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Purpose : Mid frequency sensorineural hearing loss (MFSMHL) requires careful consideration
at respective stages including, but not limited to, fitting, fine adjustment, and adaptation of
hearing aids to avoid the hearing distortion incurred by off-frequency listening. The current
study aims to analyze three cases of MFSNHL retrospectively and investigate audiological
rehabilitation with a literature review.

Methods: The participants included 2 school-age children and 1 adult whose hearing
threshold level in mid frequency range shows moderate to severe sensorineural hearing loss.
Hearing aids were fitted following a suggestion based on the National Acoustic
Laboratories-Nonlinear 2 (NAL-NL2). Real ear measurement (REM) and fine adjustment
were conducted at the first visit after fitting the hearing aids. The overall hearing
performance was observed through the change of unaided and aided hearing ability per case.
Results: The first hearing aid adjustment required a programmable increment at low level
(PILL) approach when the mid frequency range showed a severe hearing loss. For the low
and high frequency range with little hearing loss, vent, tube diameter, expansion, and
off-frequency listening should be taken into account in adjusting the hearing aids.
Participants had a good hearing ability at the low frequency range and were hardly aware of
their hearing impairment, thus potentially resulting in a lower degree of satisfaction in using
the hearing aids.

Conclusion: It can be necessary to provide training in using hearing aids and emotional
support. MFSNHL can further lead to worse hearing ability, so audiological follow-up,
including the self-screening, is necessary.

Keywords: Mid-frequency, sensorineural hearing loss, hearing aid fitting, off-frequency
listening, audiological rehabilitation
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159 &4o] A Uehet, fiEs
ZZAAA EH(mid-frequency
sensoryneural hearing loss: MFSNHL)°] A7171% 3t} <&
FYEoAd s e 33k29 47t 70% ol &Est

(tonotopology) E408 Higd Qmazmel AAAze] &4 o GAEE IO T F2 TAE Assitt o] Hieof
o Zs| WASH, wE Zzblmo] AES Zgshx opw 0 A SHE WEAE 43S /IAske IECIN &4 499 4F
3074 ARE Ega old ok Joeld sw Roe  F A XM E I 2R dusy) A4,
9k AAYY(dead regions)olBFL  SHHEngstrom, 1983; AR HEE diFE ST Aed e eER A
Moore, 2001). AgAgTHo|M= 48] A}Zo| UF Zw o] gol JAH7] o A9t Wotd $F FAE oldste,
Aoz AW sAleeo] =W &AER| kS 7HZHYESo] T-Qo] B EES F= AAAZ AHIAE AT
NRSsle] aElE QAFh o la) $HE Fup gelo  UHMarin & Clak, 2015 B4ARY dEe) AEE B
2812 59 2 9k ANY TESP|E SthE Zuke I, £ A=t dshd oY SIS ARSPIE ST Y
off-frequency listening, Baer et al., 2002). ti¥& 2413 Ede] Aot o ZflE BAVIE AR

A 2 e EAo] A3, uFoHE 7t
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Wz o]23IAHdistortion production otoacoustic emission:
DPOAE), #Adx|7FHF(auditory brainstem responses: ABR)
= Aottt

PTAY 029 S5 7PH9AE ol8d &ZAFEsd o
TH3 pure tone average: 3 PTAs)S Q8% 50 dB HL, 9%
60 dB HLE ZZF #EF. 13y & A9 1,000 Hz9 7t
X7t 4% 500 Hzok Hlwsto] 35~40 dB BE A &
ot X994 Al FolX= MFSNHLE TEE
(Figure 1).

SAE o}8HF G X|(speech reception threshold: SRT)2} ©f
Soldf|(speech discrimination score: SDS)E FQI5I3itt.
SRT+= F+ # &% 40 dB HLE ZZ #E=EUL SDSE &+
A EF 70 dB HLY o3ALolA AlPstaa, &8 72%,
AZ 64%5 27t FEE|QIHTable 1).
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Figure 1. 3 cases of pure tone audiogram with mid frequency
sensorineural hearing loss. From the left, case 1, case 2 and case
3. Hearing in case 2 worsened after hearing aid dispensing.

TEOAEE A 9 (stability)e] 99% FostyoLt HRS:
A (reproducibility)o]  12%& Rk,  TYARRHAD)-H-
ZASH|(dB  signal-to-noise ratio) o] Q8% -8.1 dB
SNR, 9% -4.3 dB SNRZ 77 TA=|Qlct.

DPOAE= F2 ok 7]& 1,000, 1,400, 2,000, 2,800,
4,000 Hz9 dBY 2F1-F2 ¥z % S 7L/l oE2& -
20.6, -10.0, -7.7, 1.0 dB SNR, €& -22.3, -12.1, -1.9,
-0.1 dB SNRZ Z+Z} =]l

ABR click &2 A=st] fE6lgl, ¥ JA= EXR
40 dB nHL(normal hearing level), 9% 50 dB nHLE Z}z}
A=

olghd AL, AT Byl o5y wd 52 AR F
A EF 5 1%9 MPSNHLZ Hdslgiy, =HA7
A5t

BA71= 8 AE9 YA|d(digital signal processing: DSP)
WAl 4517 Qo Al AZolF(receiver in the canal
behind the ear: RIC-BTE)S.& Attt ALY AL 1
gote] 3717 22 o7 Hol(ear hook)et EH(tulip)d ol
(ear tipE AMoIA Qlo|=E W (open fit)stATh

HA7 A2k %t 27|24 w4 2ES R FAELS B
F 33 Agsieled, 7+ gARY A s 1 &=
(aided PTA) 9 w4 olSHHFH aided SAE AlFsIA
2 AN HA7] 2E2 3F  FHSTFETAN(The
National Acoustic Laboratories: NAL)Q] H|Xg HA7| 24
WA(NAL-non linear: NAL-NL2)Z 7[4lo& 3k= A4
9] 2E8& AZEQOE olfsiqth AR BAl X7|REL
PTAY Fod 7RIS 7IRteR 7|2} S35
5 7HA B9 Z2 TS gt

A7 #4242 47 =HEH(howling2® AR %
SIHE  FAAEF NN olE B, FEEAo] I Z2
A2 (soft tone) ©]5S IEIMOT  i=of(programmable
increment at low level: PILL) WA AREA}9] 94E 4
siych A & 28 A4S mrleld m PTAs, SRT,
SDSe EF WA 3 idE ZHE SIsHitHTable
1).
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ozt FHHor FHY EHAY7] A UETTF =0
o Fle HaR olsiE &7 fdf HHE=A A7 4 |4
Pt ~2HEZH(ong term average speech spectrum: LTASS)
3} Ao] AlZ(real ear measurement) °]5Z H|wste] HEs}
AtHFigure 2).

2. 34 2

A SEle S Ae S 134 oAz, 2R olF
FAZ UEeith o] FEle FYEAo] I Al

Z g REEA T1EEL glglon, HYEA2 3d A
Aoty BAl BF7] ARSS EREgtod Woret 7kEol
Ll EHY Axg o] wE ulg A Eoldg ¢4 1
gjolo] 28-Z 7|Hoioirt. Fehw gt otk dist A
Zold £71, Saold APEE go] £7] AFA ofEeS
Z7] AFste] AHEeAdnr HEsd BAO dig] S 7R
RO BRI=rt.

ojgty AzloAE F A 1R Aol

oiAe Bt 7R 1HE W Al HZske ool
o=z 9= o] &HME 3 PTAsE 40, 36 dB HLE,
TEOAE AL -29, 0 dB SNRE, DPOAE B#S -13.2,
1.9 dB SNRZ, SRTE 40, 35 dB HLZ 77 #EEQlY,
SDSE F # 2% 70 dB HLOA 92%2 ITEEH} clicke
2 4% ABRY RREEA= & A EF 30 dB nHLE #HF
=ik

A WA 4252 §7E S7HE & PTA, SAS HHE AlS¥siict.

3 PTAsE Q2% 48 dB HL, 9% 35 dB HLE, SRT: 2
B2 40, 9% 35 dB HLE, SDS: & # 2% 65 dB HLOJA
QER 84%, 9& 92%% Z¥7F JEE|JtHFigure 3).

@ Fin o

Note. The right ear is on the left, the left ear is on the right.
The hearing threshold level is O on the right and X on the
left, and the border line between white and gray around 110
HL is uncomfortable loudness level. In contrast to gray, the
bright region in a white color is an audible field. LTASS is a
V-shaped angled range in a white area, and phoneme symbols
are written taking into account frequency and intensity. The
lines that are very irregularly drawn are the intensity of
average speech energy of users hearing aid.

Figure 2. Comparison between pure tone audiogram and long
term average speech spectrum (LTASS).

ofstd, e, ot Wihe AR F A BAY Ag

S 39 £20| 2 585 Uk AZHIEY HEe BE| AE 30

< AT BVl 5 A E%F RIC-BTEER ZA5HL,
19 4ol DSP WAooz ZAAsct I3y EH7] A
HoA AAo| uEl oEZNE st dAHOZ ZIgs)
oh. B37] 2ES NAL-NL2 7]d A|R3AMe] 2EQ 4AZE
ote ARSI, 23] FHsto] mA 2EE AlFSYt &
2} 24 GAME aided PT, aided SAS T A5l
ME AIE IR Mz AT EX%9 wy HYS
PTAs7F 35 dB HL, SRT7} 25 dB HL, SDS7F 60 dB HLOA
92%% A= AcHFigure 3, Table 1).

Table 1. Aided hearing profile depending on fitting stage

PTAs (dB HL) SRT (dB HL) SDS (%)
Rt. Lt. Rt. Lt. Rt. Lt.

Case No. 1.

Initial fitting 40 47 35 35 68 72

F/u fitting 35 38 30 35 72 76

Final fitting 30 30 30 30 80 76
Case No. 2.

Initial fitting 35 41 25 35 92 84

F/u fitting 53 40 84

Final fitting 40 38 35 35 88 88
Case No. 3.

Initial fitting 23 15 88

F/u fitting 26 15 92

Final fitting 23 15 92
Note. PTAs=3 frequency pure tone average; SRT=speech
reception threshold; SDS=speech discrimination score; Lt.=left;
Rt.=right.

ofeie Qom, FAHF HColM ae HEYR FEol 4
A AoR RIAEH. FAzge 59, FHSUL A
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WHe AlSgsle], QE2& AZ9)
&AE PTAsE 60, 56 dB HLE, SRT: 50, 45 dB HLE,
SDSE T+ # EF 65 dB HLOA 84%z AP&Ao] H3H
k. olE FHIFS] Al FHE AT TEOAE B2
-8.7, -8.5 dB SNRZ, DPOAE BH#< -13.2, -6.3 dB SNR
2, cickeZ §%3 ABRS F 7] % 50 dB nHLE YER}
22 AFANE HEEAo]l APHUSS  EIsHATHFigure
1, 3).
BY7l= QEXRL 3t

52 yEste] 5YUg V|FoE AMEsi 2ES & & J
F7HA ERlotgitt. ol W A 9 W HEE PTAS SAR 74
3lgon, 88%%E WokA|A] ¢yl SAEIHTable 1).
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Aol A5 BRE oA SAet AoR Busigh
oy FA F A WS oItk HeH Wk
PTA, SA, TEOAE, DPOAE, ABRS Al&5tgch.

3 PTAsE 222 31, 9% 38 dB HLZ #EEFoY 7H4
A9} AMEH 1,500, 2,000 Hzzb 7P Asta, oy Fus:
749 20014 35 dB A= #olE Hol:= MFSNHLE #
Ze|chFigure 1). SRTE= F A 25 20 dB HLE Y
t}. SDSE ¥ A WE 65 dB HL olS7=olA 88%= Zz
TEE .

TEOAE H# Q2% 83, 9% 5 dB SNRZ, DPOAE 3B
#e Q8% 24, 9% 44 dB SNRZ 77 WAEYCh ABR
< clickg AF319on, 22% 30, 9% 40 dB nHLE ¥
=k

ofsty, FZe, ostd W AR T 7 AV Ag
S Aysi¥oy vlg 52 TSt 9& 2 19499 DSP
upalo] RIC-BTES 2AAstoitt

Azt A 2EL NAL-NL2 7|8F A R3ALe] 248 ATEY
olg olgsigith. BAYy] 2Ye S|, AFuee} DR e

H

HEREE TEsle] AL 4e oSS EUT, T

1o

(frequency range)s 3 T2 V|EAH e ‘FAHH
T 7K 3RS 2370 Agsisich. 4 ol SR
e Ast &3 F 4 HEE ZAVF Ush AR AASCL
FAL AR 875 WYt § 1 PTA, SAR gRIsHe
o, gL KA = A Table 1).

Figure 3. Changes in hearing progression in case 2. The
three audiogram are performed before 11, 5 months, and
recently.

. =2 & 8=

o] Ay+= MFSNHL HZgE FHor FAsie] fit
ZQ1 H7teHA Ajgof| tisto] aRlIstarA} Algskelct.

FY PA= S 59t dHF 5% = FUetal Q)
O m(National Health Insurance Service, 2018), 71219] HH&A
< A& Agsto] Q1Feke- oflo] "t Fe: wWori 9l
tHHeo, 2019). ¥¥H¥o=z &2 500, 1,000, 2,000,
4,000 Hz 7F49A #Ho] 59 B¢ 6.8 dB AT A
(Cruickshanks et al.,, 2003), Uo7} &% ¢ w24 vHRd
THHeo, 2018). 121} MFSNHL2 342 8clo= t ml=
A Yk £ QlE=t(Birkenbeuel et al., 2019; Moteki et
al, 2012; Shah et al, 2005), o] 479 1oIAE 4
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oAl 3 PTAs7F REZ 14, 9% 20 dBY ®}E 30| T2
|tk olet IS AEHAQ] ok, HZEE AT Z
85PH(Shah et al, 2005 BZ4AAHL AHIAE AlFoh
Aot ATE FQ5HHHeo & Ahn, 2016). 73t
SHolA= A7H AE EFT ARE E folu HE 3o
WA Y Y S R BASke Aol =% E & Y
(Heo, 2017b: Heo et al., 2017).

HAY7] A 9 AR 9 AL Ao Esied,
MFSNHLZ AFuas Heo] Hlwd ¢5gt #Holoh Iy 4
2] A7|(speech power) QA= AFupg> tjdjo] difiE
ofgitt= ¥ o MFSNHL WAAe] A2t Ao @2
I U3, AR TR Yopd £ St WEAEC] FEAAY
AME BE, 49 9u], ¢k, "Rdt AR FIA, AY g=A
HA, AAA A7 53 #HEste] 49 A8 BA BrRR
(Heo, 2018)= H& 2ot HA7] AMBo] ofgt A2 &
£ AH Ade $8T Ao wkEr

BZAAE G fuAz &4 #-sie 49 A7E
24 A7 & glen, olF HASHH P9I ET ol
g2 gAA; A2k diEeol SlthKuk & Ludvigsen, 1999).
AAE BAY7] AME TR NAL-NLICE  2E3 3¢,
49%7F WESHRARE 46%71 olHTh W2 o]5Z Aot
(Keidser et al, 2008). ARz RHA7|= FAfitting
formulae)e]l &gt 2ATCZE= oWt FLox HYF&HE
destA BASE] ofgth AEAl HAY] 2EAS oAM=
FEEA B0 9= FAg FA0) g 2dd A AR
879 A=A dtdo] "WAshH(Heo, 2017b: Keidser et al.,
2008; Mueller et al., 2008; Zakis et al., 2007), °ol& %3
4 oRE AF z7|REH AT £ tKNo & Heo,
2015). MFSNHLZ Wi5E A4 dHo] sHiEE Hol
£ ZKim et al., 2016; Teresa et al., 1998; Woo et al.,
20103 g7 7 Fue &Ao] ©E AX ARRA Q7
o0& A 71€9 287t Atk

i

RORS (1<)

!

g b

o] AFoA EH7] 2FL NAL-NL2E 7|itez shk= A
XA A 2A(quick fitting)S 7]1ECE FFth o] NAL &
A AR A BAS Aol 1okd widE BAY] 3
o5 ZAY®¥Oo=Z 1,000, 2,000 Hz9 o5& Axski, A9
of 71EAE Z{3dh NAL-NL2E °|Z 7|Eog 3n, AY

&Aool & 1 299 Fago] w2t Zolzh gFey 1,000
I 2,000 Hz °ol59 ZAx= 492 5 doh 139 AS9Y
7FeAle E9E 8Qlojth A A HEEAY B2
UZHE Y(expansion XH)OE sl I e BG4S =
oAU 2 ALY S92 23 F+= A(Kilion, 2003;
Kim & Heo, 2016)°] =& 2 &= itk o] dFoAE lojx
£ YHolA %= FEY EoIE AFY U= WFol B
gct. 1292 71 (dynamic range)® IXA £24S
geElsiAY fa FuewQl(frequency range) AR, &3 =
=0 A4 2d o8 EY 4 em, FueHeel o)
48 HASIt S 29 S HEdAHo] st Ft
g Attolx TEE] HAY] fE FuedY 9o usw)



& 7H9AT BEE S Btk oEdt AedAEE E
3719 3EZ0] €715 WelstAY 371 FEEARE olofA)A]
ATE SIS 28N FHAA7L Easit

A2 dAoA 2E3F NAL-NL2 79ke] A=A} &
2 L% AR F Edol IIHLE ARA 4 xE
| 2dol| njg3t xEAEC] Y HAIAY 9HE
2EE Qo kst Aog, AUl st 243t wwst
W UEEE U2 Ho|tKAmalni et al., 2017). A & EW
2 139 797t F Fue digE £ MFSNHLO
2gst AL FH Yoz B 4 9ok weki] MFSNHLY B
A7) 242 A dAREH Tl 7GRS daA 37
52 133 FHol oY Zog moHEch o] IHHoN &
ot o9 HYw(SPLogram)oll E¥717} ZEAZ] LTASSE 4
o] 24ztog Isk= AL FA Lol E 4 Sl ok
o] FE2 owg JPoI5 FHHE AgstHHE FEoHA
YAeHA| gkomz AREALY] FA whgE 7|xS mA 24
o 417& #of gitt.

ok AAYFY] Al Z|AEolA Hd AE ]
S4E FEAE A FH BES FEARES B9
T Stk MFSNHLOIA Q1 Fukpelo] 7EYYA] Aols &
0|59 Ao|2 oJojx, HYLAo] F Fukp g9 &2
SESIAL 99 VIAEolA AESE FHY [EAE AFoF
ojojd £ Qlrt. o] W HA Fucut off frequency)7t
3,000 HzEth wo0d SFol5 ¥ ZY3Ye Azt "art
YA olHth wow A Fu FHO EEYS Aget
of, A& A 19 HEo] ool o] FI}z
o7 7|8 4 QA dfof dHMoore et al., 2000). 1<
o] BA7] faFume "o gositta T o
Foeg oY d9eg ol e Fug HY Fu
A% 71&9 82 Hsjof dith.

o Q9Fsld, MFSNHLE 347 g9loz Ho| miz
A vl = glod, ofgt ®iske: x7]d F-lsh] Sl
e AL AE EFS F718oln A&4Q1 FATEo] ¥
asict. o] IoA oI HETE FARAoIAE AulA
oAt 71 AR FAE BASkL SlolA oY #H2 F
ZHA Hste FA TAT £ Aok gEpA AojAgEETke
A was g 2 o] ¥rh Ee B3 A A% 52
2 W F83% 9T T 4 k. HH2S AZo] YES
W Aol RolAu YL HA| gt 99t wWE
ek ol EAY] ARSI 49 H WEZ AStE ool
QoA EA7] AE A" A FAH Aol Hasih
MFSNHLOA - HZtshd g2 HEeio] At 57399
SFol5S PILL REE HASHY, o] v|lwd ¥oT AL
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