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Introduction

Central auditory processing (CAP) consists of a set of auditory
abilities when the individual needs to interpret what he/she
hears.1 It represents the efficiency and effectiveness of the
central nervous system (CNS) in using auditory information.2

Central auditory processing involves a series of processes that
encompass the peripheral and central auditory nervous sys-
tem, and may involve non-auditory cortical areas such as the
frontal lobe and the temporal-parietal-occipital connection.3,4

The auditory abilities involved in CAP include sound loca-
tion, auditory closure, figure-background perception, binaural
synthesis or integration, binaural separation, discrimination,
memory and attention.5

Binaural interaction refers to the ability to process dispa-
rate but complementary information presented to both ears,
that is, sequential information presented to each ear that
together make up the complete message, requiring the
integration of the two sets of information to provide the
perception of the whole.6 This phenomenon occurs initially

Keywords

► auditory perception
► electrophysiology
► brainstem
► perceptual masking
► adult

Abstract Introduction The auditory structures of the brainstem are involved in binaural
interaction, which contributes to sound location and auditory figure-background
perception.
Objective To investigate the performance of young adults in the masking level
difference (MLD) test, brainstem auditory-evoked potentials (BAEPs) with click stimu-
lus, and frequency-following response (FFR), as well as to verify the correlation between
the findings, considering the topographic origin of the components of these
procedures.
Methods A total of 20 female subjects between 18 and 30 years of age, with normal
hearing and no complaints concerning central auditory processing underwent a basic
audiological evaluation, as well as the MLD test, BAEP and FFR.
Results The mean result on the MLD test was of 10.70 dB. There was a statistically
significant difference in the absolute latencies of waves I, III and V in the BAEPs of the
ears. A change in the FFR characterized by the absence of the C, E and F waves was
noticed. There was a statistically significant difference in the positive correlation of
wave V in the BAEPs with the MLD. There was a statistically significant difference in the
positive correlation of the mean MLD and the V, A and F components of the FFR.
Conclusion The mean MLD was adequate. In the BAEPs, we observed that the click
stimulus transmission occurred faster in the right ear. The FFR showed absence of some
components. The mean MLD correlated positively with the BAEPs and FFR.
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in the brainstem, and, subsequently, in the other structures
of the CNS. The superior olivary complex is thefirst structure
of the central auditory nervous system to receive ipsilateral
and contralateral information (binaural station). The conver-
gence of sound information originating in each ear attributes
to the superior olivary complex a critical role in listening,
which requires the integration and binaural interpretation of
sound signals.7

Masking level difference (MLD) is a psychoacoustic test that
determines the sensitivity of the auditory system for differ-
ences in time and signal amplitude and/or noise. TheMLD test
consists of the differentiation of detection or recognition of
binaural conditions in which the signal or noise phase (mask-
ing) ismanipulated.8 Literaturefindings indicate that theMLD
corresponds to a behavioral measure of the effect of binaural
interaction9,10 that occurs at the brainstem level.11

Brainstem auditory-evoked potentials (BAEPs) are bioelec-
trical activities in response to auditory stimuli that occur
between 0ms and 10ms after the presentation of the acoustic
stimulus.12 The BAEPs are an electrophysiological measure-
ment (thus, an objective measurement) generated by the
synchronism of the structures of the auditory pathway, which
begins in the auditory nerve, passing through the cochlear
nucleus, the superior olivary complex, the lateral lemniscus,
until the inferior colliculus. Themost used acoustic stimulus is
the click, which triggers a synchronic response of a large
number of neurons and presents a wide spectrum of frequen-
cies. The presence or absence of responses within a certain
time (latency) enables the assessment of the integrity of the
auditory pathway to the brainstem.13,14

Speech is a complex acoustic signal both in spectral and
temporal resources. An essential function of the central
auditory system is the neural coding of speech sounds.14

The authors of a recent research15have explained that BAEP
is an inadequate nomenclature, and the terminology that uses
generators may be misleading, especially “S-BAEP” and the
inappropriateterm “Brainstem,”because there isevidence that
the frequency-following response (FFR) has not only cortical
contribution,16 but also contribution of fibers of the eighth
nerve.17 Thus, in the present study, the recommended termi-
nology – frequency-following response –will be used to refer
to the electrophysiological response generated by the presen-
tation of speech stimulus.

The FFR generates brainstem responses that provide
information about how the syllabic structure of the word
is encoded by the auditory system. Thus, the FFR provides a
mechanism to understand the neural basis for normal and
altered auditory functions, generating an individual and
quantifiable measurement of attention and neural coding
for speech sounds.18

Thus, the FFR involves the participation of the brainstem,
and of the subcortical and cortical structures,15,16,19–21

reflecting the response of various structures of the central
auditory nervous system for speech sound processing.

It is noteworthy that there are few recent studies in the
literature investigating the relationship between the MLD,
the BAEP and the FFR. Thus, in view of the aforementioned
evidences, the study of the results of the MLD and the BAEP

with click stimulus and the FFR is necessary to investigate
their correlation, because all procedures have the brainstem
as theirmain source. Since the FFR is a newelectrophysiology
measurement in the clinical practice, it is important to
demonstrate its results in conjunctionwith some traditional
measurements of audiological diagnosis.

Thus, the objective of the present study is to investigate
the performance of young adults in the MLD, the BAEP with
click stimulus, and the FFR, as well as to verify the correlation
between them, considering the topographic origin of the
components of these procedures.

Method

The present is a descriptive, cross-sectional study. The work
was conducted at the Central Auditory Processing and
Electrophysiology Outpatient facility of a public university
in Brazil. This research was approved by the institutional
Ethics in Research Committee (under number 1168/2016
and CAAE 58978316.3.0000.5505). All participants were
informed about the procedures to be performed and, after
agreeing to participate in the research, they signed the
informed consent form (ICF).

A total of 20 volunteers, all female (convenience sample),
met the following inclusion criteria:

• Age between 18 and 30 years;
• Auditory thresholds within normal levels (� 25dBHL

between the frequencies of 250 kHz and 8kHz);
• Type-A tympanograms (normal); and
• Dichotic digits test within normal range.

The exclusion criteria were as follows:

• Complaints regarding CAP;
• CAP disorders;
• Positive otological data for otitis media;

The material used in the present study were the results of
the behavioral (MLD) and electrophysiological (BAEP with
click stimulus and FFR) evaluations of hearing performed in
the selected group.

The participantswerefirst submitted to theMLD test,which
was performed in an acoustic booth with supra-aural ear-
phones. The participant was instructed to respond NO when
sheheard only the noise, and YESwhen sheheard thenoise and
the whistle, even when in low intensity. In this version of the
MLD test, 33 segments of narrowband noise were presented in
50dBSL in 3 different conditions: SoNo (signal and homophasic
noise in both ears), SπNo (antiphase signal in one ear and
homophasic noise in both ears), and NT (noise without signal).
The MLD was determined by the difference between the
number of times the individual detected the presence of
the signal under SoNo and SπNo conditions. Results>10dB
were considered normal in this analysis, as proposed in the
literature.22 The test was performed with a 2002 Auditec CD
(Saint Louis, MO, US) played in a CD player coupled to the
audiometer.

In the BAEP test with click stimulus and in the FFR, infor-
mation was obtained concerning the electrophysiological
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activity of the auditory system in the brainstem, and of several
structures of the Central Auditory Nervous System. The Smar-
tEP (IntelligentHearingSystems,Miami, FL,US)equipmentwas
used. The surface of the skin was cleaned with hydrophilic
gauze and abrasive paste. Then, surface electrodes were ap-
pliedwithelectrolyticpaste, to improveelectrical conductivity,
and microporous adhesive tape. The electrodes were posi-
tioned according to the international norms front (Cz: positive
electrode; Fpz: ground electrode) in the lobes of the right and
left ears (A2 and A1 – negative electrodes). The participant
would sit in a reclining chair and was instructed to remain as
relaxed as possible to avoidmyogenic interference. In addition,
the participants would watch a movie of their choice in the
mutemode during the acquisition of the FFR. The electrophys-
iological records of the BAEP and FFR underwent an analysis of
agreement between two evaluators. For these analyses, each
evaluator received the obtained record of the BAEP and one
record of the FFR without wave labeling. If the evaluators did
not agree, a third evaluator would be recruited.

Rarefaction clicks were used in the BAEP, and they were
presented monoaurally using insert earphones (Intelligent
Hearing Systems, Miami, Florida, United States of America) at
80dBnHL, at a presentation rate of 19.1 clicks per second,
lasting 0.1ms, and totaling 2,048 stimuli. The recording win-
dow was of 12ms, and the gain of 100K with high-pass filter
was set at 100Hz, and the low-pass filter was set at 3,000Hz,
with impedance below 5 kΩ. The BAEP record was obtained
withthe individual sitting ina recliningchair inanacoustically-
treated room. Two records for each side were taken, checking
the reproduction of the plotted recordings to confirm the
responses. In the plotted recordings, waves I, III and V and
interpeaks I-III, III-V and I-V were analyzed for latency, which
enabled theevaluationof the integrityof the auditorypathway.
The interaural difference of the absolute latency of wave Vwas
also analyzed. The criterion of normality for the analysis of this
evaluation was the one proposed by the biological standardi-
zation of the equipment, presented in ►Box 1.

In the FFR, the acoustic stimulus usedwas the synthesized
syllable /da/ with alternating polarity and duration of 40ms,
presented monoaurally to the right ear at 80 dBnHL, at a
presentation rate of 10.9 stimuli per second. The recording

window was of 60ms, the gain of 150K with the high-pass
filter was set at 50Hz, and the low-pass filter, at 3,000Hz. A
total of 2 scans of 3,000 stimuli were performed, and the
number of artifacts was always<10% of the total stimuli
presented in each scan. After the reproduction of the waves,
the obtained plots were added in aweighted fashion, and the
high-pass spectral filter of 100Hz and the low-pass filter of
2,000Hz were applied to the resulting plot, and then the
onset response components (V and A) and the C, D, E, F and O
components were identified and analyzed for complex V-A.
latency and amplitude. The identification of the components
was based on the metric waveform model of the Navigator
Pro (Natus Medical, Inc., Schaumburg, IL, US) equipment.

For thestatistical analysis, theWilcoxonnonparametric test
was used because the dataset had a low sample (< 30
participants). Thus, the central limit theorem does not guar-
antee that the distribution will tend to a normal distribution,
which is the basic assumption for the use of parametric
techniques.23,24 Thus, the Wilcoxon test was used to evaluate
data produced in the BAEPwith click stimulus and in theMLD.
The Spearman correlation indexwas used to report the degree
of association between twovariables.23 This indexwas used to
analyze the correlation between themeanMLDwith the BAEP
with click stimulus, and of the mean MLD with the FFR.

The correlation test, in which the correlation coefficient is
used as in the case of mean and variance, was also used to test
this correlation coefficient between two variables.25 The cor-
relation test was applied to the correlation between themean
MLDdatawith theBAEPwith click stimulusand themeanMLD
with the FFR.

The confidence interval (CI) for the mean is a technique
that has been used to investigate the extent to which the
mean can vary in a given confidence probability.23 The data
of the mean MLD, BAEP with click stimulus and FFR were
analyzed by the CIs.

The level of significance adopted in the present study was
of 0.05 (5%).23,24,26,27 The p-valuewas analyzed in the results
of the BAEP with click stimulus.

Results

A total of 20 female subjects were evaluated. Themean age of
the total sample was 25.1 years old (standard deviation [SD]:
3.57), characterizing a sample of young adults.

►Table 1 shows the results of the MLD test, with means,
medians, standard deviations, numbers and confidence
intervals.

►Table 2 shows the descriptive measures of the latencies
of waves I, III, V, and interpeak intervals I-III, III-V, I-V of the

Box 1 Normative BAEP values for clicks at 80 dBnNA proposed
by the biological standardization of the Intelligent Hearing
Systems equipment

Waves and
interpeaks

Mean values of the
absolute latency (ms)

Standard deviation

I 1.65 0.06

III 3.80 0.15

V 5.67 0.16

I-III 2.15 0.16

III-V 1.86 0.12

I-V 4.01 0.17

Abbreviations: BAEP, brainstem auditory-evoked potentials; dBnNA,
decibel normal hearing level; ms, milliseconds.

Table 1 Descriptive measures of the mean of the results of the
masking level difference 500Hz test

MLD
500Hz

Mean
(dB)

Median Standard
deviation

N CI

10.70 10.00 3.74 20 1.64

Abbreviations: CI, confidence interval; dB, decibel; Hz, hertz; MLD,
masking level difference; N, number.
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BAEP with click stimulus, presenting the means, medians,
SDs, numbers, confidence intervals and p-values, consider-
ing the ears separately, as well as the comparison between
them.

It is evident in ►Table 2 that there was a statistically
significant difference in the absolute latencieswhen the right
and left ears were compared. We observed that the left ear
presented higher absolute latency values than those of the
right ear for waves I, III and V.

►Table 3 shows the descriptive statistics of the amplitude
results of the V-A complex and the results of the absolute
latencies of the V, A, C, D, E, F andOwaves of the FFRobtained
in the right ear.

We observed in►Table 3 that the sample for the C, E and F
waves was smaller because in seven individuals wave C was
absent, four individuals had no wave E, and one individual
had absence of the F wave. Regarding the amplitude of the V-
A complex, an adequate value was observed.

►Figure 1 shows the correlation between the mean MLD
and the BAEP with click stimulus, and ►Figure 2 shows the
correlation between the mean MLD and the FFR.

►Figure 1 indicates that there was a statistically signifi-
cant difference in the correlation between the V wave of the
BAEP with click stimulus and the mean MLD, and this
correlation was positive and classified as regular.

As shown in►Figure 2, therewas a statistically significant
difference in the correlation between themeanMLDwith the
following components of the FFR: V, A and F. The correlation
between the mean MLD and waves V, A and F of the FFR was
positive. It is worth mentioning that the classification of the
correlation between the MLD and the A and V waves was
regular, and the classification of the correlation between the
mean MLD and the F wave was classified as good.

Discussion

Binaural interaction contributes to sound location and
auditory figure-background perception.6 The brainstem is
responsible for detecting differences in time and intensity
between the ears,28 contributing to speech recognition in the
presence of competitive auditory information, resulting in
better detection of sound in noisy environments. In light of

Table 2 Absolute latencies of waves I, III, V and interpeaks I-III, III-V, IV of the BAEP with click stimulus of the right and left ears

BAEP with click stimulus Ear Mean (ms) Median Standard deviation N CI p-value

Wave I Right 1.66 1.65 0.08 20 0.04 < 0.001�

Left 1.76 1.78 0.09 20 0.04

Wave III Right 3.83 3.83 0.12 20 0.05 0.004�

Left 3.93 3.94 0.18 20 0.08

Wave V Right 5.65 5.64 0.11 20 0.05 0.003�

Left 5.76 5.72 0.14 20 0.06

Interpeak I - III Right 2.17 2.18 0.11 20 0.05 0.962

Left 2.17 2.20 0.13 20 0.06

Interpeak III-V Right 1.82 1.79 0.14 20 0.06 0.758

Left 1.83 1.84 0.14 20 0.06

Interpeak I - V Right 3.99 3.98 0.11 20 0.05 0.936

Left 4.00 3.98 0.14 20 0.06

Abbreviations: BAEP, brainstem auditory-evoked potentials; CI, confidence interval; ms, milliseconds; N, number.
Note: �p-value considered statistically significant.

Table 3 Descriptive statistics of the amplitude of the V-A complex and the latency of the V, A, C, D, E, F and O waves of the FFR
obtained in the right ear

FRR Mean (μV and ms) Median Standard deviation N CI

Amplitude of the V-A complex 0.30 0.29 0.08 20 0.04

Wave V 6.87 6.88 0.44 20 0.19

Wave A 8.16 8.00 0.49 20 0.22

Wave C 17.88 17.88 0.84 13 0.46

Wave D 23.20 23.00 0.57 20 0.25

Wave E 31.88 31.75 0.71 16 0.35

Wave F 40.23 40.25 0.77 19 0.35

Wave O 48.39 48.25 0.27 20 0.12

Abbreviations: CI, confidence interval; FFR, frequency-following response; ms, milliseconds; N, number; μV, microvolts.
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the aforementioned findings, the present study consisted of
an investigation of the performance of individuals using the
following procedures involving the brainstem structure: the
MLD, the BAEP with click stimulus, and the FFR. It also aimed
at verifying the correlation between these measures, con-
sidering their topographic origin.

It was evidenced that the sample presented a mean
MLD response of 10.70 dB and a median of 10dB, which is in
linewith thefindings in the literature that validated theMLD
protocol for 500Hz tones to be implemented for clinical
evaluation in a simple and reliable way, and which adopted
the normality criterionwith the MLD value � 10dB for adult
listeners with normal pure tone thresholds,22 as shown
in ►Table 1. Thus, the results of the mean MLD showed
that the population of the present study presented adequate
binaural integration ability, evaluated by a behavioral
method.

There was a statistically significant difference between the
absolute latencies ofwaves I, III, andVconsidering the right and
left ears (►Table 2).We observed that the absolute latencies of
the left ear were greater than those of the right ear. It can be
inferred that there was a difference in the processing speed of
the click stimulus between the ears, suggesting that the time of
transmission of the click stimulus occurred faster in the right
than in the left ear. These results disagreedwith thefindings in
the literature that showed no significant differences when the
right and left ears were compared,29–31 especially in individu-
als with normal auditory thresholds and no complaints. Fur-
thermore, the literature findings showed that in individuals
with normal peripheral hearing, the responses of the two ears
in the BAEP with click stimuli were similar, because the
anatomical structures involved consist of the brainstem, that
is, they are the same structures used by both ears when sound
stimulation occurs.29

Figure 1 Correlation between the mean MLD and the BAEP with click stimulus. Abbreviations: MLD, masking level difference; BAEP, brainstem
auditory-evoked potentials.

Figure 2 Correlation between the MLD and the FFR. Abbreviations: MLD, masking level difference; FFR, frequency-following response.
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Some individuals presented absence of waves C, E and F in
the FFR. We also observed that the V-A complex presented
normal amplitude values using the metric model of norma-
tive wave of the Navigator Pro equipment. We also observed
that the mean values of the V, A, C, D, E, and F latencies were
similar to the normative values, and, in the present study, the
mean of the latencies were found to be slightly increased
(►Table 3). This can be explained by small differences in the
procedures for collecting and analyzing responses, such as
electrode positioning. In the FFR, the V and A peaks are
probably originated from the rostral brainstem (lateral
lemniscus or inferior colliculus) and correspond to the onset
of the speech signal. Peak C possibly reflects the onset of
loudness; the D, E and F peaks are equivalent to the funda-
mental frequency (F0) of the sound source. In turn, theOpeak
consists of the speech sound offset, and reflects the end of the
sound.19 The amplitude of the V-A complex represents the
synchrony of the electrophysiological activity.32

The aforementioned findings of the present study, there-
fore, suggest that some individuals presented alteration in
the processing for the speech sound at the beginning of the
sonority and fundamental frequency of the stimulus.

The literature pointed out that the FFR was more sensitive
for the evaluation of the CAP, indicating possible alterations in
the synchrony and speed of neural impulses in the speech
processing,mainly regarding the linguistic informationof such
impulses.33Furthermore, recent studieshaveshownthat there
isaprobabilityof85.15%of subjectswithalteredFFR topresent
Central Auditory Processing Disorder.34 It is noteworthy that
an earlier study demonstrated that, in some individuals, the C
wave does not appear as a stable component.35 Therefore, the
absence of components in the present study should be ana-
lyzed along with the behavioral evaluation of auditory proc-
essing, especially inprocedures involving temporal processing,
which correlate to paralinguistic aspects of speech.

As observed in►Figure 1, waveVof theBAEP click stimulus
correlated positively with the mean MLD, that is, the greater
the absolute V wave latency, the higher the mean MLD value.
Thesefindingsdisagreedwith that of the study that indicated a
correspondence between the MLD and the presence of alter-
ations inwave III of theBAEPwith click stimulus.36 In addition,
a literature review37 concluded that when the latency and/or
amplitude of wave III of the BAEP with click stimulus is
compromised, the MLDwould also be altered, which is differ-
ent from the findings of the present study, in which an
increased absolute latency of wave III in the left ear and
MLD results within normal limits were demonstrated.

Thus, in viewof the findings of the present study and of the
aforementioned literature, it is inferred that the inferior
colliculus may also play an important role in binaural interac-
tion.38 Therefore, this may suggest that the BAEP with click
stimulus and the MLD can share the same brainstem struc-
tures.36,39 Thus, the results of the present study make it
possible to infer that when theprocessing timeof the stimulus
of the lateral lemniscus and lower colliculus is higher (involve-
ment of the V wave), a higher MLD threshold will also be
obtained. Thus, the findings of the present research suggest
that when the individual has a longer latency of wave V, the

average MLD may be normal, suggesting that the binaural
interactionwould be adequate, and that the dysfunction in the
nervous transmissionwould be restricted to sites generating a
high brainstem response.

The mean MLD correlated positively with waves V, A
and F of the FFR; in other words, the higher the mean MLD,
the higher the absolute latencies of the V, A and F waves,
which goes against what would be expected for the
present study (►Figure 2). It is noteworthy that no studies
correlating the mean MLD with the FFR were found in the
literature. Due to the absence of specific literature, our
findings were compared with those of other studies that
defined the anatomy and physiology of both procedures in-
volved in the present study. The FFR receives a strong contribu-
tion from the synchronous activity of the inferior
colliculus.15,16,19–21 As previously mentioned, the inferior colli-
culusseemstoplayan important role in thesoundlocationof the
binaural process.38However, the literature showed that the FRR
also arises from the synchronous activity at the lateral lemniscal
level;20,21 the auditory cortex has a strong influence on the
fundamental frequency of the stimulus, as well as the signal
coming from the cochlear nucleus, inferior colliculus andmedial
geniculate body,16 and the synchronic activity has a strong
contribution in the mesencephalon.15 The brainstem aids in
the speech recognition in the presence of competitive auditory
information, which contributes to the detection of sound in
noisy environments.11

The results of the present study showed that the longer the
processing time of the stimulus in the onset of speech (Vand A
waves) and in the final component of the FFR (F wave), the
greater themeanMLD. Thus, if the V, A and F waves of the FFR
are compromised, the mean MLD will not be compromised.

The perception of difference in the masking level through
temporal cues and changes in the stimulus phase also require
binaural interaction, and both occur in the superior olivary
complex.9 The cochlear nucleus relates to temporal process-
ing for sound location by identifying interaural time differ-
ences, aiding in the analysis of complex signals and
suppressing background noise,38 thus contributing to binau-
ral interaction. The cochlear nucleus, the trapezoid body and
the superior olivary complex contribute to the formation of
wave III; the lateral lemniscus and inferior colliculus origi-
nate the V wave of the BAEP with click stimulus.40,41 The FFR
reflects the synchronic activity of the cochlear nucleus,
lateral lemniscus, inferior colliculus, medial geniculate
body, mesencephalon, and auditory cortex.15,16,20,21

Although the mean MLD and BAEP with click stimulus and
FFR supposedly evaluated brainstem structures that contrib-
ute to binaural integration, the results were not found to be
coincident. A difference between the results obtained in
the BAEP with click stimulus and the FFR is expected because
the stimuli are differentand reflect neural processes thatoccur
separately for the coding of the different signals (click and
speech).42 Furthermore, aspects that reflect the change in the
FFR are not evaluated in theMLD. In this perspective,when the
electrophysiological evaluation was altered, the behavioral
evaluation was supposed to be normal; this, however, did
not happen in the sample evaluated in the present study.
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The major limitation of the present study concerns the
record of the FFR and the protocol of analysis, which is still
under validation. Some items were revised recently, when
the current research was already under analysis. Moreover,
the sites generating the FFR components have not yet been
defined, which makes it difficult to discuss and generalize
the findings. There is a need for further studies with larger
samples and involving individuals with known neurological
lesions to investigate other possible clinical correlations.
Despite these limitations, the present study contributes to
the clinical practice, since its results demonstrated that
behavioral and electrophysiological measurements are com-
plementary in the audiological diagnosis.

Conclusion

The mean MLD was adequate in the group of individuals
studied. Therewas a difference in the processing speed of the
BAEP with click stimulus between the ears; in the right ear,
the transmission time of the click stimulus was faster than in
the left ear. The FFR presented alterations mainly character-
ized by the absence of components.

The mean MLD correlated with the BAEP with click
stimulus and the FFR; the higher the latencies of the V, A
and F waves of the FFR, the greater the MLD.
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