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Speech auditory brainstem responses
(s-ABRs) as a new approach for the assessment
of speech sounds coding
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Abstract

Background The evoked auditory brainstem response (EABR) is an objective electrophysiological test used to assess
the brainstem'’s auditory neural activity. Speech ABR (s-ABR) testing using verbal stimuli gives more important details
about how the brainstem processes speech inputs which enables the detection of auditory processing impairments
that do not manifest in click-provoked ABR. The use of speech syllables in the s-ABR reveals an important brainstem
function that plays a crucial part in reading development and phonologic achievement which is an assessment

of speech syllables. The syllable /da/ is often utilized in s-ABR measurement being a global syllable that can be tested
in many nations with effective experimental confidence.

Conclusion The speech ABR is an objective, unbiased, quick test. It can be used to differentiate between many con-
ditions such as auditory processing disorders (APD), specific language impairment (SLI), and children with academic

challenges.
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Background
Auditory evoked potentials (AEPs) are objective meas-
urements of electric discharge in the auditory pathway in
response to sounds. Responses are taken from multiple
stations from the eighth cranial nerve and up to the audi-
tory cortex. Following the start of the auditory stimuli,
different auditory system regions produce their responses
at various times which are called latencies (Fig. 1) [1].
The early AEP includes the auditory brainstem
response (ABR) whose waveform is composed of five
to seven peaks designated as I, II, IIL, IV, V, VI, and
VII [2] which can be detected early in life. The first
detected are waves I, III, and V. They appear in infancy
followed by the adult-like ABR morphology with
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mature latency and amplitude standards detected at
roughly 2 years of age [3].

Higher centers produce later AEP responses, later is
the auditory late response (ALR) which has only the
(P1) peak of the visible during infancy, while the remain-
ing responses (P1, N1, P2, N2) attain growth and have
shorter latencies till reaching adulthood between the ages
of 16 and 18 years (Fig. 1) [1].

The auditory middle latency response (AMLR) wave-
form responses are obtained from centers in the middle
of the auditory pathway and labeled Na, Pa, Nb, and Pb.
They grow to mature form, to become similar to those
of adults concerning latencies and amplitude at approxi-
mately the age of 10 years with only the (Na) peak visible
throughout infancy [1].

Varied states of arousal have different effects on dif-
ferent types of AEP. For instance, ALR can only be per-
formed on awake and attentive subjects, and AMLRs are
impacted by the acting of sleep and are not measurable in
sedated persons [1].
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Fig. 1 lllustration of AEP waveforms and their peaks showing the ABR peaks (|, II, Ill, IV, V, and VI) occurring within the first 7 ms, followed

by the AMLR (labeled MLR in this figure) peaks (Na, Pa, Nb, Pb [also ALR P1]) and followed by the ALR (labeled LLR in this figure) peaks (P1, N1, P2,

and N2) (reprinted from Khuwaja et al., 2015) [1]

It has been observed that when someone is listening
attentively to the sound being received, the N1 and P2
responses amplify, especially for low-intensity readings
of the stimulus [4]. Similarly, the P300 which is one of
the ALR responses that arises more than 300 ms after
the N2 peak can only be identified by someone who is
listening intently to the stimuli [5].

On the other hand, ABRs are unaffected by the state
of arousal and could be obtained during either normal
or induced sleep and even under general anesthesia [6].

As regards stimuli used to evoke ABR, in addition to
click, tone-burst, and chirp, stunted consonant—vowel
(CV) spoken syllables like [ba], [da], and [ga] have been
used [6].

s-ABR is a relatively new distinctive procedure to
obtain brainstem response since it may be used to
quantify the subcortical encoding of speech, and it
indicates the acoustic features of the stimulus that
evoked it. Researchers currently use it to assess sub-
cortical recognition of consonants and vowels (CVs)
as well as comparing subcortical storage of speech in
noise to behavioral results of speech detection in noise
in normal hearing individuals [7]

The s-ABR measurement is repeatable within and
between sessions in normal-hearing infants and adults
with all waveform components detected from infancy
to older age [8]. The same stimuli were also utilized to
record innate speakers of other languages, such as Ara-
bic, Hebrew, and Indian, using their s-ABRs. Speech
ABR is a potential technology for clinical use due to
the consistency and detection of all response elements
among age groups and languages [9].

As illustrated in Fig. 2 [7], the s-ABR contains an onset,
transition, frequency following response (FFR), and offset
response in reaction to a brief CV (e.g., 40 ms [da]). As
seen in Fig. 3, the s-ABR as a response to a prolonged CV
(such as 170 ms [da]) shows a further persistent FFR [10].

First, a response with a positive peak V, like the peak
V of the click ABR, and a negative trough after peak V,
known as peak A, is found about 6 to 10 ms following the
stimulus’ onset. This suggests that rostral brainstem cent-
ers were immersed in the production of the response of
the s-ABR [4]. This onset response has an identical neu-
ronal originator like those of wave V of the click ABR and
is elicited by the beginning of the consonant in the CVs
stimuli (beginning of sound) [11]. Since the speech ABR’s
onset component has a latency of between 5 and 10 ms,
it appears that the brainstem regions such as the inferior
colliculus (IC) are the cause of this part of the response.

Second is the transition response, which has nega-
tive troughs B and C that are induced by the change in
the stimulus from consonant to vowel, but these are not
always present in all people [11].

Next are the negative peaks D, E, and F in the fre-
quency following response (FFR), generated by the vowel
of the short CV or the vowel formant transition period of
the longer CV. There is also the sustained FFR produced
in response to the longer CV. It contains periodic peaks
that are phase-locked to FO of the sustained vowel of the
CV stimulus (Fig. 4) [10].

FER is of brainstem origin, suggested by its disap-
pearance in cases of upper brainstem injuries like IC
lesions and, moreover, by comparison of its latency
(5-10 ms) to the cochlear microphonics (1-2 ms). Its
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Fig. 2 Forty-millisecond [da] stimulus (top) and speech ABR in response to the 40 ms [da] (bottom) [9]
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Fig. 3 One hundred seventy-millisecond [da] stimulus (top) and speech ABR in response to the 170 ms [da] (bottom) [9]

cerebral origin is also excluded by the FFR’s longer As a result, it is thought that the cochlear nucleus,
latency and the possibility that it was recorded while superior olivary complex, lateral lemniscus, and inferior
the subject was sleeping [13]. colliculus are some of the brainstem regions from which
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Fig. 4 Speech-evoked auditory brainstem response [12]

FER is produced with the main generator being the infe-
rior colliculus [10]. The top-down processing and corti-
cofugal descending ways are moreover immersed in the
FER part of the s-ABR.

Finally, the offset response involves a negative trough
(O) induced by the finish of the sound (sound offset) [7].

The CV stimulation pattern that causes the s-ABR is
similar to this waveform. Both briefer and lengthier CVs
have been employed in the s-ABR information. In addi-
tion to an initial burst, a vowel formant transition phase,
a persistent vowel period, and shortened CVs (such as
40 ms [da]) also exhibit these features [14]. A persistent
vowel period, a formant transition phase, and an onset
burst are all present in the lengthier CVs (such as 170 ms
[da]) [15].

The s-ABR also includes extra CV stimulus elements
listed below: (I) the length of the vowel’s FO reflects the
latency of the tiny troughs between the peaks D, E, and
F; (II) the length of the vowel’s F1 reflects the latency of
the little troughs between the peaks D, E, and F; and (III)
even if the vowel’s frequencies exceed the brainstem’s
ability to lock it in phase, the vowel’s F2 affects speech
ABR peak latencies [7, 15, 16].

When compared to CVs with lower F2 frequencies,
CVs with higher F2 frequencies create s-ABRs more
quickly. Pitch is defined as having the lowest frequency,
or FO; formants, such as F1 and F2, are a collection of
harmonics, or element frequencies, that are multiples
of FO. Nevertheless, each vowel has three formants (F1,
F2, and F3) that are unique to that vowel and are used to
identify vowels [16].

Additional neurological components of the s-ABR
were hypothesized by Kraus and Nicol (2005). Accord-
ing to their idea, auditory cortical circuits start in the
brainstem and are shown in the s-ABR. These auditory
pathways are the two sensory pathways that the auditory
cortex is thought to use to identify the speaker, identify
sounds, and determine where sounds are coming from

[16]. They contend that the s-ABR peaks D, E, F, and FO
serve as a representation of the pathways by indicating
the nonlinguistic characteristics of the signal that aid in
speaker identification. Peaks V, A, C, and O represent the
pathways because they show how the articulators move
to create speech that shows “where in frequency” the
sounds are present [17].

When it comes to speech recognition and communica-
tion, the s-ABR components are useful because the start
of sound is crucial for identifying phonemes. Frequency
changes are essential for identifying consonants and
identifying suprasegmental speech characteristics, vowel
identification depends on formant structure, and FO
includes non-linguistic data-like emotion and gender [16,
18]. As a result, the s-ABR is capable of measuring objec-
tively essential auditory cues for speech recognition.

On the other hand, to test CV discrimination, the
s-ABR can also be measured using CVs with different
vowel F2 frequencies. Despite exceeding the top thresh-
old for brainstem phase-locking to sound stimuli, the F2
frequency (> 1000 Hz) is yet exemplified in the brainstem
response in conditions of response timing [19].

Three 170-ms CVs with varying F2 frequencies were
used to elicit s-ABR trough latencies in children, and
these latencies varied. Peak latencies followed [ga]
responses earlier than [da] and [ba] responses later
than [da]. The highest F2 frequency was found in the
[ga], then [da] and [ba], which had the lowest possible
F2 frequency [15].

The phase timing analysis revealed that in both chil-
dren and adult musicians, the phase of the s-ABR in
response to [ga] led the phase in response to [da], and
the phase in response to [da] led the phase in response
to [ba]. Therefore, the speech ABR can serve as a
trustworthy audiological marker of subcortical audi-
tory difference [20].

In addition, the peaks V, A, D, and F of the aided
s-ABRs in both credentials were more than those of the
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unaided s-ABRs. Additionally, in both contexts, there are
greater peaks in aided s-ABRs than in unaided speech.
These findings are to be expected given that aiding makes
sounds louder and hence more audible, which causes ear-
lier latencies, larger amplitudes, and improved response
identification [9].

Although it was expected that amplitude would grow
as sound level and audibility increased, there was no
discernible difference in the amplitude of troughs E and
O. Peak E is one of the three FER troughs elicited by the
vowel of the [da]; therefore, it is puzzling why variations
in FFR amplitudes were not noticed among the three
peaks (D, E, and F). The literature has not yet discussed
the connections between these three peaks and stimulus
intensity. Additionally, specific effects of stimulus level
on the offset peak O have not been observed; nonethe-
less, the addition of background noise does not appear to
have an impact on peak O amplitude. This is possibly a
consequence of a compensation mechanism within the
brainstem pathway that was reported by Russo et al. [21]
This compensation may be the reason why the amplitude
of peak O was not affected by a change in audibility [9].

Thus, s-ABR assesses speech recognition, CV stimulus
discrimination, and speech-in-noise presentation both
with and without hearing aids and can potentially be
used as an unbiased assessment of the benefits of HAs for
those with sensorineural hearing loss (SNHL) [15].

The best ways to enhance auditory function, particu-
larly the process of voice perception, are through audi-
tory training and amplification. s-ABR testing can show
the neurophysiological changes that auditory training
can bring about. The auditory training program encour-
ages improvements in speech perception in both calm
and noisy situations, as well as in short-term memory
and attention processes [22].

In this circumstance, the evaluation of s-ABR may play
a significant role in outlining the true benefits of inter-
vention in an objective manner. To select participants
who will benefit from an auditory training program, the
assessment of s-ABR is therefore thought of as a clinical
marker of auditory training [23].

The efficacy of the auditory training program may
be determined by the s-ABR evaluation. To ascertain
whether this kind of evaluation can be useful in monitor-
ing the older population, more research is required [23].

Although ALRs have been effectively used as objective
outcome measures in adults and children with ClIs, they
have not yet become a part of common clinical practice.
This may be due to a variety of physiological features
of ALRs, including (i) the fact that ALRs are not estab-
lished and resemble adults until between the ages of 16
and 18; (ii) the fact that attention and state of arousal
have an impact on ALRs, with the response being more
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pronounced when the subject is paying attention to the
provocation as opposed to when they are not; and (iii)
ALRs are affected by sleeping and anesthesia [3].

Auditory brainstem responses (ABR) have some
rewards over ALRs, including (i) early maturation; (ii)
accurate measurement in infants, children, and adults
with special requirements; (iii) greater consistency than
ALRs within and across subjects; and (iv) being not
dependent on attention, state of arousal, sedation, and
anesthesia [3].

Consequently, s-ABR can additionally be used as a
clinical indicator of the value of CI. However, there is
little research on s-ABRs in CI recipients. This is prob-
ably because the CI produces a significant number of
electrical artifacts, which could obscure the s-ABR
waveform [9].

While s-ABR seems to be stable by the age of five,
the response to nonverbal stimulus in ABR takes about
18 months to reach maturity [15]. As a result, a tech-
nique might be used on younger children and adoles-
cents in school to help differentiate between illnesses
that have similar symptoms. The effect of an individual’s
age on how sounds are coded by a single stimulus or a
complex with enhanced hearing ability and brain tim-
ing is examined in order to confirm the age at which
the central auditory system matures for speech sounds
and to determine typical values for various age groups.
It was found that, when compared to children between
the ages of 8 and 12, a child’s s-ABR responses at age 5
are not significantly different, while those at ages 3 to 4
show significant morphological differences concerning
latency time [24].

Gender has an effect on s-ABR morphology where
women had greater responses (higher amplitudes and
lower latency values) than men, and this may be attrib-
uted to the effect of estrogen activity [25].

The neuronal synchronization is decreased in the
elderly which is presented with problems in the encoding
of speech sounds, especially when the speech is delivered
in noise. The elderly reported difficulty in understand-
ing speech in noise can be evaluated using the s-ABR
assessment. Using hearing aids permits speech to be per-
ceived more obviously, and so, there has been a change
in waveform and latency assessments of the aided speech
responses ABR [26]. Thus, s-ABR can be used to evaluate
the impact of central auditory abilities and the effects of
aging on speech processing in the brain [27].

Long-term intensive musical training seems to change
anatomy and physiology, as well as enhance working
memory in cognitive procedures, emotion control, and
auditory perception. The brainstem plays an essential
function in determining speech stimuli and temporal fea-
ture processing [27].
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The perception of consonant duration, also the recog-
nition of notes, and musical scales are both influenced
by temporal processing. Temporal processing has an
impact on all aspects of the literacy process, involv-
ing language, reading, and writing. The identification
of minute and quick alterations in sound stimulation is
related to rhythm, frequency, phonemic discrimination,
duration, and pitch discrimination. To comprehend
how music affects the storage of speech sounds and the
learning process, analysis of the responses of speech
ABR is therefore helpful [27].

s-ABRs can be measured with background noise to
assess how noise affects the response. It is known that
adding noise may alter the s-ABR waveform in ways
that include (i) delaying trough latencies, (ii) reducing
peak amplitudes, (iii) decreasing FO amplitudes, and (iv)
decreasing the accuracy and reliability with which the
global response accurately and reliably reflects the spec-
tral and temporal properties of the inducement [28].
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The s-ABR peaks V and A (onset peaks), the FFR
period induced by the vowel formant transitions (peaks
D, E, and F), and FO have both been demonstrated to be
more affected by background noise than the sustained
FER period evoked by the steady-state vowel. It has been
demonstrated that these modifications to s-ABRs are sta-
ble, repeatable, and applicable to different test sessions
and participants [29].

The effect of the background noise of s-ABR was evident
as presented by the deterioration of latencies (prolongation)
and amplitudes (smaller) in persons who scored poorer in
behavioral speech-in-noise assessment tests than in those
who scored higher in similar behavioral speech-in-noise
trials. Consequently, the s-ABR can be utilized as a clini-
cally accurate indicator of how well speech is performed
in noisy environments [30]. It can also be used to measure
efferent activity at the brainstem level and examine the ros-
tral (top) auditory efferent system’s performance because it
is more active in noisy environments [31].
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(@) and in noise (b). Effects of background noise: displayed limited effects of noise on both aided (c) and unaided (d) speech ABR latencies

and amplitudes [9]
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Jenkins et al. examined the impact of background noise
on s-ABRs in elderly persons with SNHL (Fig. 5). They
demonstrated that when s-ABRs were tested in quiet,
they displayed more phase-locking to the stimulus’ FO,
larger amplitudes, and earlier latencies in aided versus
than unaided s-ABRs [32].

In addition to suffering from background noise and
competing sounds, children with learning, speech, and
hearing impairments also have some difficulties perceiv-
ing speech sounds in quiet settings. This issue may result
from modifications in temporal processing that affect
how speech is perceived. In this situation, the s-ABR can
be utilized to identify children who are predisposed to
these changes and serve as a clinical indicator of auditory
processing problems [33].

Children with dyslexia frequently experience difficulties
perceiving speech sounds, which may impair their read-
ing abilities. Those with unreliable neural reactions show
some difficulty when learning to read. Good readers have
an accurate neural representation of sound. Thus, the
s-ABR can aid in classifying and identifying these children
so that a more suitable involvement can be provided. The
s-ABR can be used to identify and classify distinct sub-
groups of children with learning disabilities [34].

Conclusion

Proper functioning of the afferent and efferent auditory
pathways is necessary for proper auditory processing.
The efferent system is in charge of both selective atten-
tion and the central control of cochlear amplification.

Speech and background noise could be difficult to sep-
arate in people with hearing loss, and selective attention
is also impaired, which suggests that the efferent system
is involved.

s-ABR may be used in the assessment of the auditory
efferent pathways, which is crucial in difficult listen-
ing situations such as speech perception in noise and
dichotic listening.

Being a simple and non-behavioral process, it can be
used with children as a useful diagnostic tool for auditory
processing disorders existing in a variety of disorders and
provide differential diagnoses of diseases with similar
symptoms. It can be used in different languages.
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