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Identification of routes contributing to bone conduction hearing by means of
measurement of vibrations of ossicular chain and cochlea in living humans
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Humans can ?erceive sound when the bones of the skull are excited by a
vibrator. This phenomenon is normally referred to as hearing by bone conduction. Three bone
conduction routes are proposed. (1) Sound radiated into the external ear canal is transmitted via
the eardrum and the ossicular chain. (2) Vibrations of the bones are transmitted directly to the
ossicular chain. (3) Vibrations of the bones are transmitted directly to the cochlea. In order to
identify the routes contributing to bone conduction hearing, the tragus was excited by a vibrator
and the vibrations of ossicular chain, cochlea, and external ear canal wall were measured in three
living volunteers. Furthermore, the sound radiated into the external ear canal was measured in nine
living volunteers. The exciting force was transmitted directly to the ossicular chain and the
cochlea. However, the sound pressure radiated into the external ear canal was very low. The sound
dose not contribute to the bone conduction route.
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(a) Subject 1
Frequency 1 kHz 3 kHz
Measurement point | Amplitude (u) | Phase (degree) | Amplitude (u) | Phase (degree)
Stapes 0.0806 96 0.0031 21
Malleus 0.0794 249 - -
Incus 0.0414 237 0.0023 222
Cochlea 0.0008 136 - -
Canal wall - - - -

(b) Subject 2
Frequency 1 kHz 3 kHz
Measurement point | Amplitude (u) | Phase (degree) | Amplitude (u) | Phase (degree)
Stapes 0.0874 150 - -
Malleus 0.1012 6 0.0093 88
Incus 0.0944 0 0.0070 87
Cochlea 0.0040 150 - -
Canal wall 0.0041 153 - -

(c) Subject 3
Frequency 1 kHz 3kHz

Measurement point

Amplitude (u)

Phase (degree)

Amplitude (u)

Phase (degree)

Stapes 0.3999 175 0.1164 189
Malleus 0.5338 -42 0.0320 9
Incus 0.1606 -81 0.0863 56
Cochlea - - - -

Canal wall




EHAHCIRE L T, ZNRAEMRROH DGR LA CRDE—-FThs, HHENZ
100dB SPLCKE IR L 72 R 0 B/NEIREIIRIE & el 2 &, B S 22 IRIE S BURE 2 & B 65 & i
ODTRERMETH S, T, BEBRICHOZZFENIREBOEIIPHBO TRELI LICEKNT Z EE
265, SEAPEL lem DMK E L THME 100dB SPL TEEZ MR T 2 L g3 L, 4+ —
F A —% D71 60dB DI, 1kHz D 71135 2,800 £%, 3kHz D H 1138230065 CH 2. Lo L ads
5, B NZRIEIZZONMROGER LRI ED/NS L, BETRHATRENRZ LWL L
ZRIERTL D 5,

#:5E 1 O 1kHz TOMIR T, WERA CORBAENMI N TS, 7, #5HE 2 D 1kHz TD
MR CIE, WA Z A EEZEE T O IREIDVEIM I N T 5, WONLIRIEMEIZE/NE D 1/100
DA = —=TH 20, HRERTONRT, WM E X CAEHBEHEECIRDPMER LIREI L T\w3 2
EDERTE .

(2) & FAEERTOEEMIRK O /BB NS EZO

HEBROBERERL L, S22 EAEB LR HIcwTFn b &R % L, 7, BEAHBE L 30dB D
NOIEREENZHET 2, MAOBEERHZ QX2 KL 72, HEH I OFHZ T VEE D REIE
LNz, WEREOER, HE, HAWEEmO IEHITCEEMRGZEEL, A—YAX—YDHN
60dB, MR B % 1kHz TR U 72, 1 L 72 3 fH o B E RS O EE DX S D Z 13 1dBuN AKiifi T,
SEEBHEEOMRERZE T 2, Eirclx, 7, BFEMMRBZATEALIFICERTHES L, &
IR 21T > CHEBENOFEZEL 72, KIz, B8 L MRS 2R L < E2 ML 7
BRE 9 A DO FTENIR D FIEFHGE S I%, P 82dB SPL (R k84, i /\81) TH o7, HEMIR T
DEHIE ¥ 89dB SPL (Fe K93, #/N78) , H A #KE BIHIINR T D % 1131+ 84dB SPL (#x K91, fx
INTT) Thoto, K1, BEENTMIREIE, el S8R T S e B2 FE MR TOF T oM
Kb L = BHEL TR, SHEEP 128255902 ik, AHENOELGZNIRT 266 200
IRFRHZHZEEZRLTVS, MHRIFE 2D I 2D, EEEE L SERMANCIZHE Z S5 kv, ZHl
FERICIEAZZ RS, BAMEEBCTONMRT 24, HETONMIRT 1 A3 FEHRP1LLT &
BoTWw3, L2rLaDs, HiED243HETIZHBATED, BED 14 ENIKEEATI 2
2 Tws, MMRIPERET 288K, BAOHENTOEE X PIREOMERPHEL T
Ezonb., —FH, HETOMRTEETOEBEE THFEL1I 2B\, LadoT, HREE X
OCEHAARKEEETOMR T, ROV EZ N L TaiL, ZOMBEAEFENOEEZED S L
B E BT,

22T, NHBEHNOETEZED MO WTERT 5, HAE, SHEEOREZHIE RT3,
H/NEOREDB K E L, HEEEEIZ1/00D A —¥ThH5B, £, HFHEN% 100dB SPL T E MR L
7R D B/NVE IR BRI & LB 2 &, BENIR CEM S N B/ANVE OIRIEIZBSE 2 5 oK E &
THIO TRELZMETH 2. ZEBNMRTIDOREIDIRHZ2H 570121, P72 & D050 FETHI
R422L, §%bb, 120dBSPLEERZRSHELEEZoNS, L2 LAENS, FHILZNEEND S
JEWZHRATH 93dBSPLTH 2. L7->T, HEICXDAEBEADFTIED LA LA &[RRI SE,
HNG, WENEEh 3 EREZIC W, BEICX) BN RE L, 2ok BSHE I RS L <, 4
HMENDOELED FRICOB N b EZ L TNEYTH 5.

4
1 Subj.1 X
Subj.2 X
%  subj.3 O
I X Subj.4 @
3L A Subj.5 & |
Subj.6 A
I <& Subj.7 v
Subj.8 w
Q o Subj.9 ©
0 v v
m 2 N% ]
2 °
& v
1 % M
: v . :
ol 2 f
| | |

Behind of pinna Ear lobe Tragus
Position of excitation

BT, AT AR R o S FE N



0.3

2 Tympanic membrane
& A A
o 0.25¢ O B o
g C
5 02t D
£
< 0.15|
[
2
2 01} -
_— A
C
£ 0.05} )
0 1 2 3 4 5 6 7 8

Frequency [kHZz]

B 2, 5B INHR R o W 1558 )

(3) BHEMBHOwLFRF 154 F 37 2% M0 7=H/NRE RN

HNEZRE B LOEEZIZREBEL LAFERBIOCENEETVICE S, BAABRIIS a2
L—yavzite, 77380t iciEEIns hekorW, EEhE, BEhEee T s, 6
JEER i, By FEa, By FEWHE, T IEMRZzNEFN 2R TRk, K2, B
BoouiE, SERmE (A), Ly Fawhar B), wiy FEWE (O, 77 IEME (D) 2hFh
DOMIRACKN T 2, BENORBILZ T, MRABEEPE 22 LEEABEL TS, T4bb,
H/NEIREIDSEA T2, Dlde MEBRTOEBREREFAKTH 2. ROILZENTORIFELD K E LEH
BRSO ANTY, BEA»DRIEHD I3BRETH 3.

Iial—vaviERLh, BEICIVENMNEZN L TIHRDDPME~NMEEINDL 2 L, £/, H
INEIZEEDP S DATTICHN L TR IE IS EET I&EICR 2TV 2 LR TE .,

(4) E b DOBEIC X 2GR

AMEICED, E bOFEICXZEEREE LT, H/ANVEPIRE LIF BB 2858, WA IcE
BARBI MR T 2 R S N, S = BE/ANVEIRE) 1% E 100dB O & AIHR & ik L T8
o toRELREIEM SN, ZoTRLREKIE, BENRESOMIRE 258 EIR & i LT
JEHEICREVWI LIchr EEZoNS, LaLAWS, AEBENSEZLOHETIE, I3
RERFEFMEL TR, BFEIRKEOBENIREBOKRE I L, BEPHAETI2EOREI L
i, EEOM@EREHTEESZE I oN S,

BE RIS NN EENOFEIZES TH90dB FETH b, KENMIRKD & kT
FEEAERD S, BECBM SN ZENGREBZFEBET22DICEHSPICARLTW S, HEFDOR
RN EEEZ AL CHAEFENOERICED D, B2 RS & CRAE L FARKRICED 28K ITE /N
FIRHBOKREZILOFIET A LA S, BEICKY) BN IRE L, H/VEOHRE) 3578 & g
DOMIFTIEEEINT VDL EEZLZD0PE L TH L, L3> T, b FOEFEIC XS4 DL R
&, B/NVEDIRED LA IS BT 2R, AR ICEBIREPER T IRKO oL EZo NS, £
SRERFERTH 29I D0 TIEAMETIIHS DI TE R D227,

<51 3Rk >

() AL, RA) B, BIAZRE, R s, K, AKMT, L iEd, “v s 5ENEo
IRENIENT ", HABE 25 & 2016 4 AR O 2 a5 SC 4 (2016), 12320104,

(2) Kunimoto Y, Hasegawa K, Arii S, et al. Sequential Multipoint Motion of the Tympanic Membrane Measured
by Laser Doppler Vibrometry: Preliminary Results for Normal Tympanic Membrane, Otology & Neurotology,
Vol.35, No.4 (2014), pp.719-724, doi: 10.1097/MAO.0000000000000242.

(3) Kunimoto Y, Hasegawa K, Arii S, et al. Sequential motion of the ossicular chain measured by laser Doppler vi-
brometry, Acta Oto-Laryngologica, 2017, Vol. 137, No. 12, 1233- 1237, DOI:10.1080/00016489.2017.1357833.

@) ‘Al KB, G LR, RANBEE, BIA R, KEHE, Rb5EsE, b8 Ed, “98ickse

FEHNDEEREICBEI T 20987, H AW~ 2 Dynamics and Design Conference 2019 (2019), 455,

(5) LMS Virtual.Lab, Siemens Product Lifecycle Management Software Inc., https://www.plm.automation.siemens.

com/ja_jp/products/Ims/virtual-lab/



Dynamics and Sesign Conference 2019

2019

31

2021

(KATAOKA Hideyuki)

(00224436) (15101)

(HASEGAWA Kensaku)

(60252847) (32666)




(YAZAMA Hiroaki)

(30444631)

(15101)




