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Hearing aid fitting in the elderly: prescription
of acoustic gain through frequency
thresholds obtained with pure tone and
narrow band stimuli.

Adaptacao de proteses auditivas em idosos:
prescricdao de ganho acustico por meio dos
limiares de audibilidade obtidos com tom puro
e narrow band.

ABSTRACT

Purpose: To verify the benefit obtained by the prescription of acoustic gain based on the auditory thresholds
obtained with pure tones modulated in frequency and with Narrow Band Noise. Methods. The sample consisted
of 30 elderly people, aged 60 years or over with moderate to severe descending sensorineural symmetrical
hearing loss with thresholds at 4kHz equal to or less than 70dBHL. There were two groups. GTP (pure tone
group): 15 elderly people had their hearing aids fitted through the auditory thresholds obtained with pure tone
and the GNB group (narrow band group): 15 elderly people had their hearing aids fitted through the auditory
thresholds obtained with NB. The procedures performed before the fitting of hearing aids and after three months
of amplification use were: COSI, WRS (Word Recognition Score), Signal/Noise ratio. The International Outcome
Inventory for Hearing Aids (IOI-HA) was applied only after three months of hearing aid fitting. Results: The
elderly people in the group in which the hearing aids were fitted with a prescribed gain based on the hearing
thresholds obtained with the Narrow Band stimulus showed better performance in the following tests: WRS on
the right ear, total score of the IOI-HA inventory, COSI and longer use of hearing aids compared to the GTP
group. Conclusion: There was a greater benefit with the use of hearing aids, due to the total score of the IOI-HA
inventory, COSI scale and longer daily use time of hearing aids, in the group whose prescription of acoustic
gain was based on the auditory thresholds obtained with narrow band.

RESUMO

Objetivo: Verificar o beneficio obtido pela prescrigdo de ganho acustico baseada nos limiares audiométricos
obtidos com tons puros (Warble) e com ruido de faixa estreita (NB). Método: Amostra de 30 idosos, com
idade igual ou superior a 60 anos, perda auditiva neurossensorial de grau moderado a severo simétrica bilateral
de configuragdo descendente com limiares em 4kHz iguais ou inferiores a 70dBNA. Foram dois grupos. GTP
(grupo tom puro): 15 idosos tiveram as proteses auditivas adaptadas com emprego dos limiares obtidos com
tom puro e grupo GNB (grupo Narrowband): 15 idosos tiveram as proteses auditivas adaptadas por meio dos
limiares obtidos com NB. Os procedimentos realizados antes da adaptagdo de proteses auditivas e apos trés
meses de uso de amplificagdo foram: Escala COSI, IPRF (indice Percentual de Reconhecimento de fala), Relagdo
Sinal/Ruido e analise do tempo de uso do AASI. O Questionario Internacional de Aparelho de Amplificagdo
Sonora Individual (QI-AASI) foi aplicado apés trés meses. Resultados: Os idosos do grupo em que as proteses
auditivas foram adaptadas com ganho prescrito com base nos limiares auditivos obtidos com o estimulo
Narrow Band apresentaram melhor desempenho nos seguintes testes: IPRF a orelha direita, pontuagio total do
questionario QI-AASI, escala COSI e maior tempo de uso do AASI em comparagéo ao grupo GTP. Conclusio:
Observou-se maior beneficio com o uso de proteses auditivas, pela pontuacéo total do questionario QI-AASI,
escala COSI e maior tempo de uso do AASI, no grupo cuja prescrigdo do ganho acustico baseou-se nos limiares
audiométricos obtidos com o Narrowband.
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INTRODUCTION

Pure tone audiometry, which is the gold standard
procedure for the assessment of audibility, is the starting
point for the process of selection and fitting of hearing
aids, as the gain values per frequency, that is, the target
of amplification (gain) is determined, usually based on a
validated prescriptive rule.

Often to obtain auditory thresholds, pure tones modulated
“warble” frequency are used, as they enable better responses
in the perception of the stimulus, especially in patients with
tinnitus, and also because it reduces the possibility of acoustic
effects generated by the positioning of the headphones during
the test®.

In some studies, comparable thresholds were obtained
using pure tones and narrow band noise in individuals
with normal hearing® and with sensorineural loss with flat
configuration®. Individuals with descending hearing loss,
however, presented better thresholds using the NarrowBand®
as a stimulus. There are, therefore, studies that report that the
research of audiometric thresholds with narrow-band noise
stimulus “Narrow Band noise” enables better audiometric
thresholds ©, which would lead to the prescription of different
gain values.

Patients with descending configuration hearing losses
have the biggest complaints in the process of fitting hearing
aids. This audiometric configuration can be compatible
with the presence of dead regions in the basal region of
the cochlea?.

The Threshold Equalizing Noise (TEN) test was developed
after the definition of dead regions in the cochlea, to detect areas
with inactive inner hair cells®.

Based on a study performed using the TEN test, it was found
that when the hearing threshold at 4kHz is greater than 70 dB
HL, it is necessary to be cautious in the amplification at high
frequencies to avoid distortion of acoustic information, as in
these cases there is 65% of chance of occurrence of the dead
regions®. Individuals who have a region of high frequencies
with a dead region in the cochlea are better able to process
acoustic information at low frequencies'?.

The use of hearing aids with frequency lowering, in the
case of dead regions at high frequencies, is recommended to
improve speech recognition'). However, there is a study that
showed worsening in the recognition of sentences in noise in
individuals with descending configuration hearing loss with the
use of this resource!!?.

Thus, it is observed that the application of frequency
lowering techniques in clinical practice has become a challenge
for science in favor of the technology of sound amplification
devices and has generated diversified results in relation to the
benefits provided by this technology.

Considering that stimuli with a wider frequency range
enable stimulation of a larger area of the basilar membrane,
patients with cochlear dead regions may present better
audibility thresholds when obtained with different stimuli
due to energy dissipation. In these cases, the thresholds
obtained with Narrow Band noise can be better, especially

at high frequencies, as the critical noise range increases as
the frequency become higher.

If different stimuli are used to obtain auditory thresholds and
provide different information, especially in cases of descending
configuration hearing losses, with thresholds below 70 dBHL
at 4kHz, what would be the most appropriate stimulus for
researching the thresholds to be considered for the prescription
for acoustic gain? Those obtained with warble tone or those
obtained with narrowband noise?

In order to choose strategies in audiological clinical
practice to improve the fitting of hearing aids in patients
with descending hearing loss, the hypothesis that guided this
research realized that adults/elderly people with descending
sensorineural hearing loss with thresholds above 70dBHL at
4000 Hz present greater satisfaction with the use of hearing
aids when the calculation of acoustic gain is performed from
the thresholds studied with the Narrow Band stimulus than
with the frequency-modulated pure tone stimulus - Warble.
Therefore, the objective of this research is to verify the benefit
obtained by the elderly with the use of hearing aids from the
acoustic gain prescription based on audiometric thresholds
obtained with pure tones modulated in frequency and with
Narrow Band noise.

METHODS

The convenience sample of this study consisted of 30 elderly
people aged 60 years or over with moderate to severe bilateral
sensorineural hearing loss of descending configuration with
thresholds at 4kHz equal to or less than 70 dBHL. This is a
longitudinal intervention study that was approved by the research
ethics committee under number 2,749,636. All participants
agreed to participate in the research by signing the Informed
Consent Form.

The elderly were randomly divided into two groups: The
Pure Tone group - GTP, with 15 elderly aged 62 to 93 years
old, 8 females and 7 males, in which the gain calculation was
prescribed based on the auditory thresholds obtained with the
pure tone stimulus modulated in frequency (warble). The GNB
group, also with 15 elderly aged 61 to 90 years of age, 5 females
and 10 males paired according to the variable hearing loss, had
the gain calculation prescribed based on the auditory thresholds
obtained with the Narrow Band stimulus. The acoustic gain
prescriptive formula used was DSL v5.

Inclusion criteria were: Age equal to or greater than
60 years old; presenting bilateral symmetrical sensorineural
hearing loss with descending configuration, a threshold of
70 dB HL or less at the frequency of 4kHz; no cognitive
impairment.

The elderly participating in the research were evaluated
before fitting the hearing aids and after three months of use.

The process of fitting hearing aids took place after the
audiological evaluation was carried out and the patients were
randomly allocated to the two groups.

The process of fitting hearing aids followed the recommendation
of the hearing health ordinance!'¥. The elderly received
hearing aids provided by the Unified Health System (SUS).
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Hearing health services dispense hearing aids classified,
according to technology, into types A, B and C. The hearing
aids used by the participants in this study were all type B
and approximately 70% were of the same brand and model.
There was also the possibility of choosing between the
adaptation with a conventional mold or a thin tube with an
olive, which was decided according to the configuration of
the hearing loss and the patient’s dexterity in handling the
device. Therefore, the technological characteristics were the
same or very similar. The algorithms activated in all cases
were: feedback suppressor and noise reduction. The frequency
lowering algorithm was not activated in any of the cases as
it is known that thresholds of up to 70 dB HL probably refer
to regions with preserved inner hair cells and therefore it is
possible to take advantage of the amplification in the high-
frequency range without the need of using the downgrade
feature. The prescriptive formula used to calculate the
acoustic gain was the DSL v5 rule. The initial adjustment
and the necessary adjustments were made according to the
participant’s self-perception. Then, the in situ verification
was carried out using visible mapping of amplified speech
(speech mapping), using the In Situ Measurement equipment,
model Verifit VF-1, from the Audioscan brand. Before
carrying out this research, the equipment was calibrated.
The patient was positioned seated at 0° azimuth and 80 cm
from the equipment loudspeaker, with the probe microphone
positioned at 5 mm from the tympanic membrane, the
reference microphone just below the ear and the hearing aid
placed in the external acoustic meatus. Initially, the type of
hearing aid, the type of adaptation (in all cases bilateral),
the patient’s age, the transducer used for the investigation
of pure tone thresholds, the DSL v5 prescriptive method for
the determination of targets were selected in the equipment.
the patient’s auditory thresholds obtained by air conduction
from 250 to 6000 Hz were inserted and the bone conduction
from 500 to 4000 Hz. The stimulus used for this measurement
was the International Speech Test Signal (ISTS)!?, created
from recordings in six different languages, completely
unintelligible, but internationally accepted for hearing aid
verification. From this measurement, the values of REAR
(real-ear aided response) were obtained, and these values
for amplified speech should be located between the target
values + 4 dB. The equipment calculates and makes available
the Speech Intelligibility Index (SII) for speech signals
with and without the hearing aids being the speech signal
presented at 65 dB SPL. Such data allowed us to quantify, in
percentage, the audibility of speech sounds. After verification,
the elderly (and their companions) were instructed on the
use and conservation of hearing aids. From the adaptation of
the hearing aids, the elderly started using them in activities
of daily living and weekly visits were made until effective
use was achieved. At each return visit, the data record was
read (datalogging-DL) and guidance and adjustments were
made whenever necessary. It was considered effective use
8 hours a day. Values referring to daily use of hearing aids
were included as data for statistical analysis between groups.

The protocol of this research included the application of the
following procedures:

1. Pure tone 1 audiometry investigating thresholds with
warble and narrowband stimuli at frequencies from 250
to 8000 Hz;

2. The Word Recognition Score (WRS) with recorded
monosyllabic stimuli. The WRS Survey with Monosyllables
was obtained at the most comfortable level in a soundproof
booth. This research was carried out through the presentation
of recorded speech material'®. The speech material contains
25 monosyllables arranged in different orders, giving rise to
four lists called D1, D2, D3 and D4. The WRS was obtained
in the initial evaluation without the hearing aids, through the
presentation of lists D1 and D2 respectively, for the right
and left ears;.

The audiological evaluation was carried out in a soundproof
booth, using a two-channel digital audiometer brand Grason-
Stadler, model GSI 61 Clinical Audiometer, with supra-aural
headphones TDH-50P.

3. Lists of sentences in Portuguese (LSP)!?. This material
is composed of a list of 25 sentences (List 1A), 7 lists of
10 sentences (1B to 7B) and a speech spectrum noise. It
is recorded on a compact disc CD, in which sentences and
noise were recorded in independent channels, allowing its
presentation both in silence and in noise. In this study, the
signal/noise (S/N) ratios were obtained, in which 50% of
the sentences presented in the free field with and without
hearing aids were recognized. Three lists were used: list
1A for the familiarization (training) of the patient with
the test; list 1B for obtaining S/N ratios without hearing
aids and list 2B with hearing aids. The application of the
test in free field condition was carried out in a soundproof
booth, with the individual positioned at Im from the sound
source, in the 0° azimuth condition. In order to obtain the
sound pressure levels in the free field, the measurement
was performed following the ascending-descending
strategy'®. Continuous noise was presented at 65 dB
SPL level. Sentence presentation was started at a zero
S/N ratio (noise at 65 dB SPL and speech at 65 dB SPL).
After the patient’s first correct or incorrect response, the
level of sentence presentation was respectively decreased
or increased by 4dB and after changing the pattern of
responses, additions or subtractions were always 2 dB.
From the change to 2 dB, the levels of presentation of
each sentence were recorded and the average of the level
of presentation was calculated. To obtain the S/N ratio,
this value was subtracted from the competitive noise
presentation level;

4. Application of the International Outcome Inventory — (I0I-
HA)"). The IOI-HA (International Outcome Inventory for
Hearing Aids - IOI - HA) is composed of seven questions
that subjectively assess the result of the adaptation of the
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electronic sound amplification device under the following
aspects: 1- Use; 2- Benefit; 3- Residual limitation of
activities; 4- Satisfaction; 5- Residual restriction of
participation; 6- Impact on others; 7- Quality of life. Each
question allows five answer options ranging from 1 to 5
points. Thus, the total score of the IOI-HA can vary from
a minimum of 7 (seven) points, which indicates worse
patient performance, to a maximum of 35 (thirty-five)
points, which corresponds to the best performance with
the use of hearing aids;

5. Client Oriented Scale of Improvement (COSI): Scale in
which the speech-language pathologist asks the client
to indicate up to five specific situations in decreasing
order of difficulty in which they would like to hear better.
These responses are logged and archived. After fitting
the hearing aids, the descriptions are read back to the
subject and for each situation, the degree of change is
asked.

In the initial evaluation, the COSI scale was applied and the
basic audiological evaluation was carried out with the search
of thresholds by the frequency with the pure tone stimulus,
and then, on the same day, the search of the thresholds by
the frequency with the Narrow Band stimulus was carried
out. Word Recognition Score (WRS) research with recorded
monosyllabic stimuli using lists D1 and D2, presented
respectively to the right and left ears, and the LSP test was
also performed with the application of lists 1 A (training) and
1B (without hearing aids).

After three months of effective use, the assessments were
carried out with the LSP in the free field (list 2B), the IOI-HA
questionnaire and the COSI scale were applied.

Statistical analysis of data was performed using as a
basis a sample of 30 hearing aid users organized into two
groups. Comparisons were performed using the Mann-
Whitney U test (non-parametric) or Student’s t-test for
independent samples (parametric). The size of the effect of
the difference between the groups was measured using the
d or r coefficients® -2V, For analyzes involving at least one
distribution that violated the assumption of normality (that
is, those that presented p-value < 0.05, presented in bold and
accompanied by an asterisk in the table), we chose to use
non-parametric tests, since the use of a parametric test on
a dataset with non-normal distribution could lead to bias in
the calculations. For analyzes involving only distributions
that did not violate the assumption of normality, we chose
to use parametric tests.

The value of statistical significance adopted was equal to
5% (p < 0.05). SPSS Statistics software, version 25.0 (IBM
Corp., Armonk, NY, USA) was used.

To calculate the 95% confidence intervals, the corrected
and accelerated bias method was used based on 2000 bootstrap
samples. The values in square brackets in the tables indicate
the upper and lower limits of the 95% confidence intervals.

RESULTS

Table 1 presents the measures of central tendency and
dispersion of the hearing thresholds obtained by pure tone and
narrowband according to the group, as well as the comparative
study between them. The results of this table demonstrate that
there was a difference between the groups in relation to the
hearing thresholds of the right ear in the frequencies of 1000 Hz
(NB), 2000 Hz (TP and NB) and 4000 Hz (NB), and for all
cases, GNB presented higher values compared to GTP. Still, in
Table 1, the results show that there was a difference between the
groups in relation to the hearing thresholds of the left ear in the
frequencies of 1000 Hz (TP and NB), 2000 Hz (TP and NB),
3000 Hz (NB) and 4000 Hz (NB), considering that, for all cases,
the GNB thresholds were also higher compared to the GTP.

Table 2 shows the measures of central tendency and dispersion
of the WRS per ear according to the group, as well as their
comparison using Student’s t-test for independent samples.
The results show that there was a statistically significant
difference between the groups in relation to WRS to the RE,
and the GTP presented a higher value in relation to the GNB.

Table 3 shows the measures of central tendency and
dispersion of the IOI-HA responses for each question and
total score. The results reveal that there was no statistically
significant difference between the groups in relation to the
answers to each question of the IOI-HA and that there was
a statistically significant difference between the groups in
relation to the total score, with the GNB presenting a higher
score value compared to the GTP. Thus, individuals whose
acoustic gain prescription was made based on the auditory
thresholds obtained with narrowband presented a better
evaluation of the results regarding the use of hearing aids
compared to individuals whose acoustic gain prescription
was made based on the auditory thresholds obtained with
pure tone.

Table 4 presents an analysis of the distribution of data referring
to data logging (Datalogging), COSI Scale and performance in
lists 1B and 2B according to the group.

The results of this study demonstrate that individuals whose
acoustic gain prescription was made based on narrowband
auditory thresholds had better performance in COSI and longer
hearing aid use in the right ear compared to individuals in the
group whose acoustic gain prescription was made based on
auditory thresholds obtained with pure tone. The two groups
were similar in terms of performance on the lists and the length
of time using hearing aids to the LE.

Table 5 presents the complaints reported by patients based
on the application of the COSI Scale in order of frequency
(from the most frequent to the least frequent) according to
the group. The degree of improvement, in percentage, for
each complaint is also presented, according to the patients’
perception. The results for each group are variable, since the
COSI allows a multitude of responses and both groups were
adapted to hearing aids, that is, minimally satisfied with the
amplification used.
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Table 1. Descriptive values and comparative analysis of groups in relation to hearing thresholds obtained by pure tone and narrowband in the

right and left ear

Variable Group Average SD Median Min. Max. p E.S.
31.33 30.00
Threshold — 6P saszazas) 27 000 4000 190 50.00 d
PT- 250 Hz 0.873° 0.052
(dBHLRE 30.67 35.00
GNB [26.33. 34.33] 9.61 [25.00.40.00) 1000 45.00
34.67 35.00
Threshold - 6P pse7.41000 '31® (30004000 100 55.00
PT- 500 Hz 0.384° 0.304¢
(dBHL)RE 38.67 40.00
GNB 33334380 %7 (@s00.5000 1900 50.00
40.67 45.00
Threshold - GTP 343346677 289 0004500 10 60.00
PT- 1000 Hz 0.079° 0.599¢
(dBHL)RE 48.33 50.00
GNB  3ss’saoo] 1012 [s000.5000 200 60.00
49.33 50.00
Threshold - OGP moes.sser1 " w@so0.5000 2200 65.00
PT- 2000 Hz 0.003* 0.978°
(dBHL)RE 61.00 65.00
GNB  s733'6433) 712 [es00.6500 4590 70.00
56.67 60.00
Threshold - 6P s3e7.6000] &% [e0.00.60.00 4> 70.00
PT - 3000 Hz 0.073° 0.763¢
(dBHLRE 62.00 65.00
GNB 57006633 %% [es00.6500 4000 75.00
60.67 60.00
Threshold - 6P s633.64677 22 [60.00.60.00] >0 70.00 d
PT - 4000 Hz 0.231° 0.406
(dBHL)RE 64.00 65.00
GNB 61006735  ®®0 0006500 5500 75.00
69.67 75.00
Threshold - GTP ea67.7533) 19 [e000.7500 >0 90.00
PT- 6000 Hz 0.550° 0.213¢
(dBHL)RE 72.00 70.00
GNB 670077000 9% (65007500 900 90.00
77.67 70.00
Threshold-- @GP o050 86331 1924 0009000 2% 110.00
PT 8000 Hz 0.525° 0.205¢
(dBHLRE GNB 74.33 11.78 70 o oo 5500 100.00
27.33 25.00
Threshold - 6P oer.31671 9% poo00.3s00) 1090 40.00
NB - 250 Hz 0.548° 0.226¢
(dBHLRE 25.00 25.00
GNB o33 293 1069 [25.00. 25.00] 5.00 45.00
28.67 25.00
Threshold - 6P 2e7.3533  '31®  pooo.ssoop >0 50.00
NB - 500 Hz 0.368° 0.304¢
(dBHL)RE 32.67 35.00
GNB  767.37.33) 1967 s00.3500 1500 45.00
32.67 35.00
Threshold - GTP prer.azenn 1099 soo.zsog 10 50.00
NB - 1000 Hz 0.001* 0.605°
(dBHL)RE 43.00 45.00
GNB  3g00.47671 1090 (45004500 250 55.00
4033 40.00
NB - 2000 Hz 0.002% 1.029¢
(dBHL)RE 50.33 50.00
GNB  goo.s2671 81 (s0.00.5000 4000 60.00

p: statistical significance, Student t-test for independent samples (%), Mann-Whitney U-test (°), effect size for comparison between two groups
according to Cohen, 1992 (9), effect size for comparison between two groups according to Rosenthal, 1991 (), *: Statistically significant value
at the 5% level (p < 0.05)
Caption: GTP = Tone Pure Group; GNB = Narrow Band Group; RE: Right Ear; LE: Left Ear; PT: Pure tone; NB: Narrowband; SD: Standard

deviation; Min.: Minimum; Max: Maximum; E.S.: Effect size
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Table 1. Continued...

Variable Group Average SD Median Min. Max. p E.S.
46.67 45.00
Ng‘reggg'g'_—l GTP [44.33. 49.00] 523 [45.00. 50.00] 40.00 55.00 0015 1147
— Z . a .
(dBHL) GNB [49.00. 56.00] 7.04 [50.00. 60.00] 35.00 60.00
51.33 50.00
Ng‘fezgggj; GTP [47.67. 54.67] 7.43 [50.00. 50.00] 40.00 60.00 0,001 0.653
- z <0. . ’
ABHLIRE 56.00 55.00
(dBHL) GNB [52.67. 59.00] 712 [55.00. 55.00] 40.00 70.00
59.00 60.00
Ng‘reggg'g; GTP [54.67. 63.67] 8.90 [60.00. 60.00] 45.00 75.00 0850 0075
—_— Z - 2 .
59.67 60.00
dBHL)RE
(dBHL) GNB [54.67.64.33 043 [60.00.60.00] 200 75.00
62.33 60.00
Ng‘rezgg'g'_" 1l [58.67. 66.33] 7.9 [60.00. 60.00] 50.00 80.00 0.086" 0.004
— Z . . r
JBHLIRE 58.67 65.00
( ) GNB [52.33. 64.33] 11.87 [65.00. 65.00] 35.00 75.00
32.00 30.00
;?eszg%'dH— GTP 667.37.67) 162 [30.00.30.00] 200 55.00 0755 o115
- Z . 2 .
JBHLILE 33.33 35.00
(dBHL) GNB [26.33.39.11] 160 [30.00. 40.00] 5.00 50.00
35.33 35.00
;?fess':)%'dH- GTP [29.67. 41.33] 12.02 [35.00. 35.00] 15.00 60.00 0,320 0.360¢
— z . 2 .
39.67 40.00
dBHL)LE
(dBHL) GNB [34.00.46.00) 41 [30.00. 45.00] 25.00 60.00
40.67 40.00
P'I_'I_hre1s(r)1(<;loo||-T GTP [33.67. 47.33] 13.35 [35.00. 45.00] 15.00 65.00 o ong Cors
— Z . a .
JBHLILE 53.67 55.00
( ) GNB [50.21. 57.00] 7.90 [55.00. 55.00] 40.00 65.00
52.67 50.00
Threshold - GTP [48.77. 56.67] 9.61 45.00.55.00 4000 75.00 o007 067
- Z . a .
61.00 60.00
dBHL)LE
(dBHL) GNB [58.33. 63.67] 541 [60.00. 65.00] 50.00 70.00
58.00 60.00
PTThfeggggdg GTP [55.23. 61.00] 7.02 [50.00. 65.00] 45.00 70.00 0410 0.570¢
- Z . 2 B
ABHLILE 62.00 65.00
(dBHL) GNB [59.00. 65.00] 6.21 (65.00.70.00] 2000 70.00
62.67 60.00
P'I_'rhrezg&ljdg GTP [60.00. 65.33] 528 [60.00.70.00 200 70.00 0255 0217
— Z . . r
JBHLILE 65.33 65.00
(dBHD) GNB [63.33. 67.33] 4.81 [65.00. 65.00] 55.00 70.00
68.33 65.00
hreshold - GTP [62.67.7400] 14 [60.00. 75.00] 2000 90.00 0252 05705
- Z . 2 B
72.67 70.00
dBHL)LE
(dBHL) GNB [69.00. 76.67] 8.63 [70.00. 75.00] 60.00 95.00
76.33 75.00
PTThreggggdg GTP [69.33. 84.00] 14.82 [65.00. 85.00] 55.00 105.00 0561 0,200
— Z . a .
73.33 70.00
dBHL)LE
(dBHL) GNB [67.33.79.33] 105 [70.00. 70.00] 50.00 100.00
23.33 20.00
Threshold - GTP [18.00.29.00] 1220 [15.00.20.00] 1090 50.00 . o160
— Z . . 4
(dBHL)LE GNB o gf'gg 33] 12.34 25 gg’g% 00] .00 45.00

p: statistical significance, Student t-test for independent samples (%), Mann-Whitney U-test (°), effect size for comparison between two groups
according to Cohen, 1992 (9), effect size for comparison between two groups according to Rosenthal, 1991 (), *: Statistically significant value
at the 5% level (p < 0.05)

Caption: GTP = Tone Pure Group; GNB = Narrow Band Group; RE: Right Ear; LE: Left Ear; PT: Pure tone; NB: Narrowband; SD: Standard
deviation; Min.: Minimum; Max: Maximum; E.S.: Effect size
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Table 1. Continued...

Variable Group Average SD Median Min. Max. p E.S.
27.00 25.00
Threshold — GTP [20.67.3367] oS4 [25.00. 25.00] 5.00 55.00
NB - 500 Hz 0.1522 0.525¢
(dBHL)LE 34.00 35.00
GNB [27.33.4052) 271 [30.00.35.00] 200 55.00
31.00 30.00
Threshold - GTP 12500.37.33 12 [30.00.30.00 1000 60.00
NB - 1000 Hz 0.001% 1.141¢
(dBHL)LE 45.33 45.00
GNB  141.67. 49.00] 8.12 [40.00. 45.00) 200 60.00
41.00 40.00
Threshold - GTP [37.33. 44.67] 8.06 [40.00. 4000 ~ 2>90 60.00
NB - 2000 Hz <0.001% 1.736¢
(dBHLLE 55.00 55.00
GNB  sp33’sgo0] %% [ss00.5500 400 65.00
45.67 45.00
Threshold - GTP 4333 4800 2%  @s00 4500 4000 55.00
NB - 3000 Hz <0.001% 0.634"
(dBHLLE 54.33 55.00
GNB  s200.56671 O30 [ss00.55.00 4500 60.00
50.67 50.00
Threshold — aTP [47.67. 53.67] 7.04 50.00. 5000, 4000 60.00
NB - 4000 Hz <0.001% 0.653"
(dBHL)LE 61.00 60.00
GNB [59.00. 63.00] 4.1 [60.00. 60.00] 200 70.00
57.33 55.00
Threshold - GTP 533361671 8%  [5000 6000 4200 75.00
NB - 6000 Hz 0.2672 0.425¢
(dBHL)LE 61.00 60.00
GNB 70065331 %10 o000 000 090 85.00
62.00 60.00
Threshold — GTP [58.67. 65.67] 8.41 [60.00.60.00) 2000 80.00
NB - 8000 Hz 0.776° 0.119¢
(dBHL)LE 61.00 65.00
GNB  s633'65671  10%%  [es.00.65.00 450 80.00

p: statistical significance, Student t-test for independent samples (%), Mann-Whitney U-test (®), effect size for comparison between two groups
according to Cohen, 1992 (9), effect size for comparison between two groups according to Rosenthal, 1991 (), *: Statistically significant value
at the 5% level (p < 0.05)

Caption: GTP = Tone Pure Group; GNB = Narrow Band Group; RE: Right Ear; LE: Left Ear; PT: Pure tone; NB: Narrowband; SD: Standard
deviation; Min.: Minimum; Max: Maximum; E.S.: Effect size

Table 2. Descriptive values and comparative analysis of groups in relation to WRS

Variable Group Average SD Median Min. Max. Statistic p? pb pe ES.
74.67 76.00
wrere o 960.79.471 "% 20078000 4800 8800
(%) 0.029* 0.797
65.60 68.00
GNB  5043.70671 1028  [se.00.7200] 4400 80.00
74.20 72.00
wrs_e O 1e989.7915] %72 [eso0’oog 000 9200
(%) 0.077 0.628
67.47 68.00
GNB  6p67.7205 930 8006800 4800  80.00

p: statistical significance, Shapiro Wilk test (%), Levene test (°) Student’s t-test (°) for independent samples *: Statistically significant value at the 5% level (p < 0.05)
Caption: GTP = Tone Pure Group; GNB = Narrow Band Group; WRS = Word Recognition Score; SD = Standard deviation; Min.: Minimum; Max: MaxImum; E.S. = Effect size
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Table 3. Descriptive values and comparative analysis of the groups in relation to the answers for each question and the total score of the IOI-HA

Question Group Median Min. Q1 Q3 Max p E.S.
GTP 5 0%'02 00] 4.00 5.00 5.00 5.00
1 T 0.483 0.263
GNB 5 0%'05? 00] 5.00 5.00 5.00 5.00
GTP 5 0%'050 00] 4.00 4.00 5.00 5.00
2 ’ 5 '00' 0.215 0.265
GNB [5.00. 5.00] 3.00 5.00 5.00 5.00
GTP " O‘é'og 00] 3.00 4.00 5.00 5.00
3 ’ 5 '00' 0.216 0.261
GNB [5.00. 5.00] 3.00 4.00 5.00 5.00
GTP 5 0%'02 00] 3.00 5.00 5.00 5.00
4 ' 5'00' > 0.999 0.000
GNB [5.00. 5.00] 3.00 5.00 5.00 5.00
GTP 5 0%050 00] 3.00 5.00 5.00 5.00
5 ’ 5 '00' 0.732 0.099
GNB [5.00. 5.00] 4.00 5.00 5.00 5.00
GTP 5 0%'05? 00] 2.00 4.00 5.00 5.00
6 ’ 5 '00' 0.100 0.385
GNB [5.00. 5.00] 5.00 5.00 5.00 5.00
GTP 3 0‘802 00] 2.00 2.00 5.00 5.00
7 ' P '00' 0.411 0.162
GNB [4.00. 4.00] 2.00 3.00 5.00 5.00
GTP 5 0%'0?? 00] 1.00 1.00 3.00 3.00
8 ’ 5 '00' 0.399 0.184
GNB [1.00. 3.00] 1.00 1.00 3.00 3.00
31.00
TP [31.00.33.00] 27.00 - - 35.00 *
Score Total 34.00 0.027 0.401
GNB 134.00.34.00] 27.00 - - 35.00

p: statistical significance, Mann-Whitney U test. * : Statistically significant value at the 5% level (p < 0.05)

Caption: GTP = Tone Pure Group; GNB = Narrow Band Group; Q1 = First quartile; Q3 = Third quartile; Min.: Minimum; Max: Maximum; E.S. = Effect size

Table 4. Descriptive values and comparative analysis of groups in relation to DL, COSI Scale and performance in lists 1B and 2B

Variable Group Average SD Median Min. Max. p E.S.
8.13 9.00
oL RE GTP [6.53.9.53] 3.03 [9.00. 9.00] 3.00 13.00
0.049% 0.685
(hours/day) GNB 1020 2.46 10.00 7.00 14.00
[9.07. 11.33] . [8.00. 12.00] . :
8.73 9.00
DL - LE GTP [7.12. 10.20] 280 [8.00. 11.00] 4.00 13.00
(hours/day) 10.00 10.00 0.191° 0455
GNB [8.93.11.13] 239 [10.00. 10.00] 6.00 14.00
8.00 8.00
GTP [7.47. 8.60] 141 [7.00. 10.00] 6.00 10.00
COSl scale 9.00 900 0.044* 0.374"
GNB [8.60. 9.33] 93 [9.00. 9.00] 7.00 10.00
5.52 7.60
List 1B GTP [1.08. 9.58] 9.46 [5.00. 9.00] -16.00 20.00
- 0.1272 0.474
(S/R ratio) GNB 10.00 5.65 12.30 -2.00 17.20
[6.96. 12.71] . [8.00. 13.60] . :
3.24 6.20
List 2B GTP [-0.96. 6.82] 7.70 [4.50. 7.40] -15.00 12.00
- 0.151° 0.265"
(S/R ratio) GNB 712 5.29 7.60 9.00 12.80
[3.93. 9.38] . [6.00. 10.00] e :

p: statistical significance, Student’s t-test for independent samples (a), Mann-Whitney U test (b), effect size for comparison between two groups according to
Rosenthal, 1991 () *: Statistically significant value at the 5% level (p < 0.05)
Caption: GTP = Tone Pure Group; GNB = Narrow Band Group ; DL — RE = Datalogging right ear; DL — LE = Datalogging left ear; SD = Standard deviation;
Min.: Minimum; Max: Maximum; E.S. = Effect size
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Table 5. Descriptive analysis of the most frequent complaints and perceived improvement for each complaint from the application of the COSI

questionnaire
GTP GNB
Average of Average of
) Occurrence of the complaint perceived ) Occurrence of the complaint perceived
Complaint improvement Complaint improvement
N % % N % %
TV 14 93.33 93.57 TV 9 60.00 95.00
Telephone 46.67 89.29 Telephone 8 53.33 86.88
Listening in 40.00 70.00 Group chat 7 46.67 95.00
noise
Understanding 4 26.67 73.75 Listening in 5 33.33 79.00
speech noise
Talking 4 26.67 73.75 Church 3 20.00 88.33
Buzz 4 26.67 72.50 Understanding 3 20.00 95.00
speech
Group chat 4 26.67 67.50 Buzz 2 13.33 95.00
Church 3 20.00 65.00 Location 2 13.33 95.00
Location 2 13.33 95.00 Individual 2 13.33 95.00
conversation
Watching TV Nois
and someone 1 6.67 75.00 . Y 1 6.67 75.00
environment
calls
Lectures 1 6.67 75.00 Understanding 1 6.67 95.00
people
Hearing 1 6.67 50.00 Talking with 1 6.67 95.00
conversations people
Hearing people . .
with their backs 1 6.67 75.00 Talking with 1 6.67 75.00
people
turned
Hearing street 1 6.67 95.00 Family parties 1 6.67 95.00
sounds
Dizziness 1 6.67 50.00 Hearing 1 6.67 75.00
Annoyance of 1 6.67 95.00 Long-dlstar_mce 1 6.67 50.00
people understanding
Hearing the .
sounds of 1 6.67 95.00 Understanding 1 6.67 95.00
conversations
nature
Stop getting
closer to people 1 6.67 95.00
to listen
Annqyance ina 1 6.67 75.00
noisy place
Hearing two 1 6.67 25.00
things at once
Decrease
repeat request 1 6.67 75.00
in conversations
Hearing
environmental 1 6.67 95.00
sounds

Caption: GTP = Tone Pure Group; GNB = Narrow Band Group; N = population size

DISCUSSION

In the present study, it was observed that randomly distributed
individuals whose acoustic gain prescription was based on
narrowband auditory thresholds had worse auditory thresholds
in the right ear at frequencies of 1000 Hz (NB), 2000 Hz (TP
and NB) and 4000 Hz (NB) and worse auditory thresholds in

the left ear in the frequencies of 1000 Hz (TP and NB), 2000 Hz
(TP and NB), 3000 Hz (NB) and 4000 Hz (NB) compared to
individuals whose prescription of acoustic gain was based on
auditory thresholds obtained with pure tone (Table 1).
Regarding the stimulus used for the research of auditory
thresholds, differences of up to 20 dB were found in the literature
between the stimuli in the frequencies of 2 and 4 kHz, being
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always better with the NarrowBand®?. In a study carried out
with individuals with tinnitus, the difference between normal-
hearing and hearing-loss groups was evidenced, regardless
of the presence of tinnitus, and in the intergroup analysis, the
thresholds obtained with Narrow Band were statistically better®®.

A possible explanation is that the Narrow Band is characterized
by the concentration of sound energy in a region of frequencies
wider than the pure tone. Considering that subjects with
sensorineural hearing loss have a reduction in the sensitivity
of the basilar membrane, which can change the frequency
selectivity in the cochlea, with this there is a possibility that
broader stimuli can generate better responses when compared
to those that stimulate a more specific region of the cochlea®?.
Another explanation for these findings is that the status of hair
cells that fall between the octaves of frequencies, assessed
by conventional audiometry, is not evidenced/detected in the
traditional assessment with pure tone®. In the present study,
the thresholds obtained with pure tone and narrow band in the
same individual were not compared. However, in the random
distribution of the elderly into the two groups, it was found that
those in whom narrowband surveyed thresholds were used for
the prescription of acoustic gain were worse in most frequencies
than those obtained in the elderly whose gain was prescribed
based on the thresholds searched with pure tone.

Sensorineural hearing loss with descending audiometric
configuration is the most common type found in clinical
audiology practice, including age-related hearing loss®®, and
was an inclusion criterion for the current study. This type of
hearing loss is often related to difficulty in speech intelligibility.
The Word Recognition Score (WRS) assesses speech recognition.
In speech, vowels are naturally more intense and present acoustic
energy at low frequencies (400 to 500 Hz). Consonants, on
the other hand, are sounds that present spectral energy at high
frequencies, above 2000 Hz, but 20 to 35 dB weaker than
vowels. Consonant sounds, however, contribute with 60% to
speech intelligibility, while vowel sounds account for 40% of
this measure. Due to the spectral characteristics of these sounds
and the range of human audibility, it is possible to understand
why individuals with high-frequency hearing loss have difficulty
in speech recognition®”.

As observed in relation to auditory thresholds, the elderly in
the GTP presented a better performance in the WRS compared
to the elderly whose acoustic gain prescription was based on
the auditory thresholds obtained with narrowband (Table 2).

Regarding the test of sentences in noise, it was possible to
verify that the two groups were similar in terms of performance
on the lists, that is, both the individuals whose acoustic gain
prescription was made based on the auditory thresholds obtained
with pure tone, as with Narrow Band presented a signal-to-noise
ratio in which 50% of similar sentences were recognized both in
the condition without prostheses and with prostheses (Table 4).
It can be highlighted that, although not significant, the GTP
presented better results, which can be explained by the better
hearing presented by the participants in this group. It should
also be considered that this is a test applied in a clinical setting
and may not express exactly what happens in activities of daily
living (outdoor environments).
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Speech tests are useful to assess the benefit of using hearing
aids, as they objectively measure, with known reliability, speech
comprehension. It is important to emphasize that the inability
to properly understand speech is what most motivates people
to seek services for the selection and fitting of hearing aids®®.
The disadvantage of speech tests to assess the benefit of using
hearing aids is that the results obtained depend strongly on the
measurement conditions used. Large improvements in scores
can be obtained if tests are administered silently. These benefits
diminish and may disappear or become negative if the same test
is presented with noise because speech recognition is determined
by the signal-to-noise (S/N) ratio. Individuals with hearing loss
will experience a variety of speech levels in a multitude of S/N
ratios in their everyday environments.

It can be said that the LSP test had its acoustic parameters
controlled with great reliability, however, in the day-to-day
patients suffer from environmental changes, which makes it
difficult to measure the level of improvement in the signal/noise
ratio with the hearing aid in everyday life.

The International Outcome Inventory — Hearing Aid (IOI-
HA) aims to document, from the individual’s point of view,
the evolution of the daily use of the prosthesis, considering not
only the degree of satisfaction, but also the limitations of basic
activities, the restriction of participation, impact on others and
quality of life(19).

In the present research, it was possible to verify that there
was no statistically significant difference between the groups
regarding the answers given to each question of the IOI-HA
(Table 3). In the analysis of the psychometric properties of the
IOI-HA in Portuguese, it was found that the questionnaire has a
moderate internal consistency. Several test items are correlated
with each other (analysis of the first application —retest)”. Thus,
the use of the IOI-HA is suggested in the rehabilitation process of
hearing aid users, but it is considered that the questionnaire can
be difficult to understand for subjects with low socioeconomic
status in the self-applied situation.

Although no statistical differences were identified between
the two groups per question, the analysis of the total score
obtained in the IOI-HA revealed a statistically significant
difference between the groups. The elderly in whom the acoustic
gain prescription was made based on the hearing thresholds
obtained with Narrow Band presented better results evaluation
regarding the use of the hearing aid compared to individuals
whose acoustic gain prescription was made based on the hearing
thresholds obtained with tone pure.

In the literature, when the analysis of the IOI-HA scores per
question was performed and the total score was subsequently
calculated, it could be observed that the scores showed excellent
results, consequently providing better performance in activities
of daily living®?. However, analyzing the data individually, it is
clear that some users still were dissatisfed and had difficulties
with the use of hearing aids. It was evident that there can naturally
be differences between the total score and the performance per
question in the same test, which was similar to the findings of
the present research.

It is noteworthy that even with greater impairment of speech
intelligibility in the GNB group, it obtained better results with
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the use of hearing aids, as evidenced by the total score on the
IOI-HA.

Regarding the time of daily use of hearing aids, it was
found that this was greater in the GNB than in the GTP, with
this difference being statistically significant in the Right Ear
(Table 4). In the literature, there is a report that the longer the
hearing aid usage time, the greater the benefit provided to the
user; the longer the usage time, the greater the satisfaction; the
greater the benefit, the lower the residual activity limitation and
the lower the impact of hearing loss on relationships with other
people(29). Thus, it can be said that the higher data logging
values (datalogging) of the GNB group users evidenced a better
adaptation of the hearing aids and/or these higher Datalogging
values are products of a good adaptation.

The study of the responses obtained in the application of
the Client Oriented Scale of Improvement (COSI) showed a
statistically significant difference between the groups, with the GNB
showing a higher value compared to the GTP (Tables 4 and 5).
Patients were instructed to mark a position on a visual analogue
scale that ranged from “nothing improved with hearing aid”
to “perfect adaptation”. In the statistical analysis, the answers
were converted into a score from 0 to 10, where 0 represented
the worst answer and 10 the best possible answer. Individuals
in the GNB group had better responses on the scale.

In a study carried out with this same instrument, COSI has
attributed the potential to reflect the individuals’ assessment of
the benefits they obtained through rehabilitation. These benefits
can be expressed in terms of reduced activity limitation or
participation restriction in activities of daily living (for example,
increased participation in social events)©@.

Therefore, the data obtained by the GNB group in this study,
together with the findings of the study mentioned above, show
that the GNB group obtained more benefits and was closer to
the “best adaptation”. It can be said that this group is auditory
more able to communicate, participate socially and present less
limitation in activities of daily living.

Complaints from both groups ranged from improving
speech perception by: watching TV, in individual and group
conversations, in church, in lectures, in noise; or even complaints
related to balance and tinnitus.

The self-reported complaints in the initial assessment were
reassessed after three months and were based on the needs that
sought to be resolved by the rehabilitation process. The individuals
were asked to analyze the previous report and were instructed
to say the percentage of improvement and/or worsening of that
previously mentioned complaint. In both groups, the answers
were positive, but very varied quantitatively and represented a
great improvement in user satisfaction three months after using
the hearing aids (Table 5). COSI is recommended for use in
clinical practice as it is effective in patient self-assessing the
hearing needs. In a study carried out, some justifications for the
use of the COSI scale were listed. It can be said that this scale
fits into a well-conducted clinical interview in a non-intrusive
manner, in which the individual responses are more useful to the
clinician than the responses from a much longer questionnaire
would be. The correlation between COSI and improvement
measures is reasonable, as people are possibly better able to
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provide accurate information when asked about situations that
are important to them than when they are being asked about
generic situations, some of which may not apply to your daily
life. For these reasons, the COSI scale was classified as useful
and convenient for use in clinical practice®®.

What can be inferred is that both the IOI-HA (multidimensional
assessment) and the COSI (assessment of limitations in activities
of daily living) are a questionnaire and a scale, respectively, in
which the self-perception of the elderly using a hearing aid in
daily life activities is evaluated. Therefore, it can be justified
that a test in controlled situations demonstrates that individuals
with better hearing (GTP) perform better, while self-assessment
protocols reveal the individual’s self-perception in their daily
environment, which may have led to the GNB group to present
in these instruments the best result. In addition, it is worth noting
that the time of daily use of hearing aids by the GNB participants
was greater than that of the GTP. This finding reinforces the
explanation that there may be differences obtained in controlled
situations (LSP) and situations of daily living.

The hypothesis that guided this study was confirmed that
sound signals that stimulate a larger cochlear region may be
more effective for the prescription of acoustic gain, since the
sounds to which patients are exposed in their daily lives are
complex (e.g.: speech). No studies similar to those carried out
in this research were found.

CONCLUSION

There is a better evaluation of results with the use of hearing
aids, revealed by the total score of the IOI-HA questionnaire,
COSI scale and longer use of hearing aids, in the group whose
prescription of acoustic gain was based on audiometric thresholds
obtained with noise from Narrow Band.
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