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Background and Objectives: Prematurity means that the baby is born before 37 months of age, 
which leads to various problems, including hearing defects. Timely detection of hearing loss with the 
help of tools that facilitate this identification, can have a significant impact on the child’s personal, 
social, and educational development. The aim of the present study was to achieve better responses 
using the chirp stimulus along with the click. The chirp stimulus can compensate for the time delay 
caused by low-frequency stimuli and increases the simultaneous presentation of high and low 
frequencies in the cochlea. Therefore, the morphology of the waves is improved, and the amplitude 
of responses increases; thus, the waves can be better identified despite the prematurity of the infants.

Methods: Eighy newborns were examined in four groups, which were divided into term and preterm 
groups based on gestational age (including late preterm, moderate, and very preterm). The intensity 
of the click and chirp stimuli was fixed at 40 and 80 dB. The amplitude and latency of waves I, III, 
and V, the inter-peak latencies of I-III, III-V, and I-V, as well as the ratio of the amplitude of wave 
V/I were among the compared parameters. It should be mentioned in tables paired t-test was used 
in cases marked with *. Wilcoxon test was used in other cases.

Results: The chirp stimulus mainly had less latency than the click stimulus and created a larger 
amplitude at a high intensity (80 dB). In the intensity close to the threshold, i.e. 40 dB, these findings 
were slightly different. The more developed the infants, the stronger the responses and the more 
effective the chirp stimulus in eliciting responses.

Conclusion: The chirp stimulus was more effective in obtaining multiple components of brainstem-
evoked responses in infants, especially preterm infants, and investigating the status of their auditory 
system. The use of a higher sample size could lead to an increase in the growth of clinical use and 
better efficiency of diagnostic protocols and responses.
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Introduction

ccording to the definition by the World 
Health Organization (WHO), babies who 
are born before 37 weeks of pregnancy 
or less than 259 days from the first day 
of the mother’s last period are called pre-

mature infants [1] The probability of hearing disorders 
in premature infants with low gestational age is higher 
than in mature infants, and the history of hospitaliza-
tion in the Neonatal intensive care unit (NICU) after 
this premature birth also increases this probability [2-
4]. Long-term use of breathing tubes makes these in-
fants susceptible to middle ear infections. Low birth 
weight, environmental noises caused by the incubator 
used due to the Hyperbilirubinemia, as well as pre-
scribed antibiotics can be complications of premature 
birth that may lead to hearing problems in this group of 
infants [3, 4]. One of the most important causes of hear-
ing problems in these infants is cerebral white matter 
injury, which disrupts the normal development of the 
myelination of auditory nerve pathways and affects the 
normal maturation of the auditory system. Myelination 
and maturation of the auditory nervous system occur 
from the peripheral part to the central part [5].

If hearing loss is diagnosed before one month of age 
and treatment measures are taken before three months 
of age, the prognosis will be very good; thus, early di-
agnosis of hearing disorders at a young age prevents 
disabilities caused by late diagnosis of hearing disorders 
[6, 7]. Considering the maturation process and many 
differences in the auditory evoked brainstem response 
(ABR) components of premature and mature infants, us-
ing the values   of ABR components related to premature 
infants to prevent diagnostic errors, more accurate and 
faster assessment of retro-cochlear injuries seems nec-
essary in this group of infants [8, 9]. Click stimulus is 
used to estimate the hearing threshold in infants, but this 

stimulus is on ly able to estimate the hearing sensitiv-
ity in the high-frequency areas of the cochlea [10, 11]. 
Chirp stimulus is designed to compensate for cochlear 
delay and firing asynchrony of cochlear basal and apex 
nerve units, which can increase the synchronization be-
tween nerve units in different cochlear regions and lead 
to larger amplitudes. In this case, stronger responses are 
expected [10, 12, 13]. The purpose of this study was to 
investigate the response of the auditory brainstem to the 
click and chirp stimulus in premature and mature infants.

Materials and Methods

Four groups of 20 infants (a total of 80 infants) consist-
ing of three groups of premature and one group of mature 
infants participated in this study, and the division of prema-
ture infants according to the gestational age of the mother at 
the time of birth was according to Table 1 [14]. It should be 
mentioned in tables paired t-test was used in cases marked 
with *. Wilcoxon test was used in other cases.

The studied  population was newborns who were re-
ferred to Fatemiyeh Hospital in Hamadan. Assessments 
were conducted in a relatively quiet room in the inten-
sive care unit. The necessary information in this research 
was colle c ted through interviews, examination, and 
clinical evaluation. Entry criteria for preterm infants in-
cluded an age range from 28 weeks to before 37 weeks 
of pregna n cy. Term infants were at 37-40 weeks of 
gestation to enter the intervention. Other inclusion cri-
teria for both term and preterm groups were the same 
and included the absence of hearing problems in family 
members, the absence of genetic and syndromic sensory 
and motor diseases diagnosed by a pediatrician, confir-
mation of hearing health using a set of tests, including 
otoscopy, tympanometry, transitory evoked otoacoustic 
emission (TEOAE), behavioral observation audiometry 
(BOA), and non-use of ototoxic drugs by the mother 
during pregnancy. Parents’ unwillingness to continue the 
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 What is “already known” in this topic:

The chirp stimulus was more effective in obtaining multiple components of brainstem evoked responses in infants, 
especially preterm infants.

 What this article adds:

Greater amplitude and lower latency than the click stimulus were created by the chirp stimulus in the present 
study.

Hosseini SM, et al. Auditory Brainstem Responses Using Click and Chirp Stimuli in Premature Infants. Func Disabil J. 2022; 5:E66

http://fdj.iums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://www.who.int/
https://www.who.int/
https://fth.umsha.ac.ir/


2022, Volume 5

3

research process or observe any abnormality in the ABR 
test, such as neuropathy disorder was one of the exclu-
sion criteria. In case of lack of auditory evoked response, 
weak morphology of ABR waves, and suspicion of hear-
ing loss, the infant was excluded from the test process 
and referred for further evaluation. 

All infants were evaluated by click and chirp stimuli. 
The components examined in the ABR test included 
the amplitude and latency of waves I, III, and V, in-
terpeak intervals of I-III, III-V, and I-V, as well as the 
V/I amplitude ratio. The secondary evaluation was 
also performed approximately three months later un-
der the same conditions. Stimulus intensity was 80 and 
40 dB to compare the difference in response to stimuli 
at high- and near-threshold intensity levels. Recording 
the evoked responses of the baby in sleep mode and 
in a quiet environment using expansion click and 1.0-
ms diversion and chirp stimulus with a wide frequency 
range [13], using the inserted phone as a single phone 
and with 2000 number of sweeps and the stimulus rate 
was 27.3C⁄S with a bandpass filter of 100-3000 Hz. 
The time window was set at 15 ms with a pre-stimu-
lation time of -1 ms and 100,000 times amplification. 
ABR waves were recorded through electrodes on the 
forehead, bilateral mastoid, and vertex [15]. 

The comparison of click and chirp stimuli, inter-
group comparisons, and analysis of response changes 
over several months were done by the paired t-test, 
Wilcoxon test, and Kruskal-Wallis test and using SPSS 
software, version 18.

Results

The comparison of the results obtained from the click 
and chirp stimuli separately in each group at 80 dB 
intensity is shown in Table 2. No significant difference 
was found between the interpeak latency and V/I ra-
tio of stimuli (P˃0.05); thus, they were omitted. The 
amplitude and latency of waves I, III, and V mainly 
showed a significant difference between the click and 
chirp stimuli so that the chirp stimulus had a shorter 
latency and a larger response amplitude at the intensity 

of 80 dB (P˂0.05). For example, in the first row of 
the table indicating data about the first group of very 
preterm infants in the right ear, the latency of wave I 
for the chirp stimulus was equal to 2.50±0.44, while 
this value was 2.75±0.26 for the click stimulus. These 
values for chirp wave III and V latency were equal to 
4.51±0.46 and 7.09±0.55, which were higher for the 
click stimulus (4.92±0.37 and 7.70±0.28, respective-
ly). The same findings were also obtained regarding 
the wave latency in other groups. The findings of la-
tency and amplitude of waves indicated that the chirp 
stimulus in premature infants can be a better stimulus 
than the conventional click stimulus for recording re-
sponses.

In the second step, a between-group comparison of 
the data of all four groups was done using the Krus-
kal-Wallis non-parametric test (Table 3). There was a 
significant difference between the latency of waves I, 
III, and V in these groups (P˂0.05), but this finding 
was not obtained regarding the amplitude of all waves 
(P˃0.05). The parameter of interpeak latency and V/I 
ratio showed no significant difference (P˃0.05).

The chirp stimulus at the intensity of 40 dB mainly 
had a longer latency and a lower amplitude than the 
click stimulus only in groups 3 and 4 (P˂0.05). In 
groups 1 and 2, which included more premature in-
fants than other groups, the chirp stimulus latency did 
not show a significant difference compared to the click 
stimulus (P˃0.05). For brevity, these findings are not 
mentioned in this section. 

Re-evaluation three months after birth in all groups 
showed an increase in amplitude and a decrease in the 
latency of the waves (P˂0.05), which can be seen as a 
sign of the continuation of the evolution of responses 
after birth (Table 4).

Table 1. Different groups according to the gestational age of the mother at the time of birth

Gestational Age at Birth (Weeks)Group

28-31Very preterm

32-33Moderate preterm

34-36Late preterm
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Discussion

The efficiency of chirp stimulus at high-intensity levels 
(80 dB)

Brainstem-evoked responses of infants for two stimuli, 
click and chirp, were investigated in the present study. 

The main difference between our study and previous 
studies was that they mainly evaluated normal adults 
or term infants, while we attempted to investigate the ef-
fectiveness of the chirp stimulus in different groups of 
preterm infants with different gestational ages to under-
stand whether this stimulus used for all these premature 
infants is effective or not. Previous studies have shown 

Table 2. Comparison of the amplitude (microvolt) and latency (millisecond) of I, III, and V waves for click and chirp stimulus at 80 dB Intensity

Left EarRight Ear

GroupParameter
Pz/t

Mean±SD
Pz/t

Mean±SD

ChirpClickChirpClick

0.01*2.592.31±0.372.68±0.470.02*2.382.50±0.442.75±0.261*

Wave I 
latency 

0.01*2.572.36±0.442.62±0.170.00*3.182.48±0.232.62±0.172*

0.20-1.232.46±2.332.38±0.150.21-1.232.46±0.462.38±0.173

0.04*-1.962.16±0.302.27±0.170.46-0.732.21±0.272.27±0.174

0.071.810.48±0.170.37±0.130.03*2.150.53±0.210.37±0.111

Wave I 
amplitude 

0.00*3.060.62±0.220.44±0.150.02*2.400.62±0.190.45±0.182*

0.00*3.090.64±0.200.47±0.120.03*2.310.63±0.210.47±.173*

0.03*-2.170.64±0.230.48±0.140.01*-2.450.63±0.210.49±0.134

0.00*3.734.73±0.455.04±0.370.00*3.424.51±0.464.92±0.371*

wave III 
latency 

0.00*3.144.52±0.544.96±1.190.00*3.264.55±0.474.95±0.192*

0.07-1.804.75±0.444.73±0.200.22-1.204.75±0.404.72±0.203

0.01*-2.364.42±0.334.56±0.180.06-1.874.50±0.444.63±0.174

0.04*2.030.45±0.220.34±0.130.04*2.030.46±0.210.36±0.141

Wave III 
amplitude 

0.04*2.150.50±0.220.43±0.170.01*2.740.51±0.180.43±0.172*

0.181.370.52±0.170.51±0.160.171.420.52±0.110.49±0.113*

0.18-1.340.53±0.170.51±0.160.18-1.340.54±0.160.52±0.144

0.00*10.476.93±0.177.71±0.250.00*3.737.09±0.557.70±0.281*

Wave V 
latency 

0.00*5.297.17±0.467.60±0.170.00*5.107.36±0.307.65±0.172*

0.23-1.247.39±0.467.44±0.170.21-1.237.39±0.447.34±0.173

0.19-1.297.15±0.647.18±0.150.74-0.327.25±0.487.18±0.174

0.04*2.020.43±0.190.31±0.120.03*2.320.41±0.200.30±0.121

Wave V 
amplitude 

0.03*2.250.44±0.200.33±0.140.052.060.41±0.180.33±0.122*

0.161.450.40±0.130.37±0.140.161.430.40±0.130.37±0.143*

0.18-1.340.46±0.160.42±0.140.08-1.730.44±0.150.38±0.174

Groups: 1= Very preterm, 2= Moderate preterm, 3= Late preterm, and 4= Term infants
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that the click and chirp stimuli have differences in cre-
ating excited responses in normal adults and the chirp 
stimulus can be more useful [16, 17]. For example, Sa-
bet et al. in 2014 assessed the differences between click 
and chirp stimuli and showed that the chirp stimulus is 
capable of producing evoked responses with less latency 
than the click stimulus at an intensity of 80 dB [11]. They 
studied normal-hearing adults. Research has generally 
shown that the click stimulus has less power in creat-
ing a nervous response [18-20]. The chirp stimulus can 
reduce intra-cochlear temporal dispersions and enable 
the recording of neural responses with higher amplitude 
and shorter acquisition time [13, 21, 22]. In 2021, Ceylan 
et al. compared brainstem waves induced by click and 
chirp stimuli in patients with unilateral hearing loss [23]. 
Studies have also been conducted in the field of infants, 
but they have used term infants; for example, da Silva 
Ormundo and Lewis in 2021 used click and chirp stimuli 
in term infants with normal hearing to record brainstem 
auditory evoked responses [21]. Responses were record-
ed at an intensity of 70 dB. The use of chirp stimulus for 
term infants as a more suitable stimulus for extracting 
waves with better morphology and higher V wave am-
plitude was one of the results of this study. 

The chirp stimulus in the present study mainly pro-
duced a stronger auditory evoked brainstem response in 

term and premature infants (Table 1). The lower latency 
time and the larger response amplitude for the chirp 
stimulus can be seen as a sign of greater neural synchro-
ny in generating such responses. 

Effect of gestational age on brainstem evoked responses

In the present study, the gestational age of the mother 
at the time of birth was an effective factor regarding how 
the auditory system responds to different stimuli. There 
was a significant difference, especially in the latency pa-
rameter of all three waves, between the different groups 
(Table 2). Mohammadkhani et al. in 2009 [8] showed 
a significant difference between the brainstem-evoked 
responses of normal and premature infants. They only 
used the click stimulus. They attributed this difference 
to the immaturity of the auditory system in premature 
infants. However, there are also studies showing that the 
latency of wave I is not affected by the prematurity of 
infants, and the process of maturation of the auditory 
pathways of premature infants is the same. Therefore, 
prematurity is a risk factor that cannot alone affect the 
evolution process of the brainstem response [24, 25]. 
This difference between their findings and the present 
study may be related to the small sample size in both 
studies. In general, the older the mother’s gestational 
age at the time of the birth of the infants, the shorter the 

Table 3. Between-group comparison of latency (millisecond) and amplitude (microvolt) of brainstem response waves for click and chirp 
stimulus (Kruskal-Wallis test)

Left EarRight Ear
WaveParameterStimulus

PdfChi-squarePdfChi-square

0.00*323.200.00*338.98I

Latency

Click

0.00*331.930.00*320.16III

0.00*346.570.00*341.77V

0.0936.480.0936.41I

Amplitude 0.00*312.270.00*314.62III

0.03*38.650.3333.40V

0.03*38.820.02*39.16I

Latency

Chirp

0.01*311.170.1135.86III

0.00*317.540.1335.58V

0.04*38.160.3733.12I

Amplitude 0.3633.190.3932.99III

0.7431.220.6731.55V
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latency of the response, and in some cases, they were 
recorded with a higher amplitude. These findings can be 
seen as a sign of a delay in the maturation of the system 
and myelination of the central pathways and a kind of 
non-synchronicity in the responses, which has been seen 
due to the prematurity of the infants, which is confirmed 
by previous studies [8, 25, 26]. With age, the responses 
become stronger.

Improving responses in secondary assessment

In the present study, with the passage of time from the 
initial assessment in all groups, the improvement of re-
sponses was observed (Table 3) so that the amplitudes 
increased and the absolute latency of the waves de-
creased, which was also consistent with previous studies 
[27]. These differences show that it is better to use the 
norms of this group to diagnose retro-cochlear injuries 
and even threshold evaluation in premature infants. In 
2019, Seethapathy et al. investigated brainstem evoked 
response in 80 very preterm and late preterm infants at 
one and three months of age [25]. The click stimulus was 
used at the intensity of 70 and 30 dB nHL. This study 
showed that the maturation process of the auditory sys-
tem is from the periphery to the center and does not dif-

fer in different groups of premature infants. Infants who 
were very premature had less neuronal development 
than the other group, which accelerated with age. These 
findings can confirm the results of the present study.

Behavior of the chirp stimulus at low-intensity levels

In this research, as can be seen at high-intensity lev-
els, such as 80 dB, the chirp response had lower latency 
than the click stimulus, but at the intensity of 40 dB, the 
behavior of this stimulus was different. There were dif-
ferences in the response to the chirp stimulus in the dif-
ferent groups. In groups 3 and 4, whose infants were 
more developed, the latency of the chirp stimulus was 
higher than that of the click stimulus, which is in line 
with Khorsand’s findings that 20-30-year-old normal 
adults had examined. Sabet et al. showed that the chirp 
stimulus at low-intensity levels, i.e. 20 and 40 dB, had a 
higher latency than the click stimulus [11]. This differ-
ence in response to the chirp stimulus has also been re-
ported in other studies (for example, the study by Ceylan 
on patients with bilateral hearing loss [23]). However, 
our findings regarding more premature infants, namely 
groups 1 and 2, are different from the findings of other 
groups (3 and 4) because, in these groups, no significant 

Table 4. Comparison of latency(millisecond) and amplitude(microvolt) of waves for click and chirp stimulus at baseline and three months 
after birth (Wilcoxon test)

Left EarRight Ear

ParameterWaveStimulus
Pz

Mean±SD
Pz

Mean±SD

AfterBeforeAfterBefore

0.02*0.200.49±0.220.44±0.140.101.600.48±0.240.44±0.15Amplitude
Wave I

Click

0.04*2.012.42±0.392.49±0.320.02*2.202.42±0.352.51±0.27Latency

0.01*2.420.5±0.240.45±0.170.061.850.49±0.230.45±0.15Amplitude
Wave III

0.01*2.464.66±0.574.82±0.310.01*2.384.63±0.584.81±0.28Latency

0.01*2.670.42±0.220.36±0.140.00*2.670.41±0.230.34±0.14Amplitude
Wave V

0.01*2.497.36±0.467.47±0.370.02*2.247.35±0.467.47±0.29Latency

0.01*2.560.65±0.220.60±0.210.02*2.270.65±0.230.60±0.21Amplitude
Wave I

Chirp

0.01*2.472.22±0.412.32±0.400.00*3.012.25±0.432.41±0.37Latency

0.00*2.590.56±0.240.50±0.190.061.820.57±0.220.51±0.17Amplitude
Wave III

0.01*2.404.47±0.554.60±0.460.01*8.584.43±0.544.58±0.45Latency

0.01*2.460.51±0.250.43±0.170.01*2.480.49±0.240.42±0.17Amplitude
Wave V

0.00*2.737.02±0.577.18±0.490.00*2.777.11±0.517.27±0.46Latency
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difference was observed between V wave latency for 
chirp and click stimuli. Because there is no similar find-
ing in preterm infants in previous studies to compare this 
result, it can be said that the chirp stimulus can be an ef-
fective stimulus at low- and high-intensity levels in pre-
term infants because there is no more latency problem 
for the chirp, at least in these premature infants. 

Conclusion

Greater amplitude and lower latency than the click 
stimulus were created by the chirp stimulus in the present 
study. The process of estimating thresholds in preterm 
infants can be difficult due to their less development than 
term infants; thus, a better stimulus, such as a chirp, will 
be able to elicit stronger responses and make this process 
easier because it is closer to the behavioral threshold and 
the hearing threshold is achieved in a shorter time.

It is recommended to use this stimulus in other groups 
of patients with hearing disorders and evaluate it in 
groups with a higher number of samples to determine 
the norm values   of this test in future studies. On the other 
hand, we hope that this research can pave the way for 
widespread clinical use of this stimulus for better diag-
nosis of hearing loss in infants so that evaluation proto-
cols can be improved.
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مقاله پژوهشی

مقایسه اجزای پاسخ های شنوایی ساقه مغز با استفاده از محرک های کلیک و چیرپ در نوزادان نارس

مقدمه نارس بودن به این معناست که نوزاد قبل از 37 ماهگی به دنیا بیاید که به مشکلات مختلفی از جمله نقص شنوایی منجر می شود. 
تشخیص به موقع کم شنوایی با کمک ابزارهایی که این تشخیص را تسهیل می کنند، می تواند تأثیر بسزایی در رشد فردی، اجتماعی و 
تحصیلی کودک داشته باشد. هدف پژوهش حاضر دست یابی به پاسخ های بهتر با استفاده از محرک چیرپ در مقایسه با کلیک بود. 
محرک چیرپ می تواند تأخیر زمانی ناشی از محرک های فرکانس پایین را جبران کند و هم زمانی ارائه فرکانس های بالا و پایین را در 
حلزون افزایش دهد. بنابراین مورفولوژی امواج بهبود یافته و دامنه پاسخ ها افزایش می یابد، بنابراین با وجود نارس بودن نوزادان می توان 

امواج را بهتر شناسایی کرد.
مواد و روش ها 80 نوزاد در 4 گروه مورد بررسی قرار گرفتند که بر اساس سن حاملگی به دو گروه ترم و نارس )شامل نارس دیررس، 
 ،V و I، III متوسط و خیلی نارس( تقسیم شدند. شدت محرک های کلیک و چیرپ در 40 و 80 دسی بل ثابت بود. دامنه و نهفتگی امواج

تأخیرهای بین موجی I-III، III-V و I-V و همچنین نسبت دامنه موج V/Iاز جمله پارامترهای مقایسه شده بودند.
یافته ها محرک چیرپ عمدتاً دارای نهفتگی کمتری نسبت به محرک کلیک بوده و دامنه بزرگ تری در شدت بالا )80 دسی بل( ایجاد 
می کند. در شدت نزدیک به آستانه، یعنی 40 دسی بل، این یافته ها کمی متفاوت بود. هرچه نوزادان رشد بیشتری داشته باشند، پاسخ ها 

قوی تر و محرک چیرپ در برانگیختن پاسخ ها مؤثرتر است.
نتیجه گیری محرک چیرپ در به دست آوردن مؤلفه های چندگانه پاسخ های برانگیخته ساقه مغز در نوزادان به ویژه نوزادان نارس و بررسی 
وضعیت سیستم شنوایی آنها مؤثرتر بود. استفاده از حجم نمونه بالاتر می تواند به افزایش رشد استفاده بالینی و کارایی بهتر پروتکل های 

تشخیصی و پاسخ ها منجر شود.
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