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ABSTRACT

Components contributing to the perception of

bone conduction sounds in tooth-bone conduction

Student ID : 19319290
Author :  Masato Yada
Supervisor : Yasunori Sugita

In recent years, bone conduction earphones have become commercially available, and
products using bone conduction have become familiar. Bone conduction, which can per-
ceive sound through vibration of the skull, is used as a bone conduction hearing aid for
conductive hearing loss, in which sound cannot be properly transmitted to the inner ear
due to defects in the outer or middle ear. Currently available bone conduction devices
are roughly classified into direct-drive type and skin-mounted type, depending on how
they are attached. In the skin-mounted type, the bone conduction device is worn on the
skin near the temporal bone and mastoid process. It does not require the implant surgery
required for the direct-drive type, and can be used easily.

Tooth-bone conduction is thought to enable efficient sound transmission because there
is no vibration attenuation by the skin. However, the propagation path of bone-conducted
sound is complicated, and there are many unclear points about what kind of path the
component that propagates is mainly perceived by humans.In skin-mounted bone conduc-
tion, the bone conduction path components were investigated using interaural loudness
matching. As a result, it was suggested that the component that is radiated into the ex-
ternal auditory canal from the bone conduction channel and becomes the air conduction
channel during skin-mounted bone conduction listening may be significantly larger than
the component that travels through the complete bone conduction channel.However, it is
necessary to investigate the components of the tooth-bone conduction pathway because

the components of the tooth-bone conduction pathway have not been clarified. In addition,



as an application of tooth-bone conduction technology, when considering the creation of
new tooth-bone conduction devices and the rehabilitation of hearing-impaired people, the
estimated values of path components and the values used during measurement (amplitude
values, etc.) are information. Therefore, it is important to estimate the investigated tooth-
bone conduction pathway components.

Based on the above, the purpose of this study is to investigate and estimate the path
components that contribute to the perception of tooth-bone conduction sound during
listening, I measured the sound pressure in the ear canal and transiently evoked otoacoustic
emissions(TEOAE) using interaural loudness matching.

As aresult, it was thought that the ”complete bone conduction path component (tooth —
skull = cochlea)” greatly contributed to the perception of the bone conduction component
in listening to the bone conduction sound with tooth-bone conduction. In addition, by
comparing the results of skin-mounted bone conduction and tooth-bone conduction, we
thought that it is more likely that tooth-bone conduction can be expected to be more
effective for hearing-impaired bone conduction hearing aids than skin-mounted bone
conduction.

However, in order to “estimate the complete bone conduction path components”, it
was necessary to consider the presence or absence of reflection from the inside of the
cochlea. In this study, we focus on the well-known otoacoustic emission (OAE) as this
reflex, and investigate TEOAE, which is an OAE that occurs when a single tone stimulus
is given, and investigate whether it contributes to bone conduction perception of tooth-
bone conduction. We derived an estimate of the path components As a result, it was
thought that the air conduction pathway from the bone, not TEOAE, contributed most
to the sound pressure in the ear canal. Also, from the estimated values obtained, the
path component that contributes most to bone conduction perception during tooth-bone
conduction sound listening is the “complete bone conduction path component”, similar to

the results measured by binaural loudness matching. It was considered.
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KBRS HE R
FAER T [dB] 40, 60
E IR R [Hz] 125, 250, 500, 1000, 2000, 3000, 4000, 8000
<4 7aRUE PASEB YN
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3.2.2 RERZM

RICEBQDEBRFEMHFICOWTHAT 5. EBROOEBREMHF TR 33 1TRT. A H
HIREEDHISE o TWABHIH L LTI, OAE BRI WESTH S 2, EBRO
THEALTOZRA 270 A XALNADEL, /4 XS TL % S AN K E
W, EBROTHHLTWE<A 7ok (AudioTecnica ft BP896cW) Tid7 <,
37IWRLIE 5% OAE I~ A 7 u kv 2R L7270 TH 5.

x33 FBROQ FHEEM

PERE L fEE 7 % (B MO EAZEDBUEMEIN)
KRG mE
FHEH T [dB] 40, 60
HIRJE B [Hz] 1000 (40dB @) , 2000, 3000, 4000, 8000
1 HERD 7= D OREEEL 200
HEEGEIRRE PHH
HE 5 b HEE 2R D TEOAE
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BENRF SR OHRE

COETIE, 33 BEICTRFELEBRMFRE2HALLEBRO (MEHZ Y FA 2R
<y F 7AW EENREHF G OMERE) ORlE T — X BB L SRRSO

FDERBPIRRT NS,

4.1 BEARVERZEDHE:S

FIER31 OEREFMTIR LI LD, #BRENRIEETHL L WO MHREITO %
DICHATHAELZITo 7. 3FHICTHAR L X512, —&IVREE#E TlE 30dB 23
BEORMEE: LTHVON, AL T, FEARNIC 5~10dB FEE RIS O
P ZMETDH 223, BRIBIC X 2 ECMAEEZERT 5 L &K 20dB KD 5 &
BIEH S Twa. BN LT, K& (500Hz) - HJEH (1000Hz) - &g
(4000Hz) O 3 BxFEIZEBWT 20dB AR OME ZErE, MZ X208 502 MR L
7. EAZCELTE, SEMYE GLHEEE 40dB, HIFEREBIEFEERSI; L FEE) o
ATHHEB 7V N AR~y F 72TV, 7D 20dB Rl TH %208 5 2% R
L7z, ZR2hofRE2ER 41 K41 187, 22 THEREDORERNE, —MAIICH

WHNTWEEELNILDOFAER
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L[dB] = 20 1og10(§) (4.1)
0

¥ p1: WIEEIE [Pal, po: 20u[Pal]
EHWTWS. £R41I1TRF L5112, 2HEERE ICBWTRER~& AR O 20dB #it
OMiE Y, SWHRENHEDS LIZHB TRV LT H X3 2HEL
To. EREAEICOVWTHAL &b, HUEFTE 40dB 120 L CTEEEE TRINVEA A
#90.3dB, WALLEN 10dB £72->TWB I RT3,
MEXY, SHRECBWTHENMOEAAIBEE 2 W 5 L EZ, RO, ©
e EHEL 7.

# 4.1 BEHOREERER

BBRE iRy ]
A~G HIR TS (X3 TIRZWD) M Xk
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60 | e HEER
o EREA
55 | HEREB
e EREC
50| | igEED
#HEREE
45|

|| tEREF
——REREG

Sound Pressure [dB]
S
o

35+ |
30 - |
25 - 4
20 — ——
102 10° 10%
Frequency [Hz]
4.1 FEAEZEZOMERER
4.2 REROKBER

3 3.1 fiC CTHA L - EBROO FEBRFER K 4.2~4.4 11T, EBRGEROMEH
IREMIERE Y U C TR BB 2 V. K42 1B L ToaiERE % 4212,
X 4.3 B L TOOREREE 4312, X 4.4 ho R EREEREE I L THREEDH
ET — BB LEFERIZOWTE 44 17T, TR 4212050 T, KEFHE
40dB DOk, HEE % 2R LROANEENEE D4 40dB (£ 2dB O#if) riz-
TWBZenh 5. F5EEFE 60dB OFICBWTY, BEEEERL KON
HIENE 34 60dB (-5~+2dB OH#ifl) L7RoTWb I e nhd. /K42
&b, &EH/E 40dB KU 60dB Dfi /5T p EAHEKEEZKEL ERl->Twa e
5. Ko TRHBRFSTRINESNE /-0, RFEEREE L EDOHEMD T
WHEBNRZEDND 2 2130V AW, BT [5] DR e kT 2 &, X 4.2 DK
BERDS =L TW3 Z R el E D MO ORE S FEE (p EEEKSEEL K Z
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CEE->TWS) o TWB Zennhot.

80 ‘ : e
—o— KB HIF40[dB] —— K&l F60[dB]
70 —— FEE40[dB] —— BFEF60[dB]

|
|

Sound Pressure [dB]
(&3]
o

S S

40 g— s ———8——S—4 5 ——3
30 - i
20 - ‘ S

102 10° 104

Frequency [Hz]

42 KO8 KERETEEORIR

£ 42 K42 0 JrBlE TR (BEKYE 0.05)
FHEEE [dB] | pfH

40 0.258

60 0.265

RITH 43 1220 T, KEEE 40dB OKF, thEEE % 2R L RONEBENEE
1% 1000~4000Hz DHiPHTHI-10~-13dB ¥ 72> TW\W3 Z ¥ 55, LA L 8000Hz
TRREEE L IZIEAME (] 39.5dB) k& o7, £%EHEHE 60dB DFFIZHEWT
X, REEETERLARONEENGEEEEBEEE (2000~8000Hz) T#J-13dB

~22dB 7o TWAB I e nh 5. $72K43 XD, pHEIFBEKEREE 72 o TW
22005, Ko TIRERBAEANIN, MIKHIFIRENE 0, hgEr
SEOREMCERNRELDD VWA S.
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FH4E FENEFGNTOFE
80 : —
4%ﬁgﬁ%mwm-ﬁﬁm%mwm
0 —o— 1 BEE40[dB] —— 5 EEE60[dB]

[=2}
o
T
|

Sound Pressure [dB]
[&)]
o

/\%/]ﬂ

T

i
}f—iﬁ—i

N
o

10° 1&
Frequency [Hz]

43 SUBErHEEDRE

#43 4.3 O ZJTELE RO TRER (B EIKYE 0.05)
FUEEE [dB) p fH

40 3.54e-11

60 4.33e-13

RKIZK 4.4 1220V T, WIND T —XIZOWTH FEEERGE X ) EEOHIE
EDVNE TR0 TWVWB Z D Th 5. $K44 XD, pEIIHEREKERIGL 2o TV
5Zeho, REEAEH SN, MRS NS0, KEEETEFEL
BEOMEMEENLREND L L VWA 5.
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FH4E FENEFGNTOFE
80 —
4%ﬁgmﬁmwm-%§ﬁ%mwm
—— FEE40[dB] ——FEF60[dB]
70 - —o— BB E40[dB] —— B EF60[dB]

(=]
o
T

S
o
T

Sound Pressure [dB]
[&)]
o

w
o
T

N
o

103 10
Frequency [Hz]

—y
o
N

44 KU - REEEREE - hEEOMR

44 RFEEUEE KEENE T — X0 T ESEOITRER (FEKYEE 0.05)
FUEFE [dB] p fE

40 9.81e-11

60 2.30e-12

4.3 EBRODFERICHLTOER

FITM 42 K42 OFEREFTMHAOHRI—HD LML eh S, F
WHHOMREZITO N TELEER. Thz2liEA - LT, M42%K42 XD,
SOEHE T L BEAEEIELQ BT 2 2 L RMEEIT - MR, p MO EREKEE K
L ERZ Z s, KEEEREEEHWEESEIICE T 2 BEMSZ, THE
TREE 2 & S ERE NS SN RERIE L 2o el DHIHICKELSFELTV3 L
EZHh3.

RIZK 43 UK 43 25, KUESET XD EEEHEMMIZ L A EDORIESIZBWT
INEL 2o TWVB ZEPREZRITo MR, p EVEREKERG RoZe 2t h s,
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BETOFEEHEIICEY 2 BERDE B2 FERERS (HoEE )
DHIEICKELFELTWR e EZONS. FAEHIE 40dB IR bk 0 E E A
FIZFEME (39.5dB) £72-oTW5Z &L T, JefTh%E [4] IS TallE S - B8R
HCHEEBH OB P RKRELEENTLE>TVWR ZEHAFRE LTEZLNS.
F72K 44 RUE44 XD, WVTROF—XIZOWT D HFEERGE LD hiEE
DHUEMED/NE K Te o TWNWD Z L RBIEZAT o 7R, p EIEREKERNL 725 T
WBZEhn, BEMEERAICHZE X0, HEEANOMBIIEEEEREELD
B AR C & AR RV E Z T

Dlozers, RfFEOHND | o TH 2 HEREOFEMEICHFE LTV
BT OME) ZERTZIENTERLEERS. LL, WHRCEbo2EEE
DHEITIRIC X o T, WF>E/NEoBESAEE 8 WS L— P CIREIZED R S,
NEBENEEERED U BEEDSBETERNZ 25, [HEREDBEHEICH
L TO0 3RS OHE ) 21T5121%, WFNE»SORFOEREEL ERT 3 0E
DbHBH. ZOWFNEH»SORHFE LT, BEEEBS (OAE) [5][11] ¥ XTI 3 BI5
BELHBLN TV, ARFKICBWTE, BERME 5 2725860 OAE OEEL D
D BB BT, 2EICTHH L, b= "=+ (HF) fll»5 25 20
B2dD OAE Th 3 AR E HE MY (TEOAE) 2ifE T 208N H 5. UEDZ b,
BEHEARICTS LTV AT OREEHESE T LML 35 &,

BB R A 580 [dB] = R BERE NS + ( AEENELE -TEOAE) (4.2)
OB SR FERER D ZHEST 2 Z L A[RES & X2 /2. X o T TEOAE

WOWTHEZITY, (4.1), 42) X ZHWS 2L THEREESEIERO & E/E

KERDFG LTV R OHEZITS 2 e L.
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A FICEEHERNOBRENRICEH
5L TWSREERTT DHETE

COFETIE, H3HE32HDOHERD (TEOAE HIEEER) DOHIE T — & % U L 74
RNV ZDELE, 4 BEATE 2EHETOT — Xi» o ok (8 HIER O 5 BRI

5L Tw R 2 #EE L 7AR e BR 21BN 5.

51 =EERQ FER

£ 5.1 WEBQOHRIEZITV, FRERE & BESTEITN T 2 245#% O TEOAE
D - ) - RKER BN L% /RS, TEOAE ZEH 3 2 KF, ERFFHRIX
FEATHESE [12] [13] DFERD S, B %E 3ms DL, FHGEEM % 8~19ms & L, #IER
G1% 750 5 40ms DT TEOAE Ak L 2 2R L7z, % 5.1 &b, HHEEEH
40dB ¥ 60dB DT, 1000Hz,2000Hz ® TEOAE 2SI KE W e 92 5. L
2L, FEEIIH L TR - RREOEDPIKRE N b5, %7z TEOAE 3£
B E 40dB OFf & LR LT, 60dB TldF - /b - RREN R TRKELKRoTWVE Z
LD,
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7% 5.1 TEOAE HIEfEE DN - /) - \AME

EIREB | FEUEEE TEOAE[dB]
[Hz] [dB] FEE | BME | RKE
1000 10.2 -1.4 19.8
2000 9.3 -1.9 21.7
3000 40 2.1 -11.6 9.5
4000 087 | -88 8.5
8000 5.1 3.8 8.5
2000 17.2 10.0 28.7
3000 3.3 -6.3 14.7

60
4000 4.9 -4.3 20.9
8000 11.6 | -0.18 | 22.6

52 REQODFERICHLTOEER

% 5.1 &b, 1000Hz - 2000Hz ® TEOAE 25K &\ (20 30dB Hifk) Z 22O\,
SEATIZE [11]1 & D, TEOAE \ZHIFE O FERBUZ—3 L7z TEOAE M3 o5 Z e
5375 TW3 A, 1000~2000Hz & TEAOE DEE 25K & { BT WEEEH TH
522 oTW5. 1000 - 2000Hz @ TEOAE Mo JE %D TEOAE ¥ bk L
TREL RokEZ NS, T PFHHEICH L TR - RAEOENKEN 2T
B L TlX, TEOAE HADENZE R D S h DO [F — Wi #E T17 o 7= & [BIE D 1
FlrioTED, EHEAENKRELBHVTLE D EbN3.
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5.3 WECEFEEROBENRICES L TVWSREBKD
DHETE

4L SES1 528K, WEESHEEROFEMEICHFS L TV SREED O
HER IR E B2 E - BH T2 2 e A TE. £ 52 T ESHEIER O MEICHF
HLU TR OHEEICHEREE 4 B~5 ES2HOKEL DML TRT.
i, TEOAE 3% 5.1 D AMEMHT 2. S0, REROTZI/E-Z L2 WIREE
THIEL TW2DIZH L, EBROTIIANHEZPAH L 721K TD TEOAE Z#lIE L 7-.
DO F DA EGEEHSHIKE T L 72 2 79, SEEZBMR L 72K D TEOAE 13 Z OfE
IO RELRZABEHIBEVEEZ LN,

Z ZTCEBOWKTHE LNEENEEZ p,Pa, TEOAE % ppPa b 32, %57
fiR (BA HE>SUERE ) LidB X, (4.1) XD,

Llhﬁﬂ::2010gm(paé_pb) (5.1)
0

7% (po=20uPa). EX (5.1) Rt 42) K& D, ERLEFEEKKD % LdB,
PEEREA SRy (REEL) % LdB & J 5L,

L[dB] :2010g10(p2_p1)

0
= 101og(10%-1£2 — 100141y (5.2)

2 _ 2
= 10log, 531—551
p

EREWT 58T, 4B ~5 BICOURLAEEEZHVT, T2 EERIKKT OHE
HEEHT 2. R52KREG.DRED, SHENETEL TEOAE L 227 T 52T
LU, BoNHE>RERS e R 2Ry ER 53 1ORT. £52, 53 kb, HH
EANE N L TE>IEE>XUERR & 72 5 8705 TEOAE K D EENTHL Z &

DaH%. Ko THEEEEERONEENELAND TEOAE OREILIH TP <,
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BN EE SRR & 2 2PN EENEECRESFELTWE e EZI NS,

£52 HEEESEIERONIRICETS LT 2D OHEE I E 2 E

IR [Hz] | HYESE [dB] | SV HEANEE [dB] | TEOAE[dB]
1000 29.5 19.8
2000 28.9 21.7
3000 40 28.8 9.5
4000 26.6 8.5
8000 39.5 8.5
2000 37.7 28.7
3000 46.6 14.7

60
4000 39.1 20.9
8000 45.8 22.6

® 5.3 FANEE>XUERER ORI

EIRE R [Hz) | ST [dB] | BN EE 5SRO A5 [dB]
1000 29.0
2000 28.0
3000 40 28.8
4000 26.6
8000 39.5
2000 37.1
3000 46.6

60
4000 39.1
8000 45.8

VT, (5.1), 5.2) REHAWVWT, TR EEREKTOHEMEZEH LR ER
541K, £53~FL540EEHKT 2, HEESFEEROFENEICES LT
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WA REEE T Ofe g (BEHEEE) 1T LT, X D AERRETIITE R B SRR N0
ReWwz s, PEXD, e ESEEROEENRICRDFE LT RENTIE, 4
HA43Hi A, EehdB8REBNIT) ZeEZoN. LiL, 4ETHETL
& 9512, HIFEFEBIE 8000Hz, FHEFHE 40dB IZHBNWT DA, TTRIREEREHMT XD
HoNEE>XERE R HEENTH 5. ZHUXEERE [4] ORE L 505
BHRF —PBRE TOFERAIC L2 HEDPEZ N L7290, Bo TRENBDEL

EZB.

K54 SERILEEERE

HRERE [Hz] | BHESE [dB] | SE27&BEM D [dB]
1000 39.6
2000 39.7
3000 40 39.7
4000 39.8
8000 30.7
2000 60.0
3000 59.8

60
4000 60.0
8000 59.8
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6.1 F&&

AT, MEMZ Y FAR<y F ¥ 72 HWAEENEEOHIES TEOAE
OREZITV, WEREICET 2 BEMEF SR 2 #HdE - #E L.
FIAMFDORR & RATHEORERI—ED LLBEMUL L 2o, HEMOMR
TS5 e TEL. WEMRID, REEENEGFEE AW EFEEEIICE T 55
RO, TR D & A EREN AN S NKEERE & 7 o 1o BT DYHIRICK & <
FHLTWREZ LN,

XM ERET ANA ZZHWTAROERZIT - A8 R2 5, HEETOEESIE
HUZ B 2 BBMNE TRRREERER) (EH-oEHES W) ) PHIRICKRELHT
HLTw3e&Ez o7, F7-5IEEEE 8000Hz, HEUEE T 40dB I R T E fE
PIEIZFME (39.5dB) &7 - TW3 Z 2 IBL T, JfTif% [4] IcTHREI N BFE
RS OAE DD REZL GENTLE > TWA I eAFERE LTEZALN. K
JEEATEE L HE TR L, BEMERAOINHEE 2k, #EEAD
PSR A B pith ey HEPHRT E SAJREMEA R VW E B R 1.

ZOEBRTESNEAEBENGEEICOWT, WHICED - HEEEETIRIC K -
T, W F->HNG-E-AHEE WS L — P TIREMEEL, AEHENEEZED
HLUZABEMEDSEETER VI 225, THEEEOHFEMEICH S L TV 3R K
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5y GERRBERERT) OHE 2175121, WFNHLLORNOEEEEET
ZREND D BRI, AR TEIORGE LTXLHASNTY 2 FHE EEBH
(TEOAE) OFREZITV, WEHREDHFEMEICH S L TV 2T OHEEM L E
Hyzzre L.

TEOAE OHIER R 2 FHWT, HEREOFHEEMEICHFES L TV 2D OHEE
B2 EH USR, PN EENGSEAD TEOAE OFEIER IV R, B-NE
E-S5ERE R R APERNTH 2 e EZX N G LNLMEMEDL S H
BIEEEEROBEMEICHS LTV ARERDE, MEMS Y FAR<vyF oo
WCHIE LSRR e MR, TR BERRRT ) DHRICRDFLSELTVWEIEER
b7z,

6.2 SEDFRE

SHROFEL LT 2 i o3, | mEIR TREEENGEELHWI5E8 LR
HROEBFEMFTEREITD Ze D TEIRELRET AN R EBERT 2 0528 T
BB, RIS THERALZEEEET AL X, BT 4] T THWS R TW=F
NAZDOMERTH %, FBRPOEFRBOZ(IC X 2 8 L IREO KIR/HE %
ET2HITER L. 202 HIZOVWTEHEBREDERSL 2 DO FNAL 22 HHT
20T, AEXHRT 220 TER. LoL, FHL TV AIREIEERFOREIK
BHRHEORBIC LD, RE LLFEREFTHBEICHERTS e TE R o .

2 HEE LT, WBEBR—HEHE TOEBREMEIED DRV ik 2 HIEE
DEXHDOEXDHENEZ NS, FRZZOFEPH TV E2DTRERVNEEZTWVS
Dix, 6.1 HiTHiN THIEENEL 8000Hz, HEHEF T 40dB W12 & B E A1 F
EFME (39.5dB) o> TW3 ] MTH5. ko THHKkIE, BERMEOME L iHHE
B [E — iR E T ORBREEE HINX B 7258 OHEBNDHEL FHETREL L E

Z5.
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BIREZED £ L, AEESREIR GREBCE B, REESCRER BEENE Ht
726 PICAEESRYE FEN B BAc#LP L EFEd. 2L T, AFZRICBELT
ZL OZIEH, TEAEZ TX o EELEICHAMEEOHRICEHHOBEELRLET.
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