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Background and Objectives The hearing in noise test (HINT) or sound localization test
(SLT) is used as the standardized assessment for contralateral routing of signals (CROS) and
bilateral microphones with contralateral routing of signals (BiCROS) hearing aids (HAs).
However, implementing HINT or SLT can be challenging in most ENT clinics. In this study,
we propose a new feasible method specifically designed for conducting a sound field hearing
test for CROS and BiCROS HA users.
Subjects and Method CROS/BiCROS HA users who visited Seoul St. Mary’s hospital be-
tween 2019 and 2021 were enrolled for the study. SLT was conducted in a sound-proof room
equipped with two speakers positioned at a 45° angle from the patient on each side: noise stim-
uli were presented to the better ear the headphone patient was wearing while signals were pre-
sented to the worse ear via the speakers in the room. To validate the sound field test, a correla-
tion analysis was conducted using the Bern benefit in single-sided deafness and the Korean
version of the International Outcome Inventory for Hearing Aids (K-IOI-HA) Questionnaires.
Results The aided speech discrimination score was significantly higher in the signal 60 dB
HL/masking 50 dB HL condition than 50 dB HL/masking 50 dB HL condition (p<0.05). A
significant correlation was found between the gain of sound field speech audiometry and the
K-IOI-HA questionnaire (p<0.05).
Conclusion Our novel sound field hearing test for CROS/BiCROS HA users, which pres-
ents appropriate noise stimuli via headphones to the better ear, appears to be a feasible ap-
proach for CROS/BiCROS HA users.
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Sound Field Test for CROS Hearing Aids I Han JS, et al.
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Worse ear: Better ear:

sound signal noise stimuli

(via speaker) (via headphone)

Fig. 1. Clinical settings of the sound field hearing test for verification of contralateral routing of signals/bilateral microphones with contra-
lateral routing of signals hearing aids. A: Two speakers are placed 1 m away from the patient on both sides at 45° from the patient. B:
Noise stimuli is given in the better ear via headphone in a soundproof room, while sound signal is given in the affected ear via the

speaker.

Table 1. Masking sounds of each sound field tests

Sound field threshold test

Sound field speech reception
threshold test

Sound field speech
discrimination test

Noise Narrowband

Intensity If the better ear hearing threshold is
- <10 dB:add 15 dB
- 15-25dB: add 10 dB

- >30 dB: add dB

Speech Speech

Same as signal sound 50 dB

586



Sound Field Test for CROS Hearing Aids I Han JS, et al.

Table 2. Clinical characteristics of the patients

Overall (n=22) CROS (n=13) BiCROS (n=9) p-value

Sex (M:F) 8:14 7:6 1:8 0.074
Age (year) 54.5+16.3 51.8+17.9 63.9+10.3 0.110
Duration of hearing aid use (month) 17.6+£20.7 21.2+£24.8 12.6+10.7 0.512
PTA (dB HL)*

Affected ear 98.5+14.7 99.9+13.2 96.4+16.4 0.647

Normal/better ear 20.4+11.6 14.4+9.2 29.0+8.9 0.003*
Speech reception threshold test (dB HL)

Affected ear 86.6+11.0 84.2+13.8 90.0+0.0 0.556

Normal/better ear 20.0£8.3 15.8£5.1 26.1£8.1 0.007*
Speech discrimination score (%)

Affected ear 3.1+£5.8 2.5+5.6 4.0+6.0 0.647

Normal/better ear 96.0+6.1 98.5+3.7 92.4+7.2 0.082

Chi-square and Mann-Whitney test, *p <0.05; faverage air conduction of 0.5, 1, 2, and 4 kHz. CROS, contralateral routing of sig-
nals; BICROS, bilateral microphones with contralateral routing of signals; M, male; F, female; PTA, pure fone audiometry

O g2 p=0.325 p=0.181 €0 ® CROS
I ® BICROS
50 £ 55 °
i - g
~ 40 1 % 50 ° o
Py 0 '
S &
= o
g 30+ £ 45 o o eo@se o
< c
4 2
= g
20 § 40 e _Tee o
=
9]
o
10 & 35 o o [ ]
y=0.5176x+19.912
0 453 | 43.3 43.8 | 42.1 47.2 | 45.0 R?=0.3869
Overall CROS BiICROS %0 30 35 40 45 50 55 60
A ] Threshold test ] Speech reception threshold test B Threshold test (dB HL)

Fig. 2. Comparison of sound field threshold test and sound field speech reception threshold test. A: No statistically significant distinction
was found between the two tests, regardless of the type of hearing aids (p>0.05, Wilcoxon signed rank test). B: The scatter plot shows a
positive correlation between the sound field threshold test and the sound field speech reception threshold test (R?=0.3869). CROS, con-
tralateral routing of signals; BICROS, bilateral microphones with contralateral routing of signals.
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Table 3. Comparison of unaided and aided sound field tests

Functional gain Unaided Aided p-value
Sound field threshold test (dB HL)t 12.1+5.4 57.3+8.4 452+58 0.001*
Sound field SRT (dB HL)* 36.7+19.9 87.9£9.6 51.2+19.3 0.003*
p-value <0.001* <0.001* 0.901
Sound field SDS (%)t
Signal 50 dB HL/noise 50 dB HL 25.6+13.7 1.1+£28 26.7+13.8 0.001*
Signal 60 dB HL/noise 50 dB HL 52.1£17.9 3.7+55 55.9+£19.0 0.001*
p-value 0.001* 0.041* 0.001*

Wilcoxon signed rank test, *p < 0.05; faverage air conduction of 0.5, 1, 2, and 4 kHz. SRT, speech reception threshold test; SDS,
speech discrimination score

1. To hold a conversation with one person in quiet is: }—‘:I:I—<
2.To understand a TV or a radio speaker is: }—‘:I:I—<
3. To listen to music is: }—‘:I:l—1
4. To follow a conversation from some distance is: }—‘:|—<
5. To follow a conversation with background noise is: }—‘:I:I—<
6. To hold a conversation while driving in a caris: - }—‘:D—<
7.To understand speech in a reverberant roomis: }—‘:I:I—<
8. To participate in a group conversation is: }—‘:|—1
9.To localize a sound source is: }—‘:I:I—<
10. Over all, for me hearing is: }—‘:|—<
5 0 5

Much easier Similar with Much easier

A without the aid and without with the aid
1. Daily use } } ‘ ‘

2. Benefit - t :

3. Residual activity - e I —
4. Safisfaction * | :’—(
5. Residual participation restrictions } :I:I—(
6. Impact on others * }—‘:|
7.Qudlity of lfe + % I e —
B | 2 3 y 5

Fig. 3. Questionnaire results of contralateral routing of signals (CROS) and bilateral microphones with contralateral routing of signals
(BiICROS) hearing aid (HA) users (n=30). A: The Bern benefit in single-sided deafness (BBSS) questionnaire showed CROS and Bi-
CROS HA users found it somewhat easier to hear in most situations. B: The Korean version of international outcome inventory for hear-
ing aids (K-IOI-HA) questionnaire indictates that CROS and BiCROS HA is useful, and question 4, 6, and 7 showed a significant correla-
tion with the sound field speech audiometry test. Boxes indicate the upper and lower quartiles and the median are marked as vertical
lines. Whiskers display the 1.5 interquartile ranges. *Pearson’s correlation analysis between questionnaires and gain of sound field
speech audiometry test, p<0.05.
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2 Solot 4915 L % 12 SR8 o] tEe] At o]F 98] T % 710 AT A FEG 2 SAlS
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Table 4. Correlation analysis between sound field tests and questionnaire surveys

BBSS 1 2 8 4 5 6 7 8 9 10

Gain of sound field speech reception threshold

Pearson'sr 0.013 -0.110 -0.038 0.019 0.144 -0.014 -0.114 0.056 -0.047 -0.023

p-value 0.843 0.932 0.460 0.973 0.555 0.749 0.804 0.909 0.843 0.930
Gain of sound field speech discrimination score

Pearson’sr 0.071 0.063 -0.061 0.057 0.130 0.312 0.158 0.119 0.206 0.212

p-value 0.698 0.767 0.741 0.762 0.484 0.101 0.390 0.518 0.273 0.260

K-IOI-HA 1 2 8 4 5 6 7 Total

Gain of sound field speech reception threshold

Pearson’sr 0.249 0.117 0.027 0.164 0.232 0.381* 0.210 0.329

p-value 0.193 0.512 0.857 0.388 0.216 0.041* 0.421 0.074
Gain of sound field speech discrimination score

Pearson’sr 0.293 0.337 0.072 0.404* 0.299 0.203 0.604* 0.481*

p-value 0.124 0.071 0.720 0.031* 0.102 0.298 <0.001* 0.008*

Pearson's correlation analysis, *p <0.05. BBSS, Bern benefit in single-sided deafness; K-IOI-HA, Korean version of international out-

come inventory for hearing aids
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