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Effects of acoustic stimulation
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Ear Institute, Shanghai, China, *Shanghai Key Laboratory of Translational Medicine on Ear and Nose
Diseases, Shanghai, China, “Department of Otolaryngology, Second Affiliated Hospital of Xi'an
Jiaotong University, Xi'an, China

Objective: To investigate the effects of acoustic stimulation intensity on
ocular and cervical vestibular evoked myogenic potential (0VEMP and cVEMP)
responses elicited by air-conducted sound (ACS) in healthy children.

Methods: Thirteen healthy children aged 4-10 years and 20 healthy adults
aged 20-40 years with normal hearing and tympanometry were enrolled
in this study. All subjects received oVEMP and cVEMP tests under different
acoustic stimulation intensities (131, 126, 121, 116, 111 and 106 dB SPL). Mean
nl latency, pl latency, interpeak latency, amplitude and response rate were
investigated and analyzed.

Results: As the acoustic stimulation intensity decreased, for oVEMP, the
response rate of children decreased from 100% (131, 126 and 121 dB SPL)
to 57.69% (116 dB SPL), 26.92% (111 dB SPL) and 11.54% (106 dB SPL). The
response rate of adults decreased from 100% (131 and 126 dB SPL) to 95%
(121 dB SPL), 55% (116 dB SPL), 12.5% (111 dB SPL) and 2.5% (106 dB SPL).
There were lower nl latency, pl latency and higher amplitude in children when
comparing by acoustic stimulation intensities (p < 0.05). Regarding cVEMP, the
response rate of children decreased from 100% (131, 126 and 121 dB SPL)
to 88.46% (116 dB SPL), 53.85% (111 dB SPL) and 26.92% (106 dB SPL). The
response rate of adults decreased from 100% (131 and 126 dB SPL) to 95%
(121 dB SPL), 85% (116 dB SPL), 37.5% (111 dB SPL) and 7.5% (106 dB SPL). A
statistically significant difference was found in amplitude at different acoustic
stimulation intensities in both children and adults (p < 0.05). When stimulated
by 131 dB SPL acoustic stimulation, there were lower nl latency, pl latency
and higher amplitude in children in oVEMP and cVEMP compared with adults
(p < 0.05).

Conclusion: The response rate and amplitude of oVEMP and cVEMP in
children and adults presented significant differences with a decrease in
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acoustic stimulation intensity. In this study, using 121 dB SPL for children and
126 dB SPL for adults during VEMP test could be regarded as safer stimulation
intensities and thus reduced sound exposure.

KEYWORDS

acoustic stimulation intensity, air-conducted sound, ocular vestibular evoked
myogenic potential, cervical vestibular evoked myogenic potential, children

Introduction

Vestibular evoked myogenic potential (VEMP) has been
utilized in neuro-otology clinics as a test for evaluation of
otolith function and vestibular nerves (1, 2). It is elicited
by modulated electromyographic signals either from the
inferior oblique muscle for the ocular VEMP (oVEMP)
or the sternocleidomastoid muscle for the cervical VEMP
(cVEMP) (3). There are usually three types of stimuli eliciting
VEMPs, including air-conducted sound (ACS), bone-conducted
vibration (BCV) and galvanic vestibular stimulation (GVS),
among which ACS has been regarded as the primary and
widely used stimulus (4, 5). Previous studies have demonstrated
that, when evoked by ACS, the oVEMP could evaluate utricle
function and the crossed vestibulo-ocular reflex (VOR) and the
cVEMP could evaluate saccular function and the vestibulo-collic
reflex (VCR) pathway (2, 4, 6, 7).

Vestibular loss often resulted in delayed motor development
and reduced quality of life in children with normal hearing
(8). The prevalence of childhood balance disorders is uncertain
and mainly depends on the method of data collection. It is
estimated that about 0.45% children aged from newborns to 18
years are diagnosed with balance disturbances (9). However, the
prevalence may be even higher and the underestimation can be
attributed to difficulties in describing vertigo, obtaining detailed
medical history and establishing clear diagnosis (8). Therefore,
vestibular loss in children is in need of attention, and clinicians
are supposed to search for a valid and reliable tool to increase the
diagnostic rate in children.

The oVEMP and cVEMP tests via ACS are objective, non-
invasive and safe to perform in children as long as a safe acoustic
stimulation is maintained (10, 11). The test has been widely
used in adults and the normal values have been identified (12).
Previous study had only focused on the effects of simple acoustic
stimulation intensity on VEMPs. However, few studies on the

Abbreviations: VEMP, vestibular evoked myogenic potential; oVEMP,
ocular VEMP; cVEMP, cervical VEMP; ACS, air-conducted stimulation;
BCV, bone-conducted vibration; GVS, galvanic vestibular stimulation;
VOR, vestibulo-ocular reflex; VCR, vestibulo-collic reflex; SCM,
sternocleidomastoid muscle; DPOAE, distortion product otoacoustic

emission; ECV, ear canal volume.
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sets of normative data in children have been reported, especially
the investigation on the effects of different acoustic stimulation
intensity on ACS-VEMPs in children. Thus, more researches
are necessary and critical to determine the appropriate acoustic
stimulation intensity in the tests. The aim of this study is to
investigate different acoustic stimulation intensities on VEMPs
elicited by ACS in healthy children.

Materials and methods

Subjects

Thirteen healthy children (6 males and 7 females, aged
from 4 to 10 years, mean 7.23 &£ 2.01 years) and 20 healthy
adults (9 males and 11 females, aged from 20 to 40 years, mean
24.95 + 5.16 years) were enrolled in this study. All subjects
had no history of any ear disorders and vestibular disorders,
and were further checked with pure tone audiometry, acoustical
immittance and otoscope tests. Each subject underwent oVEMP
and cVEMP elicited by ACS. This study was approved by the
institutional review board of the Xinhua Hospital of Shanghai
Jiaotong University School of Medicine. Each child’s parent
and each adult signed the informed consent to take part in
the study.

Equipment and recordings

A sound-proof and comfortable examination room was
employed for tests. The electromyographic signals were
amplified through the ICS Chartr EP 200 Evoked Potential
System (Otometrics, Denmark) for further analysis.

ACS with 500 Hz short tone burst (rise/fall time = 1ms,
plateau time = 2ms) was delivered through the inserted
earphone. The band-pass filter was set at 1-1000 Hz, and the
responses to 50 stimuli were averaged twice. The stimulation rate
was 5 Hz, and the analysis window of each response was 50 ms.
The initial acoustic stimulus used was a short tone burst, with
an intensity of 131 dB SPL. The stimulation intensity was then
decreased in steps of 5 dB SPL until no oVEMP or cVEMP were
present. A clear and repeatable biphasic waveform comprised
of peaks nl and pl was considered positive response, and
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unrepeatable biphasic waveform was considered no response.
The length of time between 0ms and the peak nl or pl was
regarded as nl latency or p1 latency, respectively. The duration
between peaks nl and pl was recorded as interpeak latency,
which includes n1-p1 latency and pl-nl latency. We regarded
the vertical distance of voltage between peaks nl and pl as
the amplitude.

OoVEMP test

Each subject was in the supine position during the test.
Before attaching electrodes, the skin of all subjects should
be cleaned with abrasive paste. Two active electrodes were
positioned around 1cm below the center of the two lower
eyelids. Two reference electrodes were placed around 1-2cm
below the two active electrodes, and the ground electrode
was placed on the middle of the forehead. The electrode
impedance was kept below 5 k§2. Each subject was asked
to look upward at a small fixed target above 1m from
the eyes when hearing the sound through the inserted
earphone (13). Response rate, nl and pl latencies, nl-pl
latency and amplitude were measured under different acoustic
stimulation intensities.

cVEMP test

Each subject was in the supine position during the test.
Before attaching electrodes, the skin of all subjects was cleaned
with abrasive paste. Two active electrodes were placed on the
middle and upper third of the sternocleidomastoid (SCM)
muscle, and the two reference electrodes were positioned
on jugular notch. The ground electrode was placed on the
middle of the forehead. The electrode impedance was kept
below 5 k§2. Each subject was instructed to raise his/her
head off the pillow in order to increase the tension of the
SCM when the sound was presented through the inserted
earphone (14). Response rate, pl and nl latencies, pl-nl
latency and amplitude were measured under different acoustic
stimulation intensities.

Statistical methods

Data were analyzed using IBM SPSS Statistics 26.0.0.

Kruskal-Wallis test was used for comparisons of nl
latency, pl latency, interpeak latency and amplitude
of OoVEMP or c¢VEMP among different acoustic

stimulation intensities. All data were expressed as mean
+ standard deviation. A of p<0.05 is
considered significant.

significance
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Results

Acoustic stimulation intensity impacts on
ACS-oVEMP in children

All healthy children completed ACS-oVEMP test following
different acoustic stimulation intensities, which included
131, 126, 121, 116, 111 and 106 dB SPL (Table 1, Figure 1A).
Regarding oVEMP, the response rates were 100% (26/26)
under 131, 126 and 121 dB SPL acoustic stimulations.
However, the response rate decreased gradually (57.69,
26.92 and 11.54%, respectively) under 116, 111 and 106 dB
SPL acoustic stimulations. As acoustic stimulation intensity
decreased, the mean nl latencies increased (9.97 4 0.75 ms,
10.29 +£ 0.69 ms, 10.56 £ 1.01 ms, 10.78 £ 0.86 ms,
11.88 £ 0.75ms and 11.96 +0.18 ms, respectively) and the
mean pl latencies increased (14.41 & 1.18 ms, 14.89 £ 0.93 ms,
15.16 £1.09ms, 1537 £0.99ms, 1570 £ 0.93ms
16.71 £0.30 ms, respectively) and the mean amplitudes
decreased (8.32 = 5.71 WV, 6.53 £ 3.57 WV, 3.99 £ 2.70 1V, 2.90
+ 1.44 pV, 2.65 £ 0.86 WV and 2.37 & 1.39 WV, respectively).
Comparisons of parameters showed prolonged latencies of nl
(p < 0.0001) and pl (p = 0.010) and decreased amplitude (p
< 0.0001) significantly. Whereas, no significant difference was
observed in the n1-p1 latency (p = 0.418).

and

Acoustic stimulation intensity impacts on
ACS-cVEMP in children

All healthy children completed ACS-cVEMP test under
131, 126, 121, 116, 111 and 106 dB SPL acoustic stimulation
intensities (Table 2, Figure 2A). Regarding c¢VEMP, the
response rates were 100% (26/26) under 131, 126 and 121
dB SPL acoustic stimulations. Whereas, the response rate
decreased from 88.46, 53.85 to 26.92% under 116, 111
and 106 dB SPL acoustic stimulations, respectively. With
the decrease of acoustic stimulation intensity, the mean
amplitudes were 369.60 £ 177.90 wV, 402.80 & 163.90 pV,
271.60 £ 155.60 WV, 228.70 & 118.00 nV, 177.80 £ 96.56 wV
150.80 £ 81.22 .V,
stimulation intensity was accompanied by a significant

and indicating  decreasing acoustic
decrease of amplitude (p < 0.0001). However, statistically
significant differences were not found in terms of pl
latency (p = 0.310), nl latency (p = 0.542) and pl-nl latency

(p = 0.826).

Acoustic stimulation intensity impacts on
ACS-oVEMP in adults

All healthy adults presented ACS-oVEMP test induced by
131, 126, 121, 116, 111 and 106 dB SPL acoustic stimulation
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TABLE 1 The ACS-oVEMP with decreasing acoustic stimulation intensity in children.

Intensity (dB SPL) N (ears) Responserate nllatency (ms) pllatency (ms) Interpeaklatency (ms) Amplitude (nV)

131 26 100% 9.97 £0.75 14.41 +£1.18 445+ 1.10 8.32£5.71
126 26 100% 10.29 4 0.69 14.89 +0.93 4.60 +0.83 6.53 & 3.57
121 26 100% 10.56 & 1.01 15.16 & 1.09 461 £1.17 3.99 £2.70
116 15 57.69% 10.78 £ 0.86 15.37 £0.99 4.59 £0.92 290 £ 1.44
111 7 26.92% 11.88 £ 0.75 15.70 £ 0.93 3.82£0.58 2.65 £ 0.86
106 3 11.54% 11.96 +0.18 16.71 £ 0.30 4754+ 0.11 2.37£1.39
Kruskal-Wallis test p < 0.0001 p=0.010 p=0.418 p < 0.0001

Data are expressed as mean =+ SD.
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FIGURE 1
(A) Clear oVEMP waveform in a child in response to ACS stimuli. (B) Clear oVEMP waveform in an adult in response to ACS stimuli.
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TABLE 2 The ACS-cVEMP with decreasing acoustic stimulation intensity in children.

Intensity (dB SPL) N (ears) Responserate nllatency (ms) pllatency (ms) Interpeaklatency (ms) Amplitude (nV)

131 26 100% 21.45£1.58 14.96 £ 1.08 6.52 4 1.00 369.60 £ 177.90
126 26 100% 2215+ 1.76 15.67 £ 1.27 6.49 £ 1.01 402.80 £ 163.90
121 26 100% 22.08 £ 1.89 15.47 £+ 1.34 6.61 £1.35 271.60 % 155.60
116 23 88.46% 21.66 £ 1.48 15.40 £ 1.29 6.27 £1.12 228.70 £ 118.00
111 14 53.85% 21.70 £ 1.44 14.99 £0.77 6.69 £ 1.11 177.80 £ 96.56
106 7 26.92% 21.00 £+ 1.14 14.82 £0.92 6.18 4 1.40 150.80 £ 81.22
Kruskal-Wallis test p=0542 p=0310 p=0.826 p < 0.0001

Data are expressed as mean =+ SD.
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FIGURE 2
(A) Clear cVEMP waveform in a child in response to ACS stimuli. (B) Clear cVEMP waveform in an adult in response to ACS stimuli
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TABLE 3 The ACS-oVEMP with decreasing acoustic stimulation intensity in adults.

Intensity (dB SPL) N (ears) Responserate nl latency (ms)
131 40 100% 10.26 4 0.68
126 40 100% 10.43 +0.78
121 38 95% 10.74 4 0.84
116 22 55% 11.38 + 1.09
111 5 12.50% 1212+ 127
106 1 2.50% 12.58 + 0.00
Kruskal-Wallis test p < 0.0001

Data are expressed as mean =+ SD.

TABLE 4 The ACS-cVEMP with decreasing acoustic stimulation intensity in adults.

Intensity (dB SPL) N (ears) Responserate nl latency (ms)
131 40 100% 24.97 + 1.87
126 40 100% 25.08 4 2.10
121 38 95% 25234213
116 34 85% 25.02 4 2.31
111 15 37.50% 24.90 4 2.32
106 3 7.50% 24.64 4 1.76
Kruskal-Wallis test p=0974

Data are expressed as mean = SD.

intensities (Table 3, Figure 1B). The response rates were 100%
(40/40) when simulated by 131 and 126 dB SPL acoustic
stimulations. However, the response rate decreased from 95,
55, 12.5% to 2.5% under 121, 116, 111 and 106 dB SPL
acoustic stimulations, respectively. As the acoustic stimulation
intensity decreased, the mean nl latencies were 10.26 =+
0.68 ms, 10.43 + 0.78 ms, 10.74 4+ 0.84ms, 11.38 £+ 1.09 ms,
12.12 & 1.27ms and 12.58 + 0.00ms, and the mean pl
latencies were 14.76 +£1.31ms, 14.94 4+ 1.40ms, 15.25 +
1.17 ms, 15.79 £ 0.98 ms, 16.00 £ 0.94 ms and 16.00 £ 0.00 ms,
and the mean amplitudes were 7.29 + 3.60 LV, 5.82 £ 3.38
wv, 385+216nV, 3.52+2.03nV, 323 £ 0.67 WV and
3.21 £ 0.00 V. Comparisons of parameters revealed that there
were significant differences in the nl latency (p < 0.0001), p1
latency (p = 0.015) and amplitude (p < 0.0001), but not in the
nl-pl latency (p = 0.690).

Acoustic stimulation intensity impacts on
ACS-cVEMP in adults

All healthy adults completed ACS-cVEMP test induced by
131, 126, 121, 116, 111 and 106 dB SPL acoustic stimulation
intensities (Table 4, Figure 2B). The response rates were 100%
(40/40) under 131 and 126 dB SPL acoustic stimulations.
Whereas, the response rate gradually decreased (95, 85, 37.5
and 7.5%, respectively) when induced by 121, 116, 111 and 106
dB SPL acoustic stimulations. With the decrease of acoustic
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pllatency (ms) Interpeak latency (ms) Amplitude (LV)
14.76 + 1.31 450 4+ 1.07 7.29 + 3.60
14.94 + 1.40 451+ 1.19 5.82 +3.38
1525+ 1.17 451+ 1.13 3.8542.16
15.79 + 0.98 4.55 + 1.03 3.52 4203
16.00 = 0.94 3.88 £ 0.83 323 +0.67
16.00 =+ 0.00 3.42 £ 0.00 3.21 4 0.00

p=0015 p=0.690 p < 0.0001

pllatency (ms) Interpeaklatency (ms) Amplitude (LV)
17.15 4 1.94 7.82 £ 1.37 279.50 + 151.20
17.30 £ 2.14 7.78 £ 1.37 253.80 + 128.50
17.82 4+ 2.34 7.39 + 1.41 230.80 = 110.90
17.64 4 2.33 7.39 £ 1.95 179.10 = 80.38
18.27 4 2.45 6.63 + 1.67 155.30 = 57.60
17.25 4+ 1.08 7.39 + 1.06 142.40 =+ 44.49

p=0277 p=0.190 p=0.002

stimulation intensity, the mean amplitudes were 279.50 =+
151.20 wV, 253.80 £ 128.50 pnV, 230.80 & 110.90 wV, 179.10
+ 80.38 pV, 15530 £ 57.60 nV and 142.40 + 44.49 nV,
respectively. Although there was a significant difference in the
amplitude (p = 0.002), no statistically significant differences
were not found in terms of pl latency (p = 0.277), nl latency
(p =0.974) and p1-n1 latency (p = 0.190).

oVEMP and cVEMP: Children vs. adults

All children and adults presented VEMPs following 131 dB
SPL acoustic stimulation (Table 5). Regarding oVEMP, mean nl
latency, pl latency, nl-pl latency and amplitude for children
were 9.97 £ 0.75ms, 14.41 £ 1.18 ms, 4.45 & 1.10 ms and 8.32
=+ 5.71 WV, respectively, and 10.26 & 0.68 ms, 14.76 £ 1.31 ms,
4.50 £+ 1.07ms and 7.29 £ 3.60 WV for adults, respectively,
indicating that latencies were shorter in children than that in
adults. There was a significant difference in the nl latency
between children and adults (p = 0.007), but not in the pl
latency (p = 0.288), nl-pl latency (p = 0.752) and amplitude
(p = 0.807). For cVEMP, mean pl1 latency, nl latency, pl-nl
latency and amplitude were 14.96 & 1.08 ms, 21.45 £ 1.58 ms,
6.52 £ 1.00 ms and 369.6 £ 177.9 WV for children, while 17.15
+ 1.94ms, 24.97 & 1.87ms, 7.82 &= 1.37 ms and 279.5 £ 151.2
WV for adults, respectively, indicating that children had shorter
latencies and lower amplitudes than that in adults. A significant
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TABLE 5 oVEMP and cVEMP under 131 dB SPL stimulation in children vs. adults.

oVEMP
Children Adults
nl latency (ms) 9.97 £0.75 10.26 +0.68
p1 latency (ms) 14.41 +£1.18 14.76 +£1.31
Interpeak latency (ms) 445 +1.10 4.50 +1.07
Amplitude (V) 8.32 £5.71 7.29 £3.60

Data are expressed as mean = SD.

difference existed between children and adults in terms of pl
latency (p < 0.0001), nl latency (p < 0.0001), pl-nl latency
(p < 0.0001) and amplitude (p = 0.021).

Discussion

VEMPs have been widely utilized in children suspected
with peripheral vestibular disorders due to early maturation
of the crossed VOR and the VCR (15). Though there are
several types of stimuli eliciting VEMPs, ACS is presumed to
be the most commonly used in the clinical setting (16). To our
knowledge, the risk for ACS-VEMPs test in children and adults
is the increased sound exposure on account of the number of
tests required in order to obtain a response. Previous studies
have observed adverse effects on cochlear function resulted
from VEMPs test in adults, including sudden sensorineural
hearing loss, decreased distortion product otoacoustic emission
(DPOAE) amplitudes and other symptoms (17-19). Compared
to the adults, there are few investigations concerning the effect
of acoustic stimulation intensity on ACS-VEMPs in children.
In the article, we therefore investigated the characteristics
of ACS-VEMPs induced by different acoustic stimulation
intensities in children for searching for an appropriate acoustic
stimuli level and avoiding the potential risk of acoustic trauma
associated with VEMPs test.

In the current study, our results revealed that the response
rates were 100% when stimulated by 131, 126 and 121 dB SPL
acoustic stimulations in children. Compared to children, the
response rates of adults were 100% under 131 and 126 dB
SPL acoustic stimulations. Based upon these results, 121 and
126 dB SPL were regarded as the appropriate initial acoustic
stimulation intensity for VEMPs test in children and adults,
respectively. This indicated that VEMPs stimuli for children
may not need to be presented adopting adults stimulation levels.
As reported by Rodriguez et al., children receive around 3 dB
higher peak equivalent SPL in the ear in response to acoustic
stimulation due to the smaller equivalent ear canal volumes
(ECV) of children compared to adults. Therefore, a 120 dB
SPL acoustic stimulation intensity is recommended for VEMPs
test in children with ECV below 0.8 cm, which is similar to
our results (20). In addition, we also found the amplitude
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p cVEMP p
Children Adults
0.007 2145 +1.58 2497 +1.87 <0.0001
0.288 14.96 +1.08 17.15 +1.94 <0.0001
0.752 6.52 +£1.00 7.82 +1.37 <0.0001
0.807 369.6 +177.9 279.5 +151.2 0.021
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significantly attenuated in both children and adults with the
reduction in acoustic stimulation intensity, indicating a close
relationship existed between acoustic stimulation intensity and
the amplitude (21). Interestingly, oVEMP showed significantly
prolonged nl and pl latencies with the decrease of acoustic
stimulation intensity not only in children but also in adults.
Taken together, our findings supported the notion that different
acoustic stimulation intensities had significantly impacts on the
nl latency, p1 latency, amplitude of oVEMP and the amplitude
of cVEMP in both children and adults.

On the other hand, we investigated the characteristics of
VEMPs induced by 131 dB SPL acoustic stimulation between
children and adults. Regarding oVEMP, since the conduction
velocity increased with age to compensate for increasing
brainstem circumference, Hsu et al. have demonstrated that
significant differences in oVEMP parameters were not found
between children and adults (22). Whereas, the current
data revealed that children had shorter oVEMP nl latencies
compared to adults. This needs to be further verified
through increasing the number of samples. Additionally,
our results showed that cVEMP pl and nl latencies were
significantly shorter in children under 131 dB SPL acoustic
stimulation compared to adults, which may be ascribed to
several factors consisting of VCR pathways development, neck
length and head size in children (23). We detected the
cVEMP amplitude for adults attenuated compared to that
for children, which is different from previous view (24, 25).
We speculated that different acoustic stimulation intensities
and the increased number of trials resulted in fatigue of the
sternocleidomastoid muscle.

Children may be at higher risk for noise-induced hearing
loss from sound exposure. Previous studies in animal models
demonstrated that young mice are more prone to neural
degeneration through the cochlear when exposed to high
acoustic stimulations compared to older mice (26). Though
there are no available human data, the corresponding findings
in mice made us aware of the importance of children’s acoustic
exposure from VEMPs stimulations. Apart from acoustic
stimulation intensity, VEMPs response depends on frequency,
rise/fall and plateau time and duration, and these parameters
can affect the total sound pressure level (SPL) delivered to
children’s ears in ACS-VEMPs test (27). This study is dedicated
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to investigating the characteristics of acoustic stimulation
intensity on ACS-VEMPs in healthy children. However, certain
populations with some disorders in clinical practice, including
tinnitus or hyperacusis, third-window phenomena and high
susceptibility to noise-induced hearing loss, should also be taken
into consideration to avoid potential acoustic trauma in VEMPs
test (28). We could collect medical history, make hearing test
and vestibular function examinations and do imaging test to
exclude those diseases. Moreover, in this article, there are some
limitations we should take into consideration. Since the children
coordination is worse that of adults during VEMPs test, the
sample size of children and age ranges were small, and EMG
monitoring was not completed. Therefore, clinicians must be
mindful of all factors associated with potential acoustic trauma,
and further studies are needed to search for an appropriate
acoustic stimulation intensity protocol to minimize the risk of
unsafe sound exposure during VEMPs test in children.

Conclusion

Findings from the study showed significant differences in
the response rate and amplitude in VEMPs in both children
and adults when stimulated by different acoustic stimulation
intensities. We suggested that 121 and 126 dB SPL were
considered as the appropriate initial acoustic stimulation
intensity for VEMPs test in children and adults, respectively.
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