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Abstract
Background: standardization of Brainstem Auditory Evoked Potential (BAEP) using a new device. Aim:
to standardize BAEP responses using a new device developed (NDD) in Brazil. Method: analysis of
absolute latencies, interpeaks and wave amplitudes of BAEP, using a new device developed to study
normal-hearing groups (91 adults) and individuals (15 adults) with bilateral neurosensory hearing loss.
Responses obtained in the EP15 hearing device/Interacoustics and the NDD were compared. For this, the
following paramenters were used: non-filtered click of 100 microsecond (µs), totaling 2000 stimuli in
rarefied polarity, stimulation frequency of 13.1 clicks/s, intensity of 80 decibels normalized hearing level
(dB nHL), with a window of 10 milliseconds and bandpass filter between 100 and 3000 Hertz (Hz).
Significance level was set at 0.05. Results: absolute latency and interpeak means for 76 normal-hearing
individuals with the NDD were: wave I=1.50, III=3.57, V=5.53, I-III=2.06, III-V=1.96 and I-V=4.02.
When analyzing results according to gender, there was a statistically significant difference for the
absolute latencies of waves III and V and in interpeaks I-III and I-V. Mean amplitude value of wave
I=0.384 microvolt (µV) and of wave V=0.825 µV. There was no statistically significant difference
between the absolute latencies and interpeaks of the two devices in the same individual. Conclusion: the
components of BAEP with the NDD in normal-hearing subjects were similar regarding the tested ears,
with statistically lower latencies in women. The BAEP latencies in the same individual with NDD were
similar to those obtained with the EP15 / Interacoustics. Normal values of BAEP were obtained in
normal-hearing adults.
Key Words: Evoked Potentials; Adult; Hearing Loss.

Resumo
Tema: padronização do Potencial Evocado Auditivo de Tronco Encefálico (PEATE) utilizando um novo
equipamento. Objetivo: padronizar as respostas do PEATE utilizando de um novo equipamento
desenvolvido (NED) no Brasil. Métodos: análise das latências absolutas, interpicos e das amplitudes das
ondas do PEATE, por meio de um novo equipamento desenvolvido para estudar grupos de ouvintes
normais (91 adultos) e outro com perda neurossensorial (15 adultos) com perda auditiva neurossensorial
bilateral entre o equipamento EP15 / Interacoustis e o NED. Utilizando o clique não filtrado, com duração
de 100 microssegundo (µs), totalizando 2.000 estímulos, na polaridade rarefeita, frequência de estimulação
de 13,1 cliques/s, intensidade de 80 decibels de nível de audição normalizado (dB NAn), com janela de 10
milissegundos e filtro passa-banda entre 100 e 3000 Hertz (Hz). Nível de significância de 0,05. Resultados:
as médias das latências absolutas e interpicos em 76 ouvintes normais no NED foram: onda I=1,50,
III=3,57, V=5,53, I-III=2,06, III-V=1,96 e I-V=4,02. Ao separar por gênero houve diferença
estatisticamente significante para as latências absolutas das ondas III e V e nos interpicos I-III e I-V. Valor
médio da amplitude da onda I=0,384 microvolt (µV) e da onda V=0,825 µV. Não existiu diferença
estatisticamente significante ao comparar as latências absolutas e interpicos entre dois equipamentos no
mesmo indivíduo.  Conclusão: os componentes do PEATE com o NED em ouvintes normais foram
similares quanto às orelhas, com latências menores estatisticamente significantes nas mulheres. As latências
do PEATE no mesmo indivíduo com o NED foram semelhantes às obtidas com o EP15 / Interacoustis.
Foram obtidos os valores de normalidade para o PEATE em adultos ouvintes normais.
Palavras-Chave: Potenciais Evocados Auditivos do Tronco Encefálico; Respostas Evocadas Auditivas
do Tronco Encefálico; Perda auditiva.
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Introduction

Auditory evoked potentials (AEP) are a record
of electrical activity that occurs in the auditory
system along the auditory pathway, from the inner
ear to the cerebral cortex, in response to an acoustic
stimulus(1).

The most widely used method is brainstem
evoked auditory potential (BAEP), due to its
reproducibility and facility in detecting lesion sites.
It evaluates auditory pathway integrity from the
auditory nerve to the brainstem for 8 milliseconds
(ms) after stimulus(2).

The BAEP results obtained are interpreted by
using the time spent between the sound stimulus
offered and the emergence of five positive
deflections, namely waves I, II, III, IV and V and
the interval between them, denominated absolute
latencies and interpeak latencies(3,4).

An electronic device composed of a computer,
acoustic signal generator, amplifier and register is
used to perform the examination. Responses take
place after sound stimulation, presented through
ear phones or bone vibrators(5).

The devices available on the market to conduct
this examination are expensive, in addition to
having parameter configuration limitations. To
minimize these problems, Menezes(6), in his
doctoral thesis, defended at the University of São
Paulo, developed a device to analyze AEP.
Hypothesis: The results of brainstem evoked
auditory potentials (BAEP) in the new device (ND)
are similar to those obtained with the
Interacoustics EP15, widely used in audiology
clinical practice. Aim: Standardize BAEP responses
using a new device developed in Brazil.

Method

The examinations were conducted at the
Audiology Laboratory of the Faculty of Speech
Therapy at the State University of Health Sciences
of Alagoas (UNCISAL) and SINUS Clinic of
Otolaryngology, both located in the city of Maceio,
Brazil.

Calculations were made to assess the
differences between the two diagnostic devices,
using an alpha of 0.05, a beta error of 0.1, standard
deviation of 0.1 ?V, and a minimum difference
between the groups of 0.07, which represents even
greater accuracy than that obtained in research
protocol calculations. The number estimated for
the proposed study was 76 cases.

Thirty-five of the 76 normal hearers (70 ears)
were males and 41 females (82 ears), aged between

18 and 49 years(6). Electrophysiological responses
(absolute and interpeak latencies) of the 76 normal
hearers (152 ears) belonging to experimental group
1 (EG1), using the new device (ND), were compared
according to gender and ear. This was done to
obtain the standard reference. To evaluate the
object of study (auditory pathway integrity) using
the ND, another group of 15 normal hearers (30
ears), consisting of six men and nine women, aged
between 21 and 46 years, was formed. Brainstem
evoked auditory potential (BAEP) was performed
using the Interacoustic EP15 and ND. Responses
obtained on the EP15 constituted Gold Group 1
(GG1) and those obtained from the same individuals
on the ND constituted Experimental Group 2 (EG2).

To evaluate the sensitivity of the examination
carried out with the new device, a group of 15
volunteers (8 men and 7 women), denominated Gold
Group 2 (GG2), with bilateral sensorineural hearing
loss (30 ears), auditory thresholds less than or equal
to 60 dBNA, aged between 18 and 50 years, the
same age range as previous groups, was selected
for BAEP on the Interacoustic EP15. These same
individuals, denominated Experimental Group 3
(EG3), underwent BAEP with the ND.

Thus, the sample consisted of 106 individuals,
all residing in the city of Maceio, in the state of
Alagoas, Brazil.

The group of normal hearers was composed of
adults with normal audibility thresholds, that is,
less than 25 dBNA at all pure tone audiometry
frequencies, with interaural frequency differences
less than or equal to 10 dB.

The group with bilateral sensorineural auditory
loss was formed by adults with altered audibility
thresholds, that is, between 25 and 60 dBNA for
frequencies from 2000 to 8000 Hz of pure tone
audiometry. Thresholds of 250, 500 and 1000 Hz
could be altered or not.

The stimulus was a non-filtered click of 100 µs
(total of 2000 stimuli) in negative (rarefied) polarity
at a stimulation frequency of 13.1 clicks/s, intensity
of 80 dBNAn for each ear in both devices in gold
groups 1 and 2 and only in the ND in experimental
groups 1, 2 and 3. The window of analysis was 10
ms and high-pass and low-pass filters of 100 and
3000 Hz, respectively were used. Each measurement
was performed in duplicate to ensure
reproducibility and reliability of the waves.

The earth electrode was placed on the maxillary
region and negative electrodes (A2 and A1),
corresponding to the right ear (RE) and left ear
(LE) respectively, were fixed to both mastoids. The
positive electrode (Fpz) was fixed to the frontal
lobe at the level of the sagittal plane, near the
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midline, in accordance with International System
of Electrode Placement norms. A  Beyerdynamic
DT48 earphone was used.

The test measured absolute latency, in
milliseconds (ms), of waves I, III and V, as well as
interpeak latencies I-III, III-V and I-V for each ear
and the amplitude of waves I and V.

The parameters most commonly used to
evaluate auditory pathway integrity in adults using
BAEP include: absolute latencies of waves I, III
and V, interaural difference of wave V, the amplitude
V to amplitude I ratio, and interpeak latencies I-III,
III-V and I-V(7,8). These values must be known to
interpret auditory pathway integrity(9).

Electrophysiological responses (absolute and
interpeak latencies) in 30 ears from the other group
of 15 normal hearers (experimental group 2) in the
ND were compared with those obtained in the same
individuals that formed gold group 1 using the
traditional device, that is, the gold standard of the
market. This was done to obtain specificity of the
examination in the ND.

Electrophysiological responses (absolute and
interpeak latencies) in 30 ears from the other group
of 15 individuals with sensorineural hearing loss
(experimental group 3) in the ND were compared
with electrophysiological responses obtained in
the same individuals using the traditional device
(gold group 2). This was done to obtain sensitivity
of the examination for sensorineural hearing losses
in the ND. Thus, it was possible to determine the
effectiveness of the electrophysiological
examination using the new device.

The sample of data obtained in 76 normal
hearing individuals (EG 1) with the new device was
analyzed using descriptive statistics, considering
gender and ear. The Kolmogorov-Smirnov test was
used to analyze normality, the non-parametric
Mann-Whitney to compare sexes and the Wilcoxon
to compare ears. The significance level was set at
0.05.

The paired Student's t-test, at a significance
level of 0.05, was used to compare data obtained in
individuals who underwent the procedure (BAEP)
on two devices (ND and EP15).

Since interpeak interval values do not exhibit
normal distribution, the two devices were compared
using the non-parametric Wilcoxon test.

Statistical Package for Social Sciences (SPSS)
17.0 software was used to obtain calculations.

Results

Table 1 shows the latency values of waves I, III and
V and interpeak intervals of BAEP for gender and ear,
calculated using Wilcoxon and Mann-Whitney U tests.

Data separated by gender reveal that normal hearing
women have statistically significant lower BAEP
latencies than men, with mean values of 3.53 in wave III,
5.48 in wave V, 2.04 in interpeak I-III and 3.99 in interpeak
I-V in women and 3.61 in wave III, 5.59 in wave V, 2.10 in
interpeak I-III and 4.07 in interpeak I-V in men.

Amplitude results of waves I and V showed a mean
value of 0.384 µV for wave I and 0.825 µV for wave V.
Tracings whose amplitudes for waves V and I showed
a ratio of less than 1 µV in three ears (8.10%) and greater
than 1 µV in 34 ears (91.90%).

Mean normality reference values and standard
deviations obtained for BAEP in normal hearing adults
are illustrated in table 2. The following parameters were
used for this measure: duration of 100 µs, stimulation
frequency of 13.1 clicks/s, intensity of 80 dBNAn, in
rarefied (negative) polarity for each ear.

The V to I ratio varied between 0.6 and 8.0 µV, but
only 8.1% of the ears showed a ratio of less than one,
whereas 91.9% of the ears had a ratio above one.

The p-value obtained using the non-parametric
Wilcoxon statistical test showed no significant
differences between the two devices, for normal hearers
and individuals with sensorineural hearing loss. The p-
values found for normal hearers were: waves I= 0.980,
III=0.580, V=0.424, interpeaks I-III=0.871, III-V=0.057 and
V-I=0.147. The p-values found for individuals with
sensorineural hearing loss were: waves I= 0.343,
III=0.720, V=0.069, interpeaks I-III=0.289, III-V=0.120 and
V-I=0.156.
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Discussion

The BAEP latencies obtained in this study with
the ND and those of the literature (table 3) showed
minimal differences, that is, the mean latency for
each wave and interpeak interval occurred within
the variation of findings observed in the
specialized literature articles consulted (1,10,13).

Several authors report the importance of
studying the normality pattern of BAEP. Although
there is relative uniformity among different
laboratories, absolute latencies and interpeak
intervals may exhibit slight variations
(11,12,13,14,18,19).

The findings of this study showed that male
latencies were higher than those of females, in
accordance with the literature(3,20,21,22).

Some authors report that the different BAEP
latencies between men and women are a result of
anatomical differences in anatomical differences
between the sexes (auditory nerve diameter)(11,21).

The findings of this study underscore the
similar responses for right and left ears, which is in
accordance with the literature(18,19,23), and
showing the absence of statistical significance.
Therefore, reference values can be used for both
the right and left ear.

TABLE 1. P-values calculated to  compare BAEP responses by gender and ear in EG1. 

 Waves and interpeak I  III V I-III III-V I-V 
Ear Wilcoxon 0,817 0,152 0,522 0,282 0,640 0,646  
Gender Mann-Witney U 0,187 0,000* 0,000* 0,007* 0,276 0,001* 

Legend: * p- values considered statistically significant. 

TABLE 2. Normal BAEP latency data in adults using the ND.  

latency data  
BAEP Components        Mean (ms) SD value Mean +2,5 SD 
    
I 1,50 0,15 1,87 
III 3,57 0,18 4,02 
V 5,53 0,21 6,05 
I-III 2,06 0,19 2,53 
III-V 1,96 0,21 2,43 
I-V 4,02 0,21 4,49 
Legend: SD = standard deviation. 

TABLE 3. Mean values and their respective standard deviations of absolute and in terpeak latencies of BAEP, with  stimulation of 80 
dBNAn, obtained  from the literature and in the present study. 
 
Authors Year of publication  I III V I-III III-V I-V 
Hall (1) 1992 M 1,54 3 ,73 5,52 2,19 1 ,79 3,98 
  SD 0.08 0 ,10 0,15 0,18 0 ,25 0,23 
Munhoz et AL (14 ) 2000 M 1,54 3 ,7 5,6  2,2 1 ,84 4,04 
  SD 0,10 0 ,15 0,19 0,16 0 ,17 0,18 
Anias et al (15) 2004 M 1,60 3 ,73 5,64 2,13 1 ,90 4,03 
  SD 0,10 0 ,14 0,14 0,12 0 ,10 0,12 
Hall (10) 2006 M 1,65 3 ,8 5,64 2,15 1 ,84 3,99 
  SD 0,14 0 ,18 0,23 0,14 0 ,14 0,20 
Lima et al (16) 2008 M 1,68 3 ,75 5,56 2,07 1 ,81 3,88 
  SD 0,12 0 ,21 0,26 0,21 0 ,22 0,26 
Presente estudo  2009 M 1,50 3 ,57 5,53 2,06 1 ,96 4,02 
  SD 0,15 0 ,18 0,21 0,19 0 ,21 0,21 
Legend: M = Mean; SD = Standard deviation. 
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The ND device demonstrated that wave V
amplitude was higher than that of wave I.  The
wave V to wave I ratio is similar to that obtained in
another study(24).

The findings of this study revealed that most
individuals with sensorineural hearing loss had
slight to moderate absolute latency values and
normal interpeak intervals. These findings contrast
with a study(25) that found a difference of 18% to
28% in abnormal BAEP results in patients with
hearing loss between 40 and 59 dBNA at
frequencies from 2000 to 4000 Hz,  in accordance
with the literature(4,26,27,28).

In severe to deep degrees of sensorineural
hearing losses BAEP records are altered
(4,26,29,30). These degrees of hearing loss were
not evaluated in this study.

BAEP latencies obtained using the ND and
EP15 in the same individual were similar. Thus,
electrophysiological records of latency for waves

I, III and V and interpeaks I-III, III-V and I-V were
considered compatible with the gold standard
device  and can therefore be clinically used to
perform BAEP.

Conclusion

The BAEP components measured with the new
device in normal hearing adults were similar for
both ears, while absolute latencies were lower in
women than in men.

BAEP latencies in the same normal hearing
individual or one with sensorineural hearing loss,
as measured with the ND, were similar to those
obtained with the Interacoustic EP15, the gold
standard. In sensorineural hearing losses up to 60
dBNA, the most frequent BAEP finding was the
presence of waves I, III and V, with normal absolute
and interpeak latencies.

Normality reference values were obtained for
BAEP in normal hearing adults.
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