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Introduction

To achieve a complete and detailed auditory assessment, the
peripheral auditory nervous system and the central nervous
system (CNS) must be analyzed. For the evaluation of the
CNS, electrophysiological measures have been widely used,
as they make it possible for the hearing to be objectively and
precisely evaluated.1 Among these measures, the negative

component of the event-related potentials (ERP), mismatch
negativity (MMN), stands out.

The MMN shows the ability of auditory processing,
discriminating and memorizing in response to an electrical
brain activity,2 which is triggered by the process of detect-
ing auditory change presented in a sequence of acoustic
stimuli stored in short-term auditory memory.3 This mem-
ory arises independently in the electrophysiological tracing,
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Abstract Introduction Mismatch negativity (MMN) is a promising instrument for the investi-
gation of different auditory disorders, as it does not need behavioral responses.
Objective To analyze the influence of the ear, gender and age variables in the MMN in
children with typical development; and to compare the different measures of this
potential, using verbal and nonverbal stimuli in the sample studied, providing reference
values.
Methods Observational, descriptive, cross-sectional, quantitative study, with 23
children, aged from 5 to 11 years and 11 months old, divided by age group. Mismatch
negativity was performed using verbal and nonverbal stimuli, and the data was
analyzed by means of the statistical Student t-test.
Results No significant differences were noted for the ear, gender and age variables in
the MMN with both stimuli. There were significant differences for the latency, duration
and area variables when the stimuli were compared. The reference values established
for nonverbal stimuli were: latency 249.8 milliseconds, amplitude 2.28 µv, duration
82.97 milliseconds, and area 137.3 microvolt x microseconds (μVx μs); as for the verbal
stimuli, they were: latency 265.3 milliseconds, amplitude - 2.82 µv, duration 110.5
milliseconds, and area 225.5 microvolt x microseconds (μVx μs).
Conclusion The variables studied did not influence the recordings of the MMN.
Latency, duration and area of the MMN with verbal stimuli were higher. It was possible
to furnish reference values for children with typical development in the age group
studied.
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since it does not need the behavioral responses of the
subjects.2,4

This potential has its main origin in the auditory cortex,
aided by the frontal cortex, the thalamus and the hippocam-
pus.5 Such potential can be elicited through nonverbal
stimuli (tone burst), which differ in frequency, intensity or
duration, and through verbal stimuli, in which syllable sets
(consonant/vowel) are used.6

In child populations, MMN with latency values between
200 and 350 milliseconds can be observed,7,8 always visual-
ized after the after negative component response (N1), and it
is obtained by the subtraction of responses to the frequent
stimulus in relation to the rare stimulus.2

The main characteristic and advantage of the MMN is its
being registered automatically, independently of attentional
or behavioral aspects, whichmakes it possible to be registered
in different populations.9–13 In addition, it may contribute in
investigating cognitive processes and in complementing audi-
ological assessment, since it is a promising tool for the analysis
of the functioning of the cortical processing; it can thus aid in
auditory diagnosis, monitoring, and rehabilitation prognosis.5

For it to happen, it is necessary to investigate how cortical
structures function in normally hearing subjects, besides
considering thematuration process, so that theMMNmay be
reliably obtained as a clinical tool.14Hence, it is important to
obtain reference values for theMMN for different age groups,
methodologies and devices.

It should be highlighted as well that studies that describe
reference values for MMN regarding verbal and nonverbal
stimuli in typical childrenwith the use of the Smart Ep device
(Intelligent Hearing Systems,Miami, FL, USA) are not found in
the literature.

Moreover, in spite of many possible applications of the
MMN in the child population,8–13,15–20 there is still the need
of studying MMNwith verbal stimuli, as it is considered that
this type of stimulus may complement central auditory
processing evaluations, and bring light to the neurophysio-
logical processes21 related to it.

Therefore, the objective of the present study was to
analyze the influence of the ear, gender and age variables
on theMMN in childrenwith typical development, as well as
comparing the different measures of this potential using
verbal and nonverbal stimuli in the sample studied, thus
providing reference values.

Methodology

The present study is characterized as observational, descrip-
tive, cross-sectional and quantitative. It has been approved by
the Research Ethics Committee of the institutionwhere it was
developed, under the number CAAE 81117517.0.0000.5346,
and evaluation report 2.538.043.

Concerning ethical aspects, the parents and/or those
responsible for the childrenwere given an Informed Consent
Form (ICF), and so did the children themselves receive the
Informed Assent Form. Both documents contained the objec-
tives of the study, the steps in carrying it out, and its risks and
benefits. Furthermore, confidentiality of the data was

guaranteed by the researchers signing the Confidentiality
Agreement. It is highlighted that all norms and guidelines of
the Resolution 466/12, which deals with researches with
humans,were fully respected. The studywasperformed in an
auditory electrophysiology outpatient center of a teaching
clinic, between January 2018 and January 2019.

The sample was formed starting with the contact with
four public and private schools, only two of which agreed to
participate in the study. Then, 450 invitation notes were
given out to the children in the age group ranging from 5 to
11 years and 11 months old, to carry out the assessments.
The adults responsible for those children who showed inter-
est in the assessments returned the invitation note with a
telephone for contact, with which the researchers proceeded
to schedule appointments.

The eligibility criteria established for the present research
were: 1) children whose age ranged from 5 to 11 years and
11 months old, of both genders; 2) auditory thresholds
within standards of normality in both ears22; 3) bilateral
type A tympanometric curve23; 4) contralateral acoustic
reflexes present in both ears23; 5) school performance ade-
quate for their age, considering average grade � to seven
points, besides not having flunked any previous year; their
parents and/or teachers report was also taken into account;
and 6) typical phonological acquisition. The exclusion crite-
ria were: 1) temporary auditory problems, as cases of otitis
media, or permanent ones, as sensorineural hearing loss; 2)
children with evident neurological, cognitive or psychiatric
disorders; 3) scores< 46 points on the Scale of Auditory
Behavior (SAB)24; 4) alterations on central auditory process-
ing (CAP) tests; and 5) not cooperating to the conclusion of
the evaluations selected for the present study.

Initially, 450 children were invited to take part in the
present study. Out of these, only 87 showed interest in the
evaluations; however, it was not possible to contact 6 of
them, so 81 had an appointment scheduled. As the evalua-
tions were being performed, 20 children did not attend, even
after rescheduling. Thus, 61 children were assessed, 38 of
which were excluded due to presenting alteration on the
phonological system, on the acoustic immittance assess-
ment, or on the CAP assessment, and/or due to not returning
to conclude the evaluations. Hence, the sample for the
present study was composed of 23 children, 10 males and
13 females (average age: 8.43 years old). Furthermore, they
were subdivided into 2 groups according to their age, being
arranged as follows: GROUP 1 composed of children between
5 and 7 years and 11 months old (n¼ 12); GROUP 2 com-
posed of childrenwhose agewas between 8 and 11 years and
11 months old (n¼ 11).

We chose to evaluate children up to 12 years old, as it is
believed that the electrophysiological responses of children at
this age are similar to those found in adults. In addition, this
divisionwas elaborated thinking about the similar maturation
process among the children of the same group and seeking a
balance between the sample groups. The procedures for
composing the sample were: anamnesis; noninstrumental
language assessment, performed through oral report in the
form of logical sequence, in which the different levels of
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language could be analyzed, such as phonological, semantic,
pragmatic, morphological and syntactic aspects; visual inspec-
tion of the external acoustic meatus; pure-tone threshold
audiometry (PTA); speech audiometry; acoustic immittance
measurements; CAP assessment, performed by means of tests
(dichotic digits test [DDT])25; random gap detection test
(RGDT)26; speech perception in noise test (SPIN)25; masking-
level difference (MLD)27; and scale of auditory behavior
(SAB).24 The CAP assessment was performedwith the purpose
of excluding alterations and complaints related to central
auditory processing disorder (CAPD). Each test was performed
in accordance with the criteria for normality found in the
literature, according to the age group.25–28 Moreover, to reas-
sure the integrity of the brainstem, the recording and the
analysis of the brainstem auditory evoked potentials (BAEP)
neurological protocol was performed following the norms of
the equipment.

Such procedures were performed with the use of the
following equipment: clinical otoscope (Welch-Allyn, Skanea-
teles Falls,NY) for thevisual inspectionof theexternal acoustic
meatus; PTA, speech audiometry, and CAP behavioral tests
performedwith the use of the Fonix Hearing Evaluator, model
FA 12 type I (Frye Electronics, Inc, Beaverton, OR, USA), and
TDH-39P earphones (Telephonics, Farmingdale, NY, USA) in a
sound booth; the acoustic immittance measurements were
taken with the AT235 equipment (Interacoustics, Middelfart,
Denmark), with 226Hz probe tone; and the BAEP, neurologic
protocol, was performedwith the Smart Ep equipment, (Intel-
ligent Hearing Systems, Miami, FL, USA).

After carrying out the procedures for selecting the sample,
thenext stepwasto recordandanalyzethenegativebehaviorof
the event-related potentials, the mismatch negativity (MMN).
This potential was obtained by means of the Smart Ep two-
channel equipment, attached to a conventional computer.

To obtain adequate recordings of theMMN, the skin of the
child was previously sanitized, using Nuprep abrasive paste
(Weaver and Company, Aurora, CO, USA) and common gauze.
Afterwards, the silver electrodes were fastened with micro-
porous tape on the four established regions. Thus, the active
electrode was positioned at Fz, the ground electrode at Fpz,
the central region of the forehead, and the reference electro-
des at the right and left mastoids, in accordance with the
International Electrode System 10–20. The Fz region was
chosen for positioning the active electrode because it is
considered to be one of the best positions to obtain the
MMN.2 The impedance values were maintained between 1
and 3 kohms to ensure recording reliability.

For this procedure, the children were seated on a com-
fortable chair, in a silent room, and were instructed to
watch a children’s film without sound on a computer;
furthermore, they were oriented to pay attention only to
the movie, ignoring the auditory stimuli, remaining quiet
throughout the test. The film was chosen as a visual dis-
tractor as it is considered the most accepted means by the
child population.2

This potential was elicited by pairs of nonverbal stimuli
and pairs of verbal stimuli. First, the MMN research was
performed using the pairs of nonverbal stimuli, in which the

750 Hz tone burst stimulus was the frequent stimulus, and
1,000 Hz was the rare stimulus. In the sequence, MMN was
elicited with verbal stimuli, with the syllable [da] as the
frequent stimulus, and the syllable [ta] as the rare stimulus.
The choice for the nonverbal pair of stimuli of 750 Hz and
1,000 Hzwas due to considerations based on studies found in
the national literature,15,18 besides their being the stimuli of
less contrast in the Intelligent Hearing Systems equipment.
The verbal stimuli [da] and [ta] were considered for present-
ing difference only in a sonority feature, making it easier for
the child to ignore the stimulus presented.2

In relation to the established parameters to obtain the
MMN,15,18 the stimuli were presented binaurally, via insert
earphones, in the intensity of 60 dBnHL,2 in alternating
polarity, lasting 50,000 microseconds (µsec) for 750 Hz,
10,000 µsec for 1,000 Hz, 206,275 µsec for the syllable [da],
and 220,350 µsec for the syllable [ta]. The ISI (interstimulus
interval) was of 521 milliseconds for 750 Hz, 516 millisec-
onds for 1,000 Hz, 320 milliseconds for [da], and 306 milli-
seconds for [ta]. These values were expressed in these units
in the manual of the equipment used.

The MMN was elicited by presenting the auditory stimuli
through the oddball paradigm, presented at the speed of 1,9
stimuli per second.3 In total, 750 stimuli were presented,
aiming at acquiring at least 150 rare stimuli, whose possibil-
ity of occurring is of 20% of the total stimuli. The presence of
up to 10% of the number of artifacts of the final stimuli was
considered. A low-pass filter of 1,0 Hz was used, as well as a
high-pass filter of 30,0 Hz, and the recording window was of
50milliseconds prior to the stimulation (prestimulation) and
510 milliseconds posterior to it.29

In the electrophysiological tracing, the observed MMN
measures were: latency (inmilliseconds –ms), amplitude (in
microvolt – µV), duration (in milliseconds –ms), and area (in
microvolt xmicroseconds – µVxµs). TheMMNwas identified
and marked as the peak of greatest negativity, followed by
the peak of the N1 component,2 in latency values between
200 and 350 milliseconds.7,8 As to the amplitude, it was
considered from the peak of greatest negativity until the
prestimulation line,29 excluding the participation of the N1
component. It was considered as MMN only the negative
peak which presentedminimum amplitude of - 0,3 µV.29 The
duration of the MMN valley was also analyzed, considering
the difference between initial latency (the time in milli-
seconds inwhich negativity began in the resulting wave) and
the displacement latency (the time in milliseconds in which
negativity reached baseline activity, or the point zero of the
resulting wave).13 As for the area of the MMN, it was
automatically measured by the equipment.

It should be highlighted that all the exams performed in
the present study were analyzed and marked by two pro-
fessionals with theoretical and practical experience in audi-
tory electrophysiology. It is noteworthy that there was
agreement on MMN markings in all exams analyzed.

It is also emphasized that the procedures of the present
study were performed in two sessions. On the first one, the
sample selecting procedureswere performed. On the second,
the MMN was performed. Furthermore, the MMN recording
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was repeated. Both sessions lasted� 50minutes, with breaks
for rest.

All the data obtained in the present study were tabulated
on Microsoft Excel 2010. For the analysis and comparison of
the data, the computing software Statistical Package for the
Social Sciences (SPSS) was used.

The normality of the data was tested through the Shapiro-
Wilk test, to identify whether the samples originated from
normal populations. Thus, respecting thenormalityof thedata,
the Student t-testwasused. The confidence intervals (CIs)were
builtwith95% statistical confidence (p< 0.05). Considering the
sample size, in relation to the age variable, it was divided into
two groups, as explained in the methodology section, so the
choice of the Student t-test was the most appropriate.

To illustrate the potential studied, a record of one of the
sample subjects is presented (►Fig. 1).

Results

No child needed to be excluded from the sample, as all of
them presented responses on the MMN for both stimuli
researched.

On ►Table 1, the comparison between the average values
for latency (ms), amplitude (µv), duration (ms) and area
(msXµv) of the MMN in children with typical development
for the verbal and nonverbal stimuli between the right ear
(RE) and left ear (LE) is presented. For this purpose, the
Student t-test was used.

Table 1 Values for latency (ms), amplitude (µv), duration (ms) and area (msXµv) of the mismatch negativity for verbal and
nonverbal stimuli, considering the evaluated ear variable (n¼ 23)

750 Hz/ 1,000 Hz (n¼ 23) p-value [DA]/[TA] (n¼ 23) p-value

Average Min Max SD Average Min Max SD

Latency (ms) RE 249.09 174 287 27.9 0.088 265.73 178 294 29.8 0.091

LE 250.48 162 286 33.1 264.82 167 295 27.8

Amplitude (µv) RE �2.33 �0.76 �4.44 1.01 0.057 �3.25 �0.99 �6.16 1.33 0.36

LE �2.12 �0.75 �4.63 1.41 �2.76 �0.68 �5.84 2.18

Duration (ms) RE 84.21 35 149 34.5 0.788 110.43 60 168 35.5 0.784

LE 81.73 32 123 27.2 113.42 56 183 38.4

Area (µVxµs) RE 118.2 43.5 288.7 77.1 0.099 222.49 30.2 431.62 127 0.088

LE 118.53 42.96 275.4 87 228.45 50.44 511.42 139

Abbreviations: Hz, hertz; LE, left ear; ms, measure in milliseconds; n, number of subjects in the sample; RE, right ear; SD, standard deviation µv,
measure in microvolts: µVxµs, microvolt x microseconds.
�Student statistical t-test.

Fig. 1 MMN plot for the contrasts of [da] (frequent) and [ta] (rare) and the resulting (frequent) stimuli of a sample subject.
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►Table 1 presents the values for latency (ms), amplitude
(µv), duration (ms) and area (msXµv) of the mismatch
negativity for verbal and nonverbal stimuli, considering
the evaluated ear variable (n¼ 23).

Considering that there was no statistically significant
difference between the ears, the choice was for analyzing
the influence of gender on the MMN component. Hence, the
average values between the ears were analyzed by means of
the Student t-test (►Table 2).

►Table 2 presents the values for latency (ms), amplitude
(µv), duration (ms), and area (µVxµs) between both genders
for verbal and nonverbal stimuli of the mismatch negativity
(n¼ 23).

It was further sought to analyze the influence of age in
relation to the values for latency (ms), amplitude (µv),
duration (ms) and area (msXµv) of the MMN for verbal
and nonverbal stimuli (►Table 3). For this statistical analysis,
the statistical Student t-test was used.

►Table 3 presents the values for latency (ms), amplitude
(µv), duration (ms) and area (µVxµs) between the different
age groups for verbal and nonverbal stimuli of the mismatch
negativity (n¼ 23).

On the following table, the comparison of themeasures of
latency (ms), amplitude (µv), duration (ms) and area (µVxµs)
of the MMN between the verbal and nonverbal stimuli in
children with typical development is presented. The test
used for this analysis was the Student t-test.

►Table 4 presents the comparison of the averages of the
latency (ms), amplitude (µv), duration (ms) and area (µVxµs)
variables of the MMN between verbal and nonverbal stimuli
in children with typical development (n¼ 23).

Following the presented analysis, it was possible to estab-
lish reference values for the MMN with verbal and nonverbal
stimuli in childrenwith typical development in the age group
ranging from 5 to 11 years and 11 months old (►Table 5).

Table 2 Values for latency (ms), amplitude (µv), duration (ms), and area (µVxµs) between both genders for verbal and nonverbal
stimuli of the mismatch negativity (n¼ 23)

MMN 750 Hz / 1,000 Hz (n¼ 23) N p-value [DA] / [TA] (n¼ 23) N p-value

Average Min Max SD Average Min Max SD

Latency
(ms)

Fem 243.15 168 286.5 31.44 13 0.734 267 172.5 284 23.62 13 0.734

Male 258.4 209.5 284.5 23.04 10 263.05 209.5 288.5 23.62 10

Amplitude
(µv)

Fem �2.26 �1.21 �4.08 0.978 13 0.589 �3.01 �0.83 �5.73 2.616 13 0.589

Male �2.31 �0.75 �4.02 1.254 10 �2.57 �0.93 �4.74 1.061 10

Duration
(ms)

Fem 73.57 33.5 122.5 25.18 13 0.171 119.88 70 165.5 34.16 13 0.171

Male 95.2 43.5 147 31.75 10 98.3 59.5 162.5 37.42 10

Area
(µVxµs)

Fem 142.4 39.52 512.2 135.5 13 0.171 264.45 40.32 443.05 132 13 0.094

Male 130.71 53.59 264.7 84.62 10 174.78 30.22 420.52 112.6 10

Abbreviations: fem, female; Hz, hertz; male, male; MMN,mismatch negativity; ms, measure inmilliseconds; n, number of subjects in the sample; SD,
standard deviation µv, measure in microvolts: µVxµs, microvolt x microseconds;.
�Student statistical t-test.

Table 3 Values for latency (ms), amplitude (µv), duration (ms) and area (µVxµs) between the different age groups for verbal and
nonverbal stimuli of the mismatch negativity (n¼ 23)

MMN 750 Hz / 1,000 Hz (n¼ 23) N p-value [DA] / [TA] (n¼ 23) N p-value

Average Min Max SD Average Min Max SD

Latency
(ms)

G1 255.66 213 290.5 28.47 12 0.313 273.16 266.5 294.5 23.55 12 0.16

G2 243.36 168 272.3 28.58 11 256.68 172.5 288.5 30.56 11

Amplitude
(µv)

G1 �2.37 �0.75 �4.73 1.26 12 0.703 �2.66 �0.83 �4.88 1.22 12 0.697

G2 �2.19 �1.32 �4.02 0.89 11 �3.01 �1.88 �5.55 2.76 11

Duration
(ms)

G1 75.7 33.5 122.5 29.58 12 0.227 99.29 61 149.5 29.59 12 0.126

G2 90.9 55 147 28.94 11 122.72 65 165.5 40.57 11

Area
(µVxµs)

G1 160.45 39.52 512.17 142.1 12 0.321 177.77 73.85 441.45 117.1 12 0.063

G2 112.09 49.94 264.65 70.68 11 277.49 100.7 443.05 126.8 11

Abbreviations: Group 1, children with age between 5 years and 7 years and 11 months old; Group 2, children with age between 8 and 11 years and
11 months old; Hz, hertz; MMN, mismatach negativity; ms, measure in milliseconds; n, number of subjects in the sample; SD, standard deviationµv,
measure in microvolts; µVxµs, microvolt x microseconds.
�Student statistical t-test.
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►Table 5 presents reference values for latency (ms),
amplitude (µv), duration (ms) and area (µVxµs) variables
of the MMN between verbal and nonverbal stimuli in chil-
dren with typical development (n¼ 23).

Discussion

The results obtained in the present study make possible the
visualization that the MMN elicited through nonverbal stim-
uli (750 and 1,000 Hz) and by verbal stimuli ([da/ta]) was
present and very identifiable in all children of the sample.
This finding agrees with other studies performed with child
populations in groups of childrenwithout alterations,8,9,13,20

which suggests that children with typical development (TD)
distinguish different acoustic stimuli independently of at-
tentional factors.

Considering the values for latency, duration, amplitude
and area of the MMN for both stimuli studied, it was noted
that there was no statistically significant difference between
the right ear and the left ear (►Table 1). Researches per-
formed with this potential also did not observe difference
between the ears, verifying similitude in the maturing
process between the right and the left side in the child
population8,13,17 and in the adult population.30 Based on
these, it is possible to infer that the maturing process of the

ear canal is similar between right and left ear, with simulta-
neous development of hearing skills of both.

In the present study, the influence of gender in relation to
the studied variables was also analyzed, and no statistically
significant differences between them were observed
(►Table 2), which shows that thematuration of the ear
canaloccurs synchronically between genders. Another re-
search did not show statistically significant differences be-
tween the genders in a child population.8 The study points to
amplitude of MMN tending to be higher among females in
relation tomaleswhen verbal stimuli are used; however, this
does not occur with latency, which presents higher values for
males.31 The authors believe that higher amplitudes among
females may be related to a higher bundling of enveloped
neurons, as well as to the better synchrony of the neural
network. Nevertheless, such findings were not evidenced in
the present study. Therefore, it is understood that the values
obtained in the present study can be used for both genders,
since no statistically significant differences between them
were found, as mentioned above.

It is understood that the maturational process of the ear
canal interferes with the latency and amplitude values.
However, no statistically significant differences were ob-
served in relation to the chronological age of the children,
both for verbal and for nonverbal stimuli (►Table 3). These
results corroborate another study performed with children
without auditory complaints, in which no association of age
with electrophysiological measures was found.8 Such find-
ings were not the expected, since, as in the other auditory
evoked potentials, it was expected an effect of maturation
on the different analyzed variables of the MMN , as it was
observed in a previous study.16 It is emphasized that, even
though no statistically significant differences were verified,
a decrease of latency values as the age increased was
observed, suggesting that the ear canal of these children
is still in the process of maturation. It should be noted that,
possibly, no statistically significant differences were evi-
denced in this analysis because both groups presented
similar minimum and maximum values. Attention is called
to the fact that the age group studied is composed of
children in the process of maturation of the central auditory
nervous system (CANS), and that beginning at � 12 years

Table 4 Comparison of the averages of the latency (ms), amplitude (µv), duration (ms) and area (µVxµs) variables of the MMN
between verbal and nonverbal stimuli in children with typical development (n¼ 23)

MMN 750 / 1,000 Hz (n¼ 23) [DA] / [TA] (n¼ 23) p-value

Average Min Max SD Average Min Max SD

Latency (ms) 249.8 168 290.5 28.57 265.3 172.5 294.5 27.8 0.006�

Amplitude (µv) �2.28 �0.75 �4.73 1.07 �2.82 �0.93 �5.75 2.06 0.279

Duration (ms) 82.97 33.5 131.5 29.63 110.5 61 165.5 36.49 0.007�

Area
(µVxµs)

137.3 39.52 512.7 113.9 225.5 30.22 443.05 129.5 0.019�

Abbreviations: Hz, hertz; LE, left ear; max, maximum; min, minimum; MMN, mismatch negativity; ms, measure in milliseconds; RE, right ear; SD,
standard deviation µv, measure in microvolts; µVxµs, microvolt x microseconds.
�statistically significant value.
�Student’s statistical t-test.

Table 5 Reference values for latency (ms), amplitude (µv),
duration (ms) and area (µVxµs) variables of the MMN between
verbal and nonverbal stimuli in children with typical development
(n¼ 23)

MMN 750 Hz / 1000 Hz
(n¼ 23)

[DA] / [TA]
(n¼ 23)

Average SD Average SD

Latency (ms) 249.8 28.57 265.3 27.8

Amplitude (µv) �2.28 1.07 �2.82 2.06

Duration (ms) 82.97 29.63 110.5 36.49

Area (µVxµs) 137.3 113.9 225.5 129.5

Abbreviations: Hz, hertz; MMN, mismatch negativity; ms, measure in
milliseconds; SD, standard deviation; µv, measure in microvolts; µVxµs,
microvolt x microseconds.
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old the responses of this potential become similar to those
of adults.32

Besides the maturational process of the ear canal, other
factors may influence the latency and amplitude values of the
ERP, as the typeofparadigmand stimuli used toobtain them.33

In the present study, the oddball paradigm was used to elicit
the MMN, with verbal and nonverbal stimuli presented to
obtain the recordings of this potential. For nonverbal stimuli,
the pairs of 750Hz (frequent stimulus) and 1,000Hz (rare
stimulus) were used. It is noted that the literature recom-
mends that differences> 10% be avoided, in order not to
impair the recording of the MMN, as there may occur an
involuntary change of attention to the stimulus, being con-
taminated by another potential characterized as a positive
wave peak denominated with the P3a.34 Although in the
present study the difference between these stimuli is> 10%,
it was possible to elicit the MMN in all children of the sample,
the same that happened in other studies with child popula-
tions which also obtained the MMN for these stimuli.15,18

In relation to the verbal stimuli, pairs of syllables were
used, the syllable [da] being the frequent stimulus, and the
syllable [ta] the rare stimulus. These stimuli present differ-
ence only in the temporal relation regarding the release of
the plosive and the beginning of the process of vowel
sounding (voice onset time [VOT]), determined in the tem-
poral aspect, whose measure is presented in milliseconds.
Moreover, these pairs of stimuli were chosen because they
present few phonemic contrasts, making it easier for the
child to ignore the presented stimuli.35

When the stimuli were compared (►Table 4), statistically
significant differences were observed for the latency, dura-
tion and area variables of the MMN, showing that the verbal
stimulus presents higher values in relation to the nonverbal
stimulus for all the assessed variables; however, for ampli-
tude, such difference was not verified, because it is believed
that these values present greater response variability in
relation to the other variables analyzed.10 The verbal stimu-
lus presents a greater linguistic load, so it is more complex to
process the acoustic information.10 In addition, these stimuli
present different physical characteristics, which justifies the
findings resulted from the present study.

The results were similar to the findings of a study10 that
noted statistically significant difference for the latency values
in the group of children without auditory alterations. None-
theless, in the amplitude values, this differencewas not found,
thus agreeingwith the results obtained in thepresent study. In
another study,11 statistically significant difference was also
evidencedwhen comparing the stimuli for latency, presenting
higher values for verbal stimuli. The amplitude for the nonver-
bal stimuli, on theotherhand,washigher, disagreeingwith the
present study in relation to amplitude values.

Other electrophysiological measures may be analyzed on
the recording of the MMN, such as the duration and area
values, although theyare less usual. On the consulted scientific
literature, there was only one study that analyzed duration
values.13 In the referred study, verbal stimuli were used with
average values similar to those of the present study. It is
understood that the duration of the MMN valley is the differ-

ence between the initial latency, that is, the time (millisec-
onds) that the negativity of the component appears on the
resulting wave, and the displacement latency, which repre-
sents the time in which the negativity reaches the baseline
activity, or the point zero on the resulting wave. Considering
the lackof studies analyzing thedurationvalues, thediscussion
of this measure is thus limited.

The area values of the MMN are dependent on the ampli-
tude markings, and this measure reflects the size of the
electrical activity in microvolt x microseconds (µVxµs).
Attention is called to the fact that area marking is performed
onlywith the Smart Ep equipment and only two studieswith
child population13,36 that used this equipment were found,
of which just one performed this analysis.13 The data
obtained in the referred study diverge from the ones from
the present study, as higher area values were found. Such
datummay be justified by the type of population studied, by
the stimuli used and by the chronological age of the children
belonging to both studies.

In addition to the performed analyses, the present study
made possible the description of latency, amplitude, dura-
tion and area values for the MMN for verbal and nonverbal
stimuli in childrenwith TD, aged from 5 years to 11 years and
11 months old. The average values for each variable of this
component are shown on ►Table 5.

The values obtained for latency in the present study are
close to those mentioned in the literature regarding child
population without language and hearing alterations. The
fact that the MMN record was binaural may have been
responsible for the greater amplitudes than those men-
tioned in the literature.7,9,13,15,18,19 Furthermore, the pres-
ent study points out reference values for the MMN with
verbal and nonverbal stimuli, on the Smart EP equipment, in
children with typical development, aged from 5 to 11 years
and 11 months old. Moreover, it makes possible knowing
the values for duration and area values, analyzed only by a
study with different objectives from those of the present
study.13

It is highlighted that the analysis of this potential contrib-
utes with information about the neurophysiological basis of
the central auditory processing of the different acoustic
stimuli. Likewise, it is a promising evaluation tool, consider-
ing the advantages presented by this procedure. Hence, it
becomes useful for the clinical evaluation routine, for the
monitoring of different speech-language-hearing disorders
and for the contribution to national scientific researchers on
auditory electrophysiology.

Conclusion

It was possible to record MMN with verbal and nonverbal
stimuli in children with typical development and, based on
the data obtained, it was concluded that the ear, gender and
age variables did not influence on the recording of the MMN.
In addition, the latency, the duration and the area of the
MMN with verbal stimuli were higher. Therefore, it was
possible to provide reference values for this potential for
children with typical development.
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