Check for
updates

Otology Korean J Otorhinolaryngol-Head Neck Surg 2023;66(12):798-804 / elSSN 2092-6529
https://doi.org/10.3342/kjorl-hns.2023.00010

Comparison of Loudness Discomfort Level by the Testing
Method in Adults With Normal Hearing and in Patients
With Sensorineural Hearing Loss

Dong Hyuk Jang"“, Jung Ho Choi, Seung Yeon Jeon, Kyung Mi Kim, Dong Hyun Kim, Sol Han,
Ji Hye Park, Ka Young Park, Hyo Jung Choi, Hyun Joon Shim, and Yong-Hwi An

Department of Otorhinolaryngology-Head and Neck Surgery, Nowon Eulji Medical Center, Eulji University School of Medicine, Seoul,
Korea

o4 7t el e BAAE oxo) bla

A5 - AR A5 A0 - AEE - @ & KA - wohg - MR - HEE - 38

r

Background and Objectives There are several variations in the technique for measuring
loudness discomfort levels (LDL). The aim of this study was to evaluate LDL by measuring
pure tone and narrow-band noise (NBN) in adults with normal hearing and in patients with
sensorineural hearing loss, and to analyze the correlation of LDL at different frequencies.
Subjects and Method Normal listeners (n=41) with the pure tone average of 12 dB HL and
patients with hearing loss (n=42) with the pure tone average of 52 dB HL were studied from
2021 to 2022. Pure tone audiometry and LDL test by pure tone and NBN were performed twice
in all participants at 250, 500, 1 k, 2 k, 3 k, 4 k, and 8 kHz.

Results The LDL test showed some inter-subject variability with the mean being 107.0+9.4
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correlation of LDL between different frequencies were shown except at 8 kHz. It might be suf-

ficient to measure LDL once by pure tone only, including 8 kHz.
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Table 1. Comparison of demographic and pure tone average - T o e = =g
(PTA) between the normal hearing and hearing loss group FHAEAFUCO= A=aol Aaalo] 2E FupelA

Normal Hearing - 52 YA =g HIATH(Table 8).

hearing group  loss group p-value

(n=41) (n=42) -
Age (years) 51.0£11.0 71.3+14.2 <0.001 al XE
Sex (M:F) 16:25 18:24 0.723
PTA average (Rt., dB) 12.1+5.8 52.4+17.5  <0.001 B RPN Az, oy, BA7] 24 3kl
PTA average (Lt., dB) 12.5+55 51.5+16.7  <0.001 A L2317 AFLE 4= Q= AALOIRWF AAL A A &

Table 2. Comparison of loudness discomfort levels using pure tone stimuli and narrow band noise (NBN) between the normal hearing

and hearing loss group

250 Hz 500 Hz 1 kHz 2 kHz 3 kHz 4 kHz 8 kHz
Rt.
Pure tone
Normal hearing group 101.6+5.9 107.7+9.5 106.9£9.3  106.6+10.5 106.1+12.0 106.8+12.7 100.8+8.7
Hearing loss group 101.9+7.4 105.3+12.3  106.7£11.0 104.3+11.7 106.0£12.9 108.4+12.5 103.5£9.6
p-value 0.857 0.322 0.923 0.343 0.986 0.557 0.177
NBN
Normal hearing group 91.6+54 100.9+7.4 102.3+£7.8 97.9+7.1 97.5+7.6 99.3+7.2 89.8+15.4
Hearing loss group 91.5£7.1 98.1£7.0 98.9+7.8 95.7£9.6 99.4+£10.1 101.9+9.8 93.7£8.1
p-value 0.962 0.168 0.115 0.338 0.443 0.272 0.293
Lt.
Pure tone
Normal hearing group 100.7+9.4 107.2+12.1  106.9£11.7 105.6+12.4 104.5+13.2 104.5£13.1 100.3+9.9
Hearing loss group 100.0£8.0 106.1+10.9 105.4£10.5 1054+10.2 109.7£9.9 111.2+9.9 106.0+6.3
p-value 0.712 0.657 0.534 0.934 0.047 0.010 0.003
NBN
Normal hearing group 90.9+4.8 102.1£6.5 102.7+6.7 97.4+8.1 96.7+7.5 99.4+8.1 90.6+5.3
Hearing loss group 92.3+7.1 100.0£9.4 101.0+8.6 96.5+9.5 98.1£9.5 100.0£10.5 91.6+6.5
p-value 0.414 0.340 0.400 0.356 0.547 0.798 0.556
Table 3. Comparison of average loud discomfort level (LDL) using pure tone stimuli and narrow band noise (NBN)
Pure tone, Rt. NBN, Rt. p-value Pure tone, Lt. NBN, Lt. p-value
Normal hearing group 107.0+9.4 100.1+6.8 0.007 106.0+11.6 100.4+6.7 0.011
Hearing loss group 106.2£11.1 98.7+7.8 <0.001 107.0£9.4 99.4+9.1 0.003
p-value 0.714 0.491 0.678 0.637

LDL average=(500+1 k+2 k+4 kHz LDL)/4
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Table 4. Correlation coefficients of loud discomfort level (pure
tone) at different frequencies in the normal hearing group

r 250 Hz 500Hz 1kHz 2kHz 3kHz 4kHz 8kHz

Rt.
250 Hz 1 0.87** 0.84** 0.78** 0.76** 0.71** 0.78**
500 Hz 0.87** 1 0.93** 0.87** 0.83" 0.76"* 0.68**
1kHz  0.84* 0.93* | 0.88** 0.84** 0.83** 0.70**
2kHz 078" 0.87** 0.88** 1 0.92** 0.86** 0.71%*
3kHz 076" 0.83* 0.84** 0.92** | 0.94* 0.79**
4kHz 0717 0.76™ 0.83* 0.86** 0.94** | 0.76**
8kHz 078 048 070 071 079 076 1

Lt.
250Hz 1 0.87** 0.81** 0.75* 0.70** 0.69** 0.70**
500 Hz 0.87** 1 0.88** 0.87** 0.84** 0.81** 0.73**
1kHz 081 0.88* 1 0.89** 0.85** 0.82** 0.67**
2kHz  0.75% 0.87** 0.89** | 0.90** 0.87** 0.74**
3kHz  0.70% 0.84* 0.85% 0.90%* | 0.94** 0.77%
4kHz  0.69* 0.81% 0.82** 0.87** 0.94** 1 0.76*
8kHz 070" 073" 0.67* 0.74* 077 0.76** 1

5 <0.001

Table 5. Correlation coefficients of loud discomfort level (narrow
band noise) at different frequencies in the normal hearing group

r 250Hz 500Hz 1kHz 2kHz 3kHz 4kHz 8kHz
Rt.
250Hz 1 0.74** 0.63** 0.73** 0.68** 0.62** 0.30
500 Hz  0.74* 1 0.90** 0.78* 0.77** 0.67** 0.25
1kHz  0.63** 0.90** 1 0.84** 0.81** 0.72** 0.15
2kHz  0.73* 0.78** 0.84* 1 0.92** 0.79** 0.19
3kHz  0.68** 0.77** 0.81** 0.92** 1 0.90** 0.30
4kHz  0.62** 0.67** 0.72** 0.79** 0.90** 1 0.43*
8kHz 030 025 0.15 0.19 030 043 1
Lt.
250Hz 1 0.87** 0.83** 0.77** 0.72** 0.67** 0.89**
500Hz  0.87** 1 0.87** 0.74** 0.69** 0.68** 0.77**
1kHz  0.83* 0.87** 1 0.77** 0.73** 0.73** 0.68**
2kHz  0.77* 0.74** 0.77** 1 0.85** 0.84** 0.86**
3kHz  0.72** 0.69** 0.73** 0.85"* 1 0.92** 0.76**
4kHz  0.67** 0.68** 0.73** 0.84** 0.92** 1 0.74**
8kHz  0.89** 0.77** 0.68** 0.86** 0.76** 0.74 1

Loudness Discomfort Level TestlJang DH, et al.

Table 6. Correlation coefficients of loud discomfort level (pure
tone) at different frequencies in the hearing loss group

r 250Hz 500Hz 1kHz 2kHz 3kHz 4kHz 8kHz
Rt.
250 Hz 1 0.68** 0.59** 0.53** 0.44** 0.50** 0.31*
500 Hz  0.68** 1 0.87** 0.76* 0.71** 0.64** 0.25
1kHz  0.59** 0.87** 1 0.80** 0.77** 0.70** 0.22
2kHz  0.53** 0.76** 0.80** 1 0.83** 0.73** 0.30
3kHz  0.44* 0.71* 0.77** 0.83** 1 0.91** 0.43*
4kHz  0.50** 0.64** 0.70** 0.73** 0.91** 1 0.44*
8kHz  0.31* 025 022 030 0.43* 0.44* 1
Lt.
250Hz 1 0.89** 0.76* 0.71** 0.63** 0.56** 0.41*
500 Hz  0.89** 1 0.82** 0.79** 0.64** 0.68** 0.42*
1kHz  0.76* 0.82** 1 0.87** 0.78** 0.71** 0.42*
2kHz  0.71** 0.79** 0.87** 1 0.83** 0.76** 0.38*
3kHz  0.63** 0.64** 0.78** 0.83** 1 0.79** 0.47*
4kHz  0.56™* 0.68** 0.71** 0.76** 0.79** 1 0.55%*
8kHz  0.41* 0.42* 0.42* 0.38* 0.47* 0.55** 1

*p <0.05; *<0.001

Table 7. Correlation coefficients of loud discomfort level (narrow
band noise) at different frequencies in the hearing loss group

r 250Hz 500 Hz 1kHz 2kHz 3kHz 4kHz 8kHz
Rf.
250Hz 1 0.70** 0.59** 0.70** 0.64** 0.69** 0.75**
500 Hz 0.70** 1 0.86** 0.76** 0.75** 0.70** 0.63*
1kHz  0.59** 0.86** 1 0.80** 0.79** 0.75** 0.58*
2kHz  0.70** 0.76** 0.80** 1 0.89** 0.84** 0.81**
3kHz  0.64** 0.75%* 0.79** 0.89** 1 0.94** 0.85**
4kHz  0.69** 0.70** 0.75** 0.84** 0.94** 1 0.85**
8kHz  0.75** 0.63* 0.58* 0.81* 0.85** 0.85** 1
250Hz 1 0.82** 0.77** 0.72** 0.73** 0.74** 0.82**
500 Hz 0.82** 1 0.97** 0.92** 0.86** 0.87** 0.81**
1kHz  0.77* 0.97** 1 0.92** 0.82** 0.85** 0.82**
2kHz  0.72* 0.92** 0.92** 1 0.92** 0.91** 0.84**
3kHz  0.73** 0.86** 0.82** 0.92** 1| 0.94** 0.83**
4kHz  0.74* 0.87** 0.85** 0.91** 0.94** 1 0.87**
8kHz  0.82** 0.81** 0.82** 0.84** 0.83** 0.87** 1
*p<0.05; **p<0.001
Table 8. Intraclass correlation coefficient of two serial tests
250Hz 500Hz 1kHz 2kHz 3kHz 4kHz 8kHz
LDL by pure tone stimuli
Rt. 0.97 098 097 098 099 0.99 098
Lt. 098 099 099 098 099 0.99 0.99
LDL by narrow band noise
Rt. 099 097 094 095 097 098 0.98
Lt. 098 096 089 096 097 094 097

*p <0.05; *<0.001

LDL, loudness discomfort level
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Fig. 1. Pure tone audiometry in the hearing loss group. A: Right ear. B: Left ear.
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Instruction handed out to the subjects of loudness discomfort level test
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