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Effect of Bimodal Hearing in Speech Perception Under Noisy

Environment According to Residual Hearing
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ABSTRACT

Background and Objectives :

In this study, we evaluated the effect of bimodal hearing in the speech perception test and the in-

creasing level of bimodal hearing over cochlear implantation in speech perception score regarding residual hearing. Subjects
and Method : Nineteen prelingually deaf patients, who had used bimodal hearing over a period of 8 months, were divided in
two groups in accordance to their low frequency residual hearing. The children were tested in open-set speech perception under
+10 SNR and + 20 SNR. The scores of bimodal hearing and unilateral cochlear implantation were compared by the Wilcoxon
signed-rank test. Also, the increased level of speech perception scores of bimodal hearing over cochlear implantation alone were
calculated using the formula, [bimodal score (%) - unilateral cochlear implantation (%), and was compared between groups.

Results :

In pure tone audiometry under silent condition, the result of bimodal hearing was similar to unilateral cochlear implan-

tation in magnitude in both groups. Under the noisy condition, both groups had better result in bimodal hearing in terms of
speech perception. Also, the increased level was higher in bimodal hearing over unilateral cochlear implantation in the better
residual hearing group. However, since the sample size was small enough, it is considered that there was no statistical significance.

Conclusion :

Cochlear implanted patients with residual hearing are expected to get better speech perception in noisy

environment with bimodal hearing regardless of the level of residual hearing. (Korean J Otorhinolaryngol-Head Neck Surg

2009;52:29-35)
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Table 1. Characteristics of bimodal group in accordance with
low frequency residual hearing

Residual<go Residualseo
Number of patients 8 11
Gender Male : 5 Male : 7

Female : 3 Female : 4
Age at Cl (mean) 7 yr6 mo 5yr6 mo
Age at hearing test (mean) 9yrl1mo 8 yr3mo
Duration of Cl use (mean) 2yr4 mo 4yr2mo
Cl processor Freedom : 5 Freedom : 4

Esprit 3G : 3 Esprit 3G : 7
Processing strategy ACE ACE
Low frequency PTA (mean)* 79 dB 102 dB

+low frequency residual hearing : average of 250, 500, 1,000 Hz
in non-implanted ear

A& o] gsto] gtk A AY A4S AARIES
ZA T3l

[ERY Aol mE A3t vaE flate] A5 HS 250,
500, 1,000 Hz9] Ak& H-& gl ol $olsol 1
FaprolA Bt 100 dB o149 o2 F7 1,000 Hz
olate] AFmbre] AEHYE S 7 AL glglen &S] 3,
4, 6ol g3t HHAN} 1= HY Fofol|A T2 2
Lok AFakre] =3k FYs A E vkdskA] Xato
spectral detailel =23l a4 9= 1,000 Hz o8t
o S Fapdoh? &9 Fiol 90 dB olskel
T2 A (Residual<g) 2%, 90 dB %29l & B Re-
sidualygy) .2 33t (Table 1).

Testing procedures

A2o] A HS21(2.2X 2.3 m, single wall) oA A]
Beglom o] Fokel At oks At fix|sh A
Hof| 23 A7}F A8tk 2= AL & s AU
vpR ol ghlQl s FAAZIT YA = 250 Hz,
500 Hz, 1 KHz, 2 KHz, 3 KHz, 4 KHelM 4% 4, 9
-2 wEoR L3 A, e RS 2A7|RE &
23k AH]|, Bimodal %1% AJEHelA Wobble tones ©]
g3to] HARE AlgsRGith oS AAAAR= 71830 (2003)
9] ‘=o] WHE o3&} o] WHE oF] oA A
WG 7|Z3]E 7RO R slo] S BmE 8 o3Y
AAF (HAt, 2002) &F 3071€ wwke] oJfrofe] & 4
¥4 93] A AEGARK Q] MCDI-K (MacArthur Com-
municative Development Inventory—Korean : ¥]A %,
2003)ollA FEOE AE UASH olF], o]3A o3&
Aeste] 47 10718 TAER 319 & 4719 555 2
Jsto] o] F FALE HARE AldstSitH(Table 2).

Ao AAHAR= open—setol|A AAIESL, FH 1 m A
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Table 2. Lists of mono- and bi-syllable words used in speech perception test under noisy condition. Each set is consisted of 10 mo-

nosyllable and 10 bisyllable words

1979 gAre]  wgel 284 Al wsol 1979 grre]  wgel 284 Al wsol

s £ s skl
3 B2 2} A
&= Al e 57
3 Az W o}
= A= 2k Gk
n 7] s a9
A whe} g e

=1 IR e n}-g
= s o) o4
1 A4 o o2
A A A A

1979 ARl wgel 284 Al wsol 1979 ARl wgel | 284 Al wsol
Eal = L ob]
E: 2] & 33
3| 2oy Y FE
] e 2 wop
2 &2 2 34
7 Rl oF &7
2 A 5 A3
2 A ¥ ge
A < Al ©
= A4 5 3y
A A A A
Zloll 1A% 0% 297l g3t ofFAlE7E o] e o]FFHA Y o544 w89 FIHES (Bimodal el%

5= 3 5 3ixke] w2l€A|of Calibrator (Larson & Davis,
system 814)5 23X & “A” weighting scale®@ WA %t
=5 A Fy M oA 35 dB HLAIA @3PS 3 dB
o7} ¥ EEcalibrations}l o™ FAAMEE +10SNR
(45 dB HL) 2} +20SNR(55 dB HL) 9] 7} Ad8}efr] d
g 9ol expE9] 3 dB o7t HES calibrationd}
Aok A5 WA AR S E AlgEeH AN
o] $AE AR wjnbct $kake] w9 x|ell A sound level
meter (LA—220S, Ono Sokki, Japan) & °]-&3] 1 37|15
ThA] gRRlstgint. AojIAHAAL A3e] g ofso] o
2pA] WP dhol & 540 FE WMEEE ALkl

T YA e A3 vlae 72 ANOVAHA S it
HWE 53l vlastgio, 0101‘1] A17Ak= Bimodal %]
HE Al o]F HA 871E o]Fof dFely Wl
& ARGS9, Bimodal Yol FHE o
#sto] Wilcoxon'ts =9 AR S o8l A% &4
= AASGITE &, 1Y AR mt ol AT
BirelA Q2R AHakSlE 7350l thdt Bimodal %

A9 WAL (%) - A2 QRSN DA% (%)) 2.
2 ANSe] RERY0E F T BAR Aot G
A vlmegiet. 2k BAH $AA} p<0.059 BHE FA
4 oloj7} frelgtos mAlsHh

A0

Q5 gy
Pl

H>
b 0]
\ o flo oo o

(
L

AAFIA 500, 1,000, 2,000, 4,000 Hz H3t
i < 7 88.6 dB, BA7] ©s 84| 47.8
12§ &8 27.4 dB, 183 Bimodal %
o]FF Al 24.2 dBelgleH BielA < A 99 dB, HAV)
s 2841 50.8 dB, 45 Qe ek 244 27.2 dB, 18
1 Bimodal o] F Al 25.6 dBo|Qlth F i+ % & A
I ®A7] Wy Zgof nlE 45 A3t Bimodal F
o gFH Al TAKCE gt S B0 (p<0.05)
A5 AF2-5-¢l Bimodal elHF 1+ foldt A=A
o] zpol= SlSItHFig. 1).
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Fig. 1. Mean pure tone thresholds for patients in 2 groups divid-
ed by low frequency residual hearing (low frequency residual
hearing : average of 250, 500,1,000 Hz in non-implanted ear).
The test was conducted under unaided, Cl alone, hearing aids
and bimodal hearing condition. Bars represent standard error.
A : Group A (Residual=go group). B : Group B (Residualye

group) .
O SOIX|ZHAL Zt

25 M AldE +10 dB, +20 dB AE o 3
st Ao, o] 5@ AL BFelA Bimodal ‘*Ol%i

Aol A AgebeRTh R AR tehg)
7o A3%E ww ATINE +10 dB AF o) 2
AASAA o154 AAQATAS B 48N DA
33.7+25%, Bimodal %lHHAA 60+25%, p=0.011)
9 420 dB A5 T 3% SstelA L oAt
(1TSS W ZgA] W7 47.5+28%, Bimodal %
OIFHAA 70£23%, p=0.027) SAHLZ Fogt &
78 R o B +20 dB Alg o] 15 245t
A QSAAHQAES W5 HgA WA 554+16%,
Bimodal %fo]3F Al 73.6£15%, p=0.007) % o]54
SolFAHQABSLS W5 A8 BAZY 72£25%, Bi-
modal %] FH A 83£18%, p=0.036)A] FAIHOZ
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Fig. 2. Mean speech performance scores for patients with Cl
alone and bimodal hearing in a noisy environment at 10 dB and
20 dB SNR using different stimuli of monosyllable and bisyllable
words. A : Group A (Residual<go group). B : Group B (Residualseo
group). *indicate a statistically significant difference with Wil-
coxon sighed-rank test (p<0.05).

Bimodal %°lRFHE o A FEAYHe] Y& F 7 BF

oM e TAAE S et (Fig. 3).

o

UX|Zt=Ho| ZItg

A AY Are] mE A5 39kl thet Bimodal %
o)FHAIY] Y ¥ HEE vws] 2 F7 +10 dB Al
< o ghlelA Aldst A3 Al AT - 17.5%,
B9 A9 10.9%9) s B3om o] gdziAtelA
AT 26%, BT 14%°] 355 B3tk +20 dB A1E of
Havloll A Algsh A3 AN AT 22%, B 18%,
o] SAAALNA AT 11.2%, B¥ 10.9% % B& $70A
e 2L oA ¥ 2 P HALE HYoU F

AR o7 FosiA= LATHFig. 4).
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Fig. 3. Speech performance scores | £ 8 A
of the patients in each group are | ® 40 “ B 40
plotted. Test was conducted in 'é 'é
bimodal hearing in relation to Cl | 5 . =
alone under noisy environment at 20 - 20
! ) * M labl * M labl
10 dB and 20 dB signal to noise ra- R Bi;?;g": € N Bi;?;g": €
tio. A: 10 dB SNR, Group A (Resi-
dual<g). B : 10 dB SNR, Group B 0 T T T T ) 0 T T T T |
(Residualyso) . C : 20 dB SNR, Group 0 20 40 60 80 100 0 20 40 60 80 100
A (ReSIduali‘?O)' D 20 dB SNR, @ Cl alone (%) correct @ Cl alone (%) correct
Group B (Residualsso) .
% v Gl e AAEtY 2AEE HEshA FEsHA &
50 - - . ~
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> 3 2
20 - HE WAE Fal 55 349 B =gs Fuh” o]
o 2§ ol B9 FIN= B3] A% BN ojoldlel
2,8)
e Tk
0 . - “ -
Q1 9}F-0]4) 3kx}o] oFo]H S = WL 9l
10 dB SNR 10 dB SNR 20 dB SNR 20 dB SNR = 120 #Ake] ol s 7heAl she WS
(mono) (B) (mono) (B) oA HitfJHo]| Q13 2}$-= o|Alsh= vl (hilateral cochlear

Fig. 4. Mean increase level of speech perception score of implantation)ﬂr Eﬁéﬂ% *}%5}"5 Hoh?j (Bimodal ookolié

bimodal hearing in relation to ClI alone using monosyllable and =) o] o) 1 Agolol|A] ¥FE ) : _
bisyllable under 10 dB SNR and 20 dB SNR condition. The increas- Fel lek. 2004 2~si|9lefA] =ikl International con

ed level was higher in bimodal hearing over unilateral cochlear  gsensyusol|A]& 1% 7| 9] Q13- 9l-3-o0]Aulo 7= ulEx] IL

o i
implantation in Group A (better residual hearing group). How- -
ever, there was no statistical significance. Bars represent standard ~~ oF AZ7F UERE kv wuked o7 o9 I3yt 2
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