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Purpose: This study investigated the tinnitus relief effect of the stimulation listening method in sound
therapy. Methods: The participants were randomly divided into two groups: 16 in the continuous

listening group and 15 in the intermittent listening group. The participants listened to broad-band
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noise at the mixing point level for 3 months, either continuously for 2 hours or intermittently 4
hours for 30 minutes, depending on the group allocation. The results of this study were confirmed
by measuring scores through the Korean version of the Tinnitus Primary Function Questionnaire
(K-TPFQ) and visual analog scale (VAS) for tinnitus loudness and annoyance at pretreatment and at 1,
2, and 3 months follow-ups. Results: Average scores of the K-TPFQ and VAS for tinnitus loudness and
annoyance significantly improved with the duration of sound therapy in both the continuous listening
and intermittent listening groups (p < 0.05). However, there was no difference between the two
groups regarding the stimulation listening method in sound therapy, and no significant interaction
effects were confirmed. Conclusion: The method of listening to the sound therapy continuously for 2

hours and the method of listening intermittently for 30 minutes had similar tinnitus relief effects.
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INTRODUCTION

o|(tinnitus)o|et ¥ I A=0]
I A 76t Ao R 24 52 2o 4 5
Z}st= 34(auditory hallucination)d 2] YHEA O
H-a7 &2 9= 479 Zol & 5 §l= FH
2 EAS Hltk(Langguth et al., 2013). 20229 %
o ZARRE A AAIA 419 ol FHES] AT 14.4% (95%
confidence interval [CI], 12.6~16.5%)% 1 H= 4.1%
(95% CI, 3.7~4.4%)°l1A 37.2% (95% CI, 34.6~39.9%)& et
WtH(Jarach et al., 2022). °|¥-& Akl Y= A= °f
Ho EARIC 2 & 7= ol 2]of o] & QIgH o]AHHR]] ZAE
9] Ao Aotz A7 HZ 5= dom, ofgE ZA12] 9

L A IEI B FARE Suel, BFY % Fo

o
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g Aol =5, & A S5V THFSHA vErd 5=
(Langguth et al., 2013).

o|©g o] EAA FF= &017] sl E&s5t= ALY
A2+ 47 A& (sound therapy)7t Ut} &g X85 9
F 48 AFE& ZFote] £PFH o R SATE AB7HAA
(neuroplasticity)®] JAIE Frot= Ao B4 & AL
Alo|t(Ibarra-Zarate et al., 2022). A1737ta/dolzt WS}
Stz 2o J8SHAY &AL ERY &S 9 58S
oot (Malenka & Bear, 2004; Nyffeler et al., 20006),
Jastreboff(1990)7}F AJAIgt 4174 2] ek4 o] wt2m o]
S50 7 A2} HAA Abol9] BAAQl A77a9] B4
3l= Qlsf WA¥gtttar 2 A Atk

of 2] A3 A-tollxts 4] A E7F HAYH 02 S5k 417
7kAgE JAsto] o] o & QIgh o2 idgitial B st
Atk Kutyba et al.(2022)2 ol¥& Z+= 5289 A& it
O 2 67)E7t skl H4 30+ ol AT A=E AlPsta,
o]18715A4(Tinnitus Functional Index, TF)2} o] gz
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Z(Tinnitus Handicap Index, THI) A&X& &3f o|g9] &
3t AL g SRlokoint. TR A7t 8719] 519 MF(E2e,
A, AR, 9, H7E 43} 410 A 9 ) E A ko=
27} Bl AER|o|H(Meikle et al., 2012), THIZF o]©go] LAk
A 9 ARA]E 7150 vlAlE Gl st B7lshe A
7} B 31 AEXJo]ti(Newman et al., 1996; Newman et al.,
1998). A+ A3}, A+ oA 54% (527 - 28%8)0llA A
TAY] Bt Fa7t SAALE FoulstA Akt Cuesta
et al.(2022)2 o] Ak = AU 832 L& 471
L2 wid AT A MRS Xt on, THIE &9l A+
oz} 5 96% (839 Z 80%8)2] Wt A7t 4] A= Ao H]
o AFH 0= Fofn|oHA At A ERlsklth

A A59] o]y A3}t Git= 3 717H L Azt whet JoF
= &2 5 9tk Li et al.(2019)2 3701 &<t 222 A 25 Y
ofo] 48] A&7 A, AP & 25 45, 85 ¢ 125 Ajvjc} THISH
AlZrobd 2 1A % (visual analog scale, VAS)E =75}t
At 2} A A& 8F AFE HAeA A4 fou]et 2fo]
7F UErEoH o] o9 a8 A= 77} 4P A 59| By}
Ato]9] AJoA-g-& AARITE E3L Jin et al.(2022)2 ¥H3 o]
= skl = AU e E dY 48 A& HFH ARt
w2h 1AZE 3AZE 2 SAIRE 10 2 Wil 371 5k AF
A =g APstel o, gh=ojit o]PF2 75 HA(Korean
Version of the Tinnitus Primary Function Questionnaire,
K-TPFQ; Shin et al., 2019: Tyler et al., 2014)E 53}o o]
9] st A& gRlskoltt. A A, 347} SAIZE I5-2 &
2] A5 A AEAY H57E AR SR foulstA #4stal
ouf 1ARE 159 A AEA A4 Apol7F vrEhA| ekatth
olg|dt Axt= 4] 59| YU HH AlKto] A= oPY &
3t a3t B 3A Ueidth= A AR

Jin et al.(2022)9] A& Sl &8 A= Y HH Al
o] A= ¢ & o3P A3t a5 7T 5 AUS= g1l
ou}, IR thgARIA BRI 4] A& S HS
420 2 HFot= A thh of2e 8 7o)
£ g tijke = A A A= 59 oY
&2 0 & HFol= ol Sl 4= o, T&AQl
o] A|&AQl A5 Wy} vl wste] FARE o]y &} aikE 7
1 5= I=AE FRIe AT A= oby] BAjsict ojnff T
A A3 A=Y AHRE 7T 5 s 84 F s A7EA
goltt. o789 4] A= A 2 FAFZ o2 S5k 4l
37t AAIE Feote Aol 54 £ Lo (barra-
Zarate et al., 2022), A737}a4d9] HSLE &A1= St 71K
9912 z}=+9] HHE T} #gfo] Qlth Nyffeler et al.(2006) &t

E2Q1 FAF/NA71 A= (repetitive transcranial magnetic
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stimulation)& &8l A737k4/d Bi3ke] A|& o 1.5 &lstar
A} sigiek A+ A, A=) vHE 3157t STl whet ok
Q259 FE7] A&AIto] 371RhS EjIsteleH, o= &
At A= ZEEZS WHE2 0 2 A-gs}= HHo] A7t
W] X &S Pttt A gttt & A= 1S
& @& AF(discrete-event stimulation)2 4173714 ¥
3ko] X&8S £A5H= Ao & Holrh o]jo)i: 308 o]y 7t
29| ch& A A= GIHRE] 24AF 7HA 9] A A= a9t
A hFeE SEA A= 27004 AF7FAY Q] WSk o8 A
&5 Ao 2 JePdthBiumer et al., 2003; Karni et al.,
1995).

ol A5 YO & A NRE Sl A 473714

of A fuste] o] B olele-2 AN, 47 R of
3 95} watol] JFL 0]E 5 Y 84T AT AP A7E
cRFsie et 4] AR S0 ASHOR B P
3} 94802 P el T2 oY Yot wiE g
A7 obx] BAfstc Qubel AA7kAA0) A AT A

243} $4) ARHE T5to] oF 205014 G0 Aol ¢

Al 2
Qs ont, 2] A=) 48 AT AA7haAo) vsts
53 o]9] 5} S Yehe] el ol 51 241
ol4te] 2] 7S /1Y o4} Fels o] Wasktiy B
StATH(in et al., 2022; Li et al., 2019). oJo] we} & A=
47 Az o)y ¢} AT} UERY] Aot 2417k U
48] X2 FF Ao AAsk, 247HS 3084 432 U
of thalo 2 et WpeIAE A7HAe] Wal olst
o] gejulgt Sabr} LieheA] Belalaat stk

webd 2 Qe SUG AT 24NN 42 (R &
£702 P A4 B3 187 49 A= 1 4AL T
4312 o] FHT B4 33 159 o A AES v
stof 42] A=) 4 93 Wl e olge] got ane
QUskaA gk B 7o) A 23 4] AR0) 49 Wl
B Fol=ERle ANSHE o] $-83 ARE AT 4 AL

Aol

e

o
=

=

i o
i BRI R

=

MATERIALS AND METHODS

A7 oy

&2 AFE=olgor R EHete T45ks 4le
Z9} V& 9 A9 78S S8 § 318(84d 247, o
Adgstint A wge] A3 9 Al9] 7% Figure 190 71&
SHAE & Aol 2E A7 o] SRk F 8479013l er,
1A ATEHARE 53 o199 7Ite] 11 mRke] i idAkEw), &
A ol A& H A e dAAHE), dAol AU 2471



£ 2851 e tdAH207), ol AgHe: o145, Yl
E )2 1 = diAER), & 718l HEsP] ol o
ZFAHATE) 2k 371 o) Aot Bl BAFE A=t Eole Aol
A W2 HIAHEE)E AQdste] F 4470 EatlaL, 407

WrESte] 22F AMAALE APk 23 AFAAE B3
A=kl 500, 1,000, 2,000 Hzo] B 927} 40 decibel
hearing level (dB HDES &2 3% W oAk thAl=}

(5%), Korean version of Tinnitus Primary Function

Recruitment
(n=284)

Exclusion criteria 1

* Tinnitus less than 12 months (n = 8)

* Currently receiving treatment and
rehabilitation for tinnitus (n = 3)

* Hearing loss or hearing aid user (n = 20)

* Otologic problems (e.g., Cupulolithiasis,
Meéniére's disease) (n = 3)

Call interview b—>
« Cannot visit this institution (Hallym

4 University) (n = 4)

st screening * No response (n = 6)
(n=40)

* Pure tone audiometry (PTA)

« Tinnitogram (tinnitus pitch matching &
tinnitus loudness matching)

» Korean version of the Tinnitus Primary
Function Questionnaire (K-TPFQ)

* Visual analog scale (VAS) for tinnitus-
related loudness and annoyance

4

e

Exclusion criteria 2

* Pure-tone threshold average at 0.5, 1,
2 kHz higher than 40 dB HL (decibel
hearing level) (n = 5)

* K-TPFQ scores less than 30 (n = N/A)

* No willingness to proceed with sound
therapy for 3 months (n = 4)

* Installation of smartphone application
'CARE4EAR'

* Set up loudness of stimulus

* Education how to use application

I \ 4

A
2nd screening
(n=31)
\

Call interview in the 1st and 2nd months
* K-TPFQ
* VAS

Tinnitus sound
therapy for 3 months

* PTA
. * Tinnitogram
) K_TPFQ
* VAS

Figure 1. Protocol for this study including exclusion criteria. n:
number of participants, N/A: not applicable.
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Questionnaire (K-TPFQ)9] z7] H47} 307 u|qto. & o]F

O = QIgt 1Fo] IA] 2 thAAIENT ¢l2), & At tish

AYS 531 Fofspr| offrial S-S i dAH4E)E Al Lloto
|

o] BASAT, ol o) B 3199 AT S A

o) ;ﬁ

ok

A9 A RS S AFHE 3182 F29 £
(random allocation)& &3f 48] A& U AEF 0
Hot= X454 HFH 15 16%8(3H 12, 94
& 7H 7S T 43] Wiro] AFlske 954 B3 15 157
(93 127, o4 3%) 2 & FHjjstaicth. A thAte] Hat A
2 244 A3 25 49 48.81A(standard deviation [SD],
14.37)%1 09, &&4 H3 159 735 49.6741(SD, 10.42)%ick

N
of
k=

v

Yt =7

2 AFolA AHEE B7F = ol olgF8 s A
FAK-TPFQ)} o]'89] A7], oo = QI &3l thet A
ZHoMd R DAL (VAYR, & B5F A7t Ba(F7}) AEAolth
K-TPFQ#t o] o2 Qlsf| WAst= 412 A& Aot =&
QI 4= Q= HEAR o]Po & Qlsf Fa3t =0l FYE A
517 o, °lE vhao] B2S Ee= ot 821 F
sholty 5 A5 A8, 71 58 9 H Y] 71 519 '
£ 7= AEA 0|tk (Shin et al., 2019; Tyler et al., 2014).
K-TPFQ+= 0014 10038 Ato]e] HeE e H47t =&
5 o]g o & QIgt Fo] Al SRk, EE o]y AL A
FE gAY H57t 137 ol HEkellE Ae YRR
oJu] 9l WSkt Il s stcH(Tyler et al., 2014; Tyler
et al., 2020). & =01 A& AT Z73 K-TPFQY] A7}
137 ol AAsIE 4% YA o= Fon|et 4SS Halrk
I ghekeh 4= glom v R 137 ol 7S A A
O 2 {ojujgt ot Bl wed 4= Qi

VASS| % tidAE o &3l tiste] QIAIeh= 22l
o] A% AHE At Brkste] dAA Gl EA
(Torrance et al., 2001), & A7oA= 249 9& £
04, REZ £5 1008052 A5t A7} oFskr = 9=
Ao, A4S 2EF Ao HASHES: QhfisIelth 2
TE 590 ERlst= T2 2= o]H9] A7|(loudness) ¥ ©]7
O 2 QIRF A-F(annoyance)°] 31oH °|Fo A|T12e: s
ofgfjof] FAJS|FA| R, OF LR Qlste] 7= AFold A7t
Aol J=g ol#jo]] HASFA| L Bt EFCE /dok3ict o]
g9] 27] 9 #A-Zof tigh VAS 2] A A AFE d4rt
157 o} AslolS W AYH &2 [Fofu|et b7} ettt
1 sjAfRteH(Adamchic et al., 2012).
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22| x| oE2|A 014
2 A9 47 AEe oY &Y Am fEA A
(CARE4EAR; MIJ, Chuncheon, Korea)& AH-&5}o] 21845151
o} &P A& OHEEH]OV#QJ ShES 15 507119 Hert
AlE S HEDL 28 A8 Y ZF AEE 2ARF 52 30%
o7 AAS 4= 9)= Elo|Hy H1E 831 A5 glo|Hof ulet
T2 3 A RIS £ = AR BAIR HA5HT &

ool EAE H2o 73

S}
=2
(o]

F

47 A2 890 BEE st A
0% A4S SU0 FuIt A4S T 2 &
242 290 A7t 38 Eoit B ofSeAlie 29e
AARGS A B 715 AgstolE 29 Jug 24T
% giol vl U A A7) ARE AP S glon, AT
e BE PRl 24 el g 3 Y] 29
M5 ShfstolTt. £ oS ellol 4 tAt A5 eroln]
o AIZH 59 S US T HHFAE A ‘U e T
7 &9 FEAT Holnti fZeAolAE SR thA]
£31912 1) 271515, 0] Bl B4 33 152 3089
47 A2S AT F b fBA| o] Wsto] el A2

& VIR LTS am

F7I=
B 48 1

o,
)
i
N

= olg
=29 A= ARSI %1‘:}

2 A g dA 2y B E HX}= Figure 19 AASHA
o 2 A9 R B 79 i o]ie] o]y ¥} IS
F5 vloH 7HH| oY= I E5F A 7(https://cafe.
naver.com/onquest) S So4] APt 71 AAZS
Boll = 718 a7l E A HHo) el 7St e, = &
(Google form) H#AE A&t A ZHof AHAE st
At o] & o] AHAES HFoE FARS) JAEHFE &
S 12} AEHARE Alstal o, AAE AR =2 7] FA
£ {8l £ 7131 st E HHEsho] = EAR o]
THANE AFslth &= AANE B 23 AEAAE B
It A= K-TPFQEF VASE AH/dstdon, 9 g2 3
ZIAEAE ol A g AAF R AZA] tigt 1" Y2 =S}
1 A AR AFE 19 oY AT AHo| Sle e AF
o] At g AshES Boto] MFPstoict ¢ FHAA R o]
574/\}~ 40 A-weighted decibel (dBA) o|3}9] A2 AL
zkz WS A Yo A Y HAP|(GSI-61 Clinical Audiometer;
Grason—Stadler, Eden Prairie, MN, USA)%} 3| =&(TDH-
50; Telephonics Corporation, Farmingdale, NY, USA)<
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AHE-5o] ZgYstel o, A 22 iAol Helket 8
oA &AM SHY 5= UEF AFAR} AP L= =
gelA ZFstoint. A+AE =AY oY EAAL A
A 2Mde B Rl RSOl A & AR 29 Aol o
o QFstelor, & Ao FHofE et A=A o
T WA FA 2MdS 8753k o] IAofAf 7 Aol I
of7} ofgl & A Zrhal SE e A AtollA] AlLsklth
A AL FAAE ARt FF A iR 1S i
o2 529 Bty ol A&H 3 15 9&5F 33
IFC 2 AAstelon, A A5 FUE 3/d 53 skl
= 2/‘]71}’2‘4 50 wet S glo] A&A 02 3ot Al
24 43] LHro] T 0 2 3ok WA o= Qhistelth
01?1]'— A=A o 48] A& fEA A 74 =
A% S|=Z(ETEREO ONE: MI)E AZsigon], 42 Au
5 ol 47 A= fEYACIHCRE Ysto] EHL
£Z 59l BFIH=E sttt 2 A2 o] 4] A'
A& Fupsr ool gl FiH a5 (broad-band noise)
F-&5to] RdPot3on, Adobe Audition 3.0 (Adobe
Systems Inc., San Jose, CA, USA)& A&310] 44,100 Hz9)
AEY % (sampling rate)2} 32 bits®] EAAE 7H Y=
AZslet. AA=59 A AL 4F AE FUE WA
o|gE 5| AHHSh= - FE At A BeE R e
Ao 2 S9kHE ot S Ao MSE A5t A+
A= At A o & Aol S Bl AFH AT A& YUY
AE HSE Agsto] 3ot Wy 15 sidohe= BolH
£ st i, 24 SEEn AEES Adots W Y
ofZeA ol AHE F FoAFel thet &S APsHAct &
o] 27 A5 HpH o 2L 512 |t 2A177HR] AF8SHEE QR
stlom, tiiRE AAR o] o= Qlsto] J7Hle L7
Zholl AH&SHEE QEiSIGIT E3F 3084 Yol &5 ©
23 359 A% 3079 48 A& & ths 48 A= AF
THA] 242 2A17ES] A Ahe P S Qhistlth ATt A=
/\‘11:]1—‘::'- E3 H /H?Ho}- 7]—5 Qoﬂ ]:]—E 7T-E§ Z‘]Ho}- l:H/KJ—Z]:
A& A A8 FEZ A 2 A &2 B45E FH OF
% 3089 48 A&7 e T 247 o|Hiof] &7 A& & A
gt RS FRlstal, s tidAtolA BE = Agsto] &
HEE 4] & A0 2 AT £ Q15 S25iqlth
A =55 APt 1744, 278 Aoll= A2 RA <
HE &3l A K-TPFQLF VASE S5t A+A4t=
A CHE%T—J E*é” WA A Aol A S T
SolsHA AP Al SH= &
%—E— /\1v°ﬂ 2= 2Hdst= Aol diet 595
Z1gsteit. QIEF A2 AR AEA]

>

to oo A Ul

¢

B r{r

2]
R )
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= = =3l sdshs =S 0~1004 A+
olo] 4= SHoh: Zo g, AFAE ddAelA 08 A
& T4 ot 10082 i I9HE fmlet 1 Sk
SHE & e skt &8 A

=5 AP A 379 Aolle A7 WA £ 7S A
shof 27] AAte BLT F& HAE AP A7k =
S} oIS BBl HAe] Y | ogof st
7h R h9k=A] RISk &5 gl ol g At
7} Bd & g K-TPEQSE VASE ZHdstglon, ols &
3l TR QIS ofF # oo et S Hrmo] |
SHE gRleharat atgint. & A= skl BEaE ey

(Institutional Review Board of Hallym University)Z5€

A9 g, E4 9 Axpo] sl SRl & 26 lrHE
WS #HIRB-2022-034).

Fisher et al.(2017)2 AdolA thIAE FAHZ £l
3 o] o= IRt A Y] A 9 ol Feb Al
o] ojuet Hfe=, AR Tk g sIoltEE BE Ho|
HE &40 zgstojof ghrfar Ajksielty. A+ 4349 £4
A, T g Wg 52 1Eshs Zo] AR AdllA i
T SAHE HLo19E W9 53 7€ ST = W o
Fo|tk(Shrier et al., 2017). TekA| 2 A= X ZOIFE 4
(intention-to-treat analysis)= A&} oA F&L=
2l 2E R vlole g Zate] Z3stgl o, S gEt
S /g Ae] 7% EEket AlolA F-Al QIEIR-E &5l K-TPFQ
ot VASE S7st3ith & o|% AL AIFY HlolE= T
g )R] o] BAAE Yot ofd #EA| HEEA
H(last observation carried forward)S AF&sFATHKim,
2020).

A

A% dloJE= AZEF[o] SPSS version 26.0 (IBM
Corp., Armonk, NY, USA)& AH-&-5to] EA519]om, 24 %
3 T 42 A= 7)7hol| wE K-TPFQ2F VASY] 45 H]
wsto] o] A3t aIE FRIsH| s HHESA o YREAr
X (two-way repeated measures analysis of variance)
= AlS¥stoitt ERE B tiAdAre] AR A HekE 7iEE
o2 gelsta, PriEE JAH 0 R Fajt H AT Ao
(minimal clinical important difference, MCID) 7]&0] u}
£ o8 &3}t Fr o] A Fofnlde BAISHIH:

o [
o Jx

RESULTS

2

£

T olg &2 A& H(pre), 17F4 ZH1 month M),

TR Lee & IK Jin ASR

NG A2 M), 3788 2H3 M)S] K-TPFQ Bt VASC] thotef 4
2] A 59) A= B3 o] whE &4 FH 15 954 3
F 5ol i HAEA M9 Ao, o] &g & 7|7k wE
AEA W9 2to], T 5 AP A= 7]t 2 AAE
IS 91519901, 015 Table 19 AIAIHALE

K-TPFQQ A% A&4 FF 153 954 HFH 15
w2 AEA] Je] Fou|gh Afol= YERA] FLoHE =
2111, p = 0.157), o] &8 A= 7|7t w2 AEA] M4
45 refulgt Aol & BHISHATHE = 26.061, p < 0.001). A&
A ¥ 253 E5A HF 259 A2 A= V)7t B2 {9
|3k g5 A-g Gk UERA] e Qkeh(E = 0.411, p = 0.674).

ojg9] Z7]o] gt VASY] B¢ A&H HH 15T T
A AF 25 o2 dEA F4e F9vdt Afol= YRt
A FFOUKF = 3.723, p = 0.063), o] A& A& 7|7t w}
2 AEA] Ao A9 folust Xlolg FRISIATHE = 7.696,
p =0.00D). A&A FH 250 &8 FFH 259 A9 A=
717k M2 F-oJu|gt A5 Bt UERR] EFTHE =
0.112, p = 0.895).

oo & gt Aol tigt VASY A$ X&H A I1F
I A AFH 5] o2 AEA F49] f-9u]gt Zol= b
ERLEA] 2 OUH(F = 2.077, p = 0.160), 8 &8 A= 7|7t
of M2 HEA Ao A FYu]gt 2ol FRISHITHE =
16.683, p <0.001). A&4 33 153 G&4 HH 159 &
2 X7 7|7t 2 {ou|gh JSAE Tk YERER] %k
THE = 0.020, p = 0.987).

2 dv= 2548 B3 A5 9 e ggRe) JiQE da
gelstal, H7F =7 MCID 7158 S8l 7191 tiAkAkE o]
St HEO] AFA FouldS BAskalAt oFglth. TPFQ
749- MCID 71&& 13322 Aokl QloH(Tyler et al.,
2014; Tyler et al., 2020), o]g<] 27| 9 #-3Z-of thgt VAS
9] A% MCID 712< 15382 & AAska Yrh(Adamchic et
al., 2012). K-TPFQ&} o]g<] H7], o] L & QIgt #-Fof thgh
VASS] 158 BE digRte] Al A Aot AAE A
Z44>E Tables 2~4°1 247} A A5t

A2 AH 359 4 1682 A F K-TPFQS} o]
9] A7) 9 A3l gt VAS FEoflA MCID 7] o14d<] 7h4
< HQl iRt = AR whet 7~12%0]92H, MCID 7|&
o]gke] MishE HQl tiAdAt= 3~90]tt. MCID 7] o449
o151 29l tjAIA}= K-TPFQOIA] 1%0]]ich

@A FH 259 A% 1589 A S K-TPFQE) o)W
9] 37] 9 A3l thgk VAS &= A MCID 7|5 o4+<] 714
= QI A= AEA 0 et 8~1291%lem, MCID 7%
n]gke] MishE HQl tiidA= 2~67801t MCID 7] o439

(‘
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Table 1. Result of two-way repeated measures analysis of variance between-group (continuous listening, intermittent listening) and

within-group (pre, 1 M, 2 M, and 3 M) for the K-TPFQ and VAS

Source of variation ~ Type IIl sum of square ~ Degree of freedom Mean square F-value p-value
K-TPFQ scores  Between-group
Group 2,267.434 1 2,267.434 2.111 0.157
Error 31,146.840 29 1,074.029
With-group
Time 7,504.873 2.091 3,589.019 26.061 0.000
Time x group 118.489 2.091 56.664 0.411 0.674
Error 8,351.157 60.641 137.715
VAS loudness  Between-group
scores Group 2,953.314 1 2,953.314 3723 0.063
Error 23,002.734 29 793.198
With-group
Time 3,327.496 2.007 1,658.010 7.696 0.001
Time x group 48.464 2.007 24.148 0.112 0.895
Error 12,539.036 58.201 215.445
VAS annoyance Between-group
scores Group 1,847.521 1 1,847.521 2077 0.160
Error 25,794.818 29 889.476
With-group
Time 7,828.101 2.252 3,476.524 16.683 0.000
Time x group 9.552 2.252 4.242 0.020 0.987
Error 13,607.786 65.299 208.391

M: month(s), K-TPFQ: Korean version of the Tinnitus Primary Function Questionnaire, VAS: visual analog scale
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Table 2. Individual scores of the Korean version of the Tinnitus Primary Function Questionnaire (K-TPFQ) scores at pre, 1 M, 2 M, and 3 M sessions

K-TPFQ scores

Group PN
Pre 1M 2M 3M Pre-1M Pre-2 M Pre-3M

C 10 68.00 39.50 30.00 13.50 28.50 38.00 54.50
16 82.00 19.00 49.00 27.50 63.00 33.00 54.50
2 49.50 18.00 10.55 5.00 31.50 38.95 44.50
13 60.50 30.75 31.25 22.75 29.75 29.25 37.75
12 53.50 41.00 40.00 21.50 12.50 13.50 32.00
1 47.00 38.00 28.50 17.50 9.00 18.50 29.50
3 63.50 62.00 54.00 34.50 1.50 9.50 29.00
8 66.00 44.50 45.25 42.50 21.50 20.75 23.50
7 91.75 73.50 80.00 70.75 18.25 11.75 21.00
6 80.00 71.75 65.00 63.50 8.25 15.00 16.50
9 70.50 62.00 67.75 54.00 8.50 2.75 16.50
5 37.50 20.00 25.50 22.50 17.50 12.00 15.00
15 63.00 56.50 61.00 57.00 6.50 2.00 6.00
14 68.00 62.25 74.60 66.25 5.75 -6.60 1.75
4 34.50 34.50 31.25 37.75 0.00 3.25 -3.25
11 33.00 62.00 38.00 48.50 -29.00 -5.00 -15.50
Mean 60.52 45.95 45.73 37.81 14.56 14.79 22.70
SD 17.11 18.71 19.80 20.40 19.43 14.26 19.81
SE 4.28 4.68 4.95 5.10 4.86 3.57 4.95
I 30 73.00 61.50 42.00 32.50 11.50 31.00 40.50
22 81.50 63.75 60.00 43.00 17.75 21.50 38.50
21 78.50 66.50 51.50 45.25 12.00 27.00 33.25
18 32.50 16.50 8.75 0.35 16.00 23.75 32.15
17 66.00 55.25 37.50 35.50 10.75 28.50 30.50
23 57.00 31.00 36.50 27.50 26.00 20.50 29.50
29 79.20 69.50 67.50 51.50 9.70 11.70 27.70
26 53.00 43.75 39.00 27.50 9.25 14.00 25.50
27 76.00 84.50 72.00 51.50 -8.50 4.00 24.50
19 79.50 71.50 67.50 61.00 8.00 12.00 18.50
24 69.00 66.75 51.50 52.00 2.25 17.50 17.00
25 86.50 74.00 77.50 71.50 12.50 9.00 15.00
20 49.50 52.00 60.00 46.50 -2.50 -10.50 3.00
28 64.00 66.00 69.75 72.50 -2.00 -5.75 -8.50
31 55.50 41.25 70.00 70.00* 14.25 -14.50 -14.50
Mean 66.71 57.58 54.07 45.87 9.13 12.65 20.84
SD 14.84 17.94 18.56 19.49 8.78 14.10 16.29
SE 3.83 4.63 4.79 5.03 2.27 3.64 421

M: month(s), PN: participant number, C: continuous listening, SD: standard deviation, SE: standard error, I: intermittent listening. *Last

observation carried forward
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Table 3. Individual scores of the visual analog scale (VAS) for loudness at pre, 1 M, 2 M, and 3 M sessions

Group PN VAS loudness scores
Pre 1M 2M 3M Pre-1M Pre-2 M Pre-3M
C 2 80 15 30 20 65 50 60
4 85 50 40 40 35 45 45
10 70 50 60 40 20 10 30
1 60 50 40 40 10 20 20
16 80 50 80 60 30 0 20
3 60 70 50 45 -10 10 15
5 45 40 30 30 5 15 15
9 80 70 70 70 10 10 10
11 80 80 90 70 0 -10 10
12 50 50 50 40 0 0 10
15 80 70 70 70 10 10 10
6 70 70 70 70 0 0 0
70 90 90 70 -20 -20 0
8 60 45 50 60 15 10 0
13 50 60 50 50 -10 0 0
14 30 60 40 40 -30 -10 -10
Mean 65.63 57.50 56.88 50.94 8.13 8.75 14.69
SD 15.80 17.80 19.57 16.35 22.72 18.30 17.93
SE 3.95 445 4.89 4.09 5.68 4.58 448
I 17 90 65 50 40 25 40 50
18 60 50 20 15 10 40 45
22 80 50 50 50 30 30 30
23 80 50 50 50 30 30 30
29 80 80 60 55 0 20 25
19 80 50 60 60 30 20 20
21 80 60 70 60 20 10 20
26 80 70 60 60 10 20 20
24 70 70 60 60 0 10 10
30 80 100 70 70 -20 10 10
25 70 60 70 70 10 0 0
27 90 90 90 90 0 0
28 50 60 80 50 -10 -30 0
20 80 80 80 90 0 0 -10
31 60 95 100 100* -35 -40 -40
Mean 75.33 68.67 64.67 61.33 6.67 10.67 14.00
SD 11.26 16.95 19.22 21.25 19.06 22.82 22.54
SE 291 4.38 4.96 549 492 5.89 5.82

M: month(s), PN: participant number, C: continuous listening, SD: standard deviation, SE: standard error, I: intermittent listening. *Last
observation carried forward
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Table 4. Individual scores of the visual analog scale (VAS) for annoyance at pre, 1 M, 2 M, and 3 M sessions

VAS annoyance scores

Group PN
Pre 1M 2M 3M Pre-1M Pre-2 M Pre-3M
C 2 80 10 30 20 70 50 60
10 65 40 40 20 25 25 45
1 70 60 40 30 10 30 40
13 60 40 30 30 20 30 30
5 45 50 30 20 -5 15 25
3 50 60 45 30 -10 5 20
9 80 70 70 60 10 10 20
12 60 50 50 40 10 10 20
16 80 50 70 60 30 10 20
4 50 30 35 40 20 15 10
6 80 70 70 70 10 10 10
7 80 80 80 70 0 0 10
8 60 45 50 50 15 10 10
14 70 60 60 60 10 10 10
15 80 70 70 70 10 10 10
11 80 90 90 80 -10 -10 0
Mean 68.13 54.69 53.75 46.88 13.44 14.38 21.25
SD 12.63 19.79 19.37 20.57 18.95 13.89 15.76
SE 3.16 4.95 4.84 5.14 4.74 3.47 3.94
I 22 100 50 50 40 50 50 60
18 60 30 20 15 30 40 45
17 80 70 50 40 10 30 40
19 100 60 60 60 40 40 40
23 80 50 50 40 30 30 40
24 70 70 40 40 0 30 30
27 90 90 80 60 0 10 30
29 90 70 60 60 20 30 30
21 80 60 55 55 20 25 25
20 70 90 80 60 -20 -10 10
30 80 100 70 70 -20 10 10
25 60 40 90 60 20 -30
26 50 50 60 50 0 -10
28 60 50 60 60 10 0 0
31 80 50 100 100* 30 -20 -20
Mean 76.67 62.00 61.67 54.00 14.67 15.00 22.67
SD 14.96 19.71 20.15 18.73 20.31 24.28 21.78
SE 3.86 5.09 5.20 4.84 5.24 6.27 5.62

M: month(s), PN, Participant number, C: continuous listening, SD: standard deviation, SE: standard error, I: intermittent listening. *Last
observation carried forward
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Figure 2. Averaged scores of the K-TPFQ and VAS for the two
groups at baseline, 1 M, 2 M, and 3 M sessions. K-TPFQ: Korean
version of the Tinnitus Primary Function Questionnaire, M:
month(s), VAS: visual analog scale. *Statistical significance (p <
0.05).

ZYstatH(Karni et al., 1995; Nyffeler et al., 2006). L&t
B Ao &3 A3 OF9] 49 1M glo] XA&HoE Ay
e FHIASS o150l 3054 F 43] FH ok, 371 Bt
?i?% ;\(_].‘80 o

SFRITE T3 2 Ate] A M= AT 7 FA7E

£, 0.120014 40% Atol9] FA715 AT e &
Ateb= Zpol7t 2A gt (Karni et al.,
1995; Nyffeler et al., 2006). ©]2{gt 2ol & Qlsf 2 A2 &
&2 A= IS Ay Aot fARE A7) HSHE
Tololls 2 JTFE VXA XS 7Hs/30] Slrt whebA

ofe] A17ka A1

F3ole A2 ol & H49] FA71E AAsAY A=
ZHFA AIEE 22F A RE AR U] A7) BeFet 114
08 U o9 ot H=E vluste] 29 A7t
Bk e d 4 A A 20 2 A28 S ol

A9 At 37 Bt oFFol & 2413 2] &
2 A5s AL B9 A= B3 T ARl didAe] of
F2oA o]ge] 5t At Uehe 2 HojF3let o]t A
Atz 55 34 AE7heol ooz QI8 se R Q=

HIAECIA o 4] A7 WS 1T 1 Hojk o}2



2AZF OV, 374 o)) T e MRS AWT A ol
of 9} fabo] £ AL 4 Ykt AE AR B 7}
3 ole), R 4] 2]

Apo] 43 9 H30] w4

S BO: o, &7 A=, A= AFH PR

Ethical Statement
The study was approved by the Institutional Review Board of
Hallym University (HIRB-2022-034).

Acknowledgments
N/A

Declaration of Conflicting Interests

There are no conflicts of interest.

Funding

This work was supported by the National Research Foundation
of Korea (NRF) grant funded by the Korea government (MSIT)
(NO. 2023R1A2C1002929).

Author Contributions

Conceptualization: In-Ki Jin. Data curation: all authors.
Formal analysis: TaeRim Lee. Funding acquisition: In-Ki Jin.
Investigation: all authors. Methodology: all authors. Project
administration: In-Ki Jin. Resources: TaeRim Lee. Software:
TaeRim Lee. Supervision: In-Ki Jin. Validation: TaeRim Lee.
Visualization: TaeRim Lee. Writing—original draft: all authors.
Writing—review & editing: all authors. Approval of final

manuscript: all authors.

ORCIDiDs

TaeRim Lee https://orcid.org/0000-0002-4115-7712
In-Ki Jin https://orcid.org/0000-0002-0834-5981
REFERENCES

Adamchic, I, Langguth, B., Hauptmann, C., & Tass, P. A. (2012).
Psychometric evaluation of visual analog scale for the assessment
of chronic tinnitus. American Journal of Audiology, 21(2), 215-225.

Bdumer, T., Lange, R., Liepert, J., Weiller, C., Siebner, H. R., Rothwell,
J. C., et al. (2003). Repeated premotor rTMS leads to cumulative
plastic changes of motor cortex excitability in humans.
Neurolmage, 20(1), 550-560.

TR Lee & IK Jin ASR

Cuesta, M., Garzén, C., & Cobo, P. (2022). Efficacy of sound therapy for
tinnitus using an enriched acoustic environment with hearing-loss
matched broadband noise. Brain Sciences, 12(1), 82.

Fisher, L. D., Dixon, D. O., Herson, J., Frankowski, R. F.,, Hearron, M. S.,
& Peace, K. E. (2017). Intention to treat in clinical trials. In: Peace, K.
E. Statistical Issues in Drug Research and Development (pp.331-350).
Boca Raton, FL: CRC Press.

Ibarra-Zarate, D. 1., Naal-Ruiz, N. E., & Alonso-Valerdi, L. M. (2022).
Binaural sound therapy for tinnitus treatment: A psychometric
and neurophysiological evaluation. American Journal of
Otolaryngology, 43(1), 103248.

Jarach, C. M., Lugo, A., Scala, M., van den Brandt, P. A., Cederroth,
C.R., Odone, A, et al. (2022). Global prevalence and incidence of
tinnitus: A systematic review and meta-analysis. JAMA Neurology,
79(9), 888-900.

Jastreboff, P. J. (1990). Phantom auditory perception (tinnitus):
Mechanisms of generation and perception. Neuroscience Research,
8(4),221-254.

Jin, I. K., Choi, S. J., Ku, M., Sim, Y., & Lee, T. (2022). The impact of
daily hours of sound therapy on tinnitus relief for people with
chronic tinnitus: A randomized controlled study. Journal of Speech,
Language, and Hearing Research, 65(8), 3079-3099.

Karni, A., Meyer, G., Jezzard, P., Adams, M. M., Turner, R., &
Ungerleider, L. G. (1995). Functional MRI evidence for adult motor
cortex plasticity during motor skill learning. Nature, 377(6545),
155-158.

Kim, J. A. (2020). Review of intention-to-treat analysis in randomized
controlled trials. Therapeutic Science for Rehabilitation, 9(2), 27-38.

Kutyba, J., Gos, E., Jedrzejczak, W. W., Raj-Koziak, D., Karpiesz, L.,
Niedzialek, I, et al. (2022). Effectiveness of tinnitus therapy using a
mobile application. European Archives of Oto-Rhino-Laryngology,
279(3), 1257-1267.

Langguth, B., Kreuzer, P. M., Kleinjung, T., & De Ridder, D. (2013).
Tinnitus: Causes and clinical management. The Lancet Neurology,
12(9),920-930.

Li, Y., Feng, G., Wu, H., & Gao, Z. (2019). Clinical trial on tinnitus
patients with normal to mild hearing loss: Broad band noise and
mixed pure tones sound therapy. Acta Oto-Laryngologica, 139(3),
284-293.

Malenka, R. C. & Bear, M. F. (2004). LTP and LTD: An embarrassment
of riches. Neuron, 44(1), 5-21.

Meikle, M. B,, Henry, J. A., Griest, S. E., Stewart, B. J., Abrams, H.
B., McArdle, R., et al. (2012). The Tinnitus Functional Index:
Development of a new clinical measure for chronic, intrusive
tinnitus. Ear and Hearing, 33(2), 153-176.

Newman, C. W., Jacobson, G. P., & Spitzer, J. B. (1996). Development of
the tinnitus handicap inventory. Archives of Otolaryngology-Head
and Neck Surgery, 122(2), 143-148.

Newman, C. W., Sandridge, S. A., & Jacobson, G. P. (1998).
Psychometric adequacy of the Tinnitus Handicap Inventory
(THI) for evaluating treatment outcome. Journal of the American
Academy of Audiology, 9(2), 153-160.

Nyffeler, T., Wurtz, P., Liischer, H. R., Hess, C. W., Senn, W.,
Pflugshaupt, T., et al. (2006). Extending lifetime of plastic changes
in the human brain. The European Journal of Neuroscience, 24(10),
2961-2966.

Shin, ], Heo, S., Lee, H. K., Tyler, R., & Jin, I. K. (2019). Reliability and
validity of a Korean version of the Tinnitus Primary Function
Questionnaire. American Journal of Audiology, 28(2), 362-368.

259

WWWw.e-asr.org



AS R Effect of Stimulus Method on Sound Therapy

Shrier, I, Verhagen, E., & Stovitz, S. D. (2017). The intention-to-treat
analysis is not always the conservative approach. The American
Journal of Medicine, 130(7), 867-871.

Torrance, G. W,, Feeny, D., & Furlong, W. (2001). Visual analog scales:
Do they have a role in the measurement of preferences for health
states? Medical Decision Making, 21(4), 329-334.

Tyler, R, Ji, H., Perreau, A., Witt, S., Noble, W., & Coelho, C. (2014).

260

Development and validation of the tinnitus primary function
questionnaire. American Journal of Audiology, 23(3), 260-272.

Tyler, R. S., Perreau, A., Powers, T., Watts, A., Owen, R, Ji, H,, et al.
(2020). Tinnitus sound therapy trial shows effectiveness for those
with tinnitus. Journal of the American Academy of Audiology, 31(1),
6-16.



