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 INTRODUCTION

 Middle-latency Auditory Evoked Potentials 
(MLAEP) are bioelectric responses captured by electrodes 
placed at specifi c regions on the surface of the head, oc-
curring between 10 and 80ms after the sound stimulus, 
and comprise a series of waves of negative voltage rep-
resented by the letter N and positive voltage represented 
by the letter P. In general, MLAEP responses are analysed 
in milliseconds for wave latencies and in microvolts for 
amplitude. Latency corresponds to the speed of auditory 
processing along the pathway; as for amplitude, it is the 
electrical activity at the cortex level generated as a result 
of auditory stimulation1,2. 
 The fi rst major negative peak that appears, Na, is 
found between 12 and 27 ms, and then the highest positive 
peak, Pa, is presented between 25 and 40ms, and Nb is the 

negative peak after Pa, between 30 and 55ms, according to 
the normal range3. 
 The most used measure in response analysis is 
Na–Pa waves inter amplitude4,5.  In typical individuals, in 
general, Na–Pa wave amplitude values are symmetrical, 
i.e., electrodes placed on the right and left temporal lobe 
should show similar responses. Wave analysis should be 
carried out on a comparative observation of the right ear 
(RE) and left ear (LE), and the right and left hemispheres 
to determine normality, analysing what is named ear and 
electrode effects6. 
 The clinical application of MLAEP is used in the 
evaluation of any abnormality that could impair the cen-
tral auditory pathways, situated between the brain-collic-
ulus lower trunk and the primary auditory cortex7.  Gução 
et al, (2014)8 confi rmed this hypothesis and concluded, in 
their study, that there was a change in the functioning of 
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System (EP) and 3A insert earphones. All subjects were 
accommodated in a sound insulation enclosure, and con-
trolled temperature at 24ºC, positioned in a reclining 
chair, they were required to remain relaxed with their 
eyes open and to stay alert.
 The electrodes were fi xed with adhesive tape 
microporous after cleaning the skin with abrasive paste; 
we also used electrolytic paste to improve the electrical 
conductivity. The impedance of each electrode did not ex-
ceed 5 Kohms and did not exceed 2 Kohms between the 
electrodes impedance3. 
 For the identifi cation of MLAEP, we used mon-
aural clicks stimuli rarefi ed at 70 dB HL at 100ms dura-
tion, with presentation rate of 11 stimuli/second, analy-
sis time (window) of 100 ms, acoustic fi lter from 10 to 
100Hz, amplifi cation of 75.000x.
 MLAEP responses were obtained through the 
electrode leads and divided in two acquisition groups, ac-
cording to the stimulated ear. The fi rst identifi cation was 
carried out during the acoustic stimulation of the right ear 
and divided into two steps. In the fi rst step, the electrodes 
were placed as follows: active electrodes (+) at C3 (left 
hemisphere) and at C4 (right hemisphere); and the ref-
erence electrode (-) at A2 (right earlobe); and land at Fp 
(forehead). In the second step, we changed the position of 
the reference electrode to A1 (left earlobe) (Figure 1).

 The second identifi cation was performed during 
the acoustic stimulation of the left ear and also divided 
into two steps. In the fi rst step, the electrodes were placed 
as follows: active electrodes (+) at C3 (left hemisphere) 
and at C4 (right hemisphere); and the reference electrode 
(-) at A1 (left earlobe); and land at Fp (forehead). In the 
second step, the reference electrode was positioned at A2 
(right earlobe) (Figure 2).

the auditory information to the cortex level in two children 
with Asperger Syndrome. 
 Auditory Evoked Potentials have effectively 
contributed in the knowledge of normal and deviant audi-
tory processing, and assisted health professionals in deter-
mining diagnosis and proper therapeutic treatment.
 Adults and children with language, speech and 
learning disorders have been evaluated in MLAEP studies. 
This exam has shown to be the most appropriate method 
for the objective evaluation of auditory pathways integrity 
since MLAEP have higher neural origins9.  
 In Brazil, studies have been conducted using 
MLAEP in clinical conditions such as auditory process-
ing disorder central10, aphasia11, human immunodefi cien-
cy caused by HIV virus12-13 Landau-Kleffner syndrome14, 
Multiple Sclerosis15, showing latency and amplitude 
changes in these conditions inherent to dysfunctions of 
central auditory pathways.
 MLAEP is used for more accurate diagnosis of 
changes that affect the auditory pathway, especially in pae-
diatric populations. In the literature, studies investigating 
healthy populations are restricted16-17, therefore, it is im-
portant to carry out further studies to obtain standards and 
criteria for identifying waves and the parameters used in 
MLAEP examination in normal children. In this con-
text, the aim of this study is to analyse the MLAEP in 
children.

 METHODS

 This is a descriptive, analytical and cross-sec-
tional study. It was conducted with the approval of the 
Research Ethics Committee, under number 2013-673, and 
those responsible for the study participants signed an in-
formed consent and prior to data collection.
 We analysed 20 schoolchildren, apparently 
healthy, of both sexes, aged from 8 to 13 years (mean age 
of 10.4 years and standard deviation of 1.6 years).
 As inclusion criteria, we selected apparently 
healthy children, with no complaints of school learning 
disorders, and with auditory thresholds within normal 
standards18. 
 Initially, the teachers of several elementary 
schools selected the children with good performance in 
Portuguese and Mathematics in two consecutive marking 
periods. Then, neurological evaluation was performed to 
rule out any impairment in this area, in addition to collect-
ing the children’s history to investigate general health and 
hearing conditions.
 Subsequently, inspection of the external audito-
ry canal was performed to verify excess of cerumen, and 
to carry out basic audiological evaluation, composed by 
pure-tone audiometry in frequencies from 250 to 8000 
Hz, and to be included as participant, the children should 
have thresholds below or equal to 25 dB18,  immitanciom-
etry with type A tympanometric curve, indicating normal 
mobility of the tympanic-ossicular system19  and present 
ipsilateral and contralateral refl exes.
 For MLAEP identifi cation, we used the 
two-channel equipment Biologic’s Evoked Potential 

Figure 1 - Electrodes position - 1st identifi cation. 1st step: the gray 
circle refers to the electric fi eld formed with the electrodes positio-
ned at C4/A2 and C3/A2 during acoustic stimulation of the right ear. 
2nd step: the gray circle refers to the electric fi eld formed with the 
electrodes positioned at C3/A1 e C4/A1 during acoustic stimulation 
of the right ear.
Caption: Fpz: common electrode placed to the right of forehead; 
C4: electrode placed at the right temporoparietal lobe; C3: electro-
de placed at the left temporoparietal lobe; A2: reference electrode 
placed at the right earlobe; A1: reference electrode placed at the 
left earlobe.

Figure 2 – Electrodes Position – 2nd identifi cation. 1st step: the 
gray circle refers to the electric fi eld formed with the electrodes po-
sitioned at C3/A1 and C4/A1 during acoustic stimulation of the left 
ear. 2nd step: the gray circle refers to the electric fi eld formed with 
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 The components analysed in the MLAEP study 
were: Na, which corresponds to the fi rst highest nega-
tive peak between 12 and 27 ms; Pa, the most positive 
peak after Na, between 25 and 40ms, the most prominent 
among the waves which can be compared to the V wave 
of Brainstem Auditory Evoked Potential; and Nb, the neg-
ative peak after Pa, formed between 30 and 55 ms, after 
acoustic stimulation as fi rst analysis. Interamplitude was 
also analysed between Na and Pa (Na–Pa) component3. 
 For the analysis of inter-subject interamplitude, 
the responses from one side or the other that did not ex-
ceed 50% in the same individual were considered with no 
abnormality in this sensory modality20. 
 For inferential statistical analysis of data, we in-
itially determined data normality through Shapiro-Wilk 

test. Following, we performed the comparison of the re-
sults by analysing the variations in relation to the stimu-
lation of the right and left ears according to the electrodes 
position, contralateral and ipsilateral. Student’s t-test was 
used for stimulation comparison between the different 
stimulation identifi cation leads.
 The differences in the identifi cations were con-
sidered statistically signifi cant when the p value was lower 
than 0.05 (5%). The statistical program we used was Bi-
oestat 2009 Professional 5.8.4 Software version 2.00 for 
Windows.

 RESULTS

 Latencies of components Na, Pa, Nb and Na-Pa 
interamplitude were studied. The tables describe latency 
and amplitude times, and the calculated average values, 
standard deviation and p values of the variables.
 The results of this descriptive and inferential 
analysis are shown in Tables 1 and 2, as follows:

Table 1: Descriptive and inferential statistical analysis of MLAEP for the 1st identifi cation

Variables C3A1 C3A2 
 Mean SD Mean SD P value*

Na RE   20,239 3,889 18,938 3,757 0,144
PA RE   34,480 5,231 33,501 4,668 0,400
Nb RE   50,121 5,288 50,116 5,448 0,490
Na-Pa RE   -1,242 0,783  -1,123 0,528 0,280

 C4A1 C4A2 
 Mean  SD   Mean SD P value*

Na RE 19,291    3,220    19,561 5,050 0,420
Pa RE 30,702    8,465        33,636 8,407 0,130
Nb RE 47,930  10,355    47,305 6,810 0,410
Na-Pa RE -1,197    0,534    -1,070 0,430 0,200

Caption: RE: right ear; SD: Standard Deviation, C3: left hemisphere; C4: right hemisphere; A1: left earlobe;
A2: right earlobe; * p ≤ 0,05.
MLAEP: Middle Latency Auditory Evoked Potential.

Table 2: Descriptive and inferential statistical analysis of MLAEP for the 2st identifi cation

Variables C3A1 C3A2 
 Mean SD Mean SD P value*

Na LE   18,977 3,737 19,385 4,349 0,370
PA LE   33,012 5,013 30,545 5,912 0,130
Nb LE   46,336 6,096 45,879 6,627 0,410
Na-Pa LE   -0,975 0,526  -1,025 0,534 0,380

 C4A1 C4A2 
 Mean  SD   Mean SD P value*

Na LE 20,373 4,283 19,249   4,354 0,200
Pa LE 33,398 6,094 32,876   6,196 0,390
Nb LE 48,606 9,655 50,812 8,380 0,220
Na-Pa LE -1,276 0,592 -1,211   0,631 0,370

Caption: LE: left ear; SD: Standard Deviation, C3: left hemisphere; C4: right hemisphere; A1: left earlobe;
A2: right earlobe; * p ≤ 0,05.
MLAEP: Middle Latency Auditory Evoked Potential.

the electrodes positioned at C4/A2 and C3/A2 during acoustic sti-
mulation of the left ear. 
Caption: Fpz: common electrode placed to the right of forehead; 
C4: electrode placed at the right temporoparietal lobe; C3: electro-
de placed at the left temporoparietal lobe; A2: reference electrode 
placed at the right earlobe; A1: reference electrode placed at the 
left earlobe.
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 It was possible to analyse MLAEP components 
across all the studied population. When comparing the 
identifi cations, ipisilateral and contralateral, obtained 
through stimulation in the right ear (Table 1) as well as 
through stimulation in the left ear (Table 2), we observed 
no statistically signifi cant difference.

 DISCUSSION
It was observed that the latencies of Na, Pa and Nb and 
interlatency Na–Pa showed average values,  appropriate for 
chronological age, according to the literature. In general, 
Na is observed between 12 and 27 ms; Pa is the highest 
positive peak after Na, between 25 and 40ms; Nb is the neg-
ative peak after Pa, between 30 and 55ms3,21-22. The average 
Pa-interamplitude value of the studied population is also 
consistent with the literature, between 0.5 μV and 2.0 μV20 
and between 0.4 μV and 2.58 μV for the age group16,23. 
 MLAEP components have multiple neural gener-
ators that undergo a maturation process reporting distinct 
neural development courses. For example, from childhood 
to adolescence, detection of Pa wave is increased. In chil-
dren, the values of latency and amplitude become similar 
to those of adults when they are close to 10 years old24. 
In this study, we studied children from 08 years old, and 
Na, Pa and Nb waves were detected in all children studied 
with average values similar to those described in the liter-
ature for the 10-year-old age group.
 Among the components, the Nb average value is 
the only one with a greater variation in the average value 
established for children16,23,  which can be explained by 
the fact that Nb component is generated in an upper region 
of the auditory pathway - auditory associative pathway7,9 

with later maturation, therefore the diffi culty in establish-
ing a standard value.
 We found, in some studies19,24, that the results in 
normal hearing subjects are also changed depending on the 
maturation level, possibly due to neural generators of the 
components analysed in MLAEP still developing until late 
adolescence. Therefore, the auditory pathway maturation 
may affect this MLAEP response, which would justify stud-
ies of this scope in different age group populations.
 There is currently no consensus among Brazil-
ian studies using MLAEP regarding the optimal method-
ology for electrode position and analysis of the MLAEP 
response. Mostly, in national studies, when the right ear 
is stimulated, the electrodes are placed at C3 and C4 (left 
and right hemispheres) (+) with reference in A2 ears 
(right ear lobe) (-), and ground at Fp (forehead), paired, 
ipsilateral of the right side and contralateral to the right. 
When the left ear is stimulated, in general, the electrodes 
are positioned at C3 and C4 (left and right hemispheres) 
(+) with references electrode in A1 ears (left ear lobe) (-) 
and ground electrode at Fp (forehead), paired, ipsilateral 
and contralateral to the left25-27.
 Other studies28-31 identified the electrical signals 
from an electrode at the midline (Cz) referred to the ipsi-
lateral ear in an identification channel, and the contralateral 
earlobe in another channel, and the ground electrode (Fp) 
positioned on the forehead. This arrangement is limited to 
ear effect comparison - right and left stimulation focused 
only in the diagnosis of central auditory pathway disorders.

 Electrodes must be placed on each hemisphere 
and not only on the vertex (Cz) to optimize the application. 
The electrode placed at the site of injury or dysfunction 
provides the best indication of a possible deficit32.  Moreo-
ver, the identification of the electrical activity of proximal 
field used in this kind of potential allows capturing the di-
rect fl ow of electrical charges between the depolarization 
and repolarization area if placed near the auditory neural 
generating area, which generates large amplitudes with 
good visualization, even with the attenuation of the scalp 
and cranial bones and tissues33. 
 MLAEP research using ipsilateral and contralater-
al identifi cations allows comparison of the two hemispheres 
and two ears, in addition to provide the diagnosis of injuries 
and disorders of central auditory pathways, and the differ-
ent types of identifi cations can sensitize the assessment34-35. 
 Furthermore, in children, due to neuromaturation 
in full development, functional age-related differences have 
characterized the nature of Na-Pa interamplitude responses. 
Ear and hemisphere effects have been identifi ed in this pop-
ulation even in conditions of typical development of audi-
tory system due to the maturational process5,23-25. 
 Two neural circuits are involved in the generation 
of MLAEPs. Due to the neural development of these sys-
tems, capturing MLAEP is directly related to the age of the 
evaluated subject. One neural circuit develops earlier, and 
is a portion of the subcortical auditory pathway. The sec-
ond circuit takes longer to develop, and is part of the pri-
mary and secondary auditory pathway. The development 
of primary and secondary neural generator varies across 
individuals, but cannot be developed until adulthood.
 In this study, the authors were motivated by the 
possibility of having an electrode arrangement that could 
improve the observation of the responses of the contralat-
eral central auditory pathways. This evaluation aimed at 
proposing to broaden and specify the study of the respons-
es, and also to enable the analysis of neurotransmission at 
the level of associative cortical pathways through the anal-
ysis of contralateral identifi cations in child populations.
 The components of MLAEP interest were ana-
lysed in the study population regardless of identifi cation 
performed. However, no differences were observed when 
comparing the ipsilateral and contralateral measures in the 
population of children with typical hearing development, 
which encourages authors suggest the use of these elec-
trodes leads in clinical practice.
 However, a limitation of this study is that these 
fi ndings apply only to the age group studied here, since 
this population is in the auditory pathway maturational 
process and differences can be found in other age groups. 
Moreover, for a more thorough analysis we suggest using 
an equipment with more identifi cation channels, which al-
low the analysis of other auditory cortical areas.

 CONCLUSION

 We concluded that the examination of MLAEP 
responses is stable. MLAEP responses represent a via-
ble measure for the age group, regardless of electrode 
position.
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Resumo:

Introdução: O potencial evocado auditivo de média latência é utilizado na avaliação de qualquer 
anomalia que possa comprometer as vias auditivas centrais, situadas entre o tronco encefálico e córtex 
auditivo primário. 

Objetivo: Analisar os potenciais evocados auditivos de média latência em escolares.

Método: Esse estudo é descritivo transversal. Como procedimento foi realizado a audiometria tonal, e 
caso não fosse detectada nenhuma alteração, foi utilizado o equipamento portátil de potencial evocado 
auditivo Biologic’s Evoked Potencial System (EP). O registro das respostas foi efetuado com eletrodos 
posicionados em C3 e C4 (hemisfério esquerdo e direito, respectivamente) em referência às orelhas 
A1 (lóbulo da orelha esquerda) e A2 (lóbulo da orelha direita), pareados ipsilateralmente e contralat-
eralmente e terra em Fp (fronte), em duas etapas, alternando as estimulações das orelhas direita e 
esquerda.

Resultados: Neste estudo houve 100% de detectabilidade dos componentes Na, Pa, Nb e interam-
plitude Na-Pa. Foram comparadas diferentes derivações de eletrodo e não foi observada diferença 
signifi cativa entre diferentes posições de eletrodos pesquisadas tanto para orelha direita quanto para 
orelha esquerda nesta população de estudo. 

Conclusão: O exame de potencial evocado auditivo de média latência é estável e viável para faixa 
etária estudada independente da posição dos eletrodos.         

Palavras-chave: Potencial evocado auditivo; respostas evocadas auditivas; crianças.


