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ABSTRACT

ASSR is an objective electrophysiological method for determining hearing loss thresholds in
specific frequencies. Exploring the reliability of this method through comparison with the
tonal audiometry has often been the subject of articles in audiology.

A methodical review of published articles in English of the last fifteen years have been
processed and after the systematic study and correlation, eight articles were included. In all
articles, adult participants were examined with a tonal audiometry and then with ASSR and
an attempt was made to compare the thresholds obtained from the two examinations with
statistical methods. Results were expressed in terms of the correlation of the thresholds
resulting from the two methods in relation to the examined frequency and also in groups of
patients with different degrees of hearing loss.

Regarding the degree of hearing loss, most authors converge that the correlation of the two
types of tests is higher in people with moderate sensorineural hearing loss and the lowest in
subjects with normal hearing. Two of the eight authors reported that no statistically
significant difference was found in the accuracy of ASSR thresholds depending on the degree
of hearing loss. In terms of frequency, the correlation between the thresholds of the tonal
audiometry and the ASSR was high for all frequencies. Three researchers found larger
deviations of the thresholds at the frequency of 500 Hz. The other authors did not report
statistically significant differences between different frequencies.

ASSRs are a reliable tool in assessing hearing loss. Disadvantages such as the difference of
the ASSR thresholds from those of the tonal audiometry in people with normal hearing found
in several studies and also larger deviations in some frequencies compared to others need
further improvement.
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INTRODUCTION

The measurement of acoustic acuity is
usually based on behavioural methods in
which the patient is actively involved in the
process. Tonal audiometry is the main
method for measuring acoustic acuity (gold
standard). However, there are categories of
patients such as infants, newborns, young
children and adults with mental retardation
or in a coma who in fact cannot cooperate to
assess their hearing with the traditional tonal
audiometry. The development of Electric
Response Audiometry (ERA) responded to
the need to create reliable objective methods
for measuring acoustic acuity that do not
require the active participation of the patient.
This category of tests uses
electrophysiological methods to determine
acoustic acuity by recording electrical
activity along the auditory nerve pathway. In
this category of electrophysiological
methods belong the Auditory brainstem
response (ABR), Auditory steady state
responses (ASSR) but also others such as
Cortical electric response audiometry
(CERA). ASSR is a newer method than
ABRs and offer advantages over the latter in
terms of test objectivity and threshold
determination at various frequencies
(Rosser, 2011). It is obvious that ASSR is a
very useful test and that is why in recent
years an increasing number of studies
investigate the effectiveness and reliability
of the ASSR method in diagnostic audiology.
There are many factors that can affect the
accuracy of ASSRs in achieving thresholds
close to those of the tonal audiometry. Such
is the frequency examined each time (carrier
frequency), the degree of hearing loss but
also others such as the modulation frequency
(MF), the patient's age, the patient's state
during the examination (awake or sleeping),

the duration of the examination and in
particular the time given to each stimulus
presented to receive a response, the stimulus
presentation technique that are either
presented as one frequency at a time (single
frequency stimulation) or as 4 frequencies
simultaneously (multifrequency
stimulation), the examination of one ear each
time or both at the same time and the type of
equipment used and some other factors. All
these factors have been examined from time
to time and now every equipment has built-
in protocols with appropriate settings per
case. There are many publications that have
contributed to the optimal configuration of
the examination and in this study these
results are analysed.

What is ASSR

ASSR is an electrophysiological response to
a continuous stimulus that remains constant
over time and can be presented as single or
multiple (Picton, 2003). Specifically, it is an
auditory stimulus that occurs in the ear with
headphones and is induced in the brain as a
nerve impulse. The stimuli in ASSR are
frequency specific which means they are
sounds that stimulate specific areas of the
cochlear that correspond to specific
frequencies (carrier frequencies). These
stimuli are either pure tones, tone bursts,
filtered clicks, or chirps (Douglas, 2007).
Each stimulus in ASSRs is modulated before
it occurs. 4 types of modulation are used:
Amplitude modulated (AM), frequency
modulated (FM), mixed modulation (MM),
and finally repeating sequence gated (RSG).
Each type of configuration has advantages
and disadvantages. AM tones are the most
frequency-specific stimuli while MM tones
are the least frequency-specific but also
produce wide range and distinct responses
(John, 2003). In summary, the -carrier
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frequency is the one at which the stimulus is
presented in the test, while the modulation
frequency (MF) refers to how often per
second the stimulus is repeated or changes in
amplitude or frequency depending on the
type of configuration.

Single and multiple ASSR

There are 2 techniques for presenting stimuli
in ASSRs. In the first technique, a single
stimulus is presented that corresponds to a
single carrier frequency at a time. In the
second, many carrier frequencies are
examined simultaneously in both ears. Each
of these carrier frequencies have their own
unique modulation frequency so that it is
distinct from the others. This technique has
the advantage that it significantly reduces the
examination time without affecting the
quality of the result. (Herdman, 2001, 2003)
The technique of presenting the stimuli as
single or multiple has been the subject of
research as to which one brings the best
results and is an element that is always
mentioned when processing the results. The
term MASTER refers to an ASSR type that
uses the technique of multiple frequencies in
2 ears simultaneously while the AUDERA
system uses the technique of single
frequency.

Modulation frequency

When the first measurements of acoustic
acuity were made using ASSRs, a frequency
of 40 Hz was used to modulate the carrier
signal. However, the results were reliable
only in adults who were awake (Jerrger et al.,
1987; Linden et al., 1985). This restriction
created the need to define new parameters
that would allow a reliable examination of
infants and young children in a state of sleep.
Later it has been proven that ASSRs can be

recorded reliably at higher modulation
frequencies >70 Hz (Cohen et al., 1991).
Subsequent studies have found that the 80 Hz
ASSR is more suitable for examination in
infants and children as at this modulation
frequency the response amplitude is greater
than at the 40 Hz modulation frequency
(Tomlin et al, 2006). There is a
disagreement in the literature as to the most
appropriate modulation frequency for the
adult examination.

Anatomical elements of the nervous system
and ASSR

When recording a response from the auditory
nervous system and making a diagnosis
based on that response it is useful to know
where this response comes from and how it
arises. ASSRs are produced by stimulating
the cochlear hair cells. The neurons of the
peripheral auditory pathway respond
synchronously with the rate of stimulus
presentation, while as we move more
centrally towards the auditory cortex the
neurons respond simply by increasing their
rate of depolarization (Picton et al., 2003).
The more centrally we move along the
auditory nerve pathway, the smaller the
range of stimulus presentation rate to which
neurons can respond synchronously. Cortical
neurons have been found to be able to
depolarize at a maximum rate of 50-100 Hz
while brainstem neurons are able at
frequencies up to over 1000Hz. After years
of research in humans and experimental
animals, it is considered that depending on
the modulation frequency (40 or 80 Hz)
ASSRs are produced at a different point. The
80 Hz ASSR is produced closer to the brain
stem while the 40 Hz ASSR is produced
more centrally in the cortex (Picton et al.,
2007; Swanepoel et al., 2007; Herdman et
al., 2002).
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Signal to noise ratio (SNR)

The response we get with the ASSR test is a
record of the electrophysiological activity
produced by the stimulation of the auditory
nerve pathway and must be distinguished
through the electrophysiological "noise” of
the electroencephalogram. To do this,
techniques are used that suppress the noise
and amplify the signal (John et al., 2002;
Picton et al., 2003). Noise levels have been
found to decrease with increasing test time as
well as with increasing modulation
frequency (John et al., 2002). Various studies
have been carried out to find the most
appropriate  carrier signal modulation
frequency that ensures the best SNR in
children. At 40 Hz MF the noise is high so
the 80 Hz MF is more optimal for the
pediatric population (Picciotti et al., 2012).

Objectives

The purpose of this study is to review the
available literature in order to answer the
following questions:

* What is the correlation between the
thresholds resulting from the tonal
audiogram and the thresholds resulting from
the ASSR depending on the degree of
hearing loss in adults.

* What is the correlation between the
thresholds  resulting from the tonal
audiogram and the thresholds resulting from
the ASSR depending on the frequency in
adults.

* Are ASSRs a reliable method to determine
hearing loss?

* What is the position of ASSRs as a
diagnostic tool in audiology today.

METHODS

A review of the international literature on the
subject was carried out. The bibliography
was searched on online platforms like
PubMed, Cochrane Library and Google
Scholar. The search was done in the fields:
title, topic, summary and keywords. It was
done using the following keywords: ASSR,
pure tone audiogram, hearing threshold, pure
tone audiometry, comparison, hearing loss,
normal hearing and their combination. The
combination of words that had the most
relevant results on the subject were: ’ASSR
and pure tone audiometry “’and ‘’ASSR vs
pure tone audiometry’’. With this search
there was a total of 31 articles and some of
them excluded and the number reduced to
21. The reason for the exclusion was no
English text or no summary. The ones with
duplicate references and no direct correlation
with the research field excluded and finally 8
articles included in the review.

RESULTS

Results from articles on the correlation of the
TA and the ASSR according to the frequency
and degree of hearing loss

Picton et al., (2005), investigated the
correlation between tonal thresholds and
ASSRs in 30 patients. They used a MASTER
device and examined the patients at the 4
basic frequencies (CF) that were modified in
amplitude and frequency with the
frequencies of 78-110Hz (MF). Regarding
MF the results showed that with MF ~ 78-95
dB the largest deviations of the thresholds
were found at the frequency of 500Hz and
increased as the test duration decreased for
all groups of subjects.
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Specifically, the average difference of the
thresholds for the 4 frequencies and for the 3
groups of participants were: For the first
group 21.3, 6.8, 9.5 and 13 respectively, for
the second group it was 21.3, 7.3, 11.3, 11.5
respectively, for the last group it was 10.8, -
4,2.5, 5.3 respectively. Regarding the degree
of hearing loss, the authors found that the
ASSR thresholds showed the smallest
deviations from those of the tonal
audiometry in patients with sensorineural
hearing loss and the largest in those with
normal hearing. Specifically, the mean
deviation for the 3 groups of patients was:
For Normal hearing group 12.6 + 8.7 dB, for
the elderly with normal hearing or mild
hearing loss 12.4 + 11.9 dB and for the
sensorineural hearing loss group 3.6+13.5
dB. These differences were attributed to the
phenomenon called "physiological
recruitment”.

Canale et al., (2006), attempted to compare
the thresholds resulting from ASSRs with
those of the tonal audiogram in order to
determine their correlation according to the
degree of hearing loss. Eleven subjects, 13
ears with normal hearing and 9 with hearing
loss (8 sensorineural and 1 mixed type) were
examined, of which 3 had severe hearing
loss, the 3 moderate degree and the 3 mild
degree. A MASTER device was used and the
MF was 77-105Hz. The subjects were all
adults at rest but not asleep. The average test
duration was 45 minutes. Response to the
ASSR test gave 19 ears. In the 3 ears with
thresholds in the tonal audiogram >70 dB it
was not possible to receive a response in the
ASSR. In 2 ears with normal hearing, it was
not possible to achieve a threshold between
TA and ASSR thresholds for all ears was 28
dB. Ahn et al., (2007), compared the
thresholds of tonal audiogram and ASSR at
different degrees of hearing loss and by

frequency. 18 ears were excluded with
profound hearing loss not measurable on the
tonal audiogram nor in the ASSR and those
who had no threshold at least one of the 4
main frequencies in any of the 2 methods.
MASTER device was used to record the
ASSRs and the MF was 82-99 Hz for TA
thresholds 90 dB HL. Regarding the
frequency, it was found that the TA and
ASSR show a high correlation. The
correlation coefficients for all the subjects
were found as follows: At 500Hz the
coefficient was 0.94, at 1000Hz it was 0.95,
at 2000Hz it was 0.94 and at 4000Hz it was
0.92. Regarding the degree of hearing loss,
the subjects were divided into 3 groups:
normal hearing, mild to moderate hearing
loss and severe hearing loss. This study
found a very strong correlation of thresholds
for patients with mild to severe hearing loss
and a weak correlation for those with normal
hearing.

Ozdek et al., (2010), compared the
thresholds of TA and ASSR in patients with
normal hearing and in patients with
sensorineural hearing loss as well as the
correlation of the thresholds by frequency.
The patients were divided into 2 groups and
only 1 ear was examined in each person: 1st
group with normal hearing, 2nd group with
sensorineural hearing loss. ASSRs were
recorded with the AUDERA system, the MF
was 46 Hz and the patients were awake but
relaxed. From the above results a strong
correlation of the TA and ASSR thresholds
for the group with sensorineural hearing loss
and a weaker one for the group with normal
hearing. In both groups the average
difference of the thresholds did not exceed
15 dB. In terms of frequency, this study
concluded that in both groups there is a
stronger correlation of TA and ASSR
thresholds at frequencies 500, 1000 and 2000
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Hz and weak at 4000Hz frequency. Beck et
al., (2014), studied the correlation of TA and
ASSR in people with normal hearing. They
included 26 adults. All participants
underwent tonal audiogram and showed
thresholds less than or equal to 25dB HL.
The ASSR measurement was done with a
device MASTER and MF 82-99 Hz. The
authors note that the ASSR test was
performed on all participants under excellent
conditions. The results showed a high
correlation coefficient of the thresholds for
the two methods. Specifically, the average
differences of the thresholds in dB per
frequency were: At 500Hz 7.12dB, at
1000Hz 7.6dB, at 2000Hz 8.27dB and at
4000Hz 9.71dB. The average difference
between the thresholds for all frequencies is
a total of 8.175dB and no statistically
significant difference was found between the
frequencies.

Hosseinabadi et al., (2015), compared the
thresholds of tonal audiogram with those of
ASSR depending on the degree and the type
of hearing loss. Regarding the type of
hearing loss, no differences were found in
the correlation with the TA thresholds
between the 2 groups. The mean difference
of the ASSR and TA thresholds for the 2
hearing groups was similar in all 4
frequencies and no statistically significant
difference was found between them. In terms
of frequency, it was observed that the
differences between the TA and ASSR
thresholds decreased as the frequency
increased for the 2 groups of hearing loss
while this was not observed in the group with
normal hearing. Regarding the degree of
hearing loss, the differences between the
groups were statistically significant with the
exception of the frequency of 500 Hz. As a
result, ASSRs have the ability to distinguish
between different degrees of hearing loss,

which is very important in detecting even
small threshold drops in children that must
be treated immediately so that there are no
consequences in their learning and
development. Another important point that
emerged was that the differences between
the TA thresholds and those of the ASSRs
became smaller as the degree of hearing
increased.

Wadhera et al., (2017), examined the
correlation of TA and ASSRs according to
frequency and degree of hearing loss. This is
the study with a larger number of patients,
120 people, all adults divided into 3 groups
depending on the degree of hearing loss: 1st
group: normal hearing, 2nd group:
sensorineural hearing loss. This group was
divided into 2 subgroups. One included
patients with a TA threshold of 26-55 dB and
the other included patients with a TA
threshold > 55 dB. 3rd group: Conductive
hearing loss. The ASSR test was performed
with a MASTER device and MF 77-93 Hz.
Regarding the degree of hearing loss, the
ASSR and TA thresholds showed a high
correlation in all frequencies for the groups
of sensorineural and conductive hearing loss,
while the correlation was found to be weaker
for the group of normal hearing. In terms of
frequency, the highest correlation for both
groups of hearing loss occurred at 1000 Hz.
Strong correlation of the thresholds was
shown in the group of sensorineural hearing
loss. No threshold difference greater than
15dB was found in all groups and at any
frequency.

Himanshu et al., (2019), compared the
thresholds of the TA with those of the ASSR
in 70 patients with normal hearing and in
patients with hearing loss. The patients were
divided into 3 groups as follows: 1st group:
normal hearing, 2nd group: 25 people with
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sensorineural hearing loss.

conductive hearing loss.

The MF was 80Hz and 100 Hz. In terms of
frequency, a strong correlation was found
between TA and ASSR at all frequencies at
the 3 groups. Regarding the degree of
hearing loss in all 3 groups and in the 4
frequencies the ASSRs showed thresholds
10dB above the thresholds of the TA.

3rd group:

The following table summarizes the results
extracted by the above studies. Table 2
shows if the correlation between the tonal
audiometry and ASSR’s is high, mid or low
for the different types of hearing loss in each
frequency.

Table2. Comparison results of tonal
audiogram thresholds and ASSRs
500hz 1Khz 2Khz | 4Khz
NORMAL low low low Low
MILD mid mid mid mid
MODERATE high highest | high | high
DEEP n/a n/a nfa n/a
CONDUCTIVE mid mid mid mid

According to the above, the correlation is
higher the greater is the degree of hearing
loss but at severe hearing loss no ASSR’s can
be detected. Also, the correlation is higher at
the frequency of 1khz. For conductive
hearing loss the result is that the correlation
is not that high as sensorineural hearing loss
but it is much higher than normal hearing.
Finally, ASSR’s have the ability to
distinguish between different degrees of
hearing loss and this is very important for
determining hearing loss in children.

DiscussiON

One of the main goals of ASSR is to achieve
results that are as close as possible to TA.
Whether this goal is achieved in different
groups of patients with different degrees of
hearing loss but also in terms of accurate
determination of thresholds at each
frequency has been the subject of research.
The comparison between thresholds derived
from TA and those of ASSR were made by
calculating the mean difference of values
with their standard deviation or the
correlation coefficient. This depends on how
the results were presented in each study.

Comparison of TA and ASSR according to
the degree of hearing loss

Picton et al., (2005), examined 30 patients
divided into 3 groups with different TA
thresholds. For all groups the same MF was
used, MF = 78-95. For the 1st group the
mean difference of the TA and ASSR
thresholds with the SD for the frequencies of
500, 1000, 2000, 4000 Hz was 21.3 + 8.3 dB,
6.8+ 7.80dB,9.5+58dBand 13 + 6.8 dB.
For the 2nd group the mean difference of the
thresholds with the standard deviation was
21.3+14dB, 7.3+10.2dB, 11.3. 7 dB and
11.5. 9.6 dB for the frequencies 500, 1000,
2000, 4000 Hz respectively. For the 3rd
hearing group the mean difference of the
thresholds with the standard deviation for the
above frequencies was 10.8 + 18.4 dB, -4
9dB,2.5+11.3dB and 5.3.12.3 dB. In total
for all 4 frequencies and after recording 9.8
minutes for each stimulus, the mean
difference of the TA and ASSR thresholds
was for the 1st group 12.6 dB with a
minimum value of 3.9 dB and a maximum of
21.3 dB. For the 2nd group the
corresponding mean difference was 12.4 dB
with a minimum value of 0.5 dB and a
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maximum value of 24.3 dB, and for the 3rd
group the mean difference was 3.6 dB with a
minimum and maximum value of -9.9 and
17.1 dB respectively. It is obvious that the
mean deviation of the TA and ASSR
thresholds was significantly higher in people
with normal hearing or mild hearing loss (1st
and 2nd group) than in those with
sensorineural hearing loss (3rd group). For
all 3 groups the MF, the examination
conditions and the recording time for each
stimulus were common. In fact, the
recording time was found to play a very
important role in the reliability of the
response. Picton et al., (2005) found that as
the number of sweeps increased, the
thresholds recorded in the ASSRs decreased
and converged with the behavioral ones in all
groups. The fact that the TA and ASSR
thresholds for patients with sensorineural
hearing loss are more correlated than those
of normal hearing thresholds has been found
in previous studies and attributed to the
phenomenon of “physiological recruitment”.
As a result, the range of ASSR responses are
greater for near threshold intensities in
hearing-impaired patients than in normal-
hearing individuals, and a sharp increase in
the perception of stimulus intensity near the
threshold is recommended.

Canale et al., (2006), examined 17 ears in 4
groups: 1st group normal hearing with
threshold, 2nd group mild sensorineural
hearing loss with threshold, 3rd group
moderate sensorineural hearing loss and
group 4 severe sensorineural hearing loss.
The mean difference of the TA and ASSR
thresholds for the for the first group was 32
dB (SD = 13.8), for the group with mild
hearing loss 30 dB (SD = 12.5) and for the
third group 11.7 dB (SD = 2.9). These
differences indicate that the greatest
deviation of the thresholds for the two

examinations was observed in the group of
normal hearing and mild hearing loss, while
the greatest convergence was observed in the
group of moderate hearing loss. It should be
noted that ASSR thresholds were not
detected in patients with TA threshold > 70
dB. The correlation of the thresholds of the
two tests was significant, with r = 0.71, and
the difference between their thresholds is, in
the case of people with normal hearing,
about 35 dB, and is reduced in patients with
hearing loss. The test was performed with
MF = 77-105 Hz and MASTER technique.
Regarding the relationship between the
degree of hearing loss and the difference
between the thresholds of the two tests,
Canale et al., (2006) agree with Picton et al.,
(2005) that the accuracy in determining the
ASSR threshold is greater in the presence of
hearing loss. The authors, in this case too,
attribute this fact to the phenomenon of
"physiological recruitment”. However, the
mean threshold difference for all groups, as
determined by Canale et al., (2006), is higher
than that of Picton et al., (2005).

Ozdek et al., (2010), used the technique of
single ASSR (AUDERA) and MF = 46 Hz.
Participants divided into 2 groups as follows:
1st group, normal hearing, 2nd group,
moderate sensorineural hearing loss. The
correlation coefficient of the thresholds TA
and ASSR was: 1st group. At 500 Hz 0.165,
at 1000Hz 0.352, at 2000Hz 0.146, at
4000Hz 0.472. 2nd group. At 500 Hz 0.92, at
1000 Hz 0.931, at 2000 Hz 0.953, at 4000 Hz
0.774. From the above results a strong
correlation of the TA and ASSR thresholds
for the group of sensorineural hearing loss
and a weaker one for the group of normal
hearing. Nevertheless, the mean difference
between the TA and ASSR thresholds was
Komazec et al., (2010), used a large sample
of patients, who were examined by
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MASTER technique and MF = 40 Hz. This
frequency was chosen, according to the
authors, because in the literature it showed
that it has better results in awake adults
(Cone-Wesson et al., (2002); Yeung et al.,
(2007). Specifically, the 92 ears were
divided into 6 groups: 1st group, normal
hearing, 2nd group, very mild hearing loss,
3rd group, mild hearing loss, 4th group,
moderate hearing loss, 5th group, severe
hearing loss, 6th group, profound hearing
loss. For profound hearing loss group, no
ASSR threshold could be identified. For each
group the correlation coefficients r between
TA and ASSR thresholds were: 0.64, 0.63,
0.79, 0.93, 0.67 for the first 5 groups in order
from 1st to 5th. The lowest correlation
coefficients were found in individuals with
normal hearing (0.64) and very mild hearing
loss (0.63), while the highest in individuals
with moderate sensorineural hearing loss
(0.93). In 85% of the ears, the mean
difference between the TA and ASSR
thresholds was <10 dB. Individually, the
difference ranged between 0 and 45 dB. The
biggest difference was found in an ear with
normal hearing. These findings confirm the
findings of previous researchers regarding
the correlation of TA and ASSR thresholds
according to the degree of hearing loss.

Beck et al., (2014), studied the association of
TA and ASSR thresholds only in individuals
with normal hearing. The study included a
sample of 52 ears, one of the largest in the
literature. The test was performed with
MASTER technique and MF 82-98 Hz. The
average differences of the thresholds in dB
per frequency were as follows: At 500 Hz
7.12 dB, at 1000 Hz 7.6 dB, at 2000 Hz 8.27
dB and at 4000 Hz 9.71 dB, while the
average difference between of the thresholds

for all frequencies was 8.175 dB. These
average differences are among the smallest
in the literature for people with normal
hearing. This is probably due to the large
sample size, the ideal test conditions, the
sufficient test time and the small "step” (5
dB) of reducing the stimulus intensity when
finding the threshold. It is important to note
that such conditions are very difficult to
achieve in day-to-day clinical practice.

Hosseinabadi et al., (2015), examined 54
patients who were divided into three groups.
1st group, with normal hearing. 2nd group,
sensorineural hearing loss, divided into two
subgroups according to the threshold (1st
subgroup: moderate HL, 2nd subgroup:
moderate HL). 3rd group, conductive
hearing loss. Regarding the type of hearing
loss, no correlation was found between TA
and ASSR which means that the type of
hearing loss has no significant effect on the
ASSR thresholds. Regarding the degree of
hearing loss, the average difference of the
TA and ASSR thresholds for the frequencies
500, 1000, 2000, 4000 Hz respectively were:
1st group 17.6 £ 7.5dB, 18.7 £ 7.3 dB, 15.4
+ 7.2 dB, 14.7 £ 8.3 dB, 2nd group: 1st
subgroup 17.8 £ 9.4 dB, 11.8 £ 7.5, 10.0 +
7.7, 7.0 £ 8.1, 2nd subgroup 13.3 = 10.6 dB,
8.6 £ 7.8 dB, 10.4 + 9.6 dB, 6.0 + 8.0 dB.
From the above it can be seen that the
average difference between TA and ASSR
thresholds decreases as the frequency and
degree of hearing increase, a finding that is
consistent with the results of the previous
studies. Regarding the degree of hearing
loss, the differences between the groups of
normal hearing, mild hearing loss and
moderate hearing loss were statistically
significant with the exception of the
frequency of 500 Hz. As a result, ASSRs
have the ability to distinguish between
different degrees of hearing loss, which is
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very important in detecting even small
threshold drops in children that must be
treated immediately so that there are no
consequences in their learning and
development. Another important point that
emerged was that the differences between
the TA thresholds and those of the ASSRs
became smaller as the degree of hearing
increased.

Wadhera et al., (2017), divided the
participants into 3 groups: 1st group: normal
hearing. 2nd group, sensorineural hearing
loss. This group was divided into 2
subgroups. One included patients with a TA
threshold of 26-55 and the other included
patients with a TA threshold> 55 dB. 3rd
group: conductive hearing loss. The test was
performed with MASTER technique and MF
77 - 101 Hz. The average difference of the
TA and ASSR thresholds in each group for
the frequencies 500 - 4000 Hz was as
follows: 1) Normal hearing group: 9 £ 7 dB
at 500 Hz, 8 + 7 dB at 1000 Hz, 9 + 6 dB at
2000 Hz and 10 + 8 dB at 4000 Hz. 2)
sensorineural hearing group: 11 + 9 dB at
500 Hz, 12 + 8 dB at 1000 Hz, 13 + 10 dB at
2000 Hz and 13 + 11 dB at 4000 Hz. 3)
Conductive hearing loss group: 15 + 12 dB
at 500 Hz, 14 + 11 dB at 1000 Hz, 13 + 10
dB at 2000 Hz and 12 + 10 dB at 4000 Hz.
Although the smallest mean difference of TA
and ASSR thresholds was found in the
normal hearing group at 1000 Hz, the ASSR
and TA thresholds showed higher
correlations across the frequencies for the
sensorineural and conductive hearing loss
groups, while lower correlation was found
for the normal hearing group. Specifically,
the correlation coefficients r for the three
groups at the frequencies 500, 1000, 2000,
4000 Hz were as follows: 1st group -0.176,
0.014, -0.03, -0.322, 2nd group 0.766, 0.827,
0.796, 0.680, 3rd group 0.640, 0.664, 0.624,

0.655. These findings are consistent with the
studies mentioned before as they attribute
this fact to the phenomenon of
"physiological recruitment".

Himanshu et al., (2019), divided the
participants into 3 groups as follows: 1st
group, normal hearing, 2nd group:
sensorineural hearing loss. 3rd group:
conductive hearing loss. The test technique
was MASTER and MF 80-100 Hz. For the
1st group, the mean TA thresholds achieved
at the frequencies 500 - 4000 Hz were: 4.6,
5.2,6.04 and 5.3 dB for the right ear, and 5.7,
5, 5.9 and 6.4 dB for the left ear respectively.
The mean ASSR thresholds for the same
frequencies were: 14.4, 15.2, 16.04, 15.3 dB
for the right ear, and 15.7, 15, 15.9 and 16.4
dB for the left ear, respectively. In the
normal hearing group, the mean ASSR
thresholds were approximately 10 dB higher
than the TA thresholds. In the 2nd group of
sensorineural hearing loss, the mean
thresholds of TA for the frequencies 500 -
4000 Hz were: 38.9, 38.7, 42.9 and 41.2 dB
for the right ear, and 41.5, 42.9, 43.7 and
46.1 dB for the left ear respectively. The
mean ASSR thresholds for the same
frequencies were: 48.6, 48.7, 52.5 and 51.4
dB for the right ear, and 51.7, 52.6, 53.7 and
56.1 dB for the left ear, respectively. In this
case the average ASSR thresholds were
about 10 dB higher than the TA thresholds.
Finally, in the 3rd group of conductive
hearing loss, the mean TA thresholds for the
frequencies 500 - 4000 Hz were: 19.7, 20.5,
19.8 and 20.3 dB for the right ear, and 21.3,
20, 21.9 and 19.1 for the left ear respectively.
The mean ASSR thresholds for the same
frequencies were: 29.1, 30.5, 29.8 and 30.3
dB for the right ear, and 31.4, 30.3, 31.5 and
29.1 dB for the left ear respectively. And in
this group, the findings agree with the
previous ones that the average ASSR
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thresholds were about 10 dB higher than the
TA thresholds. The correlation of TA and
ASSR in all groups was very strong, with P
= 0.0005. Overall, for all groups and all
frequencies, the mean difference between the
TA and ASSR thresholds was 9.92 dB in the
right ear and 10 dB in the left ear. The
correlation between the two tests was
statistically significant, with P = 0.0005. In
the literature, the mean differences of the TA
and ASSR thresholds found are between 4
and 34 dB HL. In this study, the mean
threshold difference was approximately 10
dB for both ears at all frequencies and
hearing groups, and no threshold deviation or
convergence was found depending on the
degree of hearing as in some of the other
studies.

One of the factors that is considered to affect
the correlation of the TA and ASSR
thresholds is the degree of hearing loss as
reflected in TA. There are many studies that
suggest that the correlation of the thresholds
of the two tests is better in sensorineural
hearing loss compared to normal hearing
Lins etal., (1996); Valdes et al., (1997). This
finding is supported by Picton et al., (2005);
Ozdek et al., (2010); Komazec et al., (2010);
Canale et al., (2006); Wadhera et al., (2017).
This phenomenon is probably due to
"physiological recruitment” as described in
Picton et al., (2005). However, Beck et al.,
(2014) and Himanshu et al., (2019) support
that no difference is found for the thresholds
between people with normal hearing and
those with sensorineural hearing loss.

Factors that need further investigation into
their influence are MF modulation
frequency, recording technique, recording
time, and test conditions. In the case of Beck
et al., (2014), the high correlation of the TA
and ASSR thresholds for the normal hearing

group could be attributed to some of these
factors such as ideal test conditions,
sufficient test time and small "step™ reducing
the intensity of the stimulus when finding the
threshold. Modulation frequency cannot be
isolated as a factor that may affect hearing-
impairment outcomes, as the authors came to
common conclusions using both the 40 and
80 Hz ASSR. The same goes for the
recording technique since all but one of the
authors used multiple ASSR technique.

Conductive hearing loss was examined in 3
studies (Himanshu, Wadhera et al., (2017);
Hosseinabadi et al., (2015)) In all cases it is
a matter of recording and comparing
thresholds of air and not bone treatment. In
the first 2 the correlation of the thresholds
was found to be quite strong, less strong than
that of sensorineural hearing loss but
stronger than that of normal hearing.
Himanshu et al., (2019) found mean
threshold differences of small and no
significant deviations for conductive hearing
loss, sensorineural hearing loss but also for
normal hearing.

Comparison of TA and ASSR by frequency:

Picton et al., (2005) found that the largest
threshold deviations were found at 500 Hz
and increased as the test duration decreased
for all groups of subjects. Specifically, 30
patients were examined who were divided
into 3 groups. In all groups the largest mean
difference was found in the frequency of 500
Hz compared to the rest frequencies. This
fact was attributed to the fact that with MF
78-95 Hz at 500 Hz CF the SNR ratio is very
high and the response is difficult to be
detected.

Hosseinabadi et al., (2015) although
compared the TA and ASSR thresholds in
terms of type and degree of hearing loss
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found that the differences between the TA
and ASSR thresholds decreased as the
frequency increased for the 2 hearing loss
groups while this was not observed in the
normal hearing group.

Ozdek et al, (2010) found a strong
correlation between the TA and ASSR
thresholds at 500, 1000 and 2000 Hz and a
weak correlation at 4000Hz. It should be
noted that this study was performed with the
technique of single ASSR and with MF = 46
Hz.

Komazec et al., (2010) divided the
participants into 6 groups according to the
degree of hearing loss. A high correlation
coefficient was found between the ASSR and
TA thresholds at all frequencies. As in other
studies, the strongest correlation was found
at 1 kHz.

Beck et al., (2014), studied the correlation of
TA and ASSR thresholds with MASTER and
MF 82 98 Hz technique only in people with
normal hearing in a sample of 52 ears, one of
the largest in the literature. They conclude
that there are no significant deviations in the
mean threshold differences per frequency.
This is in contrast to the other studies, which
find large threshold differences between 500
and 1000 Hz but in this study no significant
threshold difference was found in any of the
four frequencies. This is probably due to the
large sample size, the ideal test conditions,
the sufficient test time and the small "step"
of reducing the stimulus intensity when
finding the threshold. Though, such
conditions are very difficult to achieve in
day-to day clinical practice.

Himanshu et al.,, (2019) examined 70
patients divided into 3 groups as follows: 1st
group with normal hearing, 2nd group with
sensorineural hearing loss, 3rd group, with

conductive hearing loss. The test technique
was MASTER and MF 80-100 Hz. The mean
TA and ASSR thresholds for all three groups
in total on each frequency were: 1) At 500
Hz, the mean TA threshold was 21.3 dB for
the right ear and 23.1 dB for the left ear. The
corresponding ASSR mean thresholds were
31.1 dB for the right ear and 33.2 dB for the
left ear. 2) At 1000 Hz, the average TA
threshold was 21.7 dB for the right ear and
23 dB for the left ear. The mean thresholds
of the ASSR were 31.7 and 33 dB
respectively. 3) At 2000 Hz, the average TA
threshold was 23.3 dB for the right ear and
24.2 dB for the left ear. The mean ASSR
thresholds were 33.2 and 334 dB
respectively.

4) At 4000 Hz, the average TA threshold was
22.6 dB for the right ear and 24.4 dB for the
left ear. The mean ASSR thresholds were
32.7 and 344 dB respectively. The
correlation of the mean thresholds at 500 Hz
for both ears is large, with P = 0.0005. The
same was found for the other four
frequencies. No statistically significant
difference in mean thresholds was observed
between frequencies.

Wadhera et al., (2017) examined 120 people
with MASTER technique and at MF 77 -101
Hz, divided the patients into 3 groups. The
other studies found a small correlation
coefficient between the TA and ASSR
thresholds at 500 Hz compared to the other
frequencies, but this study at 500 Hz found a
poor correlation in the normal hearing group
but strong correlation for the groups of
sensorineural hearing loss and conductive
hearing loss. For all frequencies and all
groups of patients, the mean difference was
not greater than 15 dB. High threshold
correlation was shown in the sensorineural
hearing group. No threshold difference
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greater than 15dB was found in all groups
and at any frequency.

Some studies suggest that there is a higher
difference in the TA and ASSR thresholds at
500 Hz than the other frequencies. Lins et al.,
(1996) hypothesized that this was due to the
fact that in ASSRs, low-frequency thresholds
are more difficult to detect due to the "nerve
asynchrony™ that can be observed at this
frequency relative to the higher ones. This
finding is supported by Picton et al., (2005);
Hosseinabadi et al., (2015); Wadhera et al.,
(2017) but only for people with normal
hearing. The others do not report statistically
significant differences in the ability of
ASSRs to detect hearing thresholds between
different frequencies.

CONCLUSION

The processing of the results revealed
deviation between the studies in terms of
design, the examination technique, the
examination parameters used by each author
(MF, duration, step used to determine the
threshold, environment) but also in the
analysis of the results. The general
conclusion regarding the degree of hearing
loss is that a direct comparison between the
studies was not possible because the
categorization of patients into groups
according to the degree of hearing loss, as
found in the TA, was performed differently
in each study. The majority of the studies
conclude that the correlation between tonal
thresholds and ASSRs is better in
sensorineural hearing loss compared to
normal hearing (Picton et al., (2005); Ozdek
etal., (2010); Komazec et al., (2010); Canale
etal., (2006); Wadhera al. (2017)). In studies
in which patients with sensorineural hearing
loss were further categorized according to

the degree, the highest correlation was found
in the group of patients with moderate
hearing loss. This fact is attributed by all
authors to the phenomenon of "physiological
recruitment”. Also, there were 2 studies in
the present review that found no difference
in thresholds between people with normal
hearing and those with sensorineural hearing
loss and the correlation of thresholds did not
differ statistically significantly between
people with varying degrees of hearing loss
(Beck et al., (2014); Himanshu et al., (2019).
In this case the role of the parameters "test
conditions", "duration of recording of each
stimulus”, "step of changing the intensity of
the stimulus in the threshold detection
technique” should be investigated, the
regulation of which seems to be able to
optimize the test results.

Regarding the modulation frequency, it
cannot be considered as a factor that
influences the deviation of the results in
terms of the degree of hearing loss, as the
different authors who come to common
conclusions used different modulation
frequencies (40 Hz and 80 Hz). Regarding
the frequency, the correlation of tonal
audiometry thresholds and ASSRs was high
for all frequencies. Three researchers (Picton
et al., (2005); Hosseimabadi et al., (2014);
Wadhera et al.,, (2017)) found larger
deviations of the TA and ASSR thresholds
for the 500 Hz frequency. The other authors
do not report statistically significant
differences in the ability of ASSRs to detect
hearing thresholds  between different
frequencies. An important conclusion is that
in all studies reviewed the smallest
difference between the thresholds of the TA
and the ASSR found was 2db and the largest
45db HL. Finally, it is necessary to prepare
new studies which can be homogeneous in
terms of design and technical parameters in
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order for the results to be comparable. The
parameters of modulation frequency and
examination technique need further research
in order to be automated in such a way that
the examination has the best results in the
categories of patients who show the greatest
deviations.
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APPENDIX

Tablel.

Studies reviewed, their objective and their results.

steady-state responses,

frequency, degree of hearing loss,
age and duration of recording.

Author Title Objective Results
Picton et al., Estimating audiometric Correlation of PTA and ASSR Frequency: largest deviations at S00Hz.
(2003) threshelds using auditory thresholds depending on the Degree of hearing loss: larger deviations in

normal hearing, smaller in sensorineural
hearing loss.

Canale et al.,

Auditory steady-state

Correlation of tonal audiometry

Greater correlation of thresholds in

steady-state responses in
subjects with normal
hearing and hearing loss.

with normal hearing and in people
with sensorineural hearing loss and
correlation of thresholds by
frequency.

[2008) responses and clinical thresholds with ASSR thresholds patients with moderate HL. In those with
applications. depending on the degree of hearing normal hearing or mild hearing loss was
loss. significantly lower. In very severe hearing
loss no ASSR thresholds detected.
Ozdek et al., Comparizon of pure tone Correlation of tonal audiogram Strong correlation of TA and ASSR
(z010) audiometry and anditory thresholds and ASSR in individuals thresholds for the sensorineural hearing

group and weaker for the normal hearing
group. Strong correlation of TA and ASSR
thresholds at 500, 1000 and 2000
frequencies, weak at 4000Hz,

Homazec et

Comparison between

Assessment of the reliability of

High correlation coefficient for all 4

etal, [2015)

response thresholds in
adults with conductive and
mild to moderate
sensorineural hearing loss,

tonal audiogram with those of the
ASSR depending on the degree and
the type of hearing loss.

al., [2010) auditory steady-state ASSRs in finding thresholds by frequencies » 0.9, with a higher frequency
responses and pure-tone frequency and depending on the at 1000Hz and in each case a threshold
audiometry. degree of hearing loss compared to difference <10db.
the tonal audiogram. High correlation rate for moderate hearing
less and lower in people with normal
hearing.
Beck et al., Comparative study Correlation of tonal audiogram The mean difference between the
[2014) between pure tone thresholds and ASSR in people with thresholds for all frequencies was a total of
audiometry and anditory normal hearing. 8,175 dB and no statistically significant
steady-state responses in difference was found between the
normal hearing subjects, frequencies,
Hosseinabadi | Auditory steady-state Comparison of the thresholds of the AS5Rs have the ability to distinguish

between different degrees of hearing loss,
which is very important in detecting even
small threshold drops in children. The
differences between the TA thresholds and
those of the AS5R= became smaller as the
degree of hearing increased.

Wadhera et
al. (2017)

A controlled comparison of
auditory steady-state
responses and pure-tone
audiometry in patients
with hearing loss.

Correlation of tonal audiogram
thresheolds and ASSRs according to
frequency and degree of hearing loss
in people with normal hearing, in
people with conductive hearing loss
and in people with sensorineural
hearing loss

Begarding the degree of hearing loss, high
correlation of the thresholds in the total
frequencies for the group of sensorineural
hearing loss, lower for the conductive
hearing loss, while the correlation is
weaker in the group of normal hearing, In
terms of frequency the highest correlation
for both groups of hearing loss occurred at
1000 Hz

Himanshu et
al, (201%)

Comparison of frequency
specific hearing thresholds
between pure tone
audiometry and auditory
steady state responses

Comparison of tonal audiogram
thresheolds and ASSR in 3 groups of
patients 1st group normal hearing,
2nd group sensorineural hearing
less. 3rd group conductive hearing
loss

Frequency: Strong correlation between the
2 tests at all frequencies with no
differences per frequency. Degree and type
of hearing loss: ASSR thresholds 10 dB
abowve the threshold of tone audiometry in
all patient groups
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