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ABSTRACT

Purpose: to compare the latency and amplitude of the Frequency-Following Response
and the Auditory Middle Latency Response in typical individuals and those with
altered auditory abilities, as well as to investigate the sensitivity and specificity of both
assessments in relation to central auditory processing.

Methods: 32 individuals of both sexes were distributed into Group 1 (without altered
auditory abilities) and Group 2 (with altered auditory abilities). The groups were
divided according to behavioral tests of central auditory processing. Individuals in both
groups underwent auditory evoked potentials. Student’s t-test was used for analysis,
considering a 5% significance.

Results: in Group 2, V and A had higher latency and lower amplitude and slope. Group
2 also had lower Na and Pa amplitudes in waves A1C3 and A2C3. The Frequency-
Following Response showed 93% sensitivity and specificity, while the Auditory Middle
Latency Response showed 87% sensitivity and 93% specificity.

Conclusion: the individuals presented with altered hearing abilities showed higher
latency and lower response amplitude in the Frequency Following Response and
Auditory Middle Latency Response compared to typical individuals. The Frequency-
Following Response showed a better balance of sensitivity and specificity.

Keywords: Auditory Perception; Auditory Evoked Potentials; Adult; Hearing
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INTRODUCTION

Central Auditory Processing (CAP) refers to the
effectiveness with which the nervous system uses
sound information'. Some individuals have a deficit
in this neurobiological mechanism, affecting auditory
perception, and it may impact other domains, such as
attention, memory, and learning?. In adults, changes
in auditory information processing tend to cause
problems in work performance, also impacting mental
health?.

The assessment of CAP involves behavioral
measures of auditory abilities, as well as the inves-
tigation of cognitive and language domains®. In this
context, electrophysiological tests of hearing also
contribute to this assessment, elucidating the structure-
function relationships in the central auditory system>®.
Among these tests, it is possible to highlight the
Frequency-Following Response (FFR) and the Auditory
Middle Latency Response (AMLR), both of which are
already studied in relation to the CAP, elucidating
neurobiological changes of the central auditory nervous
system®s,

The FFR is an assessment triggered by a verbal
stimulus that reveals auditory neurophysiological
processes in the brainstem, with responses recorded
from multiple subcortical and cortical sources®.
Although the FFR is not yet clinically available, there
is evidence that the examination can be an effective
tool in the assessment of CAP®'"'* and, therefore,
help to investigate and elucidate aspects related to the
condition.

The AMLR was also studied against the CAP,
considered by some authors as a very important
assessment due to its generating sites'>'6. Nevertheless,
there have already been records that demonstrated
some inconsistency in this assessment compared to
other CAP tests®, making its applicability contested by
some professionals.

Although there is no gold standard, it is known that
an adequate assessment of the CAP depends on the
application and interpretation of sensitive and specific
tests™®. Thus, parameters such as sensitivity and speci-
ficity of assessments become important. The previous
literature has already studied these parameters for
FFR and AMLR''8, However, no studies were found
describing which electrophysiological tests present the
best performance in terms of sensitivity and specificity
for assessing CAP in the young adult population.

Given the above, the present study aimed at
comparing the parameters of latency and amplitude of
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FFR and AMLR in typical young adults with changes in
auditory abilities, as well as investigating the sensitivity
and specificity of both assessments against CAP in this
population.

METHODS

This study has an analytical and observational
character, and its data collection was conducted in
2019 in an Audiology service of a school clinic.

The study was approved by the Research Ethics
Committee of the Federal University of Santa Maria,
Brazil, under number 23081.019037/2017-19. All
standards and guidelines for research with human
beings complied with Resolution 466/12 of the National
Health Council of Brazil. All individuals were informed
about the research, and those who agreed to partic-
ipate signed a Free and Informed Consent Form and
the Confidentiality Form.

In total, 64 individuals were assessed. However,
32 were excluded because they did not meet the eligi-
bility criteria. The convenience sample comprised 32
young adults, 20 females, and 12 males. All of them
presented right-hand preference. The mean age of
the individuals was 22.6 years (18 to 34 years), and
that of education was 14.9 years. All were speakers of
Brazilian Portuguese.

In the present study, the individuals were divided
into two groups. Group 1 (G1) consisted of 16
individuals, 10 females and 6 males, with a mean age
of 22.7 years. All members of G1 presented normality in
CAP screening. Group 2 (G2), in turn, was composed
of 16 individuals, also, 10 females and 6 males. The
mean age of G2 was 22.6 years and all members of this
group showed changes in CAP screening.

For both groups (G1 and G2), the individuals needed
to present the following inclusion criteria: normal visual
inspection of the external acoustic meatus bilaterally; air
conduction thresholds up to 25 dBHL in octaves from
250 to 8,000 Hz'®; normal functioning of the middle ear
bilaterally, with type A tympanometric curves in both
ears, presenting pressure values between -100daPa
and +200daPa and compliance between 0.3 and
1.3mm; contralateral acoustic reflex present in both
ears at frequencies of 500, 1,000,

2,000, and 4,000Hz%°2?'; Brainstem Auditory Evoked
Responses (BAER) with the presence of waves | (1.66
ms), Il (3.87 ms), and V (5.68 ms), as well as normal
interpeak intervals I-ll (2.21 ms), llI-V (1.81 ms), and
IV (4.02 ms), according to the Webster standardization
(2017)2,
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For CAP screening and consequent separation of
G1 and G2 groups, the following assessments were
performed:

a. For G1: result above 95% in the Dichotic Digit Test
(DDT) for both ears and also a result below 9.5ms
in the Random Gap Detection Test (RGDT)#24,

b. For G2: result less than 95% in the Dichotic Digit
Test (DDT) for both ears and also a result greater
than 9.5ms in the Random Gap Detection Test
(RGDT)24,

The exclusion criteria of both groups were:
neurological and/or psychiatric disorder, syndrome
of genetic origin, degenerative disease, otological
disease, tinnitus or dizziness, continuous exposure
to noise, continuous use of medication, or chemical
dependence. Furthermore, participants could not be
submitted to any complementary therapy during the
research period or take periodic music classes.

All subjects underwent the following procedures:
audiological assessment, behavioral CAP tests, and
electrophysiological hearing assessment.

Audiological Assessment

Audiological anamnesis: composed of questions
related to the hearing and general health of the
individual. The procedure was performed to meet the
inclusion and exclusion criteria of the study;

» Visual inspection of the external acoustic meatus: to
investigate the presence of physical obstructions in
the external acoustic meatus;

e Threshold Tonal Audiometry®: performed in an
audiometric cabin in the Interacoustics® AD629
equipment with annual acoustic measurement.
Headphones TDH-39 were used. To measure air
conduction thresholds, individuals were instructed
to raise their hands if they heard the stimuli, even at
low intensity. Bone conduction thresholds were not
investigated because this study included only indivi-
duals without hearing loss. According to the indivi-
dual’s report, the examination was started in the
best ear. The frequency initially tested was 1,000Hz,
followed by frequencies of 2,000, 3,000, 4,000,
6,000, 8,000, 500, and 250Hz. The initial intensity
presented was 50dB. As a normality criterion, indivi-
duals needed to have air conduction thresholds of
up to 25dBHL for all tested octaves';

* Acoustic Immittance Measurements®®?”: performed
with the Interacoustics® AZ26 equipment, using
a 226Hz test tone. The tympanometric responses
of both ears were investigated, as well as the

contralateral acoustic reflexes at 500, 1,000, 2,000,

and 4,000 Hz. Individuals were instructed to remain

seated and avoid swallowing during the procedure.

For tympanometry, the normality standard for

pressure was between -100 and +200daPa, and for

compliance was between 0.3 and 1.3mmhos. In the

acoustic reflex, the responses between 65 and 95

dB were considered within the normal range for all

frequencies tested?0:2125,

The Dichotic Digit Test (DDT) and the Random
Gap Detection Test (RGDT) were selected for this
assessment, considering the performance of both in
previous studies and the importance of the abilities
assessed by the tests for discrimination and speech
understanding®2¢®2, Although there is no gold standard,
due to the heterogeneity of conditions involving CAP'¢,
both tests were chosen following the diagnostic criteria
established by the American Academy of Audiology
(AAA)'® and the American Speech Language Learning
Association (ASHA)'": at least two altered behavioral
tests, considering two standard deviations.

Dichotic Digit Test (DDT)33: the test consists of four
lists of 20 items, which present four disyllabic stimuli
(for the Portuguese language), the numbers being
four, five, seven, eight, and nine. The presentation of
this test was performed in both ears, with an intensity
of 50dB, and the individual was instructed to repeat the
four numbers heard®. In the present study, only the
binaural integration step was applied. As a normality
criterion, individuals should present results = 95% for
both ears®.

Random Gap Detection Test (RGDT)**: the test
consists of the presentation of pure tones, which present
small silent intervals, randomly varying between zero
and 40ms. These stimuli are presented separately at
four different frequencies (500, 1,000, 2,000, and 4,000
Hz). The individual needed to hear the test, presented
at 50 dB, and indicate how many stimuli they perceived
(one or two). The range detection threshold was estab-
lished as the gap where the individual perceived two
stimuli, not just one. The final result was the mean of
the detection threshold in the four frequencies tested.
To be classified as normal, individuals had to present
responses < 9.51ms". The test was applied binaurally.

The electrophysiological assessment of hearing was
performed with the SmartEP equipment of “Intelligent
Hearing Systems®”, which presents annual acoustic
measurements. Individuals were placed in a reclining
chair in a room without electrical interference or environ-
mental noise. Initially, the individual’s skin was cleaned
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using abrasive paste at the specific points of electrode
placement for each examination, using the 10-20
electroencephalography system as a reference. For
all electrophysiological tests, the electrode impedance
was less than 3 kQ, and the inter-electrode impedance
was less than 2 kQ. The transducers were ER-3A type.

Brainstem Auditory Evoked Responses (BAER)%:
this test was performed to verify the neural integrity of
the auditory pathway and was used as an inclusion
criterion. The ground electrode was positioned on the
forehead (Fpz), below the active electrode (Fz); the
reference electrodes were placed on the left (A1) and
right (A2) lobes. The stimulus was a click of 100us, in
rarefied polarity and intensity of 80dB. In total, there
were 2,048 stimuli delivered at a rate of 27.7/s, a gain
of 100k, and a band-pass filter of 100-3,000Hz. The
BAER was considered normal when the latency values
of waves |, lll, and V and their interpeak intervals I-ll,
IV, and |-V were within the normative values. The
parameters and the normality pattern used were those
suggested by Webster (2017)%2, considering two
standard deviations?. The acquisition was monaural,
considering the repeatability and morphology for
marking the waves. During the procedure, the individual
remained in natural sleep.

“Frequency-Following  Response” (FFR)%®: the
electrodes were in the same position as the BAER.
Only the right ear was tested, and the stimulus was the
syllable /da/ of 40ms duration. This syllable comprises a
transient portion (/d/) and a sustained portion (/a/). The
literature indicates that the FFR trace can be subdivided
into three parts: onset (V and A), FFR (represented by
components D, E eleven F), and offset (represented
by component O)%. In this study, only the onset and
the slope were analyzed. It was decided to analyze
the latencies and amplitudes of V and A, as well as the
value of the slope, considering the relationship of these
components with the CAP and the results of a previous
study®. The stimulus intensity was 80dB, alternating
polarity, at a rate of 10.9/s, and the band-pass filter was
100-3,000Hz. There were 6,000 stimuli, and two waves
were acquired, each with 3,000 stimuli. Finally, adding
the waves was performed, generating a third waveform
of 6,000 stimuli, in which the components were marked
if there was repeatability. During the procedure, the
subjects remained alert but without movement. For
the test to be considered altered, at least one of the
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components needed to analyze (latency or amplitude
of V and A, and the slope) was outside the normality
standard stipulated. The reference values used were
those described in the study by Song et al. (2011)%®
for the latency of V (6.65+0.27) and A (7.62=0.35), the
amplitude of V (0.13+0.05) and A (- 0.20+0.06) and
for slope (-0.35+0.11). Two standard deviations were
used.

Auditory Middle Latency Response (AMLR)%*: the
electrodes were positioned at points Fpz, A1, C3, A2,
and C4. Both ears were examined monaurally. The
stimulus was a click of 100us, rarefied polarity, and
an intensity of 70dB. On average, 1,000 stimuli were
obtained, generating two waves per ear, which were
named according to the electrodes: A1C3 (left ear - left
hemisphere), A1C4 (left ear - right hemisphere), A2C3
(right ear - left hemisphere), and A2C4 (right ear - right
hemisphere). The stimulus rate was 9.8/s, a gain of
100k, and the pass-band filter was 20-1,500 Hz. The
four components of the test (Na, Pa, Nb, and Pb) were
marked for latency and amplitude in the four waves
generated. The amplitude was marked considering the
zero point. The reference values for latency were those
proposed by Hall (2007): Na (16-30ms), Pa (30-45ms),
Nb (46-56ms), and Pb (55-65ms). Components were
only marked if there was repeatability. The ear effect
was studied for the analysis of auditory processing
since, according to the literature, this aspect performs
better in assessing the CAP*. The relative difference
of the Na-Pa amplitude (peak to peak) of the right and
left ears was calculated to determine the ear effect. The
following formula was used: | (left ear in C3 + left ear in
C4) /2 | - |(right ear in C3 + right ear in C4) / 2|®. The
cutoff value used in this study was 50%. Therefore, to
be considered normal, individuals needed to present a
result below 50%.

Initially, the data were tested for normality using the
Shapiro-Wilk test and, based on this result, the other
statistical tests were selected. The homogeneity of
sex and age between G1 and G2 was analyzed using
the chi-square test (sex) and Student’s t-test (age).
Student’s t-test was used to analyze the comparison
between variables. All results were analyzed using a
significance level of 5%. Thus, p<0.05 was considered
statistically significant.

For the sensitivity and specificity analysis of FFR and
AMLR, the values were analyzed according to Chart 1.



Frequency-following response and auditory middle latency response in adults | 5/12

Chart 1. Sensitivity and specificity of the Frequency-Following Response and the Auditory Middle Latency Response

CAP BEHAVIORAL TEST
AR A Altered Normal Total
Altered A b a+b
Normal c d c+d
Total a+c b+d N
Sensitivity: () a/a+c
Specificity: (e) d/b+d

Captions: FFR = Frequency-Following Response; AMLR = Auditory Middle Latency Response; CAP = central auditory processing; N = total number of individuals.

RESULTS

Study sample

Participants in this study were distributed in G1 and
G2, with 16 individuals in each group. Both groups
were homogeneous in terms of gender (p=0.160), age
(p=0.861), and education (p=0.803).

Frequency-Following Response

The latency comparison of components V and A for
G1 and G2 is presented in Table 1. The comparison
of the amplitude for the same components, as well as
the slope, is presented in Table 2. In Table 3, it was
observed that G2 presented statistically significant
higher latency values of components V and A. Table
2, in turn, revealed that G2 had lower values for the
amplitude of components V and A and for the slope,
which were also statistically significant.

Table 1. Latency analysis of components V and A for Group 1 and Group 2

Grou v A

p n Mean SD p-value N Mean SD p-value
G1 16 6.316 0.366 N 16 7.898 0.443 N
G2 16 7.280 0.254 0.031 16 8.380 0.183 0.033

Captions: n = number of records; V = component V of the FFR; A = component A of the FFR; G1 = Group 1 without change in the screening of Central Auditory
Processing; G2 = Group 2 with change in the screening of Central Auditory Processing; SD = standard deviation.

* Statistically significant

Table 2. Analysis of the amplitude of components V and A and Slope for Group 1 and Group 2

Grou v A Slope

p n Mean SD p-value n SD p-value n Mean SD p-value
G1 16 0.132  0.031 N 16 0.040 N 16 0.200 0.044 .
G2 16 0.081  0.026 0.044 16 0.056 0.034 16 0.082  0.041 0.032

Captions: n = number of records; V = component V of the FFR; A = component A of the FFR; G1 = Group 1 without change in the screening of Central Auditory
Processing; G2 = Group 2 with change in the screening of Central Auditory Processing; SD = standard deviation.

* Statistically significant
Student’s t-test
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Figure 1 depicts the illustration of components V of G2. The tracings demonstrate the statistically signif-

and A of FFR for an individual of G1 and an individual icant differences observed.
_ — Gl
= Vv
Q r
8 V
|
]
-
=™
%
A
A
i
LATENCY

lllustration developed by the authors.

Figure 1. lllustration of Frequency-Following Response components V and A for Group 1 and Group 2

Auditory Middle Latency Response the latency and amplitude of the components. It can
Pa, Nb, and Pb) of the four waves generated in this the Na and Pa components of waves A1C3 and A2C3,

exam: A1C3, A1C4, A2C3, and A2C4. Table 3 shows being statistically significant.

Table 3. Analysis of the latency and amplitude of the components of the Auditory Middle Latency Response for all waves generated in
Group 1 and Group 2

Component/Wave Group N ey g
Mean SD p-value Mean SD p-value
A1C3
G1 16 16.712 1.786 0.573 0.101 N
Na G2 16 18.000 1.360 0100 0.342 0.102 0022
G1 16 29.331 0.883 0.662 0.143 .
Pa G2 16 30.112 0.794 0248 0.392 0.119 0023
G1 16 40.248 0.818 0.401 0.090
N G2 16 41.220 0.881 0.324 0.393 0.098 0.674
G1 16 51.106 1.092 0.384 0.108
P G2 14 51.861 0.912 0.565 0.375 0.086 0.651
A2C3
G1 16 16.374 1.462 0.612 0.080 .
Na G2 16 17.645 1.273 0309 0.516 019 004
G1 16 29.155 1.073 0.677 0.138 N
P G2 16 29.939 1.184 0.583 0.580 0.079 0.051
G1 16 40.170 0.761 0.400 0.082
Nb G2 16 40.780 0.871 0613 0.389 0.073 0596
G1 16 50.762 1.091 0.384 0.081
Po G2 14 51.401 1.164 0.362 0.341 0.071 0.494
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Component/Wave Group N L5 GGG
Mean SD p-value Mean SD p-value

A1C4
G1 16 16.812 1.251 0.562 0.061

Na G2 16 17.043 1.262 0443 0.542 0.062 0.504
G1 16 29.593 1.129 0.590 0.069

Pa G2 16 30.490 1.338 0475 0.560 0.079 0532
G1 16 40.830 1.280 0.365 0.087

ND G2 16 41.281 1.050 0448 0.376 0.075 0.661
G1 16 51.266 1.167 0.338 0.108

Pb G2 16 51.427 1.256 0668 0.309 0.090 0512

A2C4
G1 16 16.493 1.470 0.571 0.082

Na G2 16 17.032 1.209 0.441 0.564 0.089 0.650
G1 16 29.296 1.141 0.586 0.100

Pa G2 16 30.376 1.231 0405 0.536 0.097 0.426
G1 16 40.779 0.873 0.390 0.077

ND G2 16 41.092 0.986 0399 0.380 0.063 0.664
G1 16 51.130 1.134 0.350 0.076

P G2 16 52.033 1.324 0102 0.327 0.075 0.591

Captions: n = number of records; Na = AMLR component; Pa = AMLR component; Nb = AMLR component; Pb = AMLR component; G1 = Group 1 without change
in Central Auditory Processing screening; A1C3 = electrode position; A2C3 = electrode position; A1C4 = electrode position; A2C4 = electrode position; G2 = Group
2 with change in Central Auditory Processing screening; SD = standard deviation.

* Statistically significant

Student’s t-test

Figure 2 illustrates the A2C3 wave of AMLR for an Sensitivity and Specificity Analysis

individual of G1 and an individual of G2. The figure Table 4 shows, respectively, the sensitivity and
reflects the statistically significant results seen in specificity analyses for FFR and AMLR with a cutoff
Table 3. value of 50%.

—_ — G1

— G2
Pa
=
a
E Pb
=~
=
<
Na Nb \
LATENCY

Auditory Middle Latency Response for Group 1 and Group 2
lllustration developed by the authors.

Figure 2. lllustration of the Na, Pa, Nb, and Pb components of the A2C3 wave of the Potential
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Table 4. Sensitivity and specificity analysis of Frequency-Following Response and Auditory Middle Latency Response

CAP BEHAVIORAL TESTS

FFR Altered Normal Total
Altered 15 1 16
Normal 1 15 16
Total 16 16 32
Sensitivity 93%

Specificity 93%

AMLR Altered Normal Total
Altered 14 1 15
Normal 2 15 17
Total 16 16 32
Sensitivity 87%

Specificity 93%

Captions: CAP: Central Auditory Processing; FFR: Frequency-Following Response; AMLR: Auditory Middle Latency Response.

DISCUSSION

Studies investigating aspects of CAP in adults are
scarce in the current literature, although it is known
that the condition tends to impact the quality of life
of these individuals®. Similarly, studies with FFR and
AMLR compared to CAP in the adult population are
not frequent, confirming the contribution of the present
study.

Frequency-Following Response

Individuals with changes in CAP screening showed
higher latency, the lower amplitude of components
V and A of the FFR, and a lower slope value. These
findings demonstrate the region’s lower neural
activity and the need for longer coding time for the /
da/ stimulus in G2 individuals. The data corroborate
previous studies, which investigated the potential in
different populations'®?".

The Onset (components V and A) reflects the
coding of the rapid temporal changes resulting from
consonants. The slope, in turn, indicates the response
time of the generators®=®. Thus, it should be noted that
individuals with altered auditory abilities presented a
worse performance in coding the temporal aspects of
the speech stimulus, as well as lower synchrony of the
generators of components V and A. This factor may be
closely associated with the difficulty in understanding
the speech reported by these individuals, considering
that speech processing depends on the temporal
perception of the stimulus*'.

The V and A components of the FFR were observed
in all tracings, indicating that the changes in the two

Rev. CEFAC. 2022;24(6):€5622 | DOI: 10.1590/1982-0216/20222465622

screened auditory abilities did not significantly impact
this aspect. A similar result was reported by Filippini
and Schochat (2019)*. This finding does not allow us
to make inferences about the underlying structural
conditions because the FFR aims only to measure the
functional aspects of the auditory pathway and does
not provide exact indications about the generation
sites’.

Auditory Middle Latency Response

There was no statistically significant difference in
AMLR latencies, indicating that the groups performed
similarly. However, in terms of amplitude, the findings
show that for waves A1C3 and A2C3, there were statis-
tically significant differences for components Na and
Pa. These findings for Na and Pa corroborate other
studies, demonstrating that deficits in CAP generally
reduce amplitudes, making them a sensitive indicator
in these cases*“.

Great variability of amplitude and latency values
among individuals without alteration of auditory abilities
has not yet been observed, and latency values are
quite similar to those of previous research, which used
a capture protocol very similar to the one of the present
study**. This finding becomes significant, considering
that the variability of AMLR responses is one of the
most questionable aspects of the applicability of the
potential.

In a recent study, Musiek and Nagle (2018)*
indicated that the AMLR components are likely to
be generated in thalamic and cortical structures.
Furthermore, they suggest that the Pa wave arises
from regions such as the medial portion of the primary
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auditory cortex. At the same time, the generation of
the Na component presents contributions from the
inferior colliculus. In this perspective, the results of this
study suggest that individuals with altered auditory
abilities presented alterations in neural synchrony in
the regions mentioned above, evident only in waves
A1C3 and A2C3. These findings corroborate Mattsson
et al. (2019)%, who concluded that the impairment of
thalamic-cortical function could contribute to the diffi-
culties of auditory discrimination in CAP.

Waves A1C3 and A2C3 result from the arrival of the
acoustic stimulus in the left hemisphere, which contains
an extension of the Wernicke area or associative
auditory cortex. The Wernicke area is directed to the
understanding of auditory information; therefore, the
decoding failures evidenced by changes in Na and Pa
in the present study may be degrading the acoustic
signal and, consequently, causing difficulties in
understanding*.

In the study by Santos et al. (2015)%, the authors
pointed out that AMLR was correlated with several
auditory abilities, such as auditory closure, discrimi-
nation, figure-ground, and temporal processing.
This study highlights the effects of difficulties in
decoding sound information, especially when speech
is degraded. Also, it highlights the AMLR as an
assessment capable of translating such difficulty.

The present study showed that the Pb component
was absent in the A1C3 and A2C3 waves for two
individuals in G2. The absence of the Pb component
is generally observed in studies with infants and
children®4 but it is not a frequent finding in adults.
Aghamolaei et al. (2018)%°, studying the AMLR in adult
and older individuals, confirmed the presence of the
Pb component in this population. Nevertheless, the
2018 study did not include subjects with changes in
CAP tests; thus, the results of the two studies may be
consistent.

Sensitivity and Specificity

In the diagnostic analysis of FFR, sensitivity and
specificity were both 93%. These results demonstrate
the potential’s adequate performance in identifying
changes in CAP abilities. However, these results do
not fully corroborate the results of Rocha-Muniz et al.
(2014)'8, although both studies demonstrate that FFR
performs well in the CAP assessment.

Rocha-Muniz et al. (2014)'® studied the sensitivity,
specificity, and accuracy for a sample of subjects aged
6-12 years. They used a ROC curve to generate latency

cutoff values for all seven potential components (V,
A C, D, E, F, and O). For individuals with changes in
CAP, wave A performed better, with 68% specificity,
80% sensitivity, and 74% accuracy. The difference
in results may be due to several factors. In particular,
although both studies investigated individuals who
spoke Brazilian Portuguese, their age was different:
the present study used a sample of young adults, while
the other study investigated children. Also, different
diagnostic methods were used.

For the cutoff criterion of 50% of the AMLR, there was
a sensitivity and specificity of 87% and 93%, respec-
tively. These values are higher than those observed by
Schochat et al. (2004)'" for the ear effect, also using a
cutoff value of 50% (a sensitivity of 58.8% and a speci-
ficity of 88.9%).

The sensitivity and specificity values of AMLR and
FFR were very similar. However, FFR used a speech
stimulus, possibly explaining its better sensitivity. On the
other hand, AMLR used a click stimulus, which, despite
being effective for this potential, is less complex than
the speech stimulus used for FFR. In this sense, the
speech stimulus, precisely because it is more complex,
becomes more sensitive to the synchrony and speed
of neural impulses in processing auditory information,
mainly because it contains linguistic information®.

Limitations and future perspectives

Despite the registration impasses for the current
clinical application of the FFR and the heteroge-
neity of the AMLR responses observed by clinicians,
the contributions of both tests in the assessment of
central auditory processing seem to be important and,
therefore, measuring its sensitivity and specificity may
be useful for audiologists and other professionals.
Nevertheless, the sample size of the present study
is not large enough to support the clinical findings.
Therefore, the authors suggest further studies in larger
samples, other populations, and other pathologies
and objectively investigating the integrity of the central
nervous system and cognitive and linguistic abilities.

CONCLUSION

Individuals with altered auditory abilities presented
higher latency and lower response amplitude in FFR
and AMLR as compared to typical individuals. FFR
presented a better balance in sensitivity and specificity
parameters compared to CAP, in young adults.
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