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Auditory development in 1—35 years prelingual hearing
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Abstract Objective: To study the early prelingual auditory development in the pediatric cochlear implant(CI)
recipients from 1 years old to 5 years old. Method: The study was designed as retrospectively. A total of 103 chil-
dren with profound prelingual sensorineural hearing loss were included in this study. All participants were divided
into four groups as 1—2 yr,>2—3 yr, >3—4 yr and >4 —5 yr,according to the age of cochlear implantation.
The scores of IT-MAIS/MAIS(total scores,sound detection scores and sound recognition scores) before implanta-
tion(or at switch-on)and 3,6, 12 months after implantation were analyzed with Mixed linear model. Result; The
scores of IT-MAIS/MALIS improved notably after cochlear implantation in all four groups as time prolonged (P <C
0. 01). There were no significant difference in total scores,sound detection scores and sound recognition scores a-
mong those four different implant age groups(P>>0. 05)after switch-on. As the rehabilitation duration, the abilities
of overall auditory,sound detection and sound recognition for those CI recipients showed a similar increasing trend
in normal hearing pediatrics,and there were no significant difference among the four groups(P>>0. 05). Conclusion
The early prelingual auditory abilities of pediatric CI recipients implanted at 1-year-old up to 5-year-old developed
considerably within the first year after cochlear implantation. What's more, the implant age has no obvious influ-
ence on their early prelingual auditory abilities after implant surgery.

Key words cochlear implantation;early prelingual auditory development; the meaningful auditory integration

scale; prelingual deafness

+ 905 -

VT AF SR N T H 0 4 R 19 K J8 ol AR 22 H R Mtk
HEEUTRILERAGN I R FHRS LR, mIHFE
WAL S ERAE T AR . H N T H % A5 A (cochlear
implantation, CD £ 1 H 218 K & i 2 0 I+ 1R,
B 5 4 B U 25 0 R A B SO TS e o B,
el KB EREF SRS B ISA TS P A E R

A F ORAE.610041)
BAEAEE . #E ,E-mail: 1141679315@qq. com

B HHIE 7 T §E Cearly prelingual auditory develop-
ment, EPLAD) Bl B Y0 5 % B 947 AR, 2 F
HHE S KB MR ARG 1482 P A R ¢
HEET T, DR U, B B HG AT PR AG R T A
B = XT38 & 4 & 3 (the meaningful auditory in-
tegration scale, MAIS) F1 22 4 JL A = LT 9% & &
## % (infant-toddler meaningful auditory integra-

tion scale, IT-MAIS) J& [# Fx [E N FH T PFAH Wr B L



« 906 - M A - 5 MR e S S APk % s

%32 %

HwIF5E T W5 4@ JL#E EPLAD k& M A1 %
AT HZ —~%Y, MAIS ff Robbins % (1991)
K BETAL 3 8 KL FILEME B U 28 s A T H
5 R WT e KR I LR T B AL 2R TT-MAIS
Zimmerman-Phillips £ (2000) ¥ MAIS £ rl 5
ISR EEHT 2 8 KLU 24 LE VT RET
i o BEPIRP 2R T o A £ LTS T B /Y Wr
REVEAL B A S e Ann] He k. ABESE R N 2%
BB 25 A5 R R A B H: it ST ) i W L B OE R
SHME” T 1~5 iR EILE CIARE 14N
YT e & R R S LA Ry 2 3 43 i e L 2 7 T s
524 Il IR
1 #B5RFE
1.1 &Rk

(o] T4 3 A DU 1| R 2 4 PG B g B e W O =k 53
ANBRUT A He 58 BN T B AL 103 1] g L CT
ARJG VAR N B BEDT 7R, 99 AR e - O XCH- % 8 B
B P g M 3R R R R L @ B CL, HE
Bibr e QA P H P 50 L W 2t Bl n ok b
Hi AR O EIT R RE &,

103 B LA, B 61 B, & 42 fl; CT 4F i
15. 7~59. 6 A, FH (3L 0 1L )4 H /AW
N T H- 4 5 4 . Cochlear 58 #i], MedEL (F4 A {4
C40-+ , b ¥ 22 TEMPRO-+)42 fi| , Advanced Bion-
ics(F A MK HiRes90K, Zb B 2% PSP F14:)3 4], 58
Bil#E A Cochlear (B ILH . 1~2 ZHH 11 HilHEA
KA CI2ZARE(CA) , FiB AL PR3 4 Freedom; H 4
AT A AR CI24R(CA) , 5 18 4L ¥R 2% & Sprint,
HRAEAE A AR 3y 4 2, O ARG L3 1,
1.2 WraBPEAl 7 ik

MR A £ L4z 32 P Ak i 1) A B4R 8 43 1) ik R rh
SCREAS TT-MAIS(<C3 %) fil MAIS(==3 %) ¥EAT IR
BEVEAR o PEAl B[] 5 S AR i (s TR ML) B AR 5 FF L
3SAH6ANH A2 A H CATEEAL SR s L5 A H
). IT-MAIS $: 44 10 A~ 8L, 8 1~2 B F
TR BILE BT B A R IE L 3~6
AT G BB L X A 3 o R 1Y %08 RN R N BE T 5
T~ 1084 X B L & 3 50 4 BERE 71 MATS
IS 1~2 5 2 AN[E), R8T i BOLXT Bh vy 3% &
M 322 32 RO R RE BE 5 LA B AN A 40 0.1.2.3,

A 43 A Hh B R T AR A G 08 AR KN i AT P
g3 5t Zead & ol 15 IR I 38 3 e A 1 AT 4 ()L AR
P FAC B 1] 285 4T 43 5 45 K TG i [l 28 it 0 [ At , DU
IE A NA” 5 FE— IR TG 2 1280 0 [n) 8 i 2
TG0 D002 I A0 A TE R s 6 R A R 15 L T DA
RO P ¥ 1 8200 s TR R T B 4 A TR A
— T T 3 [ 28 DU AS T 8 H AR 7 2% 0 sl S fE )
75 T A543 5 XA 00K i e 2458 0 L E o e 3R
7 BV CSE s ] 285 ) 450 () S 4/ 52 B [l 225 [ 20 ) il
43) X 100% ,
1.3 SitEhik

A G 0 Ge it 2% 43 #r dE F SPSS21. 0 fil EX-
CEL 2 i, CI L 1 BE A1 B0 48 R 4 38 M 52 1 o
BT s AN [RI AR A A1 1% 20 R I W B8 & i o 1) ] ) A2 £k SR
FHAR & 3 N A R 47 0 B, P<<0. 05 N 25 5 A G it
2 HR

4 HBILARJE W o8 & B SR RE ) B 580 g
JiFnrEE R BIRE R4 AR 2, B 1~3 A (g T
JLE WG & B il 20k I 40 25 45 i 3 19 ok A DUTE
FEEM 120 {7 fil Wy 22 4 L ) IT-MAIS 15 53 ¥
%[Z]O
2.1 ARMAFRABILREVE LT BIEKEED
Wi 1) 8] ) 28 £k

mE 1 Fras,4 ABJLMUr G &k 8 SR EE )4
fb a5 a0y JLE — B B A CAR 5 T HLAS [ 1Y
R MR EREG,IFUARR 3 ANANERE®EE K
P 2R & &N B AL 43 A, IT-MAIS/MAIS & 5
EARBAA G W AR S22 R AR %E
N (F=163 6,P<C0. 01); A A A #& 24 Z [0 76 R J5
& BT S IT-MAIS/MAIS 4y 2% R K5t &
N(F=1 2,P=0. 31); ff AAF % 5 K J5 b 5 B 8]
JLZ BTG58 HAE FH B 45 4145 43 Bifi st [0 () 25 1k e 3
TGt ¥ % (F=1 2,P=0. 33),
2.2 R[EAE A4 AR L AR J5 75 & 2590 g ) B B
I 1) 2% 4k

H i 2 v UL 4 2L S & S5 RE ) B AL
S5 T L2 AR L BE S AR S LB ) Y 2 K £
RS UARE 3 A A WA REEE R, 2R G800
RO AT s AR BE VT SR 2 R A ST ¥R L

F1 AEABENERAZILNERBR il
., 5] A CI fh g
413 Bi% 5 @ AEW/A Cochlear MedEL  Advanced Bionics
1~2 %4 33 18 15 19.4+£2.2 22 9 2
>2~3 % 39 22 17 30.4+5.4 19 19 1
>3~4 5 18 11 7 41.243.3 9 9 0
>4~5 %4 13 10 3 54.3+3.3 8 5 0




o124 AR A 1 ~5 FIBETEJLE A TEH ARG T 68 & B ST « 907 -
R2 FARABENEREARIARERREBEE At h EEERENNESTIRNENES
13 PEA B 1] A5,
) AR ARJGFFHL 3 A REHHL6 ~H  RIEFH 12 4~ H
1~2 %54
Gk 33 31 31 22
A AR Y/ H 19.7+£2.4 22.442.2 25.742.4 31.742.9
oy 1/ %
= W SR N 17.4415.9 41.9420.0 63.5+21.6 80.3+16.6
7 225 RE 21.94+17.9 52.64+24.1 63.5+23.0 86.7+17.8
7 5 U EE 7.2+15.4 26.4422.0 50.5424. 4 73.1420.2
>2~3 % H
%k 38 36 31 33
T AR /A 30.6+3.1 33.34+2.7 36.7+2.8 42.643.0
By 51/ %
Wt % B SR EE 25.6+17.0 49.74+17.6 71.4+16.2 84.0+10.7
7 4558 RE 31.9420.5 65.14+19.6 82.8+17.0 92.849.2
7 5 U RE 12.4+17.6 33.5422.1 59.94-22.8 77.9414.9
>3~4 B4
%k 18 16 12 9
T A PR RE/A 41.444.0 44,0%£3.4 47.0+3.5 53.744.2
S5y 51/ %
= W SR N 36.2422.7 59.4421.5 70.5422.0 85.6413.4
75 B 5% BE 44.9426.3 73.54+22.5 83.0419.9 93.149.6
7 5 U RE 24.6425.7 47.1424.4 54.7428.2 75.2419.0
>4~5 HH
%k 9 12 9 8
A AR Y/ H 54,3+3.2 57.343.4 60.843.3 66.543.0
¥/ %
W36 & B A g 37.0426.4 67.0+17.5 78.2+17.3 88.0+13.1
7S EE ) 43.9+29.5 76.3413.0 83.6413.7 88.64+11.2
7 5 I EE 23.7424.3 59.1425.1 70.9424.1 89.1415.3
100 100
.12 %8 1254
90 ——>2-3%4 90 ——>2-3%4
80 >3-4 B2 80 f >3-4 54
——>4~5 L4 ——>4~5%4
70 e TR 70 WA
o 60 F I
< i & :
| 80|/ ® 50|
% 4 % 40
30 30/ ¢
20| § 20}
1o} 10}
0 i ol
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
ERER /A SBER /A

1 AEBENFHRAZIARE 2AAANRERE
BikseRn

(F=199.7,P<C0. 01) s AN [[] 4 ¥4 41 2 B £ R )5
KMV R EEER N B LG ER
(F=1.2,P=0. 30); { A4 i#% 5 B Ui 55 Z 8] AN
FETE S HAE T . B0 A AR08 41 B OLAR IS 1 75 3 2548
Re I BE R E B BTG EEZF (F=0.9,
P=0.45),

B2 FARAENFRAZBIRE 2ARAANSEEREREN

2.3 OR[EA A AR ILAR JG 75 & 33 50 58 g B i
Ii] ) 722 4k

mE 3 Fras,4 dB LA & O EE 1R 5
1A IR Bl 1 & R, LA bk 3 5 g L
AL, 2R A AN AR B 43 BT s AN [ B 17 o5 1R AR L
AERANE IR SERBARITEE L (F=
170. 0, P<C0. 01) s AN[A)4F 4% 20 22 0] 76 A J5 45 Bifi U5 45
HFEE RN R EZRERIT¥EX(F=1 0,



+ 908 - M A - 5 MR e S S APk % s

%32 %

P=0. 38); fH A 4RI 5 BE U7 I ) 5 22 1) J6 22 A%
FH - B 25 21 LA J5 X6 75 5 1 TR0 RE 7 Bl s 1] (Y 384
K#a# TG it 27 (F=0 6,P=0.63).

90 =12 %4
——>2~3 54
80 —a—>3~4 H4H
—o—>4~5 H
70 F o fROF R
o 60
8
® 50
¥ 40
30
20 i
10§
0 Z.
0 10 20 30 40 50 60 70

HHEWR /A

3 ARAEANERABILARE 2NARNKETIRAEE

3 itig

EPLAD B FHEREM. . GBS EMET AT
B HEFSEESTWREHEART P EEEYEZR
HIAE FH o TR AR 2 B A F 5 b T 5 1 T s 7 300 e R
BORVEAR W E S N A 2 — el A e L
W 5 T TR HEAT BE T A B B 0 0T b R
2B bR Kt R, Km0 o B P AE AE A )
FEHE B A 57 1E B 1 B B (R AR O 5 DT R 2 T
W LR T S . 15 AT R L AE SR N a2
CI A fe kA5 B AR A s 15 2135 58 A 7T L {H B §i
CI J& Wr 52 D) il il AT A A5 i 19 L 44 25 1k B AT A7 1
. BEAEE AT CT LR I Wr BE B &2 &%
KRR ZE N 3 DRIHAE KM R L5
KT WFFEX G0 R AE /43 [, 4 1~5 2 M AN
T H R B ILW ARG EPLAD #1471 T8+,

WS W . B CT AR5 B (8] (9 ZE 4, 45 4 A
RIS B ILI I R B RARRE A E e T &
R B EE AR T W Y B s TR RN
By, 427~ CT RS s 1] S 52 i B LA J5 T A & R 19
KA 2 R AR E ARG 3.6.12 A %
Bl b4 BB P 5258 RE 1 19 o B (E R AR
m A EPNRE AR 8T 2, CTEIL A
BN ERETHRIES., WNEEERT
55 {0y L EE AH LAY & R R A L Xt 5 I Py At A G
RIS R —2CTY . BeAh AR IE 45 B4R, AR
FE A A U 20 6] BB LR J5 45 B U5 SR I 9 & B e A
BE ) AR EE ) MR B RE I 2 RS2
B, FLUAS [R) AF 4 21 18] £ LR J5 T Rl B BsF (8] 119 22 1k
BRI EER A HBILYRE T S0 L=
LT RE & B s, BIXET 5 X IR CL &
JL AR X AR JE 1 4 9 ) EPLAD %k J& J6 i
W, N IR R 5T A5 R Tk = AE AR it
IT-MAIS/MAIS %t 34 fl# A4 K L 2~5 8 %

CIERILARE 1 EMBE I EAFR<3 ZHY
Z3ZHMAREIRER B LES . M5 X 83
B CT B ILA J5 Wr 52 & J& A5 38 25 0 A6 45
AR AFERA(N~2 % . >2~3 % . >3~4 ZHl
>4~5Z)YRILARE 1 EHN I IT-MAIS/MAIS i
O3 AR A A BN IR 4R A8 A A i R H AR T i
TR E TG B,

RUE AR 45 B8 w6 T 5 % LU RO AR
W TR AT E LM AN T 3 ¥ al % H EPLAD %
JEE 7 A B AE L AR E LT BB W OE W R R B Bk
B HX IR B IR 4RI 41 LR 5 g ik 3
AF ) B AR R0 Y B A A% S . X A B BE OB AT AR AR L
AT W 5 T 790, O B L W BB & R 1 I ¢ H A e 5 B
WA I LR FE A SRR BRI
HANHEBELRWEHN, SEIETHERBETR
SrWTRER B LM N IR S AR I 0 18 5 2 @ 1
K m) B2 B, H ik, W R & B
ER MG FEOEF KB MR A . Zheng 7 @
IT-MAIS X gt W7 JL 3 EPLAD B HBF5E 5w, H I
KH ERAR T P £ RE 1 B s R BE 1 43
TR AR 22 N H .16 4~ H & 26, 3 4> A i ik 3] 04
fH(100%) . AT 0L, B RAE AN T H Wi 3%, H T ag &
JE A T REE T H A BRAR IS X X ERT E R ILI
HAETRREETAMKY. Bt E NN E X CT
BOILAR G K IABE DT A WF 58 R B i A 22 /8 L
BHMANTEH, KA G N &R 5T i m
Ik K MBS A T & R AT, B 5 R iy L 3
FZE B /N, X UL B CT AR iy 2 2 i /B L & 18 48
FREMBRCENR, RINHAELFTIEEST
EEEHT . B, ARG S CL0H&
JEAME, ARUFFREERER 3 EHE AN T H iR
BILIRRAG T 5 5B A A # M EPLAD % &,
T 3% b 2 J 2 BH I 7% J 1 LA BRAR R 1Y, L B
TG T ) KR LS T AW 5T Bl U7 B[R] Y B
il AN BB PEAN AR . BP0 o, e AR R JE T L AR B
R MTEE R B, LI AE VT e b 20 3 Fxf L
B R AT LA B AE A .

g5 L ARWEFE N 5 — A TR B TR AR B (1~
52w & ILE CI RJ5H EPLAD & J& & #t1
BL . oF TR M R e R A A R Y O A 22 L R 0
B SR Ty &£, USSR KNG IEES
Kabls,

AW FEAE oy 11 B 43 BT 5 A Ry B o [l Jist B 77 ek
ARG 1A CTEILRET R FTIHELE
B B A 7 2k AN AT . FLR BE A R0 4 i) At 4% 351 R
F AR JLE B B A4 BEAE I L CT AR J5 BY Wy 7
B K FE U R R JE R E R HE K & A
AR T o Bl B ke e R A O 4O X RLAR R R K
B R N A IO SR R O I g o S i a1 S N 1 £



512 4

A4 1~5 S B )LE AN TH IR AR G U RE K R4 S5 .

909 -

R R PRGN 1) B 52 - [6) B 58 38 W 3 & 08 PR A5 T B
WO AT R o S L F U T B O A LA —
A B WA AT L CT R JE T BB & & 5
RV E NS

£ % Lk

[1]

(2]

[3]

[4]

(5]

(6]

(7]

(8]

9]

(107 = BRIR . A 0T . 45,

LIANG Q, MASON B. Enter the dragon——China’s
journey to the hearing world[J]. Cochlear Implants
Int,2013,14.S26 —31.

ZHENG Y, SOLI S D, WANG K,et al. A normative
study of early prelingual auditory development[] ].
Audiol Neurootol,2009.14.214—222.

MCCONKEY R A, KOCH D B, OSBERGER M J, et
al. Effect of age at cochlear implantation on auditory
skill development in infants and toddlers[]J]. Arch
Otolaryngol,2004,130:570—574.

SRR A2 2R, AL I P i g 5 Ak 2L B T g T
TR 1 5 BRI T AE K 7 AR ()] T E
T1iEH A% 243K ,2015,13(6) 1427 —430.

# =%, SOLI SIGFRID D, £ NIl I FiH R F K E M
FMAIEAGLI]. R i E R R 4. 2010, 8
(4):10—18.

B R B A WS RO T S D e K I
ma [J ] i PR - S o e Sk 3540 R 2% 35 2016, 30 (12)
994—997.

ZHENG Y, SOLI S D, TAO Y.et al. Early prelin-
gual auditory development and speech perception at 1-
year follow-up in Mandarin-speaking children after co-
chlear implantation[ J]. Int J Pediatr Otorhinolaryn-
gol,2011,75.1418—1426.

ZEW RS AL AF. N T H A AL R 0 A
W RE Y A m A 5¢ LT 0. il IR - 5 0 ok Sk SO AL S A
2018,32(5):375—378.

KRR R T, AL AR LA TEHB AR
JRWTE F IR IIRE R B M LT, W % R E RN
F47:,2013,21(5) :519—522.

HETEILEAN THBE ARG

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

—AF NI T B K R RN R R I L. A S T ik Sk
AN FL K . 2015.50(4) 274 —280.
GEERS A E. Factors influencing spoken language
outcomes in children following early cochlear implan-
tation[ J]. Adv Otorhinolaryngol,2006,64 :50 —65.
KUBO T, IWAKI T, SASAKI T. Auditory percep-
tion and speech production skills of children with co-
chlear implant assessed by means of questionnaire bat-
teries[ J J. ORL ] Otorhinolaryngol Relat Spec, 2008,
70.:224—228.
COLLETTI L, MANDALA M, SHANNON R V,et
al. Estimated net saving to society from cochlear im-
plantation in infants: a preliminary analysis[J]. La-
ryngoscope,2011,121.:2455—2460.
FLA XU Xk, 4. N T H- 0 kA R L DUE 3 i
TR FHE R S IEFILEN S FE L] IE
PRE: S WA I Sk 350 R 2 75,2018, 32(5) : 345 — 349,
NIPARKO J K, TOBEY E A, THAL D J. et al.
Spoken language development in children following
cochlear implantation[ ] ]. JAMA, 2010, 303; 1498 —
1506.
GEERS A E, NICHOLAS J G. Enduring advantages
of early cochlear implantation for spoken language de-
velopment[ J]. J Speech Lang Hear Res, 2013, 56
643—655.
CHING T, DILLON H, LEIGH G, et al. Learning
from the Longitudinal Outcomes of Children with
Hearing Impairment (LOCHI) study:summary of 5-
year findings and implications[ J]. Int J Audiol,2017,
[Epub ahead of print].
FRAE L BT Rk P SCRR U SEAT S A 0N TR T
JUEE N T H- 85 48 A AR S5 B0 W 58 A7 S Al i AF 5Y
(D0, PR B 0 i i Sk 350 40 Bk 2% K, 2015, 29 (5):
441— 444,

Ok A5 B #1.2018-01-12)



