432

ALHFEIZ X ABEOHE

Tt B & 2
B KR H SRR

Audiological evaluation of the partially implantable hearing aid

Tadahiko Saiki
Department of Otolaryngology, School of Medicine, Ehime University

Summary

Hearing acuity of the partially implantable hearing aid (PIHA) was compared with that of the con-
ventional hearing aid (CHA). Three tests were employed in the evaluation; temporal auditory acuity
test, frequency discrimination test and speech discrimination test.

In the first test, temporal auditory acuity was evaluated by the faculty to identify a gap in the test
sound, which was a tone burst of 70dB SPL at the frequency of 500Hz or 2000Hz, with an interval (T)
of 1 sec and a varying duration (t). The half-identifiable duration of the gap [= (T-t) X 2msec] was de-
fined as the 50% gap detection threshold (GDTsx). At 5060Hz, GDTx in the PIHA was 20.3msec and
22.3msec for the CHA. At 2000Hz, GDTx was 19.1msec and 23.7msec, respectively. In both frequen-
cies, the temporal auditory acuity of the PIHA was significantly superior to that of the CHA (p <
0.01).

In the second test, the facility to discriminate the pitch of two different sounds was compared. Test
sounds consisted of a set of two tone bursts of 70dB SPL, one for reference (1000Hz or 4000Hz) and
the other at different frequencies for comparison. The half-identifiable frequency difference was defined
as the 50% frequency discrimination threshold. The ratio of 50% frequency discrimination threshold to
frequency of the reference tone (RFDs) was used as the index of frequency discrimination. At 1000Hz,
RFDs in the PIHA was 0.8% and that of the CHA, 0.99%. At 4000Hz, the RFDx» was 0.45% and
0.72%, respectively. The frequency discrimination with the PIHA was thus shown to be better than
that with the CHA (p <0.05, 0.01).

In the third test, the speech discrimination score (SDS) was compared under noisy circumstances.
SDS was obtained by calculating the percentages of correct answers to Japanese monosyllables pre-
sented at 65dB SPL. Without noise, the SDS by the PIHA and that by the CHA was 93.2% and
92.8%, respectively; and under noisy conditions (65dB SPL), that was 64.4% and 48.4%, respectively.
Thus, under noisy circumstances, speech discrimination in the PIHA group was superior to that in the
CHA group (p <0.01).
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In conclusion, all the test results indicated that the audiological performance of the PIHA exceeded

that of the CHA.
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Structures of partially implantable hearing aid (PIHA)

A secondary coil receieves electroacoustic signals from a primary induction coil by
means of electromagnetic induction, and feeds them to the vibrator coupled to the

stapes.
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3) BETHREFIGEOES L b BN £17 5 720
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Table 1: Profiles of subjects
AC: air conduction hearing level BC:
bone conduction hearing level. ex. 1:
test of temporal auditory acuity, ex.
2: test of frequency discrimination,
ex. 3: test of speech discrimination.
Pre op. Post 0B, Hearing . s
No. Age Sex Side (ﬁg) (Sg) A bv(:;};A ex.1l ex.2 e
1 62 M R 563 238 538 19.7 O O O
260 F L 60 28 488 172 O O O
359 M L 788 275 413 284 O o]
4 56 M R 4 3 625 209 O O O
565 M L 638 363 438 222 O O O
6 58 F R 688 363 513 247 O O ©
746 M R 575 213 50 197 O o]
845 M L5 20 325 97 O O O
9 43 F L 80 625 688 222 © O ©
1039 F R 66.3 51.3 625 234 © o]
1152 F R 65 325 45 209 O O
1245 M R 463 338 60 159 O O
1343 F R 60 45 613 222 ©
1448 F R 75 363 538 172 ©
15371 F R 588 40 225 134 ©
1649 F R 675 45 513 222 ©
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L 3 ftii L~ (most comfortable loudness level,
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ML YAY A —F— W FEAHBBEIEAL,
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Thid,
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HBBOXy» TE50% ¥+ » THRAM (50% Gap
Detective Threshold, LA F, GDTs) & L TR, Bl
GREOCREL L, EBRERO YTy 7 E#% Fig. 2
2R, MG OMERICITIEZERIRSE (YHP, 209),
BFRL 9 F (RION, SB-10A), FI¥ ¥ - $L2A%
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Fig. 2: Block diagram of the apparatus for
measuring temporal auditory acuity
(experiment 1)
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BAEFGE S LAY, LT D eI 4 25msee, #
DELBMIHBO b=y =2 F &L, FOR/SEM
982~1000msec DT 2 msec FoR% 5 - F LR L,
BEAIIETRTLILELE (Fig. 3), thoT, R
DERBLLEL =0 —2A MNHOF 2 713 J(@#hE
LBERE) — (RRtmEi)l X 2 (msec) &4 5, BRERH
DRHERAL500Hz B 1r2000Hz & L, FEBATHED

G iR e
NV & AN At 90 %
‘.." ":. 'I‘,:'...\.‘.:} .......... 10%
%) — N
: : :
T

rise time(R), fall time(F) : 25 msec
duration(t) : 982~1000 msec interval(T) : 1000 msec
duration of gap(G) : (T-1) X2 msec

Fig. 3: Schema of test sound in experiment 1

(A) —500Hz—
(msec) —P<0.01 -
30
(=]
2 20+
Q
(O]
Lp<0.014
101
1 L n.s. J
PIHA CHA  Control
(n=16) (nh=16) (n=13)

435

247Uk MCT0dB SPL & 25 L HICHEBE L. &
M CREEEMo & 0% S BHlRITTHAE, #k
BMORL - 210A0F £ &4 S AT 2EELICETR
L., 1HDE » ¥ a » CHE0EDEE 2T - 72 S
12k A EBROPEIZ12500Hz F 7-132000Hz 12 334F B 45
HERHGOETH COMFTRENIRMY, QEMAIHE
OB EM—IcL B LI ICHBBROE Y2 -2V %
BEELL, EROFERATLDEOH S EMAETH S,
£/, 30— NE LT, BANERELERAIZLIZE
KBV THFAMOBREET o7z, %, EBRERIIHT
SHEEHEMREICIE, KR, T % &% Wilcoxon’s
rank sum test 35 & ¥ Mann-Whitney's U-test % V272,
3.8 B

1628175 ALHPH L 1B D GDTod Al =
Lizg EHTFig. 4|25k L7, 500Hz i23541 2 GDTw
GALPEHC20.3+2.5msec, #BEBMET2.34
3.8msec Th Y, ATHHBFSHERRICH~NTHER
"< (P <0.01), BRRIAMREEICER TN, $7, 0
¥ b 0= LB D500Hz i2 5} 5 GDTxi118.4 3. 0msec
ThHH, ALhBE#LOMICHEE LB (P <0.05),

2000Hz I2BWCHEROMWETH Y, ALhEERD

(B) —2000Hz—
(msec) — P<0.01 =
30
8 20 {
5
O
Lp<0.014
104
A L P<0.05 —
0 kg L3 T
PIHA CHA Control
{n=16) (n=16) (n=13)

Fig. 4: Results of temporal auditory acuity tests (A) at 500Hz and (B) at 2000Hz
GDTx means the fifty precent gap detection threshold.
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GDT»A%19.1+2.7msec Cd 5 DIz L, #HEEBRHG
23.713.1msec & G H O RRREE HE & AT
FEhtTw/ (P<0.01), OB a-LEOD
GDTxi321.1+2.2msec CATLPEEN 2 bo—
LEIWLLLAABIIRFL2#ERECH 1 (P L
0.05),

b, HiERNEaY buU-AREOKRETHE, 500Hz
$ L U2000Hz & § 12, BIHO GDTsoldthH ICH~TH
BltEHh o7 @iz, P <0.05),

4. # I

BSHIARRRE & 13 TH < ADEEEERNER LRI URIC 5
By ateh, oIl LTthdY, HSBEICIRELS
HTHES LB >0 D 5, FRIEEEDH
Tl A B HENH BN, AFFIBOTEH T+ v
TEAR, ZOXy 2 TEBETHE v » THRBENR
LIEEATWA™M™, by, REFTHLIEPK
YDHEEE LTARENE {2 b¥ v v TR
Rk, BUTREOREEEROREHETLHET
b, —H, HEHEFRIETTHHIHNT BEHEL
VLGOS EAIET A iz hRDHRE, Th
IETIEME O #EEE < X % > &7 (forward masking) ({3
Lok, ¥rv v THEHRMOERS L CHHEOBE
BERORNAREOSILETET 5, FNFHEIE
Hiug, Az, EATRGEEIEY RS
Tz - TR A, FHRIKMC 25,

AFRIZBOTEBRBNRNEORSUIETE, A
THhEOBNSREE T HEROBE LT A0, il
Bl b= 5= bR E N £ B S ¢ THEREIC
B, ChdHo% o4 Tl LTH 27228
D2HFOME% GDTok LTHELL B, T0Lk
3Lz HET A L0ORETOEREIE, THEE,,
MR B0 MERE 03NS, 4EO
Pt Ll LAERR 02T » TOREE ¥
EEASRERMERT HERELHV L. EO/KE,
TS TR CHRE Lo Lz, 500Hz 5 X
UF2000Hz ORI MERE L & b IC AT EBIHEe
LHRTHEICRFCH oo 8512, 2000Hz Tl A
THEOHMMRERET > o —LIcE~T b RF%
HBRThHo 7o —AXIZI000HZ 65 4000Hz DI T
OEAE LIRS VRE R ICHBELRAEETETH
29, Boh7 AR COKREOACHET2NONE
ECitd 55, ALHEORNSBESSEREOZAL
hLEN, 2000Hz C& Y bITREFTH -2 &, A
IHEOHI AR THUCHBEO L THBELY
LBENTWAEILDERND—2LFIHDTCHLwHIE
25,
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I. AR&EAE N E
1.E ®
—OORLAEOMERE (KyF0%) 2LORE
EITHHUTELM 2 ALHH L HESROSA CHE
L7
2. R
ARBObTICRE S 2BEDO == %
RN ERFICH AT, Zo0FORERORWE
50% SR T E D BEREL RS, CheEEFL0[
WM, TobbABIE (ratio of 50% Frequency
Discrimination Threshold, LLTF, RFDsx) # /&% &J+
Sldf e Lz, EBEBO 70 » 2E¥% Fig. 542
Y. REFTOMeR I ERERIRE (YHP, 209), @&
F A4 »F (RION, SB-10A), #¥ # N « AN A54
% (RION, TG-04A), F ik % » v » ¥ (Takeda
Riken, TR5822) # BV Tfiiw, ShiFVoN - 57—
7L a—4 (SONY, TCD-D10) {Zi25}, MARFIIET
hEA¥—% (AIWA, AFB-7) 756 2R LA, KB
S & LHBRICEITEOY 4 4R HB-34S £/
Wiz,
25msec, FHBEMIZ 1B — -2 P EEICHD

{refcrenca tona) {comporativa tone)

Oscillator Oscillator
| == Frequency Countor
N ... |4 Digita) Pulse N .
Electric Switch [ Generator :IElsctnc Switch
.......... ..-"""'g;eaker
Digital Audio ,,)))))))
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n)))))))
H—————t{
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Fig. 5: Block diagram of the apparatus for
measuring frequency discrimination
(experiment 2)

Fommmeroean 109 cennaanand \ — comparative tone
: referenco tone H
H H

t T—

rise time(R). fall time(F) : 25msoc
duration(t) : 10600 msec interval(T) : 1000 msec

Fig. 6: Schema of test sound in experiment 2
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*, FORIBOEEHNEL L o721, KBS LB
MBLRp ol b= =R P BT E LCHDET:
(Fig. 6), &35 @i 12 1000Hz & 4000Hz & L 7=,
HHEFH1000Hz DG, HBEFIZ1000Hz L h 1Hz 5
DELSHTIHZ I TOGERMEL, SO %4
5 B30 & {55 1M A& RFD0o¥% k7, 1005Hz 2
BUTHE » FORBVIHITCE L VIESIE, HETO
AgHEEL£5H5nid10Hz oW { L, BIERMD
BRELTo 2o ZHFTHU000Hz OIS, HHFE
4000Hz X h 4 Hz So% L 8¢ T4020Hz 3 ¢ 6 Bt
& L7 LUF, 1000Hz D4 & MEOFENEC RFDw %
Rdle 4020Hz I BWT LY o FDORBRVHRITE L
WIBEIR, REBOREBE & 4205 5\ i340Hz 5o
HLL, BEMNBRORE:T-7. 48, BRESOSE
BAIHH L HEBOVFROBE b~/ 7k HT
70dB SPL & U7z, #HEEESIC & A EEROMZIZIZ1000Hz &
4000Hz |2 3517 5 HEE 223 R O T CHB DR EA
HEMIALPEOHS LA 45 & ) ISHBEROK
Va=bUNUERBELL. EROFEIATLHHOH
GLAKTH D, ¥, BHFERERALZEZIZE LD
%527 Pa-AVEBETLUEERRORERT 2720

(A) — 1000 Hz —
(%) T n.s. 1
2.04 — P<0.05 — P <005
3
& 1.0 0
/
PIHA CHA Control
(n=9) (n=9) (n=12)

437

3. & B

1000Hz & 4000Hz |Z 343 5 RFDwo#% Fig. 7 {2751,
1600Hz {235V T AT HBED RFD%i10.80+0.41%,
WEES3£120.9920.41% TH 9, HH BB ICH~T
HRIAES {BEEANRIZER TV (P <0.05),
ALHE#HD RFDoiza > b T— V8@ RFDw (0,54
+0.16%) L RBETELTBDO LI o2, HERRO
RFDsostz 2 > b — jW8® RFDso k. h $ BB R TH o
7z (P <0.05),

4000Hz IZ BV Tid, ALhFE D RFD»A%0.45+
0.31%, #HiEHES0.7220.33% &, RiXHVHEOR
HERAFNEEFIHARERIBER T (P <0.01),
ZOMOI PO — LB RFDx {10.5610.34% T
D, ATHE#55V3HBREEOICAEXEE
Dotz

4. 0% B

BB EOREBDBAEHFNT LHNTH
D, BMSREE LS ICHORNERTTELEHO—
2THh, BRDEFEDRTHEFRVEB 158,
BATEIAAE ThSLHFETCLIHMI 2B LN
BIRE DS, ULa, FoRwzLMEFITS, &)

(B) — 4000Hz —
(%) I n.s. 1
204 r—P<00l——ns—

o —
o 1.0
0 T L) L
PIHA CHA  Control
(n=9) (n=9) ("h=12)

Fig. 7: Results of frequency discrimination test (A) at 1000Hz and (B) at 4000Hz
RFDs» means the ratio of fifty percent frequency discrimination threshold to frequency

of the reference tone.
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WHRBYENE Do 124D, LEWCRAREOHT,
R L o7 2O b= 28— R P RRIZE 2 THEES
4 5B EBRIONE oty SHOERIZE
THEREIC L 2RSSR CTRF LA 2.

ChFCORETCRIEREIZB L BESRIEISR
EEEHSBEERM E30dB A EOBAIIEIE—ETh
h, FOMHIIEIZI000Hz DL EOFREKTCIE0.1~
0.3% Wi TIIZT—BL SR TWAED, SEANERERD
v bo— VBB A OFESMiIIZ1000Hz ¢
0.54%, 4000Hz T0.56% &, T h I ToOMELHERT
RRWMTCH Tz SOBBE LTI, SEBHEH,
ER#EREOFINT 2 EBOBLHRHSD, Ficf
TAHHEOUMOTE, HiEWE, hTITHRESIM:E
BAECRBREGORRIIEA Y k=P Y k-
PRV TWAHY, FERTIALIHO MR-~ %
HEBRLEM I ORETOERIIAY-H TR
Wi Ed), BLBOEIELLADLOEY, RY

Table 2: Adjustment of the conventional hear-
ing aid (CHA)
Vr: Volume, MOP: Maximum Output
Power Control, ARC: Automatic Re-
cruitment. Control, Lch: Low channel,
Hch: High channel, BL: Balance,
OGC: Output Gain Control

. Hearing Threshold
Hearing vr

No. Aid Tone MOP  (free field. dB SPL)
PIHA CHA
1 HB-34§28 N 0 30 383
2 HB-34S 2 N 0 38840
3 HB-34S 2 H 4 28825
4 HB-34S 2 N 0 275 438
5 HB-34S 2 N 5 35 313
6 HB-34S 2 N 5 40 363
7 HB-348 1.5 N 0 40 413

8 126AF 3 G-20 P-MAX 36.3 31.3

B & &

PEZ LB, WTRIZLA, SEOHER»SALDE
DREBFINEIHESR L VELTVAI LW Tho 1
¥, ALWREOEALREBFNE S RMIREL & b
I, BRTI WML EORNEMEMTB I EHNTE
LENOERELBEFLLE ).

oI, BETHEHIIRE

1.HE M
—ICHETCREROHMEIMY A 25625, FRI
HESBRERI ZAHFE L B LH BN, 22T
BEYRBT COATTEOESTHGIME (HEE) #H~<
WEBL OB EIT o120

2. WIEBOEMYE: LRl

K SIic o s nwTh s B RIT A Lgh
HiEmRomhEEi: LT, V4 43 HB-34S (N
=7), A HB-38(N = 2), 4 ¥ 4 7t 3L §125 Audio
Focus (N=1) »HR#HEBOLNIBHEBAN £
Pl ofGHES HBEROTENE MR T L%
), THMALEE BRBOREESEYELER)
EWDEIMER (MEEROTRKMNTEEIREES O
BERAZVE)CRARATE LM T 55%E) ©
BERME Table 212 L viz, HBEBOT 1271
712, ATYHHEAALEORE z= » %R
) OMTHEIREEREESEIC, $THBEROMNES
HHAMEE, BHHREBORBELKENfT 272, 20
T, HELABERIN—-7T71 V- CHE
ECARTECwADEHEI DL DO ICHIEERR BT
FIE#M (RION, IGO-1000) CTHEAFY (WA
BEOWE OF T & IR MR OB LOFENE) %
HIEL, ZOHRLBENBRIEXSEZICLTHELD
fﬁlﬂ‘(?ﬂ% Lto

Speaker
Digital Audio
Tape-Corder ’)) ))))
(Speech)
Stereo

Cassette- Corder

—sﬁ:ﬂ\ﬂ

Lch Heh L/H
Vr arc ARC BL 99

9 HB-38 2 A A A &) 38.8 425
10 HB-38 2 ® ) ) () 43.8 42.5

(Noise)

im

Fig. 8: Block diagram of the apparatus for
measuring speech discrimination (ex-
periment 3)
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3. ERKE

HEROMEE, ATHE MBS L 2ESRHE
DB R T LEBE T CIT -7 EREROEES
Fig. 8 IZ7R ¥, HMABHICITHBE RN S MM CD
(TY-89, M &Il L HEER) OHUEHIETEHY,
BRI PSS AL S AOSKEL VSR L
WFr=B=24X (D3R 2RV, BSO
RRTEL NNV~ A 70k VIET65dBSPL & L, B
BOTFHEL ~<WI365, 70, 75dB SPL b g{k X47=,
EBFTOERTR, BIHETEF VN - 7-7
LVa—# (SONY, TCD-10) X hEMHL, A¥—2
(AIWA, AFB-7) »oBERHFIZITH L VM2, A
Tl &R S LB T4 RAERTOESSE
3R, ThepghpohEe L, —H, BETO
ERTCIAREETORTE EROFHEIC L o 20, Al
B¥it5—7+ La—-# (SONY, TC-DSM) #Hw<
MEL, A¥—# (AIWA, AFB-7) L hERL7 B
ARG LBYETHAOEAY -7 RHREN 1 miH

(A)

(%)
1004

Speech discrimination scores

50+
Control
(N=10)
__i__ PIHA
(N=10)
-.i..- CHA
(N=10)
0 y '
(=) (+)
Noise
Fig. 9:

n. 8., *: P <0.01)
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N ERE L7,

23, 2V hO—-ABEE LTEAMIERREAI0410
Hi+AY, MEOERT T
4. % %

BEWETLAVLEETRNEORER L Fig. 925
To FBRETCRALPHBEOEETHRHMEA3.2
5.7% (N =10), HmH¥H92.81£7.7% (N =10),
Iy bO-EEA98.321.4% (N=10) THhH, AL
G HEEL L UHBERNE Y bO- VRO EHTES
FEHLAT (P L0.05), ALHhEREHHGEHOMT
REEXEYBRO Lo/, 66dB SPLOBE T CIE, A
THEA64.418.8%, HilEREEH48.4110.4%,
o b= UEENMTI.7TE3.5% &, WThLERETTE
HA~GEE I ATICET LA, BE T CRALDE
BOETRIEZBT LAY, TOREIHMEEELD
SBETH7- (Biz, P <0.01), &, ¥ bu-
ML BB IC A EE L B (P <0.05),

B S B 34 A OB OSSRk,

(B)

50

b
b
3

(N=T)
PIHA

"i“ (N=5)

-~ 8ty

65 7'0 7'5 (dB SPL)
Noise intensity

Speech discrimination scores

(A) Speech discrimination scores under conditions of quiet and noise of 65 dB SPL. (*:

(B) Speech discrimination scores under conditions of neise of 65,70 or 75 dB SPL. (*: P

<0.05, **: P <0.05)

Each point represents mean * SD (bar) of PIHA (@), CHA (H) and Control (O), re-

spectively.
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B L~ LAe70dB SPL ¢z, ATHhHEE (N=5),
HEERE N=5), o ro—nlt N=7) C44
48.4 £5.2%, 31.2+7.3%, 70.0+9.4% k 4 b,
75dB SPL Ci3% 434.0+7.5%, 15.246.7%, 57.7+
4.8% Tdhoto ZHFER, 704 L75dB SPL 08T
FTTHALPHHEOHETHNAEQEEEL D HTIR
nTw/ 36z, P <0,05),

5. % ¥

TSR, BET CHTRIENETIAZ ik
{AshTwd, CORIZALTIE, ChITIcbf2
T A W= T LB & AThECl L
ERETL, UL, 137 4¥F=3 izt
BEABROTA RTINS, LFLLHPLRE
BUYAF LT o/t SEAOERTIRIOMEHS
LC, BEEGCHEATREOR VRS RIMER LR
L, SREN—FHFAL V=N T7 4 9 F 42
B THRIML LT, ATHPEERBLL, FO&
F, TTITFEAERTHRE LAYD LRk, AT+
HR#HBEHICENTETTOMERD I8V TEATY
720 BETOMEMD IMEHRER LS, EROWE
BTCRLMERINTVRETH o £0OH, ALH
FiRMmMER L COEFBRIFI L, L haRzRiE
TCALPEEILEZTTCEAI LY, COKBRERLD
i s X (R AR = NI
ATRECHEEMPRCET R 2Bl & LT
W, RETCHET 73 B EEGT 50 THEHENR
(HUEBERLWZENETLNE, ThIZATHFEOR
MR LR EREIBR Tl LBl b E
ZohaWme, mir ALHEIZL2FOEEIHEE
B HAT2000HZ DL EOPEFRTRIFAEOETS
nAWO, 5T, ALPHETCETHEORIEMNREL L
53212, BEFROBEXHT Vs RL Y, BRO
EHERBCRETHROBRTHRENE VWA, ALHHT
l:t:n»‘ﬂﬁﬁﬂ&:ﬂlﬂiﬂéhéfbizﬁuTl::a'wc!;A

DESAIEITHREBIILETLCu ARV LBD
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