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Abstract Introduction The study of electrophysiological auditory measures with different
types of masking makes it possible to understand temporal processing skills and the
processes involved in speech recognition in noise situations. The use of modulated
masking in cortical measures of hearing enables the obtainment of analysis parameters
of the masking release and its impact on neural auditory processing.

Objective To investigate the behavior of cortical auditory evoked potentials (CAEPs)
with modulated masking in the normal hearing population.

Data synthesis A total of 2,159 articles were identified in the initial search; of these,
12 were selected for full reading. After excluding studies that did not meet the
eligibility criteria, six articles were included in the present systematic review.

The results show that the type of masking has an influence on cortical auditory
behavior, indicating a different effect on neural posture rergarding CAEP responses.

Keywords Modulated noise as masking in the CAEP record generated statistically higher and
= electrophysiology earlier responses compared with non-modulated/steady noise, evidenced by the
= auditory evoked results obtained in the meta-analysis with subgroup analysis. These responses may
potentials indicate an influence of the type of noise in the neural auditory coding.
= noise Conclusion Better responses were observed in modulated masking in terms of the
= speech perception behavior of CAEPs. Decreased latency and increased amplitude of cortical measure-
= perceptual masking ments with the use of modulated noise indicate a lower masking effect of this noise in
= hearing cortical auditory processing, evidencing the masking release phenomenon.
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Introduction

Speech signal recognition is an important aspect related to
the understanding of speech, and one of the conditions that
can be unfavorable to this decoding process is the presence of
competitive noise, which can degrade speech or make it
difficult to process.! The presence of noise or sound, either
before, during or after an initial stimulus, can generate a
reduction in the perception sensitivity of such stimulus,
causing a change in its sound threshold; such an event is
known as “temporal masking.”? Although masking caused by
background noise can interfere with the sensitivity of recog-
nition of the target sound, acoustic fluctuations of these
noises enable the understanding of sound/speech to occur.’

Background noise fluctuations, both in intensity and
frequency, cause favorable changes in the perception of
speech/sound acoustic cues in the presence of masking,
when compared with situations in which the background
noise does not fluctuate, that is, it occurs steadily.* Some
studies investigated the effect of such noise oscillations on
speech recognition using behavioral methodologies and
called it the masking release phenomenon® or benefit of
modulated masking (BMM), which has been translated into
Brazilian Portuguese as beneficio da modulagdo do
mascaramento.

Although signal-to-noise perception has been studied
extensively using behavioral methodologies,3’4'6 the neural
encoding of these signals in humans still needs further
investigation. Considering that electrophysiological meas-
ures, such as cortical auditory evoked potentials (CAEPs)
may present different responses when acquired by stimuli
presented in different types of background noise, indicating
a differential effect of the type of masking on the
responses,’ the investigation of the temporal characteristics
of noise, such as modulation, acquired relevance in
electrophysiology.

Studies on the performance of electrophysiological tests
of temporal processing have shown important clinical rele-
vance. Such methodologies are not only complementary, but
have the potential to assess temporal processing skills in
participants who are unable to provide reliable behavioral
responses.®? Investigations on CAEPs make it possible to
evaluate the entire auditory system, from the brainstem to
the auditory cortex, and CAEPs can be obtained through
different types of stimuli.'® Moreover, studies on the audi-
tory cortical wave complex (P1-N1-P2) provide important
information on the neural processes responsible for speech
perception, maturation of the auditory system, as well as the
quality of auditory information processing.'!

Considering CAEPs an important measure to obtain ob-
jective auditory responses, the investigation of its applica-
tion with modulated masking enables the assessment of
analysis parameters of the masking release phenomenon
in individuals with normal hearing, providing relevant find-
ings regarding the impact of this phenomenon on temporal
processing and related skills. In addition, such investigation
aims to provide understanding of speech perception disor-
ders in noise.’
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Considering the importance of studying cortical auditory
measures with modulated maskers for a better understand-
ing of the processes involved in speech recognition in noisy
environments, in addition to the temporal processing skills
involved in this aspect, the present review is considered
relevant. The goal of the current study was to investigate the
behavior of CAEPS with masking with and without modula-
tion in the normal-hearing population, through a systematic
review of the literature.

Review of the Literature

The present systematic review was registered and published
on the International Prospective Register of Systematic
Reviews (PROSPERO) platform under registration number
CRD42022315931, and all stages of development of the
current study followed the methodological recommenda-
tions of the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement.'?

Research Strategy
The question that guided the conduction of the present
research was: Is there a difference in the behavior of CAEPs
with masking with or without modulation in the normal-
hearing population?

The Population, Phenomenon of Interest, Context (PICo)
strategy,12 used to structure the question, was defined as
follows: population (P): young people, adults, and elderly
individuals, normal-hearing people; phenomenon of inter-
est (I): performance of the CAEP with modulated masking;
and context (Co): response of CAEP measures to modulated
masking.

A search was performed in the Medical Subject Headings
(MeSH) and Health Sciences Descriptors (Descritores em
Ciéncias da Sadde, DeCS, in Portuguese) systems to define
the descriptors to be used in the bibliographic survey; such
descriptors were crossed using the Boolean operators “AND”
and “OR.” After selecting the descriptors, the following search
strategy was developed: (Young Adult OR Young Adults OR
Adult OR Adults OR Middle-Aged OR Middle Age OR Aged OR
Elderly) AND (Noise OR Noises OR Perceptual Masking OR
Perceptual Maskings OR Masking Release OR Modulated
Maskers OR Modulated Noise) AND (Evoked Potentials, Audi-
tory OR Long-Latency Auditory Evoked Potentials OR LLAEP OR
CAEP OR P1-N1-P2 Complex OR Cortical Auditory Evoked
Potentials OR Event-Related Potentials, P300).

Between July and August 2022, a bibliographic survey was
conducted, with a new search in May 2023 to update the
review research. The search was performed in the following
databases: Web of Science, Medical Literature Analysis and
Retrieval System Online (MEDLINE) via PubMed, Cochrane
Library, Latin American and Caribbean Health Sciences Lit-
erature (LILACS), Scientific Electronic Library Online
(SciELO), and Embase, also including the following gray
literature databases: OpenGrey, DissOnline, OAlster and
Google Scholar. During the bibliographic survey, restrictions
regarding language and date of publication of the study were
not applied.
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Selection Criteria

Regarding the eligibility criteria of the studies, the review
included original observational articles that performed CAEP
in normal-hearing individuals, using modulated and unmod-
ulated masking for auditory stimulation, in the young, adult,
or elderly population. Case reports, letters to the editor, book
chapters, animal studies, conference abstracts, and duplicate
articles, as well as studies conducted with individuals pre-
senting history of neurological and/or psychiatric diseases,
cognitive deficits, and any type of hearing disorder or
complaint, were excluded.

Selection of Studies

The search and selection of studies were performed blindly
by two independent reviewers with experience in hearing
electrophysiology. The first stage of study selection consisted
in reading the title and abstract, in digital format, of all
identified articles. Those that met the inclusion criteria were
selected for the next stage. In the second stage, after exclud-
ing duplicate studies, the full text of the selected articles was
read, with the identification of those that met the objective
of the review. Discrepancies regarding the selection of
studies were discussed between the reviewers at the end
of each step, aiming to reach a consensus and, in the absence
of agreement, a third evaluator was consulted.

Data Extraction

To synthesize the information from the included studies, a
previously prepared Excel (Micrisoft Corp., Redmond, WA,
United States) spreadsheet was used by the reviewers, who
independently extracted the following data: article title,
authors’ names, year of publication, country, type and objec-
tive of the study, sample size, age group of the sample,
auditory/cognitive assessment, CAEP performance param-
eters, results of latency, amplitude and electrophysiological
threshold measurements of cortical components, main con-
clusions provided by the studies, and limitations. A third
reviewer checked the extracted data to assess accuracy. All
disagreements and discrepancies were resolved by discus-
sion among the reviewers.

Quality Assessment

The quality of the studies included in the review was ana-
lyzed using the Newcastle-Ottawa Scale (NOS) assessment
instrument adapted for cross-sectional studies,’? and two
reviewers independently assessed the articles based on the
following items: 1) representativeness of the sample; 2)
sample size; 3) response rate; 4) determination of exposure
(risk factor); 5) adequacy of research design and study
analysis (control for confounding factors); 6) evaluation of
results; and 7) appropriate statistical analysis. Then, scores
were assigned based on three main components: selection (0
to 5 points); comparability (0 to 1 point); and results (0 to 3
points), and the maximum score was limited to 9
points/asterisks (*), representing high methodological quali-
ty. The discrepancies found in the analysis of the quality of
the studies were resolved by consensus between
the reviewers, and in case of persistent disagreement, the
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assessment was performed by a third reviewer. No studies
were excluded from the present review based on the
assessed risk of bias.

Statistical Analysis of Quantitative Data

The results of each study were expressed as mean and
standard deviation (SD) variables. For the continuous vari-
ables, the weighted mean difference was used to test the
general effect. The randomized effect model was chosen,
using the inverse variance method (this measure of variabil-
ity is directly related to the sample size, that is, the larger the
size, the smaller the estimated variability and, consequently,
the greater the weight of the study in estimating the meta-
analytical measure) and 2-tailed 95% confidence intervals
(95%ClIs).

Higgins statistics (1) was used to assess the homogeneity
across studies; low heterogeneity was established if I> < 50%,
and moderate and/or high heterogeneity, if I> > 50%. Data
were entered into an Excel spreadsheet, and statistical
analyses were performed with the Revman 5.4 free software,
using the meta package.

Review Results

Atotal of 2,159 studies were identified in the initial database
search. After the identification stage, excluding duplicates,
and screening the articles, 12 studies remained and were
submitted to full-text analysis. After full-text reading, 6
studies were excluded due to the use of noise as the main
and only stimulus (1), absence of cortical auditory results (2),
study population with hearing disorders (2), and lack of
information regarding the type of noise (1). In the end, six
studies met all eligibility criteria and were included in the
present review. All stages of identification and selection of
studies are detailed in =~Fig. 1.

In the quality assessment through the adapted NOS, the
scores of the studies ranged from 5 to 7 points, and we
identified that out of the six studies analyzed, five'*"'® had
high methodological quality and one study'® was identi-
fied as having moderate quality. All evaluated studies had
low scores in the sample selection component, for they did
not describe the sampling strategy neither did they jusstify
the sample size. The evaluation of the “risk factor” in the
selection component was the criterion with the greatest
variability among studies, being scored by the description
of exposure to the factor, that is, by the report of how
exposure to types of noise was determined among partic-
ipants. The study'® evaluated as having moderate meth-
odological quality was not scored on this selection
criterion, which determined the final score. The evaluated
studies obtained better and equal scores in the compara-
bility and results components, in which they showed
adequacy in the comparison between groups, determined
by a factor (type of noise) and by the description of the
evaluation of results and data analysis in a clear and
appropriate way.

It is important to reinforce that regardless of the final
judgment contained in the table, studies present, by nature, a
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Fig. 1 Flow diagram of the selection of articles.

high risk of bias due to non-randomization during the
selection of their research subjects (~Table 1).

After the full-text reading, a detailed analysis of each
article was performed, considering the baseline character-
istics, the main objectives, the methodological aspects, the
main results, and the conclusion. The studies included were
conducted between 2006 and 2023, in Germany,14 the
United Kingdom,'® China,'® the United States,'®'” and
Brazil.'® Regarding the number of study participants, a
minimum of 10 and a maximum of 30 individuals of both
sexes were found, except for one study,'* which did not
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specify the sex of the participants. The studies were con-
ducted with young and adult participants, aged 19 to
55 years, and only one study'® included elderly subjects.

As for the auditory profile of the participants, five'*~'8 out of
the six studies reported on the audiological assessment, with
the use of pure tone audiometric thresholds. A variation in the
evaluation parameters used could be observed: two studies'!”
included the thresholds of frequencies from 250 Hz to 8.000 Hz,
while two other studies'®'® considered frequencies up to
4,000 Hz.In addition, the threshold for the frequencies surveyed
also varied, being considered normal when < 25dB SPL,'>1°
<20dB SPL," <20dB SPL,'® and < 15dB SPL.'/

Regarding the objective of the studies included, all of
them aimed to investigate the effect of different maskers,
including the modulated type, on the representation of
CAEP; however, two studies'’-'8 focused on obtaining the
threshold electrophysiological analysis under different
masking conditions. =Table 2 shows the summary of base-
line information for each study.

The cortical components investigated in the studies con-
sisted of the P1-N1-P2 complex,'®"'® as well as a separate
analysis of the amplitude and latency of the N1 and P2
components.'41>1°

Exept for the two studies which used monaural
presentation of signals to the right ear, all of the other studies
used both ears for the acquisition of cortical responses,
through insert phones. In addition, half of the studies'*!”-1°
mentioned the use of silver chloride (Ag/AgCl) electrodes to
record potentials.

In the condition of use of modulated masking in cortical
auditory responses, the use of amplitude-modulated noise
with different modulation rates was observed for each study.
The increasing modulation rates used were of 6.25Hz,'’
17.5Hz,' 25Hz,'7"'® between 50Hz and 150Hz,'”
400Hz,'® and 700Hz.'* The modulated noise intensity in
each study ranged from 30dB SPL to 80dB SPL. Two stud-
ies'”:18 oscillated the intensity of the presentation of modu-
lated noise between 30 dB SPL and 65 dB SPL. = Table 3 shows
the description of the methodological parameters used in
each study.

16,18

Table 1 Quality assessment of studies according to the adapted Newcastle-Ottawa Scale

Selection Comparability | Results
Studies Sample Sample [ Answer | Risk Adequacy Evaluation | Appropriate | Score

representativeness | size rate factor | of design of results | statistical

and analysis analyses

Androulidakis - - * _ * . - 5
and Jones (2006)19
Epp et al. (2013)14 - _ * ok * . -
Zhang et al. (2014)"> | - - * * * " . 6
Maamor and - - * o * . N
Billings (2017)'®
Tanner et al. (2019)!7 | - - * E * o . 6
Rocha et al. (2022)'8 | - - * « - p z

Note: Score classification: high quality (9-6); moderate quality (4-5); and low quality (< 4).

International Archives of Otorhinolaryngology © 2024. The Author(s).
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Based on the results presented by the studies included in
the review, we observed that three articles '%819 described
quantitative results regarding latency and amplitude meas-
urements of the cortical components analyzed, and the other
studies '*'>17 reported the results of cortical responses
graphically and statistically.

~Table 4 describes a quantitative synthesis of the data
extracted from the studies. Considering the heterogeneity of
the analysis conditions of the cortical components used in
the studies, this quantitative synthesis of the data was
necessary for the development of the meta-analysis.

The results obtained with the meta-analysis of quantitative
data are shown in =~Figs. 2 and 3, which express the quantita-
tive analysis of latency measures and amplitude of cortical
components N1 and P2. It was not possible to analyze the P1
component due to insufficient quantitative data in the selected
studies. In total, 4 studies'>'®'81% were included in the meta-
analysis, comprising 66 participants who underwent the CAEP
assessment with and without modulated masking.

Based on the meta-analysis of the data, high heterogeneity
(12 > 92%) was observed in the included studies '>1%1819 for the
cortical components (N1 and P2) and measures (latency and
amplitude). In the analysis of the latency (=Fig. 2) and ampli-
tude (=Fig. 3) measures of the N1 and P2 components, the
forest plot graphs indicated that the effect of the meta-analysis
was not statistically significant (p > 0.05) among the masking
groups analyzed for both the cortical components, interpreted
by the diamond figure that touches and crosses the vertical line
of nullity in all graphs of the meta-analysis. Therefore, it was not
possible to determine the favorability among the masking
conditions studied for the latency and amplitude measure-
ments of the cortical components analyzed. The low number of
studies that made up the meta-analysis made the use of
heterogeneity exploratory techniques unfeasible due to the
limitations in determining significant estimates of the results.

Discussion

The evaluation of cortical auditory measures with the use of
modulated maskers is necessary for a better understanding

Rocha et al.

of the processes involved in speech recognition in noise
situations, as well as of the temporal processing skills
involved in this aspect. Therefore, the current review aimed
to investigate the behavior of CAEPs with masking with and
without modulation, in the normal-hearing population,
through a systematic review of the literature.

The study of the effect of noise on electrophysiological
hearing responses enables us to understand the processes
involved in speech recognition in situations of competitive
noise and the performance of individuals’ temporal process-
ing skills. Considering that the central auditory system (CAS),
specifically the cortex, plays an important role in signal-to-
noise coding,® and that this condition is also affected by
factors related to the spectrotemporal properties of these
signals,’ the analysis of the behavior of the CAS in different
conditions of competitive noise, through the CAEP measures,
results in indispensable information on the variations of
performance among normal-hearing individuals.

Modulated noise, in turn, used competitively by behav-
ioral auditory measures, has been shown to generate better
results in terms of the perception of speech signals and
sounds?’'~>* when compared with steady noise, or without
modulation. However, in the electrophysiological domain,
the investigation of the effects of this noise is still limited,
which justifies the number of studies included in the present
review.

The current review showed that to observe the CAEP
behavior in modulated noise, the studies used comparisons
with other conditions of unmodulated noise, such as steady
broadband noise,'*'? steady speech spectrum noise,'>"'8
and informational noise, also called babbling of two'> and
four speakers.'® In addition to comparing the different types
of noise in cortical auditory responses, two of the studies'*'°
used different types of signal-to-noise ratio (SNR) in a
random way, to observe the effect of this change in cortical
responses.

Based on the methodological parameters used to acquire
the CAEP, four of the studies used speech stimuli, which were
the syllables /ba/'®"'® and /bi/,'® as the main stimulus, and
the syllables /di/'® and /da/ as a deviant stimulus.'® The other

Table 4 Summary of quantitative results of cortical auditory potentials of the included studies

Studies CAEP latency (ms) CAEP amplitude (pV)

Type of masking | P1 NT P2 P1 NT P2
Androulidakis and Steady - 165.2 (11.3) | 263.6 (16.4) | - 1.9 (0.5) 3.2(0.7)
Jones (2006)"° Modulated - 126.3 (10.3) | 2045 (17.7) | - 2.9(06) | 49(1.1)
Zhang et al. (2014)15 Steady - 168.8 237 - 2.49 2.62

Modulated _ 157 240.7 - 2.19 2.19
Maamor and Steady 86(10.3) | 151(10.4) | 227 (26.9) | 0.45(0.2) | 1.84 (0.4) | 0.87 (0.5)
Billings (2017)"® Modulated 74 (10.3) | 146 (12.8) | 243 (35.5) | 0.55(0.3) | 1.39(0.3) | 0.65 (0.3)
Rocha et al. (2022)'® | Steady 81.2(33.5) | 1452 (34.7) | 196.2(35.1) | 4.0 (1.1) | 1.7(1.2) | 1.8(1.1)

Modulated 73.0 (16.8) | 140.6 (18.5) | 211.2 (16.8) | 5.6 (1.1) | 4.1 (1.8) | 4.7 (2.1)

Abbreviation: CAEP, cortical auditory evoked potential.
Note: Results expressed as mean and standard deviation values.

International Archives of Otorhinolaryngology © 2024. The Author(s).
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Test for overall effect: Z = 1.79 (P = 0.07)

N1 LATENCY A
Modulated noise Steady noise Mean Difference Mean Difference
Study orSubgroup Mean SD Total Mean SD Total Weight 1V,Random, 95% CI| IV, Random, 85% CI
Androulidakis 2006 126.3 103 10 1652 113 10 26.2% -38.90 [-48.38, -29.42) -
Maamor 2017 146 128 30 151 104 30 27.6% -5.00 [-10.90,0.90] -
Rocha 2023 1406 185 14 1452 347 14 201% -4.60[-25.20,16.00) ]
Zhang 2014 16703 1256 12 168.88 11.5 12 26.1% -11.85[-21.46,-2.24)] .
Total (95% Cl) 66 66 100.0% -15.59 [-32.62, 1.44] -
. 2 = . 2= = < C 12 =929 t + + +
Heterogeneity: Tau?= 264.78; Chi*=36.40,df= 3 (P < 0.00001); I =92% 20 25 13 25 50

Faveurs [Modulated noise] Favours [Steady noise

(5]

Test for overall effect: Z = 0.68 (P = 0.51)

P2 LATENCY

Modulated noise Steady noise Mean Difference Mean Difference
Study orSubgroup Mean SD Total Mean  SD Total Weight IV, Random, 95% CI IV, Random, 85% CI
Androulidakis 2006 2045 17.7 10 263.6 164 10 252% -59.10 [-74.06, -44.14] — & —
Maamor 2017 234 177 30 235 233 30 26.0% -1.00 [-11.47,9.47) .
Rocha 2023 2112 16.8 14 196.2 351 14 24.0% 15.00 [-5.38,35.38] T
Zhang 2014 240.74 17 12 237.03 25 12 248%  3.71[-13.40,20.82] N
Total (95% Cl) 66 66 100.0% -10.63 [-42.22, 20.96] ’
Heterogeneity: Tau? = 972 20; Chi# = 52.31,df = 3 (P < 0.00001); I* = 94% _5=0 2 0 2=5 5€0

Favours [Modulated noise] Favours [Steady noise)

Fig. 2 Quantitative analysis of N1 and P2 latency measurements.
N1 AMPLITUDE A
Modulated noise Steady noise Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Androulidakis 2006 29 06 10 19 05 10 265% 1.00[0.52,1.48] -

Maamor 2017 1.39 03 30 184 04 30 277%  -0.45[-0.63,-0.27) .

Rocha 2023 41 1.8 14 17 12 14 215% 2.40[1.27,3.53) -

Zhang 2014 262 1 12 249 1 12 243% 0.13[-0.67,0.93]

Total (95% CI) 66 66 100.0% 0.69 [-0.40, 1.78]

Heterogeneity: Tau® = 1.11; Chi* = 51.98, df = 3 (P < 0.00001); I* = 94% ’_10 '35 0 é 10‘

Test for overall effect: 2 = 1.23 (P = 0.22) Favours [Steady noise] Favours Modulated noise]

L B]
P2 AMPLITUDE
Modulated noise Steady noise Mean Difference Mean Difference
StudyorSubgroup Mean SD Total Mean SD Total Weight IV, Random,95% CI IV,Random,95%CI
Androukdakis 2006 49 1:1 10 32 07 10 251% 1.70[0.89,2.61] —
Maamor 2017 065 0.3 30 087 05 30 27.7%  -0.22[-0.43,-0.01] w
Rocha 2023 4.7 21 14 18 1.1 14 221% 290[1.66,4.14] —_—
Zhang 2014 219 1 12 219 1 12 251% 0.00 [-0.80,0.80] ——
Total (95% Cl) 66 66 100.0% 1.01[-0.27, 2.28) i
Heterogeneity: Tau?=1.51; Chi? = 42.17,df= 3 (P < 0.00001); 1= 93% =4 2 3 i "1
Test for overall effect: Z=1.55 (P = 0.12) Favours [Steady noise] Favours [Modulated nase]
Fig. 3 Quantitative analysis of N1 and P2 amplitude measurements.

studies used pure tones to evoke cortical responses, with a
fixed intensity of 61dB SPL'® and 70dB SPL.'* Variation in
stimulus intensity was also observed among studies that
used speech signals, with intensities of 40 dB SPL,'7 60dB
SPL' and 65dB SPL.'®'® The speech stimulus duration
among the studies ranged from 80 ms to 474 ms; pure tone
stimuli ranged from 200 ms to 300 ms.

It seems relevant to emphasize that in the CAEP recording
and analysis, different types of stimuli can be used, such as
tonal stimulus and speech stimulus; however, the literature
shows that the use of speech stimuli makes it possible to

analyze the processes underlying neural encoding and
decoding for complex signals,?>~>” which may help in the
assessment of speech auditory processing.

Regarding the use of filtering of captured cortical electri-
cal responses, no standardization was observed for this
acquisition parameter; however, three of the studies includ-
ed used filters up to 200 Hz,'41519 2 articles'®17 used the
filter of up to 100 Hz, and only 1 study used a 30-Hz filter.'®

The different parameters used for CAEP acquisition
reported in the current review show some challenges that
are still present in the choice of protocols to capture cortical

International Archives of Otorhinolaryngology © 2024. The Author(s).
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auditory responses and their relationship with normality
markers that can be applied in a standardized way in the
clinical context.

As for the CAEP record, the study by Androulidakis and
Jones19 (2006) described that the N1 and P2 components
were statistically larger (in terms of their morphology) and
earlier in the modulated noise condition compared with the
non-modulated/steady noise condition. In addition, an in-
crease in these responses for the P1-N1-P2 complex was
pointed in the Ilatency results in the condition of
continuous/steady noise when compared with situations of
modulated and informational noise.'® Rocha et al.'® (2022)
also identified an increase in the latency values for the P1 and
N1 components in the steady masking condition when
compared with modulated masking.

These results support the idea that cortical auditory
potentials indicate a differential effect of the type of masking
on their responses when recorded in different competitive
noises.” In view of this, considering that background noise
commonly reduces the amplitude responses and increases
the latency evoked by a sound,?® we concluded that the type
of masking has a significant influence on these responses.

Moreover, regarding the behavior of the latencies of the
cortical components, their decrease observed in modulated
masking was determined by the fact that the acoustic signals
coincide with the rise or fall of the modulated noise, in which
the instantaneous noise level is considered low, generating a
shorter time in the cortical auditory response.'® This concept
corroborates the findings in the literature that claim that
despite the masking caused by background noise, fluctua-
tions in modulated noise generate a better perception of
acoustic speech cues in individuals with normal hearing due
to a more favorable “speech-to-noise” ratio.>*

With regard to the amplitude of cortical responses, the
studies #1619 showed that greater amplitudes were
obtained with the use of modulated masking noise, consid-
ering a better magnitude of cortical activity in the processing
of verbal stimuli in this type of noise, when compared with
steady noise. This result can be explained based on findings
that show that modulations in noise intensity cause a
decrease in the signal-to-noise ratio and consequently gen-
erate an increase in the amplitude of the evoked response 24,

Some studies have also reported that responses from
cortical components, specifically N1 and P2, may be consis-
tent with psychoacoustic findings regarding the effect of
noise modulation on auditory discrimination, evidencing
masking release,’*'? and that this phenomenon (masking
release) should not be associated with attentional
processes.'?

Regarding the electrophysiological threshold investigated
in different masking situations (steady and modulated), 2
studies reported that this threshold was lower in modulated
noise, with a difference of approximately 13.5dB'’ and
11.7dB"® lower when compared with steady noise; this
value was considered the quantitative expression of the
masking release.!”

The correspondence between the CAEP electrophysiolog-
ical measures and the behavioral estimates pointed out in the

International Archives of Otorhinolaryngology © 2024. The Author(s).
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studies resulted in the authors''”'® suggestions that objec-

tive tests based on electrophysiological methods could be
used to reliably assess aspects of temporal processing
capacity.

Regarding aspects related to the use of modulated noise as
masking in the acquisition of more audible signal, regardless
of the noise level; and that when compared with steady
noise, both have similar spectral energy. However, the tem-
poral envelope variations in the modulation determine the
difference in the morphology of neural responses.'®

As for the evaluation of the methodological quality of the
articles, although five studies'*'® were considered of high
quality, it is important to highlight that all of them presented
selection bias, not mentioning information about the sample
of research subjects, confident for the increased risk of bias.

The cross-sectional observational design of the studies
included in the present review has a body of evidence with a
high rate of bias, which emphasizes the need for more
research on the topic of this review, with more careful
methodologies to improve the quality of the studies. How-
ever, it is worth mentioning that many important data would
be discarded if the selection criteria for studies, in systematic
reviews, were necessarily studies with high level of evidence,
since in the field of audiology, there are few more robust
studies, with greater control of bias, such as controlled and
randomized clinical trials.

In the meta-analysis, it was not possible to measure the
effect of the performance of the masking conditions ana-
lyzed, since the results demonstrated high heterogeneity
among the included studies. This high rate of disparity found
in the meta-analysis can be explained by the variability in the
methodological parameters obtained in each research, in
addition to the low number of studies included in the review,
being important points of high influence in the meta-analy-
sis. It is important to highlight that the number of studies
included in the present review, added to their lack of
methodological information and quantitative results, can
be pointed out as a limitation of the current systematic
review, reinforcing the importance of carrying out higher-
quality studies regarding the effect of modulation of noise in
cortical auditory potentials.

Final Comments

The results of the present review show that the type of
masking has an influence on cortical auditory behavior,
indicating a different effect on neural posture regarding
CAEP responses. Modulated noise as masking in the CAEP
record generated statistically higher and earlier responses
compared with non-modulated/steady noise, evidenced by
the results obtained in the meta-analysis with subgroup
analysis. The behavior of CAEP with better responses in
modulated masking, indicating a smaller effect of the mask-
ing in cortical auditory processing, evidences the phenome-
non of masking release. Due to the variation in the
methodological parameters used to evoke the CAEP observed
the included studies, it is not possible to generalize the
findings of the present review.
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