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ABSTRACT

Purpose: Recording the evoked auditory brainstem response, in resting 
conditions and movement for the same individual, using new equipment/
system Integrity and verifying the agreement of these responses when 
compared to a conventional gold device/system standard in the market. 
Methods: Thirty normal-hearing adults from both genders, aged 18 to 
30 years, were submitted to Auditory Brainstem Response (ABR). Two 
devices, a device/system Integrity, using bluetooth technology, the con-
ditions of rest and motion and other equipment/conventional system were 
used to record responses in the same individual. Results: The compari-
son between the absolute and interpeak latencies observed in conditions 
of rest and motion, equipment Integrity are similar. The examination 
times observed in both devices, in the resting are the same. The acquisi-
tion time ABR, provided movement is greater than the resting condition, 
the Integrity equipment. Conclusion: Values   were obtained for normal 
ABR in normal hearing adults in equipment/system Integrity, which are 
the same for the conditions of the individual at rest and in motion. The 
latencies in the two devices are equivalent in the resting condition, there 
was an agreement between the values   of latencies, equipment Integrity, 
on the conditions of rest and motion.

Keywords: Evoked potentials, Auditory; Hearing; Brain stem; Electro-
physiology; Adult

RESUMO

Objetivo: Registrar os potenciais evocados auditivos de tronco ence-
fálico nas condições de repouso e movimento, no mesmo indivíduo, 
utilizando o novo equipamento/sistema Integrity, e verificar a concor-
dância das respostas, quando comparadas a um equipamento/sistema 
convencional, padrão-ouro no mercado. Métodos: Trinta adultos com 
audição normal, de ambos os gêneros, entre 18 e 30 anos, foram subme-
tidos ao Potencial Evocado Auditivo de Tronco Encefálico. Para registro 
das respostas no mesmo indivíduo, foram usados dois equipamentos, um 
deles (Integrity) com tecnologia bluetooth, nas condições de repouso e 
movimento e outro, equipamento/sistema convencional, na condição de 
repouso. Resultados: A comparação entre as latências absolutas e inter-
picos observada nas condições de repouso e movimento, no equipamento 
Integrity, foi de equivalência. Os tempos de exame observados nos dois 
equipamentos, na condição de repouso, foram iguais. O tempo de aquisi-
ção do potencial evocado auditivo, na condição de movimento, foi maior 
que na condição de repouso, no equipamento Integrity. Conclusão: 
Os valores de referência em adultos ouvintes normais no equipamento 
Integrity foram os mesmos para as condições de repouso e em movi-
mento. As latências obtidas nos dois equipamentos foram equivalentes 
na condição repouso. Houve concordância entre os valores das latências 
no equipamento Integrity, nas condições de repouso e de movimento. 

Descritores: Potenciais evocados auditivos; Audição; Tronco encefálico; 
Eletrofisiologia; Adulto
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INTRODUCTION

Auditory Brainstem Response (ABR) examination is an ob-
jective, noninvasive, and highly sensitive procedure to evaluate 
the integrity of the auditory pathway(1). Nevertheless, there are 
limitations in the potentials recording.

Evoked potentials are a complex, external stimulus respon-
se, representing the neural activity generated in anatomically 
separate locations. Auditory evoked potentials can be classified 
according to several criteria. The most frequent is the response 
latency, the most characteristic potential and the anatomical 
origin of the responses at the auditory system level(2). 

ABR, the short-latency auditory evoked potential, consists 
of the recording of the electrical activity in the auditory sys-
tem, in response to an acoustic stimulus(3). The classification 
of bioelectrical activities is based on the time elapsed between 
the introduction of the acoustic stimulus and its appearance 
(latency), which are analyzed in a millisecond (ms) time-
-frame. Short-latency potentials occur within the first 10 ms 
after stimulation(4,5). 

The relaxation level of the patient during the examination 
may significantly influence the auditory evoked potentials. The 
patient must cooperate, remaining still and relatively immobile 
throughout data collection, since any movement of the body, 
especially the head or the jaw, produces myogenic potentials 
and/or electrical artifacts. Sedation may be required in some 
children and adults who cannot or do not want to stand still(6,7). 

The equipment used is another factor to be considered in 
the data analysis, insuring the reliability of the results and 
increasing the diagnostic accuracy(8). 

Conventional equipment recordings for evaluating ABR are 
obtained by a computer, an amplifier, and electrodes connected 
by wires to a serial or USB port. In this context, there may be 
contamination of electrical noise in the amplifier, both from 
the computer and the power grid(9).

Among the most cited clinical applications of ABR are 
the evaluation of auditory pathways of the brainstem in adults 
and the determination of the electrophysiological auditory 
threshold, especially in children, making ABR an essential 
exam within the procedures used for audiological diagnosis, 
particularly in pediatric clinic(10,11,12,13,14,15,16,17,18). There are ad-
vantages and limitations in the clinical application and correct 
interpretation of ABR, which can be performed in infants, 
young children, and in patients difficult to evaluate. However, 
it requires the patient to be calm and relaxed, especially in the 
regions of the head, neck, and shoulders. Physiological and 
environmental noise may interfere with the response recording.

In order to minimize possible interferences and/or artifacts 
in the electrophysiological auditory evaluation, a new Integrity 
equipment/system was developed, which uses bluetooth techno-
logy. The system records brainstem auditory evoked potentials 
even in environments with electrical noise interferences and in 
non-relaxed patients(19). 

In view of the above, this study aimed to record short-
-latency auditory evoked potentials in listeners at rest and in 
movement using the new Integrity equipment/system, and to 
assess the consistency of the responses, compared to a con-
ventional equipment/system, gold standard in the market, in 
the same individuals.

METHODS

The observational, analytical, cross-sectional study was 
performed at the Integrated Center of Assistance, Research and 
Teaching in Hearing (Núcleo Integrado de Assistência, Pesquisa 
e Ensino em Audição - NIAPEA), Discipline of Hearing 
Disorders, Speech-Language Pathology and Audiology 
Department, Universidade Federal de São Paulo (UNIFESP).

The procedures were initiated after approval by the Ethics 
and Research Committee of UNIFESP, under protocol number 
CEP 87065. All subjects included in the research were instructed 
on the procedures involved and signed the Free and Informed 
Consent Form, authorizing their volunteer participation in the 
study. Thirty adults of both genders and ages ranging between 
18 and 30 years old were evaluated, with no otological and/or 
neurological complaints and auditory thresholds up to 20 dB HL. 

Auditory Brainstem Response assessment was performed 
with the Vivosonic® equipment/system, model Integrity, using 
bluetooth technology and the Intelligent Hearing (IHS)® 
equipment/system, model Smart EP, considered gold standard. 
The evaluation was divided in two stages: 1st stage - static po-
sition, that is, without movement, or relaxed. This stage was 
called Rest Condition of the Individual - Integrity and Smart 
EP systems. The patients were instructed to remain relaxed, 
motionless, reclining in an armchair with eyes closed, in a dark, 
silent environment; 2nd stage - movement position. This stage 
was called Movement Condition of the Individual - Integrity 
system. The patients were instructed to sit down, move their 
face, open their eyes, and read a text aloud, until examination 
was completed.

The following parameters were used in the brainstem 
responses study: unfiltered click stimulus, which covers a fre-
quency range of 2 to 4 kHz, with 100 microseconds (μs) dura-
tion, stimulation frequency of 19.3 clicks/s, intensity of 80 dB 
nHL, total of 2000 averages in the rarefied (negative) polarity, 
for each ear. The high-pass and low-pass filters frequencies 
were 100-3000 Hz. Duplication of each record was performed 
to ensure reproducibility and reliability of the waves. Insert 
earphones (ER-3A) were used and the stimuli were introduced 
monaurally and with ipsilateral recording to the afferent ear(20).

The evoked potentials evaluation was performed only 
when the impedance between the electrodes connected to the 
skin was less than 2 kΩ and the interelectrode differences was 
below 1 kΩ. The velocity was selected this way in order to 
generate more definite ABR wave morphology responses. The 
areas where the disposable electrodes were fixed were cleaned, 
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prior to the placement, with NuPrep abrasive gel and gauze, 
in order to reduce electrical impedance. The ground electrode 
was positioned on the front (Fpz), below the active electrode 
(Fz), and the reference electrodes (M1) and (M2) were fixed 
on the left and right mastoids, respectively. The stimulus was 
introduced through disposable ear tips, placed in the auditory 
canal of each volunteer(21). Wave peaks were identified and 
marked with roman numerals I, III, and V, and those found 
to be reproducible were considered waves. By marking the 
peaks of the waves, it was possible to obtain the values of the 
absolute latencies I, III, and V and of the interpeak latencies 
I-III, III-V, and I-V.

A descriptive analysis of the absolute latencies of the wa-
ves I, III, and V, and interpeak latencies I-III, III-V, and IV in 
resting condition, in the IHS and Integrity equipment, and in 
rest and movement conditions in Integrity, as well as the time 
of examination, was performed. In order to evaluate the agre-
ement between the measurements in the two equipment and 
under the two conditions, the intraclass correlation coefficient, 
or concordance correlation coefficient was calculated(22). The 
values of this coefficient vary from 0 to 1 and, in general, values 
greater than 0.75 indicate strong agreement and values lower 
than 0.4, indicate weak agreement. 

The McNemar test(23) was used to compare the examination 
times in the two equipment and in the Integrity equipment alone 
under both conditions.

RESULTS

The mean values of the absolute latencies of waves I, III, 
and V and of the interpeak latencies I-III, III-V and I-V, obtai-
ned through the Smart EP and Integrity systems, in the resting 

condition, were similar. The mean values of the wave latencies 
I, III, and V observed in the Smart EP equipment were higher 
than those observed with the Integrity equipment (Table 1).

Regarding the mean values of the absolute latencies of wa-
ves I, III, and V and of the interpeak latencies I-III, III-V, and 
IV obtained in the Integrity system, at rest and in movement 
conditions, the intraclass correlation coefficient values indica-
ted a strong agreement between the two conditions assessed. 
The mean values observed in the Integrity equipment, at rest 
and in movement conditions, were similar (Table 2). 

The latency dispersion diagram, when the Integrity equip-
ment was used, at rest and in movement conditions, is illustrated 
according to each record, in Figures 1 (Wave I), 2 (Wave III), 
3 (Wave V), and 4 (interpeaks I-III, III-V, and IV). The results 
show a strong agreement between the measurements obtained 
for both conditions.

To compare the examination times in the Integrity equip-
ment at rest and in movement conditions, time categories “less 
than or equal to 2 minutes” and “greater than 2 minutes” were 
defined. Twenty-nine subjects (96.7%) showed times less than 
or equal to 2 minutes at rest and times greater than 2 minutes 
in movement. In the left ear, all individuals exhibited times 
less than or equal to 2 minutes at rest and times greater than 2 
minutes in movement. Frequency distributions and joint and 
marginal percentages for the aforementioned characteristic 
times are shown in Table 3 (right ear) and in Table 4 (left ear). 

DISCUSSION

The mean values of the absolute latencies of waves I, III, 
and V, and of the interpeak latencies I-III, III-V, and IV obtained 
in the Smart EP and Integrity systems, for the patients at rest, 

Table 1. Mean values of the absolute latencies and interpeaks (ms) in the Smart EP and Integrity equipment, in rest condition, for both ears

Equipment n I III V I-III III-V I-V

Smart EP 60
M 1.58 3.69 5.57 2.11 1.88 3.99

DP 0.09 0.14 0.15 0.14 0.14 0.15

Integrity 60
M 1.47 3.59 5.49 2.11 1.90 4.02

DP 0.11 0.15 0.17 0.12 0.11 0.16

Subtitle: M = mean; SD = standard deviation; I = latency of wave I; III = latency of wave III; V = latency of wave V; I-III = interpeak latency I-III; III-V = interpeak latency 
III-V; I-V = interpeak latency I-V

Table 2. Mean values of the absolute latencies and interpeaks in the Integrity equipment and of the mean differences of latencies, in rest and 
movement conditions, for both ears

Equipment n I III V I-III III-V I-V

Integrity rest 60
M 1.47 3.59 5.49 2.11 1.90 4.02

DP 0.07 0.14 0.17 0.12 0.11 0.16

Integrity 

movement
60

M 1.47 3.58 5.48 2.11 1.90 4.01

DP 0.08 0.10 0.16 0.13 0.11 0.16

Diference 60 M 0.00 0.01 0.01 0.00 0.00 0.01

Subtitle: M = mean; SD = standard deviation; I = latency of wave I; III = latency of wave III; V = latency of wave V; I-III = interpeak latency I-III; III-V = interpeak latency 
III-V; I-V = interpeak latency I-V
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were similar (Tables 1 and 2). Although the mean values of the 
absolute latencies observed in the Smart EP system, especially 
in the absolute latency of wave I, were higher than those ob-
served in the Integrity system in most individuals, intraclass 
correlation coefficient values (Figures 1 to 4) indicate the 

agreement between the measurements in the same individual, 
in the two equipment. The intraclass correlation coefficient 
indicates a strong agreement between the observations with 
both systems/equipment. Thus, the electrophysiological re-
cords in the Integrity system were compatible with those of a 
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Figure 4. Dispersion diagrams of the interpeaks I-III, III-V, and I-V in the Integrity equipment at rest and in movement, by ear

Table 3. Frequency distributions and marginal and joint percentages of 
the examination time in the Integrity equipment in rest and movement 
conditions, in the right ear

Rest time
Time movement

 Total
≤2 >2

≤2
1 29 30

3.3% 96.7% 100%

>2
0 0 0

0% 0% 0%

Total

 

1 29 30

3.3% 96.7% 100%

Table 4. Frequency distributions and marginal and joint percentages of 
the examination time in the Integrity equipment in rest and movement 
conditions, in the left ear

Rest time
Time movement

 Total
≤2 >2

≤2
0 30 30

0% 100% 100%

>2
0 0 0

0% 0% 0%

Total

 

0 30 30

0% 100% 100%
The time of examination in movement is higher than at rest (p < 0.001), in both ears

gold standard equipment available in the market, with respect 
to the average variable of the absolute latencies of the I, III, 
and V waves and the interpeak latencies I-III, III-V, and IV. 
According to the literature(24,25,26) the average values of the 
latencies of wave I range between 1.50 and 1.68 ms, those of 

wave III range between 3.50 and 3.80 ms, and those of wave 
V range between 5.50 and 5.64.

The observations of this study, for the rest condition of the 
individual, agree with the data from the literature(6,9,10,11,27,28), 
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which states that, in order to obtain reliable results in the 
evaluation of ABR, in conventional equipment, the patient 
must remain calm, relaxed, and still, because physiological 
and environmental noise can interfere with the response. The 
authors of these studies also stated that the evaluation should be 
performed in a room with acoustic and electric treatment and 
the patient should be comfortably accommodated in a stretcher 
or reclining chair to minimize the interference of electrical 
and muscular artifacts. Auditory evoked potentials may be 
significantly influenced by the relaxation state of the patient 
during examination and, therefore, he should remain still and 
relatively immobile during data collection. Any movement of 
the body, especially the head or the jaw, produces myogenic 
potentials and/or electrical artifacts. Contraction movements 
of the masseter muscle or of the cervical musculature, swallo-
wing, and coughing can cause great background noise and 
make the examination unfeasible. Thus, it is often advised to 
perform the exam under sedation, which, following a previous 
study, has clinical disadvantages, such as the high cost, risk, 
and diagnosis delay(29). 

With respect to the mean values of the absolute latencies of 
waves I, III, and V and of the interpeak latencies I-III, III-V, and 
IV obtained in the Integrity system, at rest and in movement, 
the intraclass correlation coefficients indicated a strong mutual 
agreement, demonstrating the effectiveness of this new system 
to evaluate patients in movement conditions.

These results are in keeping with previous studies which 
reported that the Integrity system was designed to be less 
sensitive to electrical interference, allowing movement and, 
consequently, the acquisition of potentials in restless patients 
without the need for sedation(30). Communication between the 
computer and the wireless interface eliminates the occurrence 
of electrical noise generated from the computer and the power 
grid, and it is possible to record the ABR in noisy environments 
and in non-relaxed patients. The reduction of the effects of 
muscle artifacts, through the filtering technique used, allows the 
recording of ABR during muscle activity of the patient, such as 
movement or speech(30). This new technology is designed to be 
less sensitive to interference than other commercially available 
systems/equipment, generating important benefits for patients, 
speech therapists, and hospitals(30). 

A study of 103 children, using the Integrity system, evalu-
ated ABR without sedation. No children received any sedative 
or anesthetic prior to data collection, 72% of the children were 
relaxed but not sleeping, 16% were awake and in movement, 
and 12% were asleep. The study concluded that the Integrity 
system reduces by up to 66% the need for sedation or anesthesia 
in young children. Moreover it reduces the costs of sedation and 
care in the administration of anesthesia, as well as the waiting 
time for ABR in young children who would require sedation(28).

In order to validate the Integrity system, another study eva-
luated ABR of ten adults with normal hearing and ages between 
18 and 30 years, and compared the results obtained with the 

Integrity equipment and a conventional equipment, Audera, 
of the GSI brand. Two conditions were investigated in order 
to determine the correlation between the equipment: a noise 
situation where the subjects were instructed to suck lollipops 
and a quiet situation with the individuals in a relaxed state. 
The results showed that, for the conventional system, under 
noisy conditions, it was not possible to acquire ABR in eight 
of the ten evaluated subjects. In contrast, all subjects presented 
normal ABR under both conditions with the Integrity system. 
The authors concluded that there is a significant improvement 
in obtaining ABR with the Integrity equipment, in situations 
of artifacts, demonstrating the system’s ability to provide a 
diagnosis in active children, avoiding the need for sedation and 
anesthesia. The authors also asserted that the validation of this 
new technology to estimate auditory thresholds in non-sedated 
small children is justified(30). 

The descriptive means related to the time of examination, 
observed in the Smart EP and in the Integrity systems, at rest, 
were equal to 2 minutes in both equipments. When the time 
of examination in the right and left ears was analyzed with 
the two equipments, under the same condition, no significant 
difference was observed. When the descriptive means related 
to the examination time (Tables 3 and 4), observed in the same 
equipment, Integrity, at rest and in movement, were compared, 
the examination time in the movement condition was 4 minutes, 
that is, twice the rest condition time.

CONCLUSION

The reference values in normal hearing adults obtained 
with the Integrity equipment were the same for individuals at 
rest and in movement conditions. The values of the absolute 
latencies I, III, and V and the values of the interpeak latencies 
I-III, III-V, and I-V, obtained through the two equipment/sys-
tems, IHS and Integrity, were found to be in agreement in the 
resting condition.
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