” shows a time
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Fig. 1 (A) Flight trajectories of the three bats during group flight.

(B) Echolocation pulses and echoes emitted by each bat of a
group of the three individuals recorded with on-board
microphones
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Fig. 1(A) Spectrogram of typical echolocation pulses of Rhinolophus
ferrumequinum. (B) GPS data logger (PinPoint-50) (C) Y-shaped
microphone array system.

Biotrack Ltd.)% f#i i L 7= (Fig. 1B). #ifE D%~
(2017 45 H 15 H)0 19:00 7> 5 3 43 [0 THRIN. 21T
IREL LI, BHARKEHICCHEL-ayEY
10 SHICHEH L, 2B x HUREIZ e T —#E 217>
lchlblzTtae i—%2EI LTz, £z, GPS v li—
WCTHELESET T4 >O~A 7 aky TR S
=Y FRDO~A 7 ake T LA (Fig. 10)A % 1 Hipgs
L, BEERATT 2 a0 OFFZFHIIL 7.

3. EBER

1T GPS u H—%5OEINL, N4>F—Z %
BS54 % Z LICETh L7 (Fig. 2, Bat A-D). W o
ayEY H)INEVORTIER L TRY, BB
RO IRIHRT N R LN, Bat A B, Cidaal bff
IIZHRATL, — TP L TESEE > TV DR
TR BT, BatD (34 < 6 b ALH T R O 7=
BITICEER DR R b7z, £, BatB 2MEwL
TWeBHT(Fig. 2, D) T= v VIR T8 &

Bat C-1 @
5/15 19:27 ~21:15

Sy e
Bat G-2 R A
5160:18~0:30N -

Fig. 2 Large-scale flight paths of wild echolocating bats measured by PinPoint-50 (BatA,B,C,D). Flight path of Bat C and Bat D were fragmentally reconstructed
over two days. In right side, we measured pulses of the bats by microphone array system in square area.

37



fToTWieetEZ, ZORHOMITIZ~A 7 nky
T A ERE L CERIZRAT. T58, K1
FRE OFHRIPIC 3 |, 1~3 o Lz Y F—%&
7EOMERR T & 7=, Figure 3A X OBIZEHIL 7200
ADARY va 7 AT, CR2 A%, P, CF &
D2 % Fig. 3B (2”7, CF2 J& 471349 68 kHz
fHETIRIE—EThHoTz. 7T T avE Vi,
T o —JEEE A IR OIS, KR & OFEXxHE
IR U TV AD CF A BAEZ LS H(RT T
o7 MEATENY. oz tnn, avEVIEAD
Fep EITIET LN G EAOEY EZ R L Tz b
EZz o5, IPHIZEB X% 100 ms pitk CHEE L, B
PrEWVIPI AR S 7. CF KX 10-70 ms O T4 A4k
L, FEBEIT 45.7 9.9 ms(E¥E(R ) TH - 7-.

4. B

BririnEzTicxr v Iavel ohnl off
FZT~vA 70k T LA ZRANT, RITHOFE
&2 4T > TW AP Figure 4 1%, Open space &
Cluttered space [ZCEHAI L7/ NV ADART fhu
7 I(Fig. 4A, C)& CR2 JEl%L, IPl, CF & DREHZ
{t.(Fig. 4B, D) & 7~ 9. {SRED K¢ Open space &
[AI#%C, Cluttered space & Lb_XTHRE TR DD/ UL A
BRI AR RN, X7/ T avE
ViZm-snReza—%2EHEI®SZ LD, Fig. 3B,
Fig. 4B, D @ CF & D -2l & AR HER 227> & S R B
AHEEL7ZE A, FRETIRTT £ 1.7 m, FRATR
(Open space) Tid 8.1+ 2.5 m, Cluttered space TiL 5.3+
lAam Thotz. Lo T, FHRFTIICFiz <
HZLET, FEL Dz a -2 ZENTE, =
WCIRWHEHZ B 7 LT TRV N E S
AbND. XI7HTavEVIE, RICEED RN
CEMAERRL, ROF5EMER, BOKRIIREY
AT D 2 &R STV S (fly-catcher style)™®.
PEECII A L R EE S A — IRk D, Ko TRD
Ta—EEBOEEK D Z L TR AR L X
HIELTNDOTIEHRVNEZZ LN,

BE, 22U E Y OB EE B % FEEH© &
HEEGPS r N —ZRE LTS, avE VL IPI
Mo, TOTEEHRTLZENTED. HFEER
ENEERAE MG DD 2 & THAERRDORED
BT, PREHOSITICLIHERITHAMTHD L
Ezonbd.

5 ¥¢®

AWETITaUEY OBRRITHIE DM D=0
\Z, GPS 7 —% u i —% AW CREREEHGER 21T
ol FRICEVFESNSGFI TS I/ rkrT

68.4 £ 0.3 kHz

R 97.7+36.0ms

45.7+99ms

L L L L L © L L
10 1 12 13 14 15 16 17 18
Time [s]
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Fig. 2 (A) Spectrogram of echolocation pulse of R. ferrumequinum
nippon. (B) Measurement system of echolocation sounds of the bat
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1. Introduction

Action potentials were evoked by irradiating
infrared laser to neurons in vivo [1]. Because the infrared
laser can stimulate nerves without contacting tissue, the
novel stimulation has gained much attention as a possible
substitute for electrical stimulation. Our group wants to
apply infrared laser to hearing aid. We can develop
noninvasive hearing aid with infrared laser because the
laser can reach a cochlea from outer canal through a
tympanic membrane. Hence, we can develop noninvasive
hearing aid with infrared laser that does not need invasive
surgery.

The purpose of this study was to develop speech
encoding scheme by hearing aid with infrared laser. Our
previous studies revealed that similar compound action
potentials were observed by irradiating infrared laser to
cochlear nerves as by presenting clicking sounds[2]. Thus,
we created a click modulated speech sound as a simulated
sound of the hearing aid. The sound was a click train,
whose repetition rate followed formant center frequencies
and amplitude envelope transition of an original speech
sound. In this study, we investigated what is the optimal
method for creating speech perception with hearing aid

with infrared laser.
2. Materials and methods
2.1. Subjects

Six native Japanese speakers (23-24 years old)
participated in the experiment as subjects. All subjects
had not listened to the stimulus before they became

subjects.

2.2. Stimuli

2.2.1. Click-modulated speech sound

We synthesized click-modulated speech sound
(CMS) as a simulated sound of noninvasive hearing aid
(Fig.1) [2]. We randomly selected 50 various familiarity
words. In this experiment, we used eight kinds of CMS:

Constant-frequency (CF), which were average of first

formant frequency; first formant frequency (F1); first and
second formant frequencies (F1+F2); first, second and
(F1+F2+F3). For all these

conditions, the stimulus with amplitude envelope (w/ AE)

third formant frequencies

and without amplitude envelope (w/o AE) were presented.
The sound pressure level of all stimuli were measured by
microphone (ER-7C Series B, Etymotic Research) and
calculated from 60 to 70 dB SPL.

2.2.2. Sine-wave speech sound

The same words as producing CMS were vocoded to
sine-wave speech sound (SWS) [3]. We used eight kinds
of stimulus as a same as CMS (frequency: CF, F1, F1+F2,
F1+F2+F3; Amplitude: w/ AE, w/o AE).
2.3. Experimental procedure

All subjects participated sixteen sessions. Fifty
trials (=50 words) were conducted in each session. The
subjects listened to the stimulus and wrote their
perception on response sheets using Roman letters within

10 seconds.

3. Results

Fig.2A shows correctly perceived vowel rates of
SWS. For the CF condition, averaged correctly perceived
vowel rates were 21 % (w/ AE) and 19 % (w/o AE). These
values were almost the same as a chance level (=20 %).
For the F1 condition, the values were 45 % (w/ AE) and
40 % (w/o AE). For the F1+F2 condition, the values were
46 % (w/ AE) and 41 % (w/o AE). For the F1+F2+F3
condition, the values were 46 % (w/ AE) and 43 % (w/o
AE).

Fig.2B shows correctly perceived vowel rates of CMS.
For the CF condition, averaged correctly perceived vowel
rates were 21 % (w/ AE) and 23 % (w/o AE). These
values were almost the same as a chance level (=20 %) as
like the result of SWS. For the F1 condition, the values
were 33 % (w/ AE) and 32 % (w/o AE). For the F1+F2
condition, the values were 38 % (w/ AE) and 38 % (w/o
AE). For the F1+F2+F3 condition, the values were 41 %
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Fig.1. Encoding scheme of click-modulated speech sound (CMS). The schematic diagram shows how to process the speech

signal for synthesizing the CMS.

(w/ AE) and 36 % (w/o AE).

4. Discussion

Our results indicated that CMS were at least
partially intelligible as speech sounds. As many previous
studies have demonstrated, formant information is
important for speech perception [4][5].Remez and his
(1981) developed distorted

combing several sine waves, each of which followed

collogues speech sound
frequency and amplitude of formants (SWS). His group
showed that the sound was intelligible [3][6]. The CMS is
similar to SWS in a sense that CMS have information of
formant frequency and amplitude envelope of sound. This
means that CMS can be perceived as speech sound like

SWS.
5. Conclusion
In this experiment, we quantified the intelligibility

of CMS. The sound was developed as simulated sound of

hearing aid with infra
B
100 SWS CMS = With amplitude envelope
=2 Without amplitude envelope
80
60
40
° m ﬁ ﬁ
0 ¢k F1 F1+F2 F1+F2+F3 CF F1 FI+F2 F1+F2+F3

Fig.2. Intelligibility of click-modulated speech sound and
sine-wave speech sound. Error bars indicate standard
deviation of the mean. (A) Correctly perceived vowel rate
of SWS. (B) Correctly perceived vowel rate of CMS.

formant frequencies were replicated, the intelligibility of
the sounds was above chance level. In all, our results
demonstrated that hearing aid with infrared laser could
create speech perception and it could be a new alternative
to conventional cochlear implant for restoring speech

perception.
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[1]. M.Inada, et al,
pp-904-909, 1999.
[2]. K.Atsumi, et al.,
pp289-293, 1999.
[3]. M.Saito, et al, Osteoporosis Int. Vol. 17, pp.
1514-1523, 2006.
[4]. Y.Imoto, et al,

Metabolism vol.148,

Am J Kidney Dis vo0.33,

Glycative Stress Research,

submitted.
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I, XBEIHLEATHDEL Ll X #RiEIC
X, BREENRDH Y, FPEAMORMALE L W o R
MRd s, —F, BEEETFEINMATRET, Zh
BOMERMETEZENTED. TORDEMNR
V==V ZIZELTEY, REIRANFTREERD.
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ATIETIE, T VA B2 W TEE KRG O REE

B SISO BEREFMT 5. FICKER
FHENOLIWMW L&MW (First Arriving Signal
(FAS)) o BNOEHRZHE M L, BUEE O MMM
ZATH ZEnZWE FEFEERNELZ XA TR,
% O 'F #71% Quality of Life D& FICHEMET 5. T
O, MEBOHMEFTMAEETH D .

BIE, 770 AR7 47 RIZBWT, ATEE A
WREEBOBRRENEATHD. LML, BWKEZER AT
EOEEENIRDO L 1L, BORGERAE 2 EE
LTWwiw., £ THaiT, REFTOERCHRIZE
ODRE—MWENFE 2 H5EBIZONT, YIalb—vayv
ERWTHRH L., £/, BhkET Vv ERKT S 2
ET,HOBRNEBTREHRICEG X 2B LR L.

2. BD3RERE—ET VOIERK
BOIRILETNEAERT D7D, MHZ IR D <)L
AMETHE U2 v s B o il 5 1 R 5y AR &
W72Bl Ze S MREAE 1 mm D EES AT I 2 L —
ary THWDE® —RNFEEMAILT LY
Lizdt— W NTEEEZ O T 40 um OIS fREEL 72 5
Sl L. wio, KO 3K A I 32— RN
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1

Expanded area l mm [N (11 elements)

K_M @\4mm @ @000@

6 mm
22
2 mm

\
“ 42 mm
1 3/

M1 vIalb—3 354

AW TIL, B & —uhE G L RE U E S E HE
ELW L FmEMEGm, 2 FmEEElm, 35
A EE e Ls. B 0% & 2000 kg/md B, R
Vb 0.33E1L{EFT HZ & T, c33, Cas, Cos & H
HLlZz., culdRMbICE2MEEZSZRLTHEL
Bl cialdh b0 FHER S EORER REZ SR L THE
ELRUL 7ol, 28004 HEEHO FHHEE
Aniey—7 0, ROBRKKEZIT D 2o 0B IR
-7V bAER L.

i&ﬁwVi;v~yay

Y alb—varyPFIEICEMEMYE Finite Difference
Time Domain (FDTD) &2 HW72[8]. 727 LiskiE =
EEE L Ty, RINEE SR &I, Higdon 2 ¥k @ 5
& M-, $£72, Courant DL ERM LV, 2245
it iE %2 40 pm, BP0 fRAEE 46ns & L7z, T LD
REAXRLIZRT. BETVIEKEREBE L. KD
B LI 1000 kg/m3 & L, #iE F#H & 1500 m/s & E L
oo Fh, FEMICBWT, BE CTORKNEZ<
TEOIZET NV EILE Lz, FHIZIE 1 MHz O IE%E—
Bien=v 7 BEerTFEEERBEEH W, 2hEh
DETNVOFEEHEIFT2.7mm TH 5.

4. W BB OBA

EFETNAHPRMOF RO 2K 2 (27T, (a)iE
BAFKET L, O)EARE—FET N, EFH—FET
MBI D2ELZ7RT. TRLERLOETLICEBNT
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HOXRENPLORMEEZ T LA THEAILZ.
FASOHE1Er /7o ARz B ERME L, KOOSR ER
MEPORMD LA ZESBHEICK T 2 F#H %K 3127
7.

RY) =T NV EY—FT VBT, &R
BUO2EERZEZFTNSL, FEAERLUFEM/KRE L 2o
7o, ZOREERNL, BORY—MHOEEIT/ I WNWEE
bbb, ﬁm%fw B2 E&EIX, oo
fiTH 4200m/sBRET—ELR>7. LHrLE—, K
BT NVICBT I EHRIL, BFERETLVOFERRRE
IR WEHME 20, BIREESREI 2P ICHEN

BHEPMRAICETIORRE R o7, ZOBENDS,
ETNVOEMIGRPFASO FTHERRICKEREEL L
ZDHEBZBNLD.

R LIZE B FICEBIT D FAS OB FERRH %2 8T .
TOBZERRICBWTAE —FE T LVH OB ERB O
MW, Lol r¥1ewry 11 0B ERM T
RY—FF N, BFEETVIZEWT 5.2 us, 4.8 ps
Eots. ZORERREND FASOFTHEZRHT 5
e, BHARETALVLO AR T L TOHFENMET
Lic&Z2on2. REERORE -2 HIET L,
ATIEIC L 22O ERBEMEOR ENRAENLS.

5. £¢®
$ﬁ%?ﬁ PR D BT R AN I — MR AN
Bz & HEIZOWTHH LIz ATEEZ W7l

ﬁfﬁ,?@*T DRI I, KRB AR O BN
REWZERFTBRENT. ZOR/ENS, ﬂ@%ﬁ%
WEMELZNES HRE, WEFBMED M LI
BHEZEZLND. FOREDBRMEFEIZONT,
SOLRDIBMAPMETHD.

X #
[1] H. Orimo et al.: “Japanese 2011 guidelines for prevention and
treatment of osteoporosis — executive summary”, Arch
Osteoposros, 7, 3, 2012.

[2] L. Pascal et al.: Bone Quantitative Ultrasound, (Springer,
Dordrecht, 2011) 1st ed., 468.

[3] T. Hata et al.: “Simulation study of axial ultrasonic wave
propagation in heterogeneous bovine cortical bone”, J.

Acoust. Soc. Am. 140, 3710, 2016.

[4] J.L.Rose: Ultrasonic Waves in Solid Media, (CAMBRIDGE,
1999) 367.

(a) Epmitter 9.2 s

(6)

2 BETNVIBITLEY

@ : Rectangular
O : Heterogeneous
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_ 4200 e ® © o oo ® ¢ o o o
@
E 4000f
2 e o e o
3 3800} “ 8 o a
o ° e
(<5}
> 3600 L | | | | | | | 1 |

1 2 3 4 5 6 7 8 9 10 11

Receiver number
X3 K= aficisi) 5 FAS Fil

F1 BZWPEFITIBIT D FAS OEIEHREH]
Receiver 1 3 5 7 9 1
number
Heterogeneous |, , 13.4 145 155 16.6 17.6
model
P 134 143 153 16.3 17.2 18.2
model

[5] Y. Yamato et al.:
crystallite orientation and ultrasonic wave velocities in
bovine cortical bone,” Calcif. Tissue Int. 82, 162, 2008.

“Correlation between hydroxyapatite

[6] A. Hosokawa et al.: “Ultrasonic wave propagation in bovine
cancellous bone”, J. Acoust. Soc. Am. 101, 558, 1997.

[7] T. Nakatsuji et al.:
ultrasonic wave velocity in bovine cortical bone: Effects of

“Three-dimensional anisotropy of

hydroxyapatite crystallites orientation and microstructure”,

Jpn. J. Appl. Phys., 50, 07HF18, 2011.

[8] Y. Nagatani et al.: “Numerical and experimental study on the
wave attenuation in bone — FDTD simulation of ultrasound
propagation in cancellous bone”, Ultrasonics, 48, 607, 2008.
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ERHETO L, mEE (RCERE2 KR SARERE (E
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BRBLE LY, THERE S LB (BV/TV:
Bone Volume / Total Volume, &% % XK#) & O E%
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WL MERRE T T e F OSSR AR LEE E,

BEBEDNETT 5.
T ZTARMETIE, £ FOBEEEET VITER L
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2. ERFE
2.1 EBFE

28 A OREE 72 A A D U ¥ OB IEAE D O W
ME 1 o%E K (10.7X8.0X11.6 mm) , 32 A il @ fa
HRAZADOU VOEBREEBRENOKERT 2 2% H)
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g MEFETAEZHELEZ (KD, ATHICERE
ML, BABEZETSEIZ0ICHBEE AW,
PHO.1 DIIBEICZ N L DET VE 1434 B ThE 5 45
BL, 1 0EBICBEEBHERICHNZ., Zokx X
M~A42ma CTH fg (Shimadzu, SMX-160CTs) # A\
T 1 h0EOWMETO 3D 77— X E#HEBL, FHRMEL
BV/TV (Bone Volume / Total Volume) % fig #r ¥ 7 b
(Ratoc, 3D-Bon) IZ L W E~7=. F7=, AlfEE DO T~
D RBEEE ORISR T RIZ IS8T 58 O R ELm
DY —7 % X FEPrEE (Philips, X° Pert Pro MRD)
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i~ MOdﬁ Receiver

- Cover | .
Transmltteq 40 T 20 Unit in mm
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Function generator Oscilloscope

Trigger
Y
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LZ%~E::EH

Power amp.
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2 EHR

IR VERL .
2.2. BEWBHNER

F ¥R+ (Agilent, 33250A) & /YT —7 7 (nf, HAS
4101) & MV JE B % 1 MHz, $R18 70 Vpp & IEX ¥
L ERELEL. ZOEEEERHERE PYDF 7
VAF a—H (EL, B 20 mm, fiZE AR 40 mm)
WCHEUM L, MRS o5 BE 7 RIS HEs % B L7z,
COLEBRRANT AT a—PICERIFHOEEE
WO ESEDE I AN—2f T, B E2FEE L -HEN 2%
WHFER PVDF FJ AT 2—% (BE, HER :3
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4. £¢L®

ARBFTETIE, HERRE OB AL OK T 23 (i
B ARHI) IZH 2 DB O TERRIITHRA L.
Z ORER, HERE OB AR O T ISR o 4R
BRI L, R o dRE b A LTz,

L%, BREEIC X DB WY 0 28 b oK I o 1 iR D
DEREZBEFL TWSSLERDHD. £z, ZHOEL
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[1] NIH Consensus Development Panel on Osteoporosis
Prevention, Disgnosis, and Therapy: J.A.M,A
285(2001), 785-795.

[2] T. Otani, “Quantitative Estimation of Bone Density
and Bone Quality Using Acoustic Parameters of
Cancellous Bone for Fast and Slow Waves”, Jpn. J.
Appl. Phys., 44-6B (2005), pp. 4578-4582.
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FHRENMETT2EMAHRE SN TS, ZOHA L
LCHERBICE 22T =7 o hoBELERBORERK L,
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DOBR RN ENTWD[L]. B REITE Ok
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Fig. 1 Sample.
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Fig. 2 Experimental system.
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Wave Elastography (SWE) & FEIX4U 2 £29f7 23 B %6
S, SWE TlIREZOEFAE ITKFET, B
BRSNS OVEGZNEE L TCEORAENRE S
NTWDOML — AW AT EFMAK LD b
WL D enmonTnalR ULaLl, EBEIZ
VX T O RS O E LRI N TR L <
EFRENDI—HEOT —F 777 PR MESHTEH
D, BEROETHEE RS TWVD. BEERBRAE
BWTTr—F 777 MI2W - FTRAROREL LI
DRMWDIED, BN RBERET D7 —XITBW
TEHZHChOTE s CTHERRE#RKE LTIHATE
5085568 o7 —F7 77 FORKFITH
L& T, FZTARHFEEFZOT —F
777 NOREFHEERDLIZLEZBERNEL, 77
VERAEBRIIBWTT —F 777 FOFHERL
TW2., AEETHEIAXY—F A A EHWTHE
MICHMEEZ 52, IE s TnWb327—F 777 K
EFLLL oW AR O BB AR AT

2. EHfEEZ7s ML
AMETHETF 2 ERE LImEKRERE Y 7
YRAEMER L. ERLEE7 7 v ADORER
ERLICEKRT, £/, ZRETNORELRICBIT S
B RS R E O RSB A X 1, SWE TR 3
2 1Zord. By AR ML E 1 DHR-3 (TA
Instruments) Z AV, 7L — b ®IEEE 1T 10°C T %
LHEEIToZ. PO RKREESIF 40 £ 15
mm & U, [El§2 0 4 J& 3 & ReE A1 0.1 - 20Hz
FCLbLEETHIEL .
AR 7 v b AOERR T IE R RICRT.
(1) WRAKEETF e (380 rpm) L7225
65°C £ THMIET 5.
2 () iIcFTasnR) =N, BAX—FAN, 7T
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TR EET I B MR B
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3. Z7vFADERGERT SWE BB G
MERNOYE S AERERE 7 7 A OER
FiER OB HFEEZX 3 ITRT. HERNAY %
Gl 7y PAE, ETHEBIIANAY I TT TR
AN EHRUIAR, 24 BB EBE CHRE L%,
RA T HFENEYR ANV ERL ZAHV 24 B
MmEE CRE 2 L., EMER L7 7 b A
DWELILX, "y 7 I RiER1ol, NE
WiIR1oOoOLEH WL, NEPOBERIT 12mm &
L7z . EEOIEE X 6.5 CIZHRBHAE L. SWE
TOHRGIE, EREET 7 A EREL, N
MEHOT7 7y PARBICBER 0 —7
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U, +ICRE LIzt fim g 2 85 2 W
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— RR VG, MEMNGYE G EREE 7 7
YMAOWPERIINEHICH > TEED IR EL
7. £, RBIEZT7 7 P AOEEN 10 °C O &
S ol

4. FRRUEBE
MERMNOYZ SR RERE 7 7 N AoikB
R A M 4ABICRT. EBIEIC SWE Eifg, B
T— NlEig, NEWoxY 7L ThD.
KEBRT, 770 2Dy 7 750 ROHE
I35 10 kPa, PN @ ¥ a1 13 - 14 kPa, N A D
DA%IX 16 - 18kPa & 72 0, K CHE IR TND
T—FT7 77 PEEULHESAEBRESED
ERTE, HIL, RMRBELRTERLEZZ 7 b
AIZBWTORMREERK 4(C-E)IZmdT. 207 7>
FAIZBWTHAEROHESAEB AT D Z LN
T2, NEckHtEEs 5222 TCTr—F7 7
JERBRELTWDL I ED, T—F 777 D%
EEMEO—2L LT, KMERNEFELTHDIZ N
N g -

5. LD -SHOEE

KEETIEAAZ —F ANV E2 RN THELZ N
FTHAMANAY Z A ERERE 7 7 AL OB
MWOAAEBICOWVWTHREF L. ZORE, BIKE

FURLETY—F 777 baFHTLLATE .

ORIV, SWETAELDT—F 777 FDOR
RO—2& L THMENREELTWD Z LRRES
nNie. 5% 0oR%ELE LT, SWE TRENTWVDEH
UYOEERT 77 PAEIAZ —F A VIR E
THERR L, AEOMERANOYE & AR~
7 hAEEKRL, T—F 7727 bORAESZMLED
’%ﬁﬂ%ﬁbfwé’k@%ﬁ?%&é
Fo, NAWOERLEREE(LIELZ LI
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a) AR N %%EU77/FA®Wﬁﬁ$
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60 mm
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b) 32 B %
B 377 b AOMERRS KT SWE g J5 ik
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[kPa]
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[kPa] 10.5 10.7 9.4 10.1 9.2
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R o E W2 WEEE”, HE L Ea—,
2015.
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= B 5 o0 BLpE”, 1= EBE, 2000.
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F—U—F BEW, 27—, EERS

LIIT®HIC

BE B ITIREE I, BEDBEKR L2 (Low
Intensity Pulsed Ultrasound, LLF LIPUS) @ ¥y ¥ il
WMICEVEOEENREENS. Lo, BT EINK

HOWMBEEIRET DA =X LFIREHMETIEAR WD,

BERO L) WAEAE N EHE TR IZE 2
LEBO—2L LT, WHLIZ, KAKOMKD K LK
NZEvERicEBMEFHEET D EeRE LY. C
OFERBEMIRBAET 2 BRI, WMEBENMEEBEEO =
ONEMENT WD, Mz RITB T 5B T FHEREMIT
MEMEBEMOREND LTV HETERNVED, E%Tﬁz:
E K9 2 AT REME D3 .

2T, Fex X LIPUS BAFIH S5 MHz Bz B80T
BHICEBMRIFTREINDINERDZD, BEEEM
el THBER N 2T 2a—% (BLF, KEHE
N7 AT a—H) 2ERL, Ritxirieoz?. 7
BEOERSIZEMFAICHGEE® L CEET S 1A
aZ =Syl Raxo 7 %4~ (HAp) THERL
IRTWa3.

AR TIE, KEROEEEEZ LV FEMRICKRHTT S
e, BHRCHFETLI I W7 —FUIicEAL, 20
a7 = rERERETHIBEEFHREMICOVTHRT
LD THETS.

2. RBRRHE - i
2.1 RBHER FIHE

Figure 1 \Z3CEHESR FIE O BERE 2 7797, 30 H i o
WU VKREE®REHP RS REEOMBRRAR %
G L. 0%, Bl (Axial) jﬂLJ ¥ £¢ (Radial)
Jim, KROEER (Tangential) J7micin > CHEEZEI D
HL, HAfRicmITL -, %alﬂ*ﬁuﬁ*ﬁr@éﬁéin.o
mm, E XX 1.00£0.01mm TH5. ZnbHORED—
BT, BLREREEERL L=, 25 Co EDTA (Ethylene
Diamine TetraAcid) WiR%E R, HAp #¥MH L7z, I
IREREHTFolc S, FEMBRICMITULZ.
%%W%H*ﬁﬁﬂ@ﬁé 1% 11.0 mm, J& X% 0.65 ~ 1.00
mmThbd. EREOES%E Fig. 1 1ZR7T.

Wz, g E e 6 # (Radial, Axial, Tangential J5 A

N

W R P o % — T 610-0394 HUARAT A H i
T mmatsuka@mail.doshisha.ac.jp

VAL e

)l BT
M2 % FEA A 1-3

W& 2809 0) & BIRE B 34 (Radial 7 iA) & AW
T BTN AT 2— % 9 KR LB DI,
Bk EBEZAWTERLEBER T v 27 2 —F % it
JKBERNTZ VAT a—H LS. KEBROBKE ~Z
VAT 2=, KBEELRNE D ICHEELE L,

K EITo7=. £, RS AIC PYVDF Z HW T
HTW NI AT a—HEER L.

2.2 EBRF ¥
KR %A Fig. 2 12”7, s LT PVDF£EFRA

M~ 7> AT 22— (E£ 20 mm, #R 2 40 mm,
Toray Engineering) #fEA L, =E&H L LT, BED
s 7 v A7 2 —4% (PVDF, REH, BIKE) %
L7, EBRTIX, BIESE (33250A, Agilent) & XU
— 7 7 (HAS 4101, NF) % T 70 Vpp D5 5 & £
WEARICHIM U7z BE R ITZHBOMR®EICRA S,
SZHEmCTBMNENTEESTZE2 7 )T 7 (BX-31A, NF)
TA40dB#IE L, 4 10 X =2 — 7 (DPO3054, Tektronix)
T2 BH L7,

Proximal \ Slice \ \ Polished \
| =) _ [ Trickaess |
AXxis ‘ * |:> 8 I:> E>Bone samples

Distal ¢ § 10 mm _E.OOi0.0l mm

Collagen samples
O A:100£0.03mm

Decalcification :

N Dried
R Y and O-=& B:0.80%0.03 mm
C ) Polished

O=F C:0.65%0.03 mm

Fig. 1 Fabrication process of samples.
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360°
Receiver

A\

Sinc. ==/

Pre-amplifier Zﬂ

60 mm / 130°
Water
Transmitter Receiver
— oD /
> Transmitter
60 mm o

(a) (b)
Fig. 2 Experimental setup.
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F9, Fig.2(a) ICREEHDEIBIKE NT AT

2=V OZPREREREEZNET 21O DOFEBRRERT.

TR EBEROTMA KT HIIICHEINTE
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DIEBERFEAZMNET H-ODOERRE TR, Zikis
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EBMPIELS 25, BKE NI VAT 2a—YOHER
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en, EBBW SN2 EEROREM TS T
VAT a—YVOENEEF NI AT 2a—H 0K
TN EnD, RIRBOEBEIEET LY bE WA
REERND 5.

Figure 5 I ENMN O BHN F ik FEMEE2 R T . %K
R L FRRICHKE b7 v AT 2 — Y OFHRENM
WEEH N7V AT a—F X0 RE 2o, Th
FCHLD I L—T71T MHz ik 1T 2 REEOEE
PEVXE O 7 M Tl e <, WA S T IS
DEWT IBICKREL 2, BESELTDIZLEH
HELEBL Sh ER YR EEOBEE LA R L
bbb THRERT NI VAT 2 —F R OBLKE
T URTF =PI EBEEN NS TR FRT
RKERDZIELE, MUEREDLD Z L EWAETE 2.
4. £+ ¥

MHz OB EWE SV A2 REEH D WIEBLKF I
BE L2, #REMIBHEND 2R L. &
faE (BK) BT AT 2 —F O WEREREENS
FEML, BUKBE OEBERNEER LIV &V L 2 KR
BICTER L. BIREOERDIX IR aT—FThd
), KEFOEBEIZIMas - ckdbolt®Ezb
b 7, REEERKERICEFRERI T2 5N
LI X0 Z W oI N L L.

Demineralized cortical bone (875 kHz)

20]

SN

=

=

o

E -

£

E b Cortical bone (925 kHz)
—ws/\/\/\/\/\/\/\/\/\/\/\a‘/wwv
40 45 50 55

Time [us]
Fig. 3 Received waveforms at resonance frequency.
<& demineralized cortical bone transducer A

104 (m} transducer B
(e} transducer C
8- & | A 4 Vv Bone transducers
o

Receiving sensitivity [nV/Pa]

08 10 12 14 16 18 20
Frequency [MHZz]
Fig. 4 Receiving sensitivity by decalcified cortical bone

transducers and bone transducers.

OO

Axial

Polarity @ +
O —_

1
@ Cortical bone
B Decalcified cortical bone

Fig. 5 Anisotropic character of the induced
electric potentials in Axial-Tangential directions
by the ultrasound irradiation.
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LIiIXT®IT
VAR, KRS 2 A B YriasE (LIPUS ¢
Low Intensity Pulsed Ultrasound) 2374 H S TWw 3
LIPUS | MHz OB E I 2 vy, 8 O # a2 fl3 L
FIOBBERESES. LrL, BEENFTO
HEZRESTEIADN=ALOLEEITIARAATH H.
1953 4, R B b XA A S 1 o HIIMZ & 0 B NS
WHERBMNLIEAEL, ZoBMNRXEFOYVET Y V7
CBET D LERLEY. 51, BREMOER
L LTE’@E%@%%&%%MT%%. LoL, BE
WHEIIEE THWLND MHz BT 58 DOEE
PEICBI I DA ZR 13 5 7o v, & 2 TFox i MHz 3%
CBT2EOEERICEHL, BEIEEME L LT
BN AT a—H2ER L, MHz 8 CH N
CHRAETDHERBAM OB KL L Y.
ARBFFEIL, BIRICEWE CHEREMEHERT D7
W, MEROT X KIREEZEEMEE B L TEE
WhI7o AT 2—3%2ERL, Bi5 (Anterior) #6,
WAl (Medial) %8, 7% % (Posterior) ¥ ® 3 FRAL T
BRAEICOWVW TR EZIT- 2.

2. ERF
2.1. EBFE

TEOREEE, VyTROBRE»SLERS L
% Plexiform #& L, AT A 2L E LZEO
Pk @ Haversian #§3& 0 — - o R 188 72 550 A% & 2>
SIEREND Y. k7, BOERHSTHLIaAT—F
RN A F‘E«*v“/T/\5’4’ k (HAp) 1EE #h 5 M
(Axial 7)) 12> CTHELM L TR Y, BIFHENIC
*iﬂii’%ﬁﬁ%rﬁ““.

EBRHRBOEMFIELXK 11T, REBRTIE, 7
2 178 Hs A A KRB A EHHP LN REFEZEY
HL, EX 3.5-3.8mm, & & 13.000.01 mm @ [ i

RERBZERL. StZEMEZ T ZoER
Bta2 B2 5 &, Ail L Plexiform fifi, #% 50

/X Haversian 1%, P 13 5 23 IRTE T 2% Mixture
I oE I, ER L MR RERE 2 EEM
B LT, BEKR N7 VAT 2—% (KEEHE F
FUARAT a—Y, BERANFUT) BERMLTE.

BT DFHIENA DR

A OBRET I =T

W= 2 — T 610-0394 HUAN T AL L
T ctub1028@mail4.doshisha.ac.jp

JrPEREAT

M2 % FEHA 1-3
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2.2. ERARBLOW E F ik

FEBRFALEZK 21T, EEMICERMMUE PVDF
NI VAT 2 —H (E 20 mm, #1240 mm,
Toray Engineering), ZHANZ HEDO KERE 7 > &
Ta—tEHN, MEOFMNERT DX ) ITHE
L7z, Z o, BB MmN £SO E RIS E
ToH5EO BV HEBEMAEZ 40 mm & L7c. BiRH
(33250A, Agilent Technologies) 7> & & ERENE 7 V.,
DIV AN HH ST — T 7 (HAS 4101, NF) T
20 dB #HE L 7= %, X ERICEINL, &JE 7.4 kPa,.,

ﬁﬁiﬁf\"/bxé%’%bt. KIBRE ST v AT 2 —
YCEE LIfERE, 7Y 77 (BX-31A, NF) T
40 dB iR 1%, A2 1 22— (DPO3054, Tektronix)
THBE L7, FREMOBEIT O (B — FRmN)
Jm, e (ME—FFEEWN) H1iZ-60°225 60°F T
KA RS S CTITo 2. REBREATHFE, N
W, ®%IGEO 3HEALTHIE 21T - 2.
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H --- Haversian z:: @
M .-+ Mixture 2
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\ Posterior
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Brass
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1 EBEE

a
(@) 40 mm
Receiver Transmitter o=0
(Bone) (PVDF)
I 1
|
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@@%&u_ (c) =60
thi%%%} =0
|- aa'u'u‘u Sync: Power -
Oscilloscope amplifier 0 = -60
2(a) %5%7"&7 (b)7 (C) D%Yﬁ]\%‘ﬁﬁlﬂ (9’ (0)
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