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Review

INTRODUCTION
The ability to communicate is essential to the quality of life of humans and hearing is part of this process. Exposure to auditory 
stimuli, as well as the anatomical and functional integrity of the peripheral and central auditory system, is a pre-requisite for the 
acquisition and development of normal language.

Auditory-evoked potentials (AEPs) represent an objective way to assess the mechanism of processing the brainstem and the auditory cor-
tex information. The auditory brainstem response (ABR) is an AEP that carries information from the electrical activity of the auditory brain-
stem. Using ABR it is possible to evaluate the functionality of the auditory system, estimate electrophysiological hearing levels, detect neural 
signal anomalies, and better evaluate clinical cases in which the available audiological information is not complete [1, 2].

Until recently, ABR testing was conducted using only non-verbal stimuli, such as clicks, chirps, or tone-bursts. Although transient 
stimuli ABR protocols are accepted as the clinical routine today, the exact mechanisms of verbal coding and decoding in the brain-
stem are not well described. To gain better understanding of these mechanisms, recent instruments offer speech-evoked ABR pro-
tocols. Potential knowledge regarding how a verbal stimulus is processed in the brainstem and which structures participate in this 
process when verbal stimuli is used in the ABR electrophysiological evaluation may be obtained [3].

Speech ABR protocols use syllables as stimuli, where various combinations of consonants and vowels are mixed [4]. According to 
Rana and Barman, [5] consonant discrimination is performed by three fundamental components: (i) pitch (a source characteristic 
conveyed by the fundamental frequency); (ii) sound formants (filter characteristics conveyed by the selective enhancement and 
attenuation of harmonics); and (iii) the timing of major acoustic landmarks. All of these components are important to speech per-
ception, communication, and proper development of linguistic skills.

An Analysis of The Parameters Used In Speech ABR 
Assessment Protocols

The aim of this study was to assess the parameters of choice, such as duration, intensity, rate, polarity, number of sweeps, window length, stimu-
lated ear, fundamental frequency, first formant, and second formant, from previously published speech ABR studies. To identify candidate articles, 
five databases were assessed using the following keyword descriptors: speech ABR, ABR-speech, speech auditory brainstem response, auditory 
evoked potential to speech, speech-evoked brainstem response, and complex sounds. The search identified 1288 articles published between 
2005 and 2015. After filtering the total number of papers according to the inclusion and exclusion criteria, 21 studies were selected. Analyzing 
the protocol details used in 21 studies suggested that there is no consensus to date on a speech-ABR protocol and that the parameters of analysis 
used are quite variable between studies. This inhibits the wider generalization and extrapolation of data across languages and studies.
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The perception of vocal stimuli appears to begin in the brainstem, 
which significantly contributes to the important processes of read-
ing and speech acquisition [6-8]. A practical method to investigate the 
characteristics of these processes is to use verbal stimuli for the esti-
mation of hearing threshold to allow the identification of subtle audi-
tory processing complications, which can be associated with various 
communication skills. Usually these deficits are not clearly apparent 
in ABR responses from transient stimuli; thus, speech ABR assessment 
offers a potential advantage in early identification of auditory process-
ing impairments in very young children [9]. Speech ABR can be used 
as an objective measure of hearing function, since it is not heavily in-
fluenced by variables, such as attention, motivation, alertness/fatigue, 
and co-existing disorders, including language and learning or atten-
tion deficits, which often influence behavioral assessments [10].

The computer-synthesized syllable /da/, which was designed by Skoe 
and Kraus [4], is a speech ABR stimulus that is mostly used in clini-
cal practice. Synthesized speech offers better control of the stimulus 
acoustic parameters and assures stability and quality of the signal 
that is presented to the patient [11]. The stimulus is composed of the 
consonant /d/ and the short vowel /a/. Upon stimulation with the /
da/ combination, a response emerges, which is characterized by sev-
en wave peaks called V, A, C, D, E, F, and O, respectively. Waves V and A 
reflect the onset of the response; wave C the transition region; waves 
D, E, and F the periodic region (frequency following response); and 
wave O the offset of the response [4, 12-14]. Human brainstem Frequen-
cy-Following Response (FFR) registers phase-locked neural activity to 
cyclical auditory stimuli. Galbraith et al. [15] showed that FFR can be 
elicited by word stimuli, and when speech-evoked FFRs are repro-
duced as auditory stimuli, they are heard as intelligible speech.

Speech ABR response appears to mature by the age of 5 years [16]; thus, 
it can be used in young children contributing to the differential diag-
nosis of diseases presenting similar symptoms [2]. According to Sinha 
and Basavaraj, [17] the major uses of speech ABR include the diagno-
sis and categorization of children with learning disabilities in different 
subgroups; assessment of the effects of aging on the central auditory 
processing of speech; and assessment of the effects of central auditory 
hearing deficits in subjects using hearing aids or cochlear implants.

Speech ABR is an emerging field and several laboratories in different 
countries are committed to investigating the clinical boundaries of 
this procedure. However, there is no consensus regarding a particular 
clinical protocol or a particular value-set of the protocol settings. To 
aid a possible proposal for such a consensus, the present study ana-
lyzed the parameters that have been used clinically in various speech 
ABR protocols through a systematic review over a 10-year period. The 
latter includes the following information: 

Stimulus and response characteristics (duration, intensity, rate, po-
larity, sweeps, display window, stimulated ear, F0, first formant, and 
second formant)
Condition of the patient at the time of assessment
Software and equipment used

CASE PRESENTATION
This study is based on a systematic literature review conducted from 
June 2015 to September 2015. Articles were selected from queries 
from the following databases:

1. US National Library of Medicine National Institutes of Health 
(PubMed)

2. Scientific Electronic Library Online (Scielo)
3. Latin American and Caribbean Health Sciences (Lilacs)
4. The Search Engine Tool for Scientific (Scopus) 
5. ISI Web of Science “Web of Science”

For defining the research terms, the broader term “speech-ABR” was 
chosen, since it includes both transient and sustained responses from 
the auditory brainstem and midbrain [4]. Terms related only to tran-
sient responses (ie, FFR) were not considered. The keywords (query 
terms) were restricted to English, according to the Medical Subject 
Headings (MeSH): The searched query terms are shown below with 
the Boolean operator “OR.”
1. Speech OR ABR
2. Speech OR auditory OR brainstem OR response
3. Auditory OR evoked OR potential OR speech
4. “Speech-evoked” OR brainstem OR response 
5. Complex OR sounds

The study was conducted by two reviewers independently. Even-
tual disagreements were resolved through discussion. The article 
selection procedure followed the inclusion and exclusion criteria 
provided below:

Inclusion criteria
(i) Articles published in the last 10 years (2005 2015)
(ii) Original articles

 
Exclusion criteria

(i) Experiments on animals
(ii) Case studies
(iii) Literature reviews
(iv) Editorials
(v) Articles not published in English
(vi) Studies using in-house hardware or software

The following data were collected from each article: 
• Type of equipment
• Type of software
• Stimulus and response characteristics (duration, intensity, rate, 

polarity, sweeps, display window, stimulated ear, F0, first for-
mant, and second formant) 

• Condition of the patient during the assessment

RESULTS
The combined queries resulted in the identification of 1288 studies, 
which were filtered-out in three consecutive phases as described below:

• Elimination of duplicates generated from overlapping data 
across different databases (n = 887)

• Elimination of articles referring to experimental animal stud-
ies, non-English articles, case studies, editorials, or literature 
reviews (n = 377)

• Elimination after reading the complete article (n = 3)
 

Overall, 12 articles were included in this review. The data were ex-
tracted from each article in an alphabetical order (Table 1). 
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DISCUSSION

Hardware & Software 
The first parameter that was extracted from the data refers to the 
hardware used for speech ABR data acquisition and storage. Naviga-
tor Pro (Biologic, Natus, Pleasanton, Califórnia, EUA) and NeuroScan 
(Compumedics, Inc.; Charlotte, NC, EUA) were the most cited, with 
42.9% and 19% of the articles, respectively.

Regarding the software packages, 38.1% of the studies used BioMARK 
(Biological Marker of Auditory Processing, Natus Medical, Inc.), while 
9.5% of studies used Neuroscan Stim2 (Compumedics) [5, 18-24-26]. Song et 
al. [27] utilized both equipment (Biologic Navigator Pro and Neuroscan) 
and both software packages (NeuroScan Stim 2 and BioMARK).

Condition of the patient 
The majority of articles (66.6%) did not describe the patient’s condi-
tion at the time of assessment; only seven studies (33.3%) provided 
this data. In five studies (23.8%), the patient was allowed to watch a 
movie with subtitles (no sound) or with a decreased sound intensity 
[28, 29]. Mamo et al. [30] offered the subjects the choice to sleep or to 
watch a movie. Fujihira and Shiraishi [31] instructed the subjects to re-
lax and not move the body to minimize myogenic artifacts.

Laterality effects 
A number (61.9%) of studies performed speech ABR testing only in 
the right ear [18, 20-22, 24-27, 29, 31-34]. This choice is explained by the fact that 
the right ear has an advantage in the encoding of speech because 
of the contralateral projection of information to the left hemisphere. 
Sinha and Basavaraj [17] used the stimulus monaurally, without offer-
ing information on the stimulation ear. Mamo et al. [30] reported that 
the stimulus was presented in the ear with better hearing.

In 14.3% of the articles, the assessment was performed monaurally on 
both ears [5, 35]. Data in the literature suggest that even if the right ear 
stimulation can contribute to better speech processing, the left ear stim-
ulation has significant effects on the same processes; however, the corre-
sponding speech ABR responses are characterized by lower amplitudes.

Monoaural vs binaural stimulation 
Skoe and Kraus [4] suggested that monaural stimulation in children 
is the preferred protocol, while binaural stimulation is more realis-

tic than monaural stimulation in adultss. Binaural hearing confers 
information about everyday listening environments, such as differ-
ences in the timing and intensity of a sound at the two ears—inter-
aural time and interaural level differences, and the location of sound 
sources [36]. Bellier et al. [28] showed better results when the stimulus 
was elicited binaurally. Ahadi et al. [19] evoked responses from three 
different protocols: monaural right, monaural left, and binaural left. 
The data suggested that the amplitude of speech ABR response de-
pends on stimulus modality (monaural, binaural, etc.) and that bin-
aural stimulus permits better response without significant changes 
in the response acquisition time.

Polarity of the stimulus
Polarity was found to be the most congruent parameter of speech 
ABR. In 90.5% of the studies, there is information regarding the use of 
an alternating stimulus polarity to collect speech ABR responses; this 
information was not included in only two studies [21, 34]. Consensus 
on the use of alternating polarity is probably related to the fact that 
this stimulus modality minimizes artifacts and microphonically sup-
presses the cochlear [37]. Data in the literature show that the stimulus 
polarity does not affect the latency of the various peaks of speech 
ABR, and in this context, it may be preferable to record data using a 
single rather than alternating polarity sequences [38].

Stimulus presentation rate
The most frequent stimulus presentation rate value reported was 
10.9 ms in 38.1% of the papers [19-24, 33], followed by an 11.1 ms value 
in 14.3% of the articles [29, 32, 35]. Rocha et al. [34] used 11 ms as the value. 
Song et al. [27] used two presentation rates: 4.35 ms and 10.9 ms. In 
19% of the studies, specific information on the stimulus presentation 
rate was not included [25, 26, 31, 39].

Length of the stimulus
There is an inverse relationship between the presentation rate and 
the stimulus duration; hence, the longer the stimulus, the shorter 
will be the presentation rate. The most frequently mentioned values 
were 40 ms in 57.1% of the papers, followed by 170 ms in 19% of the 
papers [5, 17-26, 29-31, 33, 34]. Song et al. [27] used both stimulus durations and 
concluded that both short (40 ms) and long stimuli (170 ms) reliably 
reflect the coding of speech in the brainstem.

The values for the stimulus length were 40-230 ms; however, most 
studies have used stimuli in the 70-85 ms range. In 19% of the stud-
ies, no information was included [17, 28, 30, 31].

Stimulus intensity
Most studies (66.6%) used a stimulus with an intensity around 80 dB 
sound pressure level (SPL); however, other values, such as 80 dB nHL, 
75 dB SPL, 70 dB SPL, and 60 dB SPL, were also used [5, 18-20, 23-30, 33, 39]. 
These findings demonstrate that speech stimulus, which is consid-
ered to be complex sound, is presented in the 60 85 dB SPL range 
as in the normal communication process. Therefore, the evaluation 
should be performed in an audible stimulus intensity that is comfort-
able for the patient. However, one should not rule out the possibility 
of a speech ABR evaluation at lower stimulus intensities, depend-
ing on the purpose of the research. Akhoun et al. [32] observed the 
response time of the onset and offset portions of the speech ABR, 
while stimulus intensity was varied in steps of 10 dB from 0 dB SPL to 

Figure 1. Representation of electrophysiological response to synthesized 
syllable /da/ from a normal hearing subject; personal file of the investigator 
of an assessment performed with BioMARKTM  software
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60 dB SPL. Furthermore, it was reported that in accordance with the 
behavior of the click-evoked ABR, speech ABR responses present an 
increased latency associated with decreased stimulus intensity.

One vs more consonant-vowels in the stimulus
In 95.2% of the articles, [5, 17-35] a consonant vowel (CV) stimulus was 
used, while only in one study by Kouni et al. [39] two consonant-vow-
el syllables /baba/ were used. According to the authors, the choice 
of this stimulus was the familiarity of Greek individuals with the 
word (baba = dad). A majority of the studies (80.9%) used the sin-
gle compound syllable /da/, which is justified for several reasons: it 
is considered to be a universal syllable, allowing its use in individuals 
from different nationalities and presents an opportunity to evaluate 
cortical responses from bilingual children. Three articles [28, 32, 35] used 
stimulus as the syllable /ba/. Akhoun et al. [32] suggested that /ba/ can 
be equally effective in speech ABR assessment because it maintains 
the characteristics of neural responses, i.e., the initial portion repre-
senting the consonant /b/ and the frequency following response rep-
resenting the vowel /a/.

Fundamental frequency and formants of the stimulus
According to literature, the F0 value has to lie between 80 Hz and 
300 Hz [4]. In 38% of the articles, [5, 18-22, 33] the F0 used was in the 103 
125 Hz range. Speech may contain spectral information above 10.0 
kHz; therefore, the speech stimulus to be used in the evaluation of 
speech ABR should be selected carefully to ensure that the responses 
encoded in the brainstem can be captured. However, the consonant 
to vowel distinction usually occurs below 3.0 kHz [4].

Regarding the parameters of the first formant (F1), F1 was described in 
the 400 720 Hz and 220 720 Hz range in 28.6% and 28.6 % of the studies, 
respectively. For the second formant (F2), the most commonly reported 
values were in the 1700 1240 Hz range in 61.9% of the studies.

Stimulus sweeps
There is a difference between transient and speech stimuli. For the 
first type of stimulus, it is well established that an average of 1000 
2000 sweeps will provide solid ABR responses. This is not the case 
with the speech stimuli; to generate robust and replicable responses, 
[4] an average of 4000 6000 sweeps are required. In 47.6% [5, 18-20, 23-26, 30, 

33] of the papers, speech ABR responses were elicited by averaging a 
total of 6000 sweeps with two blocks containing 3000 sweeps each. 
However, ABR responses were generated from <4000 sweeps, <3000 
sweeps, and only 2000 sweeps in 42.3%, 33.3%, and 9.5% of the arti-
cles, respectively. 

CONCLUSION
The analysis of the speech ABR protocol parameters within the last 
decade has underlined the lack of a consensus on a fixed procedur-
al setup. This may come as a surprise considering that FFR data to 
sound stimuli were generated by Daly et al. [40] as early as 1976. The 
last decade clinical studies using speech ABR assessment have used 
many protocol variables quite differently. Data of this review suggest 
that standardization procedures are essential to expand the current 
findings on a global scale and across several different languages.

The majority of studies have used the following parameters. These 
can be the basis of a proposed protocol consensus:

• Stimulus = syllable /da/
• A stimulus duration of 40 ms
• Right ear monoaural stimulation
• Alternating stimuli with an amplitude of 80 dB SPL
• A stimulus presentation rate of 10.9 ms
• A visualization window of 70-85 ms
• Averaged speech-ABR responses composed of 6000 sweeps 

under the control of the BioMARKTM software.
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