Advances in Clinical Medicine Ifi/REE2£3E /%, 2025, 15(7), 716-725 Hans XM
Published Online July 2025 in Hans. https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2025.1572045

REeEEENRRHR

FREEART - 2o, TREW - LR, KEF
WO X PR AR, BT AT

Weks H . 202546 H11H; FHER: 2025F7H4H; KA AHM: 20254F7H11H

R

REWEER—FRIRTT IR ARARRE, B RAeRUENBS IR K, RETIE, A
FITRER, XEFKNHEZRIOEN @R R BEYN . AT B UL LRI, XHE
EUHEERHE. SEHBARRGT 5. BAMEEBEZH, QFERERE. FRPHK
FHMABKRE. SHERKNED, O 2R ERENSAREFRAMRR T XHREEEEER
WAHNERE S MEERT T REBAWRT. FRTHMBINR&NNAEZELE T BEFKI 1K
FRAERE. ZEeHfeTaRmREGHEEERENAEEREZEXREE., ERGBTARBEEREZRKE
RRHIBE ARG R EEEM.

X 5in
REVEER, WEH, SR, ®rhk, REHH

Research Progress of Mixed Deafness

Iblayimujiang-Yushan, Xiatiguli Turhon, Longfang Zhang"

Department of Otolaryngology, General Hospital of Xinjiang Military Command, Urumgqi Xinjiang

Received: Jun. 11%, 2025; accepted: Jul. 4™, 2025; published: Jul. 11, 2025

Abstract

Mixed deafness is a special and complex type of hearing loss, involving both conductive and senso-
rineural hearing loss. It has a long course of disease, is difficult to treat, and has a significant impact
on patients’ daily communication as well as their psychological and social health. This article re-
views the etiology, diagnostic techniques and treatment methods of mixed deafness by looking back
at the relevant literature in recent years. The causes of mixed deafness are diverse, including ge-
netic factors, environmental influences, and lesions in the middle and inner ears. The advancement
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of diagnostic techniques, such as the technological updates in audiology and imaging examinations,
has greatly enhanced the ability to identify and assess mixed deafness. Personalized treatment plans,
including drug therapy, surgical intervention and the application of hearing AIDS, have significantly
improved patients’ hearing levels and quality of life. Comprehensive diagnosis and treatment are
crucial for improving the quality of life of patients with mixed deafness. Gene therapy and precision
medicine will play an important role in future research and treatment.
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1. 5]

BRI NA L5 o R i R e A, ANDORR ) T B ) H R Seii, IER T BN 2 R
Tt LFK, B ERARORKARED, HERIZEANG ST RIS th IS 7 22 Mtk . whesfnEs
RN HZ R PR, JF A 2R R SR T TBL B AESGE & MW TR A6 B

BAMEENSRSENL

T2 4995 A8 M I3 AT 23 A a% 5 v H- 2% (organic deafness) F1 3 g1 F- 2% (functional deafness) i k2. 2%
P Z R AR A X 5y At S H- 2 (conductive hearing loss, CHL). &35 #1224 H. %% (sensorineural hearing
loss, SNHL) F1VE A4 H-#2(mixed hearing loss, MHL) =F . ASCIERFNR A2 —FE 10T J1kahS,
HRE A T R AF AL SRS AT J1d0 2k . A SYENT J3 402k £ B3R T4 FE sl B 45 4/ B T R
PRhs, FEAG 775 & 00 LT TSRS M T R P & BT iR 2 i, SEEEES L
VA TE T RN BRAE 1 2B K . X AR TR G MR R A A LB R B AR S e R A T, O N B R
W 1 22 R £ R P 15 S (R A SR AN 32 o IXPIOUCER Wy g 5 R 0 SR IR A R 3 . H TR G
B X T LG 2 W FG o7 SRS B B [1] [2].

BITIRA EE BN A B R B N ERAR, TR A T E I o A SO0 T H2 W G T 20
B, A VEE R 2 B ORI R AR . — v W Bk R R AR E & 0 e R
ARV

FIRE I AE R 3 . ZA gL . 298 R AN B AR R B 5 R DR 5 o T SR AR 1R VR A M ) T B e
G, AME . R R A B (R PR R . L) B A SR R S B ) AMB IR 7745
RIREEEAIE 5, IRAMEE &0 LAk — 4070 AARISEA, AL ST )4 2k 8 F 1R & 1 B & A LA
T MNET IR N E IR A T . HER2 WG Bh T AR AR R ROm 1, e AN RR YT
J758, NI f R 1 53 B8 B Wy 7K R AR v o &

2. BEMEENIRRARER
2.1 FATIRE
AT AR, FUTRSE A B L. W RTR SRS, RAOTTLT R A%

ik

DOI: 10.12677/acm.2025.1572045 717 Il R 125 23k i


https://doi.org/10.12677/acm.2025.1572045
http://creativecommons.org/licenses/by/4.0/

fH MRARARIL « Fl 55

AR . ASE AT R R ZELLLRAT S, A E A ROR B2 SR SRR AR o IR,
BEE N L2 AR IR AR S R R s, IREMEHZM AR R R HIZEE EARES . FATRFU
R, REMHEENRRESZMEARAR, NEFEEBE. MERFREONF R EG B ER KR FEE
LR R B AL R I o 28 (chronic suppurative otitis media, CSOM) # mh, BG5 #4114 H 2 (sen-
sorineural hearing loss, SNHL) #1178 & 14 H- 22 (mixed hearing loss, MHL) ) & 2E % G HAH 5951 . Jha AT Singh
IR FEVRAG T AR08 7E 15 %5 50 % 2 [A][) 149 4 CSOM 3%, AL SNHL IR EZR N 25.5%, ifs FHEA
BEHEHENR AR HIN 69.8%F1 4.7% [3]. Ngamdu 25 A [P 7T I8 L B 54T, &I 7735055 1) &
WA 5.8%, Ho K2 HUEE LI NAUN B2 -G VU /140 2<[4]. Oh &5 AAE— Tl I BA 71 F 5 b i
BT 45 & 75 SR EENBERU BRI R AR M RSN, RIMEEREN, BAenEENRE
R EH ETF, o B RN B R PR R I N BE[5] . Gupta 25 A\ TE B EE JL R 3b X3R4T 7 — I BE HL A 22 1 4F
Fi, DAVPAR 12 PE A0 B PR o B R BT i R . SRR, 22.5% 1) B R I HIR & H #[6].
Vladimirova 25 A\ fE 2 HrgE Shi b X %F 2016 2 2019 AEHAA] A N O 0 B 5B 50 45 M #E47 1 [0l i 2
r, RIBEAMEEZENRS M EEAZEND P RESN, HReHEEER T IEERBEAD
[71.

VMR AT B 22 1 = e N S AE G RS B 2506 T il By A0 TR A B 3 S Wy i R i AL
PR DN 25 AR AR R 3 SRS I SRAS R AN 2 S B L S P R R 3, DL IR [RGB
FE R R ARE, SR R WM E S S G R R SRR, MRS RERZ,
W 73458 2 PR AT e P R ™ SR P OR8] AX BRI SR 45 A 2 LB Wy A B ke ) — N R RS R 3. 5 TR
DA 22 BT HRALAR B, SCBRIT SREE A8 1 LB W )i B 45 SR e B Wy, o HBGE S s M AR S 1
W D4 R [9] 0 A, o ] ) — I T4 [ g R R B el O B e s, it . BRI 9 B5AG . 16
B8 259 LA R A ) LEERE M 3P s A B i) (RIS 5 R AR i S B T 458 2 1 2 382 XU [RI 3 [10] ik
X IX 8 R R IR 7T, AR LAk — B i m iR S BB W AR ALHI R K 2, il e AN A 1 T
G INEERE YR S WA s

2.2. EITHE 5 EHR

HERSWHE R KT 2500 )15 AR A AT, DLAS VA I 238 R M R RO 2] . 7E VP4 IR
EMEEER, W 2R A AN O E . 435 I WT (pure tone audiometry, PTA)SE B¢ FH IV F1 2446 5
P, ReNEIE I AN [F AR T T 7 BRAE SR VPG T A5k (7 AR AR (8] MR KIR A MR Al
HMIr SRR AT R ARRE—SME TR, HAERES%. B SPUR A (Tympanometry) /& 7 —Fi
BT S ER A v, EEA T E D RE . @I R S A N VAR AR, RS S R A
rb B2 B ARE M4 B2 15 58 i I W 68 D e 2 75 1E % [10] . W o i =T S )3 (audiitory brainstem response,
ABR)Z —FHEMNT J, 38 3 1e S W G 2 AN 4 RS B SR VRAL W 28 K AR EERISR AL, T A B
W E R 1 e B E AN D R . ERKIEH EEETFT, ABR Sl PTA 45 R m ARG, 1T 40 Hz Wrie
A4 % H47 (auditory event-related potential, AERP) 540 PTA 45 B0, W4 45416 a] DAE 4x1f
Hi s BT F335 O 1 e R JE[8]. T4k, WriiAads kB (auditory steady-state response, ASSR){E N —Ff
MW P TR, Bon R AT SV FAR I, ASSR TEISIIESS B LT 71 ks o e 4
AR, el ARSI ) 22 R B KIS 0 T, ASSR I T1£ 4811 ABR A1 PTA [11].

REVEHEE WM p B2 BRI RIS R 8 EE TE S0, 7 K P R HE IR S A5 2 T B
KB TR EL A 72 AT R P R o AR A ] PN SCRRARGE , =5 73 F# % CT (high resolution computed tomography, HRCT)
FERRNAL SRR A VEWT TR G R VPG TR A B IR s R R B T B, A O e W B AL TR HE s
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HPELAE | o B S O 5 T 6 S B AR ) 445 ) PR B X038 AR (RSB T4 Bl MR A2 L A PR kA [12]
2 HRCT Al 240 H-85 A B 547 PR AR B, 7R 16 A R 4R 1% (magnetic resonance imaging, MRI)i4T £
BTV, MRI RS B R A 2 r #532, mITEMT e ik R 2BTE ), FRa irm e S e &, il
JEG L AE A i 2 23 S AH SR S5 MR A TA) R 2R, AT A S 09T T S SR R B M AR IR [12] « IX PR ER G REAR %
KB VL RE S N B SR N A TH 2 W5 B, B ANFRB 805, Sl MR T R, TR
BE. HEHEAN. BT EREN THSE, o] DL 5 B T /K- A3 TR & [13]

2.3. BITHEIER

R, REMHENGTREIE T EEHE. REUEENAGWIRIT W AR R EIRTT,
B AEPS IR GRE RRE . BUAEFRIGIT EE AT HAN B3 . CSOM iR & 1 B 210 25
K. Chong 1B\ IE S BEALO BRI PP A T4 S EPiAE R I69T CSOM B MIRIRIT AL, 7 T %7 iR R
i)k G A R RV AE B S N R BRI o R 4 B e AR S AE BB L T B ROE B B sy, (H
EBRAIR, FHHFEHEAEARRMN[14]. AHEZ T, JREEH T4 R TP BT R 5 H 24, Fel 2 fE
TR T B B T s AR 3150 T3, Jung 5 AHIEFE T — R UKS VR S AR, T N i
KIAGTT AVERE AT 8k . WH A SRR, 10T HIERZ I 15 SO AL R G
FRIE, Wb T EARIBUR R SEE, AT ERY T W J1[16].

HIEEAMAR (Tympanoplasty) 3 22 H T2 & R84 o B 5% S8 S B HIE 27 1L, | B H ARG &
HWT R NGE, FBSANR I Ek 80% [17]. #H T A (Stapedectomy) I F T ¥4 97 BB AL IE 5 5 &2 1)
F RN J14515% . Marszat 25 N (IR SR B0 T Osia® 3= 50 1k HL B A ST A8 N 25 B 7 e s Wi o R0 A 35 o
JITRHEARCER, KRG —F 5 EEW ) B30, aigur B s 1 52.2dB, & i BLAR S 1E 2 H g
T A B E R [18] . A1 UM Bk A R A M AR R 1, Bianchin BF 7T BAIE S2 R HFAE N
K (Bonebridge) il 4>k 35 dB HL BUH R X . 2 bl R 7T HE— P I81IE | Bonebridge R 4K
BT, 2B E AL RS IRA R R B R R R W R AME SR, RSB ER R R ThRE
PER AR 4EFFLE 24~37 dB X [A], & HHERZ I A 20U 70 2 — BRI 2B R PL E[19]. B EAAR G
PRAEBE U7 B T AR e PESRARIE ST, R B VP R R TR A 4 S B R SR 4 [20] . BT 88 A1 T HR g 2 Pk
BWr DR EE TR, FlRERE M ZERR T h KB R . B8R, FHIRHE FEA B,
o7~ T IR A AENT DI R A AR 7). BT 8 WU DR B A, B O )
B AT BB S . ARG K Th R SR B R B A ST s . R 0.5, 1. 2,
4 kHz PYSnZ~F25 1 ST/ T-45 T 65 dB HL FITR A M E & B [21]. RE¥H B 7R EH, EHX
T e B ARG =R R R T D e & TR ST RS, DA Al T R E 0.5~4
kHz %6 <60 dB HL FREMHE SR EMEtEEEE . INREYE Bon, ZEREEEERIEEN
TG AR RS ) SRR BN [22] Yeo FE I R A LR A ZE R MY T BT A8 AN T E R X AN
FIRMBOR LN . 45 RBoR, (EHW IR Rt 8, HAAFER XSRS T 19%, AR
ViR e T 3% [23]. A TH-Mp i ik BB st R K Wr S DR . Shekar #1 Hansen #2117 —4
FHTPEAS BT 48 A0 N T B B R 707 & IHESE, F£18 i Costakis Cochlear Implant Mobile (CCi-MOBILE)
PIRBIE T, e T ARMESEAE VP Al B A e A VAT AT SE M D Th (1) T AT PR [24] . Ajay 55 NS 45 T H Tl
N T H R T R 88 AR AR R0 25 097 v R R B B o Ik ST T v A T B 2 R T R 4 VK AR T g
B MREAR . FEPRRYT B R g, DR YT AR MIESRAGYEIT A4k Ak, SCEILRD 1ot
(Optogenetics){F A # 8 Bk b 78 HL 3 B A 78 77[25] . X SERTHSAF 78 8 7n 1 R SRAEWT F3 0K & 45U ) e wiT

=
I o
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3. IREALFIFTRER
3.1 BEEAR

RAMEHE(MHL) MIAE TS St 80 SRR AME 10 7 FI & 3 St i e o, B\
TN R 5RO AL SRR B R - B BB T RRES - ZRRARRRIG . £E T (pyroptosis) Fl1 %
JE RS E DU 26 A% ol i, X UEIEERAE A MRS I LR AR A rp 3 4 E R G IE[26] [27]

W e R B MR B AR VR A VR LR I A AL o A B A, B I R IR R R S U ML
S FEARAA T LR E R EE ., B iR B R f, OSBPL2 HERSRABmMILH & S RARELR
R ATCVE LM% % B, AN RAE S p62-LC3 H WS B 454,  FHINT 5 W & 3 fi o v g 1A Bk
b B RS ULKL-LC3 B, I/ iE BRI I T B AR A7, $En “ AR J8 TS
#[26]. TMCL [ ¢.1534C>T @46 54T Wb L bR BURm 18 £L4%, 40 ek EWEny Ca2t N ifIE(E, 4k
RAELRAKKE 70 5 ROS MK #MEME PERK-elF2a N5 5 B f5 i CHOP-BAX, 5 S4iuE -3 %
FREAT P = AT ) B FH[27]. GSDME 4N E - 8 i N S B0k 3 /5 243 1+ Bt N-GSDME Z LTI, PR
JBIL-1B FFi0% NLRP3-caspase-1 £FET-if ;. BAMA INK-BAX 15 SRR EHOR, RINE F IR
PRSI IS - B 223 30[28] [29]. BERAFIH R R T MYO6. TECTA. ACTG1l. WFSL1,
POUAF3 S L JERAR S, BT BIRE M SEAR LR Bk F7 i J5 9 285 B8 PN Joit X i, 3t — 25 BPAIE B M MIHL 1)
Z 9 FLPFE[30]

W Gt AR B AR B A VR S M H R I BUm ML T [RIRE B B 2% . Dianatpour 55 AR 7T IS
Sanger JU 7 A4S 5PN P4 T 10 M F S ARNSHL AHOEIRAE . LR B, 78 6 NG %
E T GIB2 R4 A4y, HAahF AN AP T ESRRB. MYO15A F1 TMC1 K (I E0% 2848 [31]
GJB2 BRI B T3, MYOL15A MRS B, ESRRB RIS SCHFYH MBI FRAC ST ax L
T IEIT 2Rk ROS-MAPK M SR 2B AN T FF BB ZEFE R HI BT FEUE 5L, ¢.235delC &
C.238C>A & i% NBEI 3= B EUR AR JE M [31] . Hee» Guan 25 AR 708 5 RE = BRI 434 T 404 41
BURPERUMIWT 345k 83, RILT 2 e e Rk Ba e AUB AR 28748 [32] .

B 7 DL BRI S E B BURILEI A, GRR IS AR R X OB AR s HE A, X &
BSHE R SR S EHE N EE K K. Dykxhoorn 25 AW 7T HEIE 7 B SMPX 3 PR35 714 iy 4248
5(c.133-1 G>A)HIMA SMPX LRI Theg sk, #Eim gl &k X EBH 4 B4 H 2 (DFNX4) [33]. O'Brien 55 A
WEFCHRE T A EEH IR 5 XOES NSHL AH G COLAAG KA . F FLid i R4 BT 8200 b7, i
N T XL AR AR N BRI R BRI A FH[34]. X-IEBIERI TR, SMPX BYREAT 5 2848 Kl 55 7K £F F F-actin
FoEtE, WuE Cofilin-LIMKL 2 2% ; COLAA6 TR RIAIV A iS5, FEUM — 2K 2% BF B2 % 1t A 5 I
il PIBK-AKT RS 5, W 350 P2 A TR A BY B A% JF &) £F EL i e TR [34] [35] o ZRRifAcistf% th &I & 1 H %
1) B FEHUHAHLH 2 — . Chen 1 Guan i it CRISPR/Cas9 F A IE TRMU JEH 548, E T BA W 114k
(1) B RVR I iPSC fiTAE B bR Thfe . WK Y], TRMU K5 m.1555A>G RAZ I #p [RI1E H )
B FLRRLR T RERRRG , T S AL IR IR G, R GH M T AS R S A R Th e 88 S O 2 W
#[35]. LRRiARMEIE TRMU 78 m.1555A>G 15 5 Nk OXPHOS il 4. . CRISPR/Cas9 & #E4Y ik
TRMU ¢.28G>T J&, KT E#E M iPSC-EM MBI AR E ATP A pit5 WIS HLAT, UESEIZ LR A% - 2ok
PR ELAE AT 5E D BE OSBRI R 2R A 35 [ A 368 3o Ak &b g 00 4 R R [35] o

TEENSHE A W E BB BT 7, BN S38 R IUE Jeah B s a0 EYAL ZERAR R 5k
I3 R ATFAE S 3 DRI o M WK S T 5 AR S E 5 3 ek ) 1.3 45 88 B ' 454 1iE (Branchio Oto Renal/Branchio
Oto Syndrome, BOS/BORS) & 3 I R 43 M1 K I, L5 A AF B 2RI A, HAZ 0 R mL
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HI S EYAL B I BUR VEAL 57 [36] o 2= P e s o 81, [N 142 Notch-Jaggedl 5 FGF10 {5
T, PUE S G 5 B A K B [36]. XEERIER T EYAL FETENT I RGR B M) RE 4R )
TER, NIRETEEZAE S WL T 707 2 H I B KA .

3.2. S FHLH

TES FHLRITTH, WA RBOI TR NI BAMAG Wr ok eh 2218 4b DA EE WA SO 58 8 A0 1 T4
. i EE RN EARAEARB ARSI ER, REFINCES el —RINERGNHER
R I R PR SRR F 1 43 RS B S o X R AU ERA TSR TR A B R L i A B A A
W TE B R TT SRS St 1 FR LAl o

fESYEHF(CHL) W E 2R R e R B 98 . B S0, AMG . PEm R & B AESE . Horr, o Hom
TERIRIRHLHIE RIS K & 3w, HERA— g MsEun . 8l st s, a0 HRER TR
FENT /N HERR & & R B AR [37]. 140, Hoxa2 " JE R Bk /N SRR BLH 55 NS S AT Wb N5
—/MESMIE, SECEER. RS HIE B E N, FR S EE[38]. thAh, 17 Dusp6 JEH R
AR/ SRAEWT B PO EZE 1 v I S TR 2 B2 R R T2 [39] » Bapx L R M L 5 BB 1) K B AR, H
SR RSB (R B A S U [40]; 4k, Xt Teofl/Ddal* 3 [H 4% & B2 /N B o BEdEAT YL €0 70 47
RILFNEAG G IS AR B P 3 Bk, I KIBTE RS2 IR, e S8k S E B 1R I [41] . X LLHT TR
PR B0 7 F LS AL T AR

SR PPV H R (SNHL)E YR T A B AT #2948, Nicolson IR FLLRIA T 1B A& LI 18 R AEN
HOpR B2z b R0, e RAEH SN SNHL. BT R], K2 BB T 5 R S sz 23 i DL AL
IS W P 2 ) KA B A 5 I BRAS o X SURE TR F S AR R R R AT AR AR, R T E AR Y Ak
WU S HI6 71 J1[42] . Guo S5 NI FidRoR W rE e & . Bt 29 A ARt 5 A2 i) SNHL W e R . i
FAEH, WEHBAMEAIEIEETTMHETIE BB IG . Mo B iR . BB E R R 5 240,
6 6 % VR 17 1K LR 2 1) A4 47 [43] » Petrova 25 N FC R EL, GIPC3 J:[A (1) ¢.245A>G & {7 % it
FUA TG R DL B AL MRS A AEE SNHL (9 2B R, ax — BE R A8 53 5 350N 0T 5 28 B AT 5 40 22 (1)
Hifii[44]. BJ5, Chen 25 N FIHEFIE I B & ThRe 56 S LT, H87n 7R [RIZREY SNHL A (3[R 41 d i
WFAAE B4, e B B MUIREA ELZEME 51 A 10 SNHL /N BUBEAS b, A 7 00 A 7 4 s 1) 6 PRl 3k 658
W, RIMZA BRSSP R MRS AE Y DR AH DR [26] . IXEE R IR ZR SNHL (7R Y7 #E s 4
LTI, BEE CRISPR/Cas9 53k R g R MK, AREBE SR RMEERRAE, MRA Bk
JT AR YENT T34 2k

4, KEMRFERE
4.1 NEEFEEHRBEAEEELEEE QN ETE

AAV-OTOF (DB-OTO)XEE 1 W it 2k PRl VG 97 MR & B0 B I R SE Bk (1) 5 K BRIE . #£ CHORD i3
1, 11 % OTOF HRFE 4N LA 10 4 S 7>30 dB HWr ks, Horh 4 LiEHBRW HIRE EIER, I
PERETE S RE R HET . XS R EIRAEANBZHIIE T “REREEN KA, nEPN5EEE”
(AR 2 AT AT VE[45] [46] 0 AR IR RV IT AU T5 AL EE F:20%, 1675 98 2 1 N (8] S A% 1 1 12 R A B 7
AFRE,  DAB b 0 o ok i % fih 25 14 A0 L AR B 2R L

42. WES Prime fig: M “85” E£M@ “BKE”
1445 CRISPR-Cas9 # 5| & DNA XUEE Wi Z4FA o] T H45 & #4218 — M3 g 48 s A U o] S

DOI: 10.12677/acm.2025.1572045 721 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.1572045

fH MRARARIL « Fl 55

CTCWIZL” RS i . NG-ABES8e R 4tiliid XU rAAV R IN7E Baringo /)B4 P9 2 IE Tmel ¢, A545G fi %8

A5, BYIMAAE I 70%, WradD)ReteE iR, TR A R, [FIF, Prime editing i@id
“BIRFEH + WS IR T MYO6. WFS1 25 Kk PR T2 3 28 A B AN AR i R, K
WEHE & T VRIT 1k R [47] [48]. X —HEMTURE R RIGITIE RELERAD et mapHsEssz -, K
Fe RVEIR G T H B IR LT 2 2R A IE 50K .

43. BEEZFH “@RiME" E@ “HESMEIEE”

T4y TT B OAE 2 AW R R R A, (S5 A 4 M 9058 %) G2 RIS 5 T 4 i) R s 4 IR i L
RIEAL . IEAERFFE I, 1) 785 40 g (mesenchymal stem cell, MSC)JkJ5 () 444 7] f1 4% miR-182/miR-
96, TEANGFMBERIIE FEERINL - KB BE R, S Sox2-Atohl @K, 55 R4 B4l % 71k
SN AR S SR . ATRAE AL R A = L, B — AR “ BRI AE 257, RO IEAL T
I AR AT A P2 IR B, L AUISNAE h 7E GMP Zlifb b 5 20 2L 1% nT A4k [49]

4.4. BERA - ZAFRARMALRET O LI E

2024 AR NHI - A RE R G0 a0 M B E R 38 T3 NI ARS 4 e, R ILENAE 245, #4r B 4l
HZRIE Lhx3. Gfilb SR AMAIIEN . X —KIIEH T WAL IR FAR 1. BYRh isos % e
t 15 MR IR S, B s miivE 5540 /1[50]. T4, TAEFAS CRISPR-perturb-seq
Mg & KA EEEMN B~ 1EE7 IR PR LS, R R O T A S Al

5. B4

REMEEFENEEGEZEROAME, SEFERRBEL. YR G FMRERIRITINE.
TF FE HA: 2 AN B AT BT 08 S8 SR AL B Al O R RS, $RTH IR A VE IR [51]. SR IZ W AR T
TR AR B REE . 2RI AT, maiE T AP AN RN, S5 A
BEER A, AT CAAT VP0G B BT IRV E AR L o A, A% 2 Al B IR B 2 A 8% AR
NHEAN AR YT 7 IR . ZRE R HNG, B4R TARTHABIW &R, ATEL
H i 2 BEFRFR, SEEMAIAERE. ARRERGEHZRT AT o, FERIRT AR HERE
A R HEAR A .

SE

[1] Noureen, L., Ghayas Khan, M.S., lkram, A., Hussain, R., Ehsaan, F. and Akram, F. (2021) Assessment of Quality of
Life in Adults with Hearing Impairment. Journal of Scientific Research and Reports, 27, 11-18.
https://doi.org/10.9734/jsrr/2021/v27i930431

[2] Aryal, S., Bhattarai, B., Prabhu, P. and Bhattarai, B. (2022) Impact of Hearing Loss on the Quality of Life in Adults with
Hearing Impairment. Nepalese Medical Journal, 5, 597-601. https://doi.org/10.3126/nmj.v5i2.48294

[3] Jha, S. and Singh, R.K. (2022) The Evaluation of the Incidence of Sensorineural Component of Hearing Loss in Chronic
Suppurative Otitis Media. International Journal of Research in Medical Sciences, 10, 2898-2903.
https://doi.org/10.18203/2320-6012.ijrms20223095

[4] Ngamdu, Y.B., Kirfi, A.M., Fufore, M.B. and Ahmad, B.M. (2021) Prevalence and Pattern of Hearing Loss at a State
Tertiary Health Facility in Damaturu, North-Eastern Nigeria. Jewel Journal of Medical Sciences, 2, 49-54.
https://doi.org/10.56167/jjms.2021.0201.06

[5] Oh, K.H., Cho, H., Lee, S.K., Shin, C. and Choi, J. (2023) Characteristics of Hearing Loss among Older Adults in the
Korean Genome and Epidemiology Study: A Community-Based Longitudinal Cohort Study with an 8-Year Follow-Up.
Clinical and Experimental Otorhinolaryngology, 16, 132-140. https://doi.org/10.21053/ce0.2022.01557

[6] Gupta, S. and Gupta, V. (2022) A Randomized Observational Study into the Pattern of Hearing Loss in Chronic Suppu-
rative Otitis Media. International Journal of Clinical Trials, 9, 251-254.

DOI: 10.12677/acm.2025.1572045 722 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.1572045
https://doi.org/10.9734/jsrr/2021/v27i930431
https://doi.org/10.3126/nmj.v5i2.48294
https://doi.org/10.18203/2320-6012.ijrms20223095
https://doi.org/10.56167/jjms.2021.0201.06
https://doi.org/10.21053/ceo.2022.01557

fH MRARARIL « Fl 55

(7]

(8]
(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]
[20]
[21]
[22]

[23]

[24]

[25]

[26]

[27]

https://doi.org/10.18203/2349-3259.ijct20222070

Vladimirova, T.Y., Baryshevskaya, L.A. and Martynova, A.B. (2020) Chronic Sensorineural Hearing Impairment in the
Morbidity Structure of the Adult Population of the Samara Region. Russian Otorhinolaryngology, 19, 23-29.
https://doi.org/10.18692/1810-4800-2020-6-23-29

Rahim, T.H. (2023) Hearing Screening and Risk Factors of Hearing Loss: A Systematic Review. Open Access Macedo-
nian Journal of Medical Sciences, 11, 259-264. https://doi.org/10.3889/0amjms.2023.10663

Leal, B., Lopes, A.C., Peixoto, D., Correia, L., Almiro, M.M., Vilar, J., et al. (2023) Parental Consanguinity and Risk
for Childhood Hearing Loss: A Retrospective Cohort Study. Acta Médica Portuguesa, 36, 336-342.
https://doi.org/10.20344/amp.18607

Jeong, J., Youk, T.M., Oh, J., Eo, T.S. and Choi, H.S. (2021) Neonatal and Maternal Risk Factors for Hearing Loss in
Children Based on Population-Based Data of Korea. International Journal of Pediatric Otorhinolaryngology, 147, Arti-
cle 1D: 110800. https://doi.org/10.1016/j.ijporl.2021.110800

Lee, J.A., Mehta, C.H., Nguyen, S.A. and Meyer, T.A. (2020) Hearing Outcomes in Children of Diabetic Pregnancies.
International Journal of Pediatric Otorhinolaryngology, 132, Article ID: 109925.
https://doi.org/10.1016/j.ijporl.2020.109925

FAREE SR RTIUN S 2k AL B CT A MRI S & 22 W ZRIGR]. AR 2% &, 2017, 51(9): 654-
659.

Gao, J., Chen, J., Xu, J., Liang, S. and Yi, H. (2022) Middle Ear Surgeries for Chronic Otitis Media Improve Cognitive
Functions and Quality of Life of Age-Related Hearing Loss Patients. Frontiers in Neuroscience, 16, Article 786383.
https://doi.org/10.3389/fnins.2022.786383

Chong, L.Y., Head, K., Webster, K.E., et al. (2021) Systemic Antibiotics for Chronic Suppurative Otitis Media.
Cochrane Database of Systematic Reviews, 2, CD013052.

Chong, L., Head, K., Webster, K.E., Daw, J., Richmond, P., Snelling, T., et al. (2021) Topical versus Systemic Antibi-
otics for Chronic Suppurative Otitis Media. Cochrane Database of Systematic Reviews, 2, CD013053.
https://doi.org/10.1002/14651858.cd013053.pub2

Jung, JW., Li, H., Lee, J.H., Hwang, Y., Dan, K., Park, M.K., et al. (2023) Dual Viscosity Mixture Vehicle for Intratym-
panic Steroid Treatment Modifies the ROS and Inflammation Related Proteomes. Frontiers in Pharmacology, 14, Article
1081724. https://doi.org/10.3389/fphar.2023.1081724

Devi, K., Singh, M., Maan, A., Thomas, O., Kaur, G., Arya, S, et al. (2021) Effect of Type 1 Tympanoplasty on the
Quality of Life of Patients Suffering from Chronic Otitis Media (Safe Type). Nigerian Journal of Clinical Practice, 24,
1641-1644. https://doi.org/10.4103/njcp.njcp_23_21

Marszat, J., Gibasiewicz, R., Btaszczyk, M., Gawlowska, M. and Gawecki, W. (2021) Piezoelectric Bone Conduction
Hearing Implant Osia®—Audiological and Quality of Life Benefits. Otolaryngologia Polska, 75, 11-22.
https://doi.org/10.5604/01.3001.0014.9342

Bianchin, G., Bonali, M., Russo, M. and Tribi, L. (2015) Active Bone Conduction System: Outcomes with the Bone-
bridge Transcutaneous Device. ORL, 77, 17-26. https://doi.org/10.1159/000371425

Sprinzl, G.M. and Wolf-Magele, A. (2016) The Bonebridge Bone Conduction Hearing Implant: Indication Criteria, Sur-
gery and a Systematic Review of the Literature. Clinical Otolaryngology, 41, 131-143. https://doi.org/10.1111/coa.12484
Ellsperman, S.E., Nairn, E.M. and Stucken, E.Z. (2021) Review of Bone Conduction Hearing Devices. Audiology Re-
search, 11, 207-219. https://doi.org/10.3390/audiolres11020019

A2, AR, S E, & EHEE YT ST )T IR RO IR RIS [J]. BT % R SRR Ak &, 2025,
33(1): 50-54.

Yeo, B.S.Y., Song, H.J.J.M.D., Toh, E.M.S., Ng, L.S., Ho, C.S.H., Ho, R., et al. (2023) Association of Hearing Aids and
Cochlear Implants with Cognitive Decline and Dementia: A Systematic Review and Meta-Analysis. JAMA Neurology,
80, 134-141. https://doi.org/10.1001/jamaneurol.2022.4427

Shekar, R.C.M.C. and Hansen, J.H.L. (2021) An Evaluation Framework for Research Platforms to Advance Cochlear
Implant/Hearing Aid Technology: A Case Study with CCi-MOBILE. The Journal of the Acoustical Society of America,
149, 229-245. https://doi.org/10.1121/10.0002989

Ajay, E., Gunewardene, N. and Richardson, R. (2022) Emerging Therapies for Human Hearing Loss. Expert Opinion on
Biological Therapy, 22, 689-705. https://doi.org/10.1080/14712598.2022.2072208

Chen, P., Hao, J., Li, M., Bai, J., Guo, Y., Liu, Z., et al. (2022) Integrative Functional Transcriptomic Analyses Implicate
Shared Molecular Circuits in Sensorineural Hearing Loss. Frontiers in Cellular Neuroscience, 16, Article 857344,
https://doi.org/10.3389/fncel.2022.857344

Koh, Y.1., Oh, K.S., Kim, J.A., Noh, B., Choi, H.J., Joo, S.Y., et al. (2022) OSBPL2 Mutations Impair Autophagy and

DOI: 10.12677/acm.2025.1572045 723 Il R 125 23k i


https://doi.org/10.12677/acm.2025.1572045
https://doi.org/10.18203/2349-3259.ijct20222070
https://doi.org/10.18692/1810-4800-2020-6-23-29
https://doi.org/10.3889/oamjms.2023.10663
https://doi.org/10.20344/amp.18607
https://doi.org/10.1016/j.ijporl.2021.110800
https://doi.org/10.1016/j.ijporl.2020.109925
https://doi.org/10.3389/fnins.2022.786383
https://doi.org/10.1002/14651858.cd013053.pub2
https://doi.org/10.3389/fphar.2023.1081724
https://doi.org/10.4103/njcp.njcp_23_21
https://doi.org/10.5604/01.3001.0014.9342
https://doi.org/10.1159/000371425
https://doi.org/10.1111/coa.12484
https://doi.org/10.3390/audiolres11020019
https://doi.org/10.1001/jamaneurol.2022.4427
https://doi.org/10.1121/10.0002989
https://doi.org/10.1080/14712598.2022.2072208
https://doi.org/10.3389/fncel.2022.857344

fH MRARARIL « Fl 55

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Lead to Hearing Loss, Potentially Remedied by Rapamycin. Autophagy, 18, 2593-2614.
https://doi.org/10.1080/15548627.2022.2040891

Kraatari-Tiri, M., Haanpéa, M.K., Willberg, T., Pohjola, P., Keski-Filppula, R., Kuismin, O., et al. (2022) Clinical and
Genetic Characteristics of Finnish Patients with Autosomal Recessive and Dominant Non-Syndromic Hearing Loss Due
to Pathogenic TMC1 Variants. Journal of Clinical Medicine, 11, Article 1837. https://doi.org/10.3390/jcm11071837

Cheng, J., Li, T., Tan, Q., Fu, J., Zhang, L., Yang, L., et al. (2023) Novel, Pathogenic Insertion Variant of GSDME
Associates with Autosomal Dominant Hearing Loss in a Large Chinese Pedigree. Journal of Cellular and Molecular
Medicine, 28, €18004. https://doi.org/10.1111/jcmm.18004

Abbaspour Rodbaneh, E., Panahi, M., Rahimi, B., Mokabber, H., Farajollahi, R. and Davarnia, B. (2021) GJB2 Muta-
tions in Iranian Azeri Population with Autosomal Recessive Nonsyndromic Hearing Loss (ARNSHL): First Report of
C.238 C>A Mutation in Iran. Journal of Clinical Laboratory Analysis, 35, e24024. https://doi.org/10.1002/jcla.24024

Dianatpour, M., Smith, E., Hashemi, S.B., Farazifard, M.A., Nezafat, N., Razban, V., et al. (2021) Identification of
Homozygous Mutations for Hearing Loss. Gene, 778, Article 1D: 145464. https://doi.org/10.1016/j.gene.2021.145464
Guan, J., Li, J., Chen, G., Shi, T., Lan, L., Wu, X., et al. (2021) Family Trio-Based Sequencing in 404 Sporadic Bilateral
Hearing Loss Patients Discovers Recessive and De Novo Genetic Variants in Multiple Ways. European Journal of Med-
ical Genetics, 64, Article ID: 104311. https://doi.org/10.1016/j.ejmg.2021.104311

Dykxhoorn, D.M., Tong, X., Gosstola, N.C. and Liu, X.Z. (2021) Derivation of iPSC Line Umi029-A Bearing a Hearing-
Loss Associated Variant in the SMPX Gene. Stem Cell Research, 54, Article ID: 102405.
https://doi.org/10.1016/j.scr.2021.102405

O’Brien, A., Aw, W.Y., Tee, H.Y., Naegeli, K.M., Bademci, G., Tekin, M., et al. (2021) Confirmation of COL4A6
Variants in X-Linked Nonsyndromic Hearing Loss and Its Clinical Implications. European Journal of Human Genetics,
30, 7-12. https://doi.org/10.1038/s41431-021-00881-2

Chen, C. and Guan, M. (2022) Genetic Correction of TRMU Allele Restored the Mitochondrial Dysfunction-Induced
Deficiencies in IPSCs-Derived Hair Cells of Hearing-Impaired Patients. Human Molecular Genetics, 31, 3068-3082.
https://doi.org/10.1093/hmg/ddac096

Bk, e, . S (H)SR O CT RIRIGHAT A [I]. th 4 S S5 MR 75, 2024, 59(4);
366-372.

SR, FEGE, ST, % o AR LR G 5 T RS R b R4, 2023, 21(6):
728-733.

Fuchs, J.C. and Tucker, A.S. (2015) Development and Integration of the Ear. Current Topics in Developmental Biology,
115, 213-232. https://doi.org/10.1016/bs.ctdb.2015.07.007

Li, C., Scott, D.A., Hatch, E., Tian, X. and Mansour, S.L. (2007) Dusp6(Mkp3) Is a Negative Feedback Regulator of
FGF-Stimulated ERK Signaling during Mouse Development. Development, 134, 167-176.
https://doi.org/10.1242/dev.02701

Tucker, A.S., Watson, R.P., Lettice, L.A., Yamada, G. and Hill, R.E. (2004) Bapx1 Regulates Patterning in the Middle
Ear: Altered Regulatory Role in the Transition from the Proximal Jaw during Vertebrate Evolution. Development, 131,
1235-1245. https://doi.org/10.1242/dev.01017

Richter, C.A., Amin, S., Linden, J., Dixon, J., Dixon, M.J. and Tucker, A.S. (2010) Defects in Middle Ear Cavitation

Cause Conductive Hearing Loss in the Tcofl Mutant Mouse. Human Molecular Genetics, 19, 1551-1560.
https://doi.org/10.1093/hmg/ddg028

Nicolson, T. (2021) Navigating Hereditary Hearing Loss: Pathology of the Inner Ear. Frontiers in Cellular Neuroscience,
15, Article 660812. https://doi.org/10.3389/fncel.2021.660812

Guo, L., Cao, W., Niu, Y., He, S., Chai, R. and Yang, J. (2021) Autophagy Regulates the Survival of Hair Cells and
Spiral Ganglion Neurons in Cases of Noise, Ototoxic Drug, and Age-Induced Sensorineural Hearing Loss. Frontiers in
Cellular Neuroscience, 15, Article 760422. https://doi.org/10.3389/fncel.2021.760422

Petrova, N.V., Marakhonov, A.V., Balinova, N.V., Abrukova, A.V., Konovalov, F.A., Kutsev, S.1., et al. (2021) Genetic
Variant C.245A>G (p. Asn82Ser) in GIPC3 Gene Is a Frequent Cause of Hereditary Nonsyndromic Sensorineural Hear-
ing Loss in Chuvash Population. Genes, 12, Article 820. https://doi.org/10.3390/genes12060820

Regeneron Pharmaceuticals Inc (2025) Latest DB-OTO Results Demonstrate Clinically Meaningful Hearing Improvements
in Nearly All Children with Profound Genetic Hearing Loss in CHORD Trial. https://www.regeneron.com

Singh, P. (2025) Regeneron’s Gene Therapy Study Shows Improved Hearing in Children with Congenital Deafness.
https://www.reuters.com/business/healthcare-pharmaceuticals/regenerons-gene-therapy-study-shows-improved-hear-
ing-children-with-congenital-2025-02-24/

Cavazza, A., Molina-Estévez, F.J., Reyes, A.P., Ronco, V., Naseem, A., Malensek, S., et al. (2025) Advanced Delivery

DOI: 10.12677/acm.2025.1572045 724 Il PR 155 2 33k Jé


https://doi.org/10.12677/acm.2025.1572045
https://doi.org/10.1080/15548627.2022.2040891
https://doi.org/10.3390/jcm11071837
https://doi.org/10.1111/jcmm.18004
https://doi.org/10.1002/jcla.24024
https://doi.org/10.1016/j.gene.2021.145464
https://doi.org/10.1016/j.ejmg.2021.104311
https://doi.org/10.1016/j.scr.2021.102405
https://doi.org/10.1038/s41431-021-00881-2
https://doi.org/10.1093/hmg/ddac096
https://doi.org/10.1016/bs.ctdb.2015.07.007
https://doi.org/10.1242/dev.02701
https://doi.org/10.1242/dev.01017
https://doi.org/10.1093/hmg/ddq028
https://doi.org/10.3389/fncel.2021.660812
https://doi.org/10.3389/fncel.2021.760422
https://doi.org/10.3390/genes12060820
https://www.regeneron.com./
https://www.reuters.com/business/healthcare-pharmaceuticals/regenerons-gene-therapy-study-shows-improved-hearing-children-with-congenital-2025-02-24/
https://www.reuters.com/business/healthcare-pharmaceuticals/regenerons-gene-therapy-study-shows-improved-hearing-children-with-congenital-2025-02-24/

fH MRARARIL « Fl 55

[48]
[49]

[50]

[51]

Systems for Gene Editing: A Comprehensive Review from the Gene-Humdi COST Action Working Group. Molecular
Therapy Nucleic Acids, 36, Article ID: 102457. https://doi.org/10.1016/j.omtn.2025.102457

Zhang, L., Tan, F., Qi, J., Lu, Y., Wang, X., Yang, X., et al. (2024) AAV-Mediated Gene Therapy for Hereditary Deaf-
ness: Progress and Perspectives. Advanced Science, 11, €2402166. https://doi.org/10.1002/advs.202402166

Zhu, K., Wang, T., Li, S., Liu, Z., Zhan, Y. and Zhang, Q. (2024) ncRNA: Key and Potential in Hearing Loss. Frontiers
in Neuroscience, 17, Article 1333131. https://doi.org/10.3389/fnins.2023.1333131

Wang, T., Ling, A.H., Billings, S.E., Hosseini, D.K., Vaisbuch, Y., Kim, G.S., et al. (2024) Single-Cell Transcriptomic
Atlas Reveals Increased Regeneration in Diseased Human Inner Ear Balance Organs. Nature Communications, 15, Ar-
ticle No. 4833. https://doi.org/10.1038/s41467-024-48491-y

Safaan, N., Abd El-Aal, B., Emam, H., et al. (2021) Quality of Life of Elderly People with Hearing Impairment. Tanta
Scientific Nursing Journal, 20, 156-179. https://doi.org/10.21608/tsnj.2021.171330

DOI: 10.12677/acm.2025.1572045 725 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.1572045
https://doi.org/10.1016/j.omtn.2025.102457
https://doi.org/10.1002/advs.202402166
https://doi.org/10.3389/fnins.2023.1333131
https://doi.org/10.1038/s41467-024-48491-y
https://doi.org/10.21608/tsnj.2021.171330

	混合性耳聋的研究进展
	摘  要
	关键词
	Research Progress of Mixed Deafness
	Abstract
	Keywords
	1. 引言
	混合性耳聋的分类与定义

	2. 混合性耳聋的临床研究进展
	2.1. 流行病学
	2.2. 诊断评估方法进展
	2.3. 治疗方法进展

	3. 病理机制研究进展
	3.1. 遗传因素
	3.2. 分子机制

	4. 未来研究方向展望
	4.1. 从单基因替换迈向面向发育窗口的精准疗法
	4.2. 碱基与Prime编辑：从“裁剪”走向“改字”
	4.3. 再生医学由“细胞补偿”走向“胞外体修复”
	4.4. 单细胞–多组学技术成为靶点与窗口的发现引擎

	5. 总结
	参考文献

