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A Preliminary Study to Investigate the Correlation Between Position-Specific Effect of Interphase

Gap and Competing Acoustic Environments Speech Recognition in Cochlear Implant Receivers
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AEWE 968 % AN 0. 25~ 14 4F A A AR EHI 4 22 mm, U0 TR RN 4 4 Bl (E1: 213 Hz, E7.945 Hz, E13:
1920 Hz, E19:3992 Hz){EIPG 5 pus 530 ps L% &k & A sh 1E 7 (electrically evoked compound action potential,
ECAP) , il il tH-HRIE 4 i 4 (amplitude growth function, AGF)#h#, 13 PG, FIEMIXWHE: (D) L S d
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[Abstract] Objective This study aimed to investigate the position-specific correlation between peripheral auditory nerve
function (evaluated via the interphase gap effect, IPG effect) and speech recognition performance in competing acoustic environments
among cochlear implant (CI) users, with a focus on the differential contributions of neural functions across cochlear regions.
Methods Thirteen unilateral Nurotron CS-20A(TM) CI users (aged 9-68 years), all with an implanted electrode length of 22 mm,
were included, and the slopes of the amplitude growth functions (AGF) of the electrically evoked compound action potential
(ECAP) were measured at four electrodes from the cochlea apex to the cochlea floor (E1:213 Hz, E7:945 Hz, E13:1920 Hz, and
E19:3992 Hz) in the IPG = 5 pus versus 30 ps condition, and the electrode-specific IPG was calculated. Speech tests included
correct bisyllabic word/phrase recognition in quiet vs. steady state noise (+5dB SNR), and closed-set phrase recognition
threshold (TMR) under competing masking of same-sex (male) vs. opposite-sex (female) voices. Results There were inter-
individual and inter-electrode differences in the IPG effect (E1:18%, E7:51%, E13:56%, E19:28%; elicitation rates 61.5%-84.6%).
The IPG effect in the E1 (low-frequency region) was positively correlated with disyllabic word recognition rate in quiet/noise (7=
0.555-0.723, P<0.05), and sentence recognition rate in noise (#=0.589, P =0.034), and negatively correlated with female voice
masking recognition threshold (r=-0.637, P=0.019). Conclusion There is a clear location-specific association between the IPG
effect and speech recognition performance, and low-frequency neural function in the cochleo-parietal region (E1) is a key
biomarker of speech perception in noisy and competing contexts. The IPG effect can be used as a specific indicator for assessing
the health of peripheral nerves.
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S L PR S R R A B R 22 Th RE Y X S
PERTRERE— 2B 50N 2 2 5 T RIS BACRERE

oL & & A Bh1E B L (electrically evoked compound
action potentials, ECAP){E A1 SGN [&]25 ik B it 72 61 e,
A PR e bR , H AR IS 34 K ek % (amplitude growth function,
AGF) [y | BR{E S5 2 5 Lo F el 2 I e 22 A7 R
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458 ECAP Wi b7 , 72 B 4 ECAP 4R IR K | AGF #H%T} &
B 5 L B AIC , X — B G w0 BR A AH T T B 2 . (TPG 3
B2), TPG R, 5 B KT AGF RERIAE (L, BT IPG 2}
SN A PR T 5 0 22 (auditory nerve, AN) Jig
WA, TSR 25 BRI DM e bR

SRS UE 52, IPG B850 5 SGN %5 5 12 I
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1.2 ECAP izt

{5 FH 1 JR P2k A4 (NuroSound 1.1.0) 128 5 o Ml i A
Pe k£ ECAP ll & , £ HL 15 (E1) .75 (E7) .13 %
(E13) . 195 (E19)4 /> WAk 1 24 B Ax ML AR i 47 ECAP iUl
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IREAER SRR, FENREH, 2B TR
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B, AT BERE R . WA, B )13 B UL
WAREW R AN k. BARTEF B — & FHEH
(fundamental frequency, FO) 24 124.0 Hz [ 58 P10 17 2 7 1l .
RS F W 53 B 5 90 2 44 B HEUETE R (R R 4 1,
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E7F L AR M R 2 A BB, WS
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HYIRNE s AR RGE S )T AE . B, AR ey
3AEHER A L RAY RS . MK EE R AT & IR 5 R (i
(speech recognition thresholds, SRTs)# 75, SRTs 4 HAr
T B E IR =R S0% I HY TMR . SR8 wI4ART BE
K4 dB R KFEATRIPIR R %, JRERiREh 2 dB K,
BATRKTHN TR 8 R S FEH , #5725 RIRIE N AL
8 R S Jee M 2 1k 24 i P 510 5 SR 2l i 71l A7 B Al i Jo7
MR, 2R TR B ARIE A b BEALE B S
AR BIPIFRA SEER .  E BRI S E Rl B AC H br
WL (TMR) , IR EE R W42 & TMR, 3 b Ui J 6 1k
TMR S 4 B (8 V5545 4~ 511/ SRT, 42 F i 40
S 58 B IR 71 B SRT #4918 . Wit Sk 5
L RBAE S I N SR [A) 2 R B A LIE i T

1.4.2 e S NN FREAEE T 5 I IR BN R e
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H3 5 Lo R AR 8T 3, (5 b (SNR) [
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B TR, B E AN PR AR R SR T SR, S I AR
SAERR Sy 1117, MK K AT s [ e e e R 4
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A2 IREMIAPRL IFER , BB R

1.4.3 MK AE 25 N A IS HE 75 <30 dB (A) 1 b 75 =2 ik
A7 MR AT 7 A e, 52 13 LA AR (7 1F T D B4~ 4
A, B L m, i 52 E R R 5. 2
S R ITA E A T 6 B (BT 25 SN T HWR ) Jis
H, i Cr, MRS M H 3, 52183 (51
HHW CIZH% &, H AR R A,
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B Gt ) R A1 SPSS 25. 0 6k fkdkA T, R 44
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M ELEAN R HU AR (2 B 1 TPG % b, LA R e S5 PR RS
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(%0 Cohen's d) , DAREAR/ MEA R Rr 520, P<0.05 24 Z= 5
HEii s L,

24R

2.1 Al AR (1) TPG 2oz

AWFF TR Z IR E AL 44 IR Ak (E1.E7 (E13,
E19) B IPG 2y WL 2, &5 R WO, IPG 3 b ¥ {E E1 h
18%,E7 4 51%,E13 %) 56%,E19 4 28%, & l&E 5%
S RTEE IR LR, AN [R AR AL B 1 IPG 230 (B LG 42 7=
5 (P>0.05) , TPG % ;7 B9 81 H 2% E1 2% 69.2%, E7 %
76.9%, E13 2 84.6%, E19 Y 61.5%, x> £ 05 B. 7% % B AR
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2.2 FTEIRBIMAL LS R

A2 RENFIEMRE R IR 1, TEIFHE TR
LA TATR B 2 75.7413.1%, 45 A0 TR B2 2 70.8422.4%
Mg P R T W T TRl TR B 2 39.2428.6% , FH A IR B2
35.7431.1%; 4 s e T E AR A iR B 4 9.246.1 dB, B
PR T B AR By 10.6£7.9 dB, AR 5 24
Mres R BoR, A & TR BN AE7E B8 1 R A N3O

(F=38.115, df=3, P<0.001), % Bonferroni % 1FHY3 5
B R, RRRPR S T R 1 TR TR0 2R 25 8 TR FE 2R
5 B9 O 5 IR B3R (=6.864, df=12, d=0.827, P<
0.001) | M 75 IR 5 T 1Y A1) T 15 I #8 (1=6.532, df=12, d=
0.843, P<0.001) s ZZ PRI T 1 A) F IR0 3 50 25 v T
FIRNE AW S 1A TR BIER (1=6.783,df<12,d=0.086, P<
0.001) s Zeif s TR TR B2 B 2 TR AR RS T 1Y
HFIRBIER(=6.147,df<12,d=1.112, P<0.001), H4H&
HILEAN R EER, AR CREX 2 AR S 5
PR AT IR AT bR SR BB E R TG
St E L (=-1.314, d=0.354, P=0.214),

2.3 FIE BN IPG 20 s2 B 254 4

IPG 280 . 5 T8 TR B A 552 il FR] 35 9 40 A DL
%2, Spearman #H3E4r Hr &k R TR, HUAR IPG 25 o 5T
ARG HER G CURHE A AR 1§% S CLIE AT 35 78 8.2 4
K (P¥>0.05), M FEIRSE T 4)F IR S AR 5 A
K (r=-0.562,P=0.046) , LA FIHIRBIRIAA LT E
FXEZFE (P1>0.05) ,

2.4 FIBEHBIZRIL S IPG S A &5 B

BB IR MRS PG 280 b /9 #H 56 M 4 Br W3R 3,
Spearman #H 3¢ 53 A7 45 R R, E1 LR IPG 20w 5 & dh
5 TR A U (7=0.555, P=0.041) M FEEREE I
T iEIR BIER (7=0.723, P=0.005) | M P ERIE T A1) F- iR B
R EAR K (7=0.589, P=0.034) ; 54 ik 1) 111
Il 1] 5 . 2 A 9% (7=—-0.637, P=0.019) , B[V IPG %t Jo7 itk
K, BIERBIRIERLT, Ha ik IPG 2 5 F1EIR I
FTC W EAHR (P#>0.05)

3itig

3.1 IPG 3§ b (E A 22 ThRETT 1 v (19 A AR A (L S L
e

B RTE R E A ER AL (ECAP) 24 (4ndRie | 15

1 P2 RN R

BRGSO (%) +SABAEYIA (%) i) (%)  +5dBAYT-(%) Lk (TMR dB) 5 F#Eii (TMR dB)
01 89.30 87.85 98.55 90 -1.85 -15
02 96.40 88.55 99.30 96.40 -0.65 3.8
03 53.60 0 43.60 0.70 8.65 12
04 88.60 63.55 97.85 63.55 4.40 1.50
05 91.40 34.30 79.65 35 9.35 9.75
06 74.30 50.75 70.00 50.00 12.35 12.70
07 69.30 0 61.75 0 14.65 24.10
08 68.70 28.60 52.15 13.20 8.85 12.00
09 65.00 13.60 56.45 12.10 11.65 9.15
10 83.60 47.90 87.85 2645 7.35 8.00
11 76.40 36.45 84.30 28.55 11.70 8.00
12 61.45 22.15 30.75 27.85 21.20 27.15
13 66.45 35.45 58.55 20.00 12.30 11.20

Mean+SD 75.7+13.1 39.2428.6 70.84+22.4 35.7431.1 9.246.1 10.6+7.9
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22 ZIRERIN D225 B F ENI R IPG AN RIS 5 By

EIIPG E7IPG EI3IPG EI9IPG %Mt +5dBW G Zmi T +5dB AT Lrfem Bt
I O I B 1l (%) Al (%) (%) (%) (dB) (dB)
gy ¢ 0362 0479 0122 0467 ~0.149 —0432  -0.163 ~0.562 0.105 0.178
< p 0224 0098 0692  0.108 0.628 0.141 0.596 0.046" 0.734 0.560
r 0243 0156 0064 -0216 -0.083 0.305 0.171 -0.022 -0.105  -0.289
HEMK
A P 0424 061 0836 0479 0.788 0311 0.577 0.943 0.734 0.339
Clii gy © 0388 0446 —0.077 0445 -0.143 -0426  -0.159 -0.527 0.137 0.176
< p 0191  0.127 0802  0.128 0.642 0.146 0.603 0.064 0.655 0.564
Clgr g T 0156 0307 0293 0.9 0231 0416 0.429 0.415 -0281  -0.366
P 0611 0308 0331 0.76 0.447 0.157 0.143 0.158 0.353 0219
CI. N THIR; r: AH5E 2505 *P<0.05, T[]
# 3 ZIRE W RFHE . S1EMIREE RS IPG 3 b s A= 4
E1 IPG 3%, E7 IPG 3. E13 IPG %)%/ E19 IPG %% v/ Average
e e o r 0.555 ~0.376 20215 0.026 ~0.297
LR (%) p 0.041" 0.205 0.48 0.933 0.325
[ r 0.723 -0.446 -0.238 -0.048 -0.336
FSABREE () p 0.005™ 0.126 0.434 0.877 0.262
. . p 0.529 ~0.242 -0.26 0.061 -0.236
LihT(%) P 0.063 0.425 0.392 0.844 0.437
. r 0.589 -0.557 -0.315 -0.023 ~0.533
+5dBA)F-(%) P 0.034" 0.050 0.295 0.94 0.061
. r -0.637 0.042 0.127 -0.168 -0.176
i (dB) P 0.019" 0.892 0.679 0.584 0.566
" r -0.487 0.103 0.083 -0.149 0.008
Pt (dB) P 0.092 0.737 0.787 0.627 0.979
#£p<0.01

{l) Sy ath-wh 2 0 s AL SR S N H T,
BRI et MR o 22 YT 22 7T (SGN) A7 IR AR AR Sk
PRAl . AHEZ T, IPG A R i e A/ AR 7] (AT B (30 pis
vs. 5 pus) F T IRIEH K 68 £ (AGE) R R, E
5 S Al S AN 2 TC ISR e P o X5 T R A Bl
HEREAE TAE A IPG w] M50 G0 -l 18 P S I (], F T 22
TElR R AT EE F B E Y HUAR ] IPG
% Rz 25 5 (E1-E19 5] H R 61.5%~84.6%, ¥ {H 18%~
56%) , [l —52 TR AN R LR AR TPG A0 7 (B e RARZE 18 3 £
(A& 2 B ) 5 EDUE 7 H-dia PO A 22 T RE R 2 (] S 1
IJCLSVASES R SN DS S PSTE 2 PSS A Vicy
0.05) , Z W52 AR B ARRRZR K 25 TN, S il
T IPG #3450 FH SGN 25 B B H L R B —8 . ix
LAk R AL [a] SR IPG 20 1R A R A &0 JEIWT ph 22 e B
e SRR, A A S B AR I TR 2

3.2 WA THUAEAT X A 22 D RE A HRp Sk Dk 5 7 2L il

ARG R AR R T L AR B1 (Fru0 45128 213 Hz) /Y
IPG 21 5 2 ¥y 5t & WAL R Gk S, AL T AL
3 2 T RV« (1) A= B 5 A = e T [ 358 20 B L0 £
B TR (F, ) e 5 7 e i BRI UL 16 A 5y B
BRI . ELAYE IPG 20 (MR X S 22 A7 AT ) 7T
Wgok BARIEH Fo(124 Hz) A ZRR0RE BE , IXE 20 38 41
IR F A S8 5 24 PR R o e e (F=177~226
Hz) I, E1 R IPG 200 5 TR 51 8 5 58 97UAH 5% (7=-0.637,
P=0.019) , Z B{R B AU SRR ISR 15 = A e 22 D RE Rld it

T FO ot bl B $2 T+ i i 20 B e L (2) 41 AR IR
11 : E1 2% Bz 50 7= 1 W 7 ] TR B s e (7.=0.723,
P=0.005) E[IIE T {3015 7= VRIS = e « A0 X 7= R e 3R
(tonal contour ) [ Zhth B RS MATRITE B S, (3) Kokl b
JE AT - 7 A AR (40 E19/3992 Hz) 9 IPG 3 o4 1B 7w\ 35
IR, ik B Al T O R P R T M AR B RE B 2 , X
BUS O ARG AT IR T T RSB R
UEe XFPOL BRI 2 B T IR IR A “Wr 3 5 o
LR iEe4 N BT el VA 1 /207 8 ) R 1 o e N o

3.3 AR TR % 5 A AR T S Eh RE ) SRR R

AT 9T % B 7 B A - IR B S AR A 5 52 1
F (=-0.562, P=0.046) , 5 E1 fyIPG%¢ b S IEAHFE (=
0.589, P=0.034), 278345y #r it — I 55 4R ik A W 75
AR A E— T R - (R2=0.316, P=0.027), {H
IPG 3 bz SARRE TE 5% , X RTRESR R AP A A 2 D RE -5 Hr Ak
TRE Rk, RO E w2 These 4 (B IPG LR ) ,
FRAROIN TS AT BRI 23 5 R, X — R LR RE T
I ER 2 N RE R AP EE B ESIERE R R
(P, X HEIRIE R 7 2655 M — A JE - Wi 1 A JE -
WA A, e S B 2 il 2 A 2k (40 T AE
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