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Background and Objectives Cochlear implant (CI) changes the way that sound inputs are
processed in the brain, possibly causing brain reorganization. Given that the pattern and de-
gree of reorganization are known to be related to speech perception skill, information regard-
ing hemispheric asymmetry can be used to predict behavioral performances in CI users. The
current study investigated the hemispheric asymmetry of N1 dipole cortical activity in re-
sponse to the temporally varied speech sounds and its relationship to speech perception abili-
ties in adult CI users.
Subjects and Method The cortical activity was recorded from 64 scalp electrodes in 10 CI
users and 11 normal-hearing controls. Speech stimuli were synthesized consonant-vowels, the
/ba/-/pa/ continuum that ranged from 0 to 50 ms with a 6-step voice onset time (VOT). N1 di-
pole amplitudes, latencies, and locations were analyzed as a function of VOT and the direction
of implantation. Also investigated was the relationship between N1 dipole lateralization and
speech perception.
Results For the N1 dipole location, significant location differences between CI and normal
hearing groups were seen at 40 ms VOT in the anterior-posterior direction. For hemispheric
asymmetry, the N1 dipole activity in good CI performers was higher in the auditory cortex
contralateral to the stimulated ear, while poor CI performers showed greater ipsilateral activi-
ty. In addition, a lateralization index at 20 ms VOT showed significant correlation with the /
ba/-/pa/ consonant perception scores in noise.
Conclusion The results suggest that the hemispheric asymmetry of N1 dipole activity in re-
sponse to stimuli of temporally varied speech has a substantial clinical value, and that this can
be used to estimate CI speech perception.
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Q1 32}F-(cochlear implant)= AIE TZFAIZFA HAAF
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Z2F(phonological process)S A2t uj AF A=
o]&(posterior superior temporal gyrus)¥ A4}g]
(supramarginal gyrus)& AT 225 7Y 97t o
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BE—fluorodeoxyglucose positron emission tomography (*F-
FDG PET)& ©]&3t th 24 AF-ollA= A=} 32t 1
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Table 1. Demographics of the adult Cl recipients
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tion Test)@} 42 3} WX ZH(Speech Perception In Noise,
SPIN) HAE 33+e] $-42(good)w-¥} A= (poor)w2] F+

FO 2 fLHl4Tk SPIN HAR= http://www.tiger—
speech.com®] F& HjZE HAAF =35 o] 8319 on, &
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& H(composite score)e H?l 479 AHEARES AR AR
AREO R, 503 olde] F4E 71l 6789 AHEAE S ¢4
AREARES 2 R E Sl

QL 1782 B oFo] =33 eiAL A3t 250 Hz o
8000 Hz7FA] ZERE. whe] F=utpoflA 15 dB HL ©fate] 4
A REE Bl B olxte oM AY 5 ARl &

o33,

SETS

TS5 oA ?i:rLi(Haskins laboratories)”7} 7H&
St Abramson/Lisker VOT 2304 =4H 6242 /4}/
- /3}/ VOT dZ4A =2, o] 67]9] S&& 247+ 0 msoll A 5-E
50 ms7FA 10 ms@] 7FE o &2 Hojx]= 6719 VOTS =3+
Stch(http://www.haskins.yale.edu/featured/demo-lisk-

. Duration of . . .

S Sy oo Cse TS Geanes 2% Pl oo meol Toeovs
1 32 F Bilateral Left 20 9 Nucleus/CI24RE ACE Postlingual Hereditary
2 34 F Bilateral Right 33 12 Nucleus/Esprint SPEAK Prelingual Congenital
3 37 F Bilateral Right 37 11 Nucleus/CI24RE ACE Prelingual Congenital
4 45 F Bilateral Right 37 4 Nucleus/CI512 ACE Postlingual Unknown
5 45 F Bilateral Right 38 10 Nucleus/CI24RE SPEAK Postlingual Unknown
6 54 M Bilateral Left 15 4 Med El/Opus 2 FSP Postlingual Meniere's Disease
7 59 M Bilateral Right 11 1 Nucleus/CI24RE ACE Postlingual Noise induced
8 63 F Bilateral Right 35 3 Nucleus/CI512 ACE Postlingual Genetic
9 69 M Bilateral Left 22 2 Med EI/Opus 2 FSP Postlingual Genetic

10 74 M Unilateral Left 12 5 Nucleus/CI24RE ACE Postlingual Unknown

Cl: cochlear implant

www.kjorl.org 387



Korean J Otorhinolaryngol-Head Neck Surg 1 2019;62(7):385-94

Table 2. Summary of the different types of speech perception scores for the Cl users

Cl user Sentence Wordiotal Wordhigh Wordiow Consonant Vowel Cosrzgroesﬁe Study group
1 Q 24 67 68 40 85 32 52 Poor
N 10 42 20 24 45 35 33
2 Q 8 33 28 4 42 55 34 Poor
N 4 30 12 4 50 53 34
3 Q 4 30 32 16 30 30 23 Poor
N 0 20 16 8 25 33 19
4 Q 28 64 72 48 74 75 50 Poor
N 2 9 16 4 37 50 24
5 Q 46 80 84 24 84 70 70 Good
N 30 70 60 24 74 57 58
6 Q 74 94 96 68 90 90 87 Good
N 40 77 88 16 71 80 67
7 Q 82 96 96 76 85 82 86 Good
N 28 73 72 52 66 60 57
8 Q 74 93 100 72 76 80 81 Good
N 40 73 84 40 48 65 56
9 Q 48 81 92 44 80 63 68 Good
N 28 62 72 20 69 68 56
10 Q 76 94 100 88 94 73 84 Good
N 46 82 84 72 62 58 62
Good Q 67 90 95 62 85 76 79 -
N 35 73 77 37 65 65 59
Poor Q 16 49 50 27 58 48 40 -
N 4 25 16 10 39 43 28
All Q 46 73 77 48 74 65 60 -
N 23 54 52 26 55 56 44
NH - - - - - - - - -

The last column represents subgroups of Cl users. Q: quiet, N: noise, Cl: cochlear implant, NH: normal hearing

4—— Cl artifact

-50 0 180 200 ms

Fig. 1. The example of Cl artifact in respond to /ba/ stimulus. The
features of Cl artifact are instantaneous waves with the onset of
sound increased energy near Cl peak topography. The VOT of
sound waveform in this figure is 0 ms. Note that the Cl is located
at a left ear. CI: cochlear implant, VOT: voice onset time.

abram/index.html). Fig. 1= ¥ 1-Lof| 4] AFE-H 0 ms VOT
O] ugut Ap=-5ofl w2 AT M (artifact) T} EXEL
27 (topography) & HolEth BE A2 VOT
ks, Yol ofgt W S A BE /HE Bve
FAo 2 Ao, AH=39] F AEAILRS 180 msS

2 BE SUs] fASHE 43S AW ARG

388

Matlab(MathWorks, Natick, MA, USA)E ©]-83}¢] Tuck—
er-Davis Technologies(TDT, Alachua, FL, USA) A2} RZ5
£ B9l 38 7Hae UAE ARRE R ekl Y
QAL FAlO TDTE S8l A7t AdE= A7 AAIZES.
& e o)l A8kt Bruel and Kjeer 2260 AREE #H
u]E](Bruel and Kjeer, Neerum, Denmark)S AR&3Fo] 4
2] e s HAsoTh

a7 Azt

w5} =7

Y= 643 34 7](actiChamp; Brain Products
GmbH, Munich, Germany)& ©]-8st], H=o] F2H 74
& Sajo] 59 2459k 44 HFE MITAEE nas
on)¥} Cz 91x]9] Fxb Aol f|Xel=s 24dsi3lon &
6471 & 3t M= 71 A= 2 Czo YAeHRAL, YA 63
e} A=roll A HukE S8kt & Aol A
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o) A=) 47119 EEol A A Hap 54 &
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Folglon, o= A=A 400 AREE T vlolE A7 Al
FE S (sampling rate)> 1000 Hz31L ©E glo|gj= @ T
AL 8l ARESIL BE AFSS odF avE
P 9l S219] 412 AAEIon, B Kk 27 A
JA JER19] - Hat 1.5 AIRE A5ek$- A A=
S5 AIke] A8 FSIAL, ZF Al Abolef w @A st
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ool AAE 9 715

jute] A2 (preprocessing) Y £42 Brain Vision
Analyzer 2.0(Brain Products GmbH)& AF-8-3Fo] AAJEQ]
o} 2A4E Huk= WA oo 3 ZE(high-pass filter)
B AHgste] AFabol A WSk e ASE AATH] 9
3l 0.01 Hz ol F=ub=5 AdsbGlal, &5 512 Hz2
etk E2h F 3 Fub o] BE|P(band-pass filter)
< o]&-sto] Zol ofsf WAYst= (00 Hz)& AFstsl
t}. o]% S0k visual inspection)® A1A] 24w} B
H A& AASS AL, SHAEEH(independent compo-

nent analysis, ICA)S &3l = ZHY/&-9 2219, HA®

(electrocardiography), ?1-5-2F- -2(CI artifact)& A|Ask
%k Fig. 1o A=22] Aol wh2 Qlaehe- &0l vet
o 97 ExTeuof vhehbs QlEeke H o 2
ol digh A<l A5 AAIEFSACE

5 Al A (artifact rejection)”} S Hlojel= At F
3} Zej(low-pass filte) 2 20 Hz 04| Fut-2 de|=s)
AT, A2 ARAQ] 0 msS 71202 242 A 200 msolA]
S 25 F 1000 ms7H] & 1200 ms O 2 HHsegmen-
tation)5to] HAJol| 2-g3t%iTk 671412 VOTs 7o) whel
LrolZl glolel= 247 AAIE Al =5 63719 A= E

2 BRseto] /1% Ao BRgto 2 wEsict

g} A5 BX(EEG source analysis)

A=A} A5 B A(dipole source analysis)< BESA Re-
search 6.0(Brain Electric Source Analysis, GmbH)< A&
glow, Hined} Debener” 9] =04 et Zat fAket
o g B4 Ak o] =RolAe ST ATA =
(equivalent dipole model)& A-&-ste] A%y} 2% vt
ol Z¥zt gk 7je] tiA A1 Ix|ofl B=AFE Aol A=A
AL} Wk Ahlsl WAl o853tk
SAEE A7 A=l 7 widdsHA| Whgehe Ao R o
Zl 2]3](Heschl’s gyrus, centroid, in Talairch Z3&: +49.5,
=17, 9) ol wix|skeiek. 912 A7 $I7t Talairch #h3
= Hine® Debener'”2] Aol 243t HEE o431
o} N19| A= & (global field power; GFP)2 Z43}o]
Ao X1E-& xR 20 ms 7S] HloJEE A=AF 240
AHgEGl o, B=2F FolAE HAl(tangential) AlTH-S
N1 =AF &40l E-gs3let. F=AtEol o WAsh=
ZF A= Ade] A9l 5429 aLE A4t Qs Be
AR A 20 ms HHS 7120 2 73 A (goodness
of fit, GOF)7} 80% ©o]/go] El= dlofeut 2|5 &40 AH&-
E|oick mRAure 2 w= mRdAboll A Bt A=AF 39 (grand
mean source waveform)= A4t o™, 27 ko] A4
Ztol 5 Brkelr] flall, HA A=At faE FACE g
20 ms kol A 9] Batgko] SA Aol AHE-E] AT

Q1 3} AF&AE(poor vs. good CI performers)®] W+
A HtiA S vlwsly] 8l HASE Z]4=(lateralization in-
dex)E th39 45 o]&-5fo] A4kt

HAY5} x|4=(lateralization index)

= (contralateral-ipsilateral)/(contralateral+ipsilateral)

AAYS}F 2| -15E +7H] Bxshe, += g3 uka
o HEAE 9ulstaL, —= 5o 29 HSAS et

s
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=A| E4L Statistica SPSS version 12(SPSS Inc., Chi-
cago, IL, USA) ZRI3-Z o] g-so] AAEQIT). S
+ 67119] VOT # &} IFolglon, F45HMebRe x,
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] S5/do], Ak AT LERT AF ] 54l
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A=A A A A A9 Y2t ek AREARE
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L9 ARgARe vl A% 1Feb- AREAREoA] N1 4l
3 g5l s Ao & YehgTh
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3 (primary auditory cortex)¥} 1 S 2|3t Z&
A& 4= U3k VOTE] Wsto] wh& =%} 93] Hal&
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THp>0.05). L 1t HILE 98l 9= QAL AREA}
I Ax AFeb AFEAL o] A=A 9IRS vlagh Ayt
% "}8F(anterior—posterior direction; y)ollA4] 40 ms<)
VOT7} AA=50.2 FolS o 7 Q3ehe 15 1H9]
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Fig. 2. N1 dipole locations for each of six VOTs in Cl and NH
groups. The dipoles are shown at the location of best fit in each of
three views; transverse (A), coronal (B), and sagittal (C). For the
ClI group, individual dipoles are shown for contralateral and ipsilat-
eral activity. Dipole fits for the NH group represent the left and the
right auditory cortex. Red dots indicate Heschl's gyrus (Talairch
coordinates: +49.5, -17, 9). CI: cochlear implant, NH: normal hear-
ing, VOT: voice onset time.
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UeRtou) A% Lo A= 20~30 ms VOTS A|9)ska yb
A VOTolX = 55 WFe = Eaio] T7ist Ao & et
stk

VOT o] w2 N1 =2} &3 7)o vists o
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Fig. 3. Dipole source waveforms as a function of VOT. Individual waveforms represent contralateral and ipsilateral activity for Good Cl
performers (A), Poor Cl performers (B) and NH (C) right and left auditory activity are shown. N1 source amplitude as a function of VOT
(D). Black circles, blue squares, and red triangles represent NH, good Cl, and poor Cl groups, respectively. Cl: cochlear implant, NH:

normal hearing, VOT: voice onset time.
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Fig. 4. Lateralization index as a function of VOT in good and poor
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contralateral dominance while a minus (-) indicates the ipsilateral
dominance. ClI: cochlear implant, VOT: voice onset time.
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Fig. 5. Relationship between LI for N1 dipole source amplitudes
and consonant in noise perception in Cl users. The Lls for N1 di-
pole source amplitude at 20 ms VOT were positively related to
consonant in noise scores in Cl users (r=0.71, p<0.05). Cl: co-
chlear implant, LI: lateralization index.
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