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Abstract 

Background The vestibular system can perceive sound at high intensity levels. The recording of vestibular evoked 
myogenic potentials (VEMPs) is one of the clinical techniques that capture the vestibular system when activated by 
sound. In healthy individuals, it has been demonstrated that VEMP thresholds are lower when using low-frequency 
stimuli, particularly 500 Hz tone burst. Aging affects frequency tuning, causing shift to higher frequencies.

Methods This study was cross-sectional, which included 80 normal healthy individuals. Each participant in the study 
were subjected to cervical vestibular evoked myogenic potential (cVEMP) testing using air and bone conduction as 
a mode of stimulation. The following cVEMP parameters were assessed: cVEMP inter-frequency peak amplitude ratio 
(FAR): the ratio of peak-to-peak amplitude between 500 Hz and 1000 Hz in the same ear (1000 Hz/500 Hz FPA). Also, 
rectified FAR is a method of normalizing the amplitude of the VEMP response to the degree of muscle contraction as 
determined by EMG.

Results There were differences among the 5 age groups that were statistically different regarding FAR and rFAR of 
cVEMP when using air and bone conduction stimuli.

Conclusion In this study, we provided age norms for frequency amplitude ratio (FAR) (1000/500 Hz) of cVEMP using 
AC and BC stimuli. Participants above the 50 years age group showed significantly larger FAR and rectified FAR than 
the younger age groups in both the cVEMP. Air and bone conduction stimuli yielded similar FAR results and can be 
both used in testing.
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Background
The vestibular system can perceive sound at high inten-
sity levels. The recording of vestibular evoked myogenic 
potentials (VEMPs) is one of the clinical techniques that 
capture the vestibular system when activated by sound 
[1]. There are two types of VEMP: cervical and ocular. 
The cervical type was first mentioned by Colebatch et al. 
[2]. Cervical VEMP (cVEMP) is recorded when the sac-
cule otolith organ is stimulated causing activation of the 

descending vestibulo-spinal pathways [3]. A response is 
recorded in form of a positive peak around 13 ms latency 
and a negative peak around 23 ms latency which is called 
the saccular reflex [4]. Ocular VEMP (oVEMP) is pro-
duced from the utricle otolith organ with the ascending 
vestibular pathways being activated. A negative peak at 
10 ms is the required response to confirm the contraction 
of inferior oblique muscle, which is the source of oVEMP 
response and the utricular reflex [5].

The VEMP test has been used to test clinically the oto-
liths organs, especially the saccule which is supplied by 
inferior branch of vestibular nerve. Non-identification 
of VEMP waves were found in several pathologies such 
as vestibular neuritis, idiopathic bilateral vestibulopathy, 
and Meniere’s disease.
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VEMP amplitude relation between both ears is rela-
tively symmetrical in normal persons [6]. Interaural 
amplitude asymmetry ratio (IAR) is affected in healthy 
individuals due to aging. Above the age of 60, threshold 
increases with amplitude reduction; also, response might 
be missing on one side. Below 60, the range of amplitude 
asymmetry ratios is less than 35% [7].

The results of Kumar et al. [8] found that, when com-
pared to young and middle-aged individuals, there is a 
considerable difference in latency and amplitude in older 
adults. Hence, age should be considered while interpret-
ing VEMP results. In Egypt, a study done on the Egyptian 
population by Shabana et  al. [9] confirms a large age-
related elevation in cVEMP thresholds and a consider-
able prolongation of P13 latencies.

For VEMP generated by air conduction (AC), the typi-
cal preferred stimulus frequency ranges from 500 to 1000 
Hz [10]. However, with bone conduction (BC) stimula-
tion, VEMP thresholds are obtained at a hearing level 
that is approximately 30–40 dB lower than that obtained 
with AC stimulation [11].

It has been proven that VEMP responses are more 
responsive to low frequencies in normal subjects, 
whereas compared to other frequencies, a 500-Hz tone 
burst can elicit greater amplitudes, lower thresholds, 
and a higher response rate for both oVEMP and cVEMP. 
Aging affects frequency tuning, causing shift to higher 
frequencies [12].

The elevated impedance caused by endolymphatic 
hydrops (EH) is one hypothesis that suggests a potential 
explanation for the frequency specificity of VEMP [13]. 
The elevation in frequency specificity could be explained 
by the possibility that EH makes the inner ear more rigid 
and, as a result, reduces low-frequency transmission. 
This effect explains why persons with Meniere’s disease 
have a reduced sensitivity at 500 Hz. But one must pro-
ceed with caution because it is known that healthy aging 
results in similar frequency shifts [14].

Rectified (FAR) is a technique for adjusting the VEMP 
response’s amplitude to the EMG-measured intensity of 
muscular contraction. This is done to take into account 
any asymmetry in the strength of the sternocleidomas-
toid muscle contraction on one side compared to the 
other, which may affect how much of an amplitude differ-
ence there is between the two sides. cVEMP amplitude is 
significantly influenced by muscle contraction [15]. It is 
challenging to evaluate and compare studies that did not 
adjust cVEMPs for muscular contraction since they infre-
quently assess muscle contractions between groups.

Rationale
It has been established that Meniere’s disease alters 
cVEMP’s frequency response. Therefore, while assessing 

frequency tuning, age norms are necessary. To the best 
of our knowledge, no research has been done in Egypt 
to establish normative values for the cVEMP’s frequency 
amplitude tuning properties across age ranges.

Aim of the study
The purpose of the study is to evaluate cVEMP charac-
teristics and the inter-frequency amplitude ratio as they 
relate to aging (frequency tuning), using 500 and 1000 Hz 
and using air and bone conduction stimuli (i.e., to obtain 
age-related normative data), as well as to show if there 
was any difference in frequency tuning between air and 
bone conduction of cVEMP.

Methods
Subjects
This study was a cross-sectional type that included 80 
normal healthy individuals without medical history of 
any diseases and not complaining of any ear, hearing, or 
balance problems. They were collected from those per-
forming the preoccupation assessment at the audiology 
clinic, and healthy relatives of patients, and volunteers 
from medical personnel in the clinic, after taking their 
consent for participation in the study. The research was 
ethically approved by the University Research Ethics 
committee.

Inclusion criteria:
Normal healthy young and older adult individuals of 

both genders were divided into different age groups: 
20–29 years, 30–39 years, 40–49 years, 50–59 years, and 
≥ 60 years.

Exclusion criteria:

• Conductive hearing loss
• Facial anomalies, 3rd nerve palsy
• Neck problems hindering the testing (e.g., absence of 

one or both sternocleidomastoid muscles)
• Patients with other peripheral or central vestibular 

disorder
• Patients with other neurological, psychiatric, or sig-

nificant medical disorders

Methods
The following procedures will be carried out on study 
participants.

1) Full history taking
2) Otoscopic examination for both ears
3) Basic audiologic evaluation [16]

a) Pure tone audiometry
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• Pure-tone air conduction thresholds obtained 
from 250 Hz to 8 kHz, and

• Pure-tone bone conduction thresholds will be 
obtained at 500 Hz, 1 kHz, 2 kHz, and 4 kHz.

b) Speech audiometry including the following: speech 
recognition threshold, word recognition score using 
Arabic words [17]

c) Tympanometry using the conventional 226-Hz probe 
tone and acoustic reflex threshold testing

4) Cervical vestibular evoked myogenic potential 
(cVEMP) testing, using special equipment:

• Electrode montage

After cleaning the skin with a gel, the active (non-
inverting) (positive) electrode was placed on the mid-
dle of the sternocleidomastoid (SCM) muscle, followed 
by the inverting (reference) (negative) electrode on the 
upper part of the sternum (suprasternal notch), and the 
ground electrode was placed on the forehead. Less than 
5 KOhms of electrode impedance were maintained. The 
subjects were advised to tighten the muscle by tuck-
ing their chins over to the opposite shoulder during 
runs of acoustic stimulation and to relax between the 
runs to prevent fatigue, throughout the test, which was 
conducted with them sitting erect. For low noise lev-
els during cVEMP recordings, the rectified EMG was 
measured.

• Stimulus and recording parameters

Stimuli were tone bursts at two different frequencies 
(500 Hz and 1000 Hz) will be used. Air-conducted stimuli 
using ER-3A insert earphones and bone-conducted stim-
uli using clinical bone vibrator (B71) will be used, with 
rise time 1  ms, fall time 1  ms, and plateau 2 ms dura-
tion, presented monaurally at intensity of 100 dBnHL 
for AC and 60 dBnHL for BC. Stimulus rate was 5 Hz. 
A 30–2000 Hz filter was used to get at least 60 sweeps. 
The analytical window had a 50-ms time limit. To assure 
repeatability, averaged signals were acquired twice. P13-
N23 biphasic response presence or absence was used to 
determine whether VEMP responses were present or 
absent. The cVEMP parameters that were assessed are as 
follows:

• Inter-aural amplitude asymmetry (difference) ratio 
at 500 Hz, latencies of P13, N23, and P13-N23 peak 
amplitude

• Inter-aural amplitude asymmetry (difference) ratio 
at 1000 Hz, latencies of P13, N23, and P13-N23 peak 
amplitude

• Calculating the cVEMP inter-frequency peak ampli-
tude ratio (FAR): the ratio of peak amplitude between 
500  Hz and 1000  Hz in the same ear (1000  Hz/500 
Hz FPA)

• Equipment

1. Sound insulated cabin (Ampisilence E)
2. Audiometer: Itera II (Madsen Corporation, USA), 

calibrated according ISO standards. TDH 39 and 
bone vibrator radio-ear B71 were used

3. Tympanometer: Zodiac 901 (Madsen Corporation, 
USA), calibrated according ISO standards

4. Evoked potentials system: Neuro-Audio v10.1 (Neu-
rosoft Ltd, Russia)

Statistical analysis methods and technique
The SPSS version 21 data analysis software will be used. 
Quantitative data will be provided as mean, standard 
deviation, median, and interquartile range, while qualita-
tive data will be presented as numbers and percentages. 
Significant results will be determined using both para-
metric and nonparametric tests (chi-square, Student t 
test and McNemar test). The threshold for significance 
was fixed at p = 0.05 or less.

Sampling technique
Convenient sample of patients coming to hospital with 
the inclusion and exclusion criteria will be assigned to 
the study, till reaching total sample size calculated.

Sample size
We used the clinical sample size calculator for analytical 
study, with a 0.05 alpha error and power of the study 0.80. 
To calculate the minimal sample size needed to detect the 
effect of age and stimulus type on the frequency tuning 
and amplitude asymmetry ratio of the cervical vestibular 
evoked myogenic potentials, according to the literature, 
for patients aged 18 to 65 years old, the P1 and N1 laten-
cies mean values were 6.63 ± 2.88 ms in younger patients 
and 9.67 ± 3.15 ms in older patients (19). The sample size 
calculated is 80 patients.

Results
The study included 80 normal healthy adult individuals: 
40 of them were males and 40 were females, with a mean 
age of 44.65 years ± 15.97 (ranging from 20 to 85 years). 
Subjects were grouped into 5 groups according to age:
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• Group 1: 16 individuals, whose age ranged from 
20–29 years

• Group 2: 16 individuals, whose age ranged from 
30–39 years

• Group 3: 16 individuals, whose age ranged from 
40–49 years

• Group 4: 16 individuals, whose age ranged from 
50–59 years

• Group 5: 16 individuals, whose age was ≥ 60 years

All study participants exhibited auditory reflex thresholds 
that were within normal limits and bilateral type (A) curve 
tympanograms that showed normal middle ear pressure. 
The research groups’ means (X), standard deviations (S.D), 
and ranges of ages (in years) are shown in Table 1. The gen-
der distribution of the study groups is shown in Table  2. 
Regarding gender distribution, there was no statistically 
significant difference (p > 0.05) between them. In group 5, 
only 5/16 subjects were above 70 years. The distribution of 
cVEMP response above 70 years is shown in Fig. 3.

There were differences among the study groups regard-
ing the response rates of cVEMP air conduction at 
500  Hz and 1000 Hz in both ears that were statistically 
significant. All participants in groups 1, 2, and 3 had a 
cVEMP response compared to others in group 4 and 
group 5. Figure 1 shows the cVEMP air conduction (AC) 
traces at 1000 Hz and 500 Hz in the five age groups.

Regarding the response rates of cVEMP bone con-
duction at 500  Hz, there were no detectable significant 
changes between the study groups. However, a differ-
ence that was statistically significant was present among 
the study groups regarding the response rates of cVEMP 
bone conduction at 1000  Hz, where all participants 
in groups 1, 2, and 3 had present cVEMP response at 
1000 Hz, compared to others in group 4 and group 5. Fig-
ure 2 shows the cVEMP bone conduction (BC) traces at 
1000 Hz and 500 Hz in the five age groups.

Regarding FAR and rFAR of cVEMP air, there were sta-
tistically significant differences among the five age groups 
(Table 3).

Regarding FAR and rFAR of cVEMP bone, there were 
statistically significant differences across the five age 
groups (Table 4).

Age and all air conduction cVEMP metrics correlated 
with statistical significance (p < 0.05) at 500 and 1000 Hz 
in both ears of the study participants except between 
age and the amplitude and the rectified amplitude in 
both ears at 1000 Hz. The significant correlation was an 
inverse correlation regarding amplitude (Table 5).

There was a statistically significant (p < 0.05) correlation 
between age and all bone conduction cVEMP parameters 
at 500 and 1000 Hz in both ears of the study participants 
except between age and the amplitude of right ear at 
1000  Hz and age and the right FAR and rFAR. The sig-
nificant correlation was an inverse correlation regarding 
amplitude (Table 6).

Discussion
There were 80 healthy, normal adult participants in this 
study—40 men and 40 women. According to age, the 
participants were split into 5 groups, each with 16 mem-
bers: Group 1 (20–29 years), group 2 (30–39 years), 
group 3 (40–49 years), group 4 (50–59 years), and group 
5 (> 60 years). All study participants exhibited auditory 
reflex thresholds that were within normal limits and 
bilateral type (A) curve tympanograms that showed nor-
mal middle ear pressure. The purpose of this study was 
to evaluate cVEMP parameter changes caused by aging, 
especially inter-frequency amplitude ratio (frequency 
tuning), using 500 and 1000  Hz and using air and bone 
conduction stimuli (i.e., to obtain age -related normative 
data) and to show if there was any difference in frequency 
tuning between air and bone conduction of VEMP.

Table 1 Mean (X), standard deviation (S.D), and age range in 
years of the study groups

Age

Mean SD Min. Max.

Gr. 1: 20–29 years 23.31 2.60 20 29

Gr. 2: 30–39 years 35.44 2.97 31 39

Gr. 3: 40–49 years 43.88 2.75 40 48

Gr. 4: 50–59 years 52.06 2.69 50 59

Gr. 5: > 60 years 68.56 8.16 60 85

Table 2 Distribution of gender in the study groups

X2 = 5.5

p = 0.2397

There was no statistically significant difference (p > 0.05) among them regarding 
gender distribution

Age group Female Male Total

Gr. 1: 20–29 years No. 7 9 16
% 43.70% 56.20% 20%

Gr. 2: 30–39 years No. 12 4 16
% 75.00% 25.00% 20%

Gr. 3: 40–49 years No. 8 8 16
% 50.00% 50.00% 20%

Gr. 4: 50–59 years No. 6 10 16
% 37.50% 62.50% 20%

Gr. 5: > 60 years No. 7 9 16
% 43.70% 56.20% 20%

Total No. 40 40 80
% 50% 50.00% 100%
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Fig. 1 cVEMP air conduction (AC) traces at 1000 Hz and 500 Hz in the 5 age groups
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Fig. 2 cVEMP bone conduction (BC) traces at 1000 Hz and 500 Hz in the 5 age groups. In group 5, only 5/16 subjects were above 70 years. The 
distribution of cVEMP response above 70 years is shown in Fig. 3
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In the current study, the absence of VEMP response 
was found mainly in participants above 50 years old and 
was more obvious in participants more than 60 years old, 
including those > 70 age years old: above 70 years showed 
40%, 60%, 80%, and 80% of cVEMP losses for AC at 
500 Hz, 1000 Hz, and BC at 500 Hz and 1000 Hz respec-
tively (Fig.  3). So, we cannot depend on cVEMP results 
for diagnoses in elderly population.

Up until the age of 50–60, a healthy persons’ cVEMP 
response is stable [18]. The cVEMP response begins 
to decline at the age of 60, when thresholds rise and 
amplitudes fall [19]. The cVEMP amplitude in particu-
lar is thought to be a sensitive indicator for aging of the 
vestibular organs.

The five vestibular organs contain only type I and 
type II hair cells. In individuals with age above 85 years, 

most research documented a decrease in the total den-
sity and number of those two types of cells [20]. Also, 
otoconia decrease in number and volume.

Additionally, Scarpa’s ganglion’s number of ganglion 
cells begins to drop at the age of 30 [21]. The vestibular 
nerve does not show a change in the number of fibers; 
however, it starts showing amyloid bodies (pathologic 
protein aggregates) which affects the nerve’s thickness.

In this study, cVEMP air and bone conduction were 
more commonly elicited at 500  Hz than at 1000  Hz. 
cVEMPs at 500 Hz were elicited in 72 (90%) and 75 (94%) 
using air and bone conduction, respectively, in compari-
son to 71 (89%) and 65 (82%) at 1000  Hz using air and 
bone conduction respectively.

Table 3 Comparison among the 5 studied groups regarding 
frequency amplitude ratio (FAR) of cVEMP air conduction

* Statistical significant difference

There were significant differences among the 5 age groups regarding FAR and r 
FAR of right cVEMP air

RT cVEMP air conduction FAR

Study group FAR
1000/500 Hz

r FAR
1000/500 Hz

Gr 1: 20–29 years Mean 0.66 0.71
SD 0.18 0.23
Min 0.433 0.421
Max 0.959 1.25
95% CI 0.56–0.75 0.59–0.83

Gr 2: 30–39 years Mean 0.71 0.65
SD 0.24 0.22
Min 0.22 0.27
Max 0.96 1
95% CI 0.58–0.84 0.53–0.77

Gr 3: 40–49 years Mean 0.67 0.67
SD 0.2 0.22
Min 0.41 0.35
Max 0.97 1.09
95% CI 0.57–0.78 0.56–0.79

Gr 4: 50–59 years Mean 0.96 1.03
SD 0.15 0.24
Min 0.64 0.71
Max 1.12 1.56
95% CI 0.86–1.05 0.88–1.18

Gr 5: > 60 years Mean 0.89 0.86
SD 0.26 0.25
Min 0.446 0.6
Max 1.23 1.43
95% CI 0.69–1.09 0.67–1.06

F 5.515 6.212
P 0.001* 0.001*

Table 4 Comparison among the 5 studied groups regarding 
frequency amplitude ratio (FAR) of cVEMP bone conduction

* Statistical significant difference

There were significant differences among the 5 age groups regarding FAR and r 
FAR of right cVEMP bone conduction

RT cVEMP bone conduction FAR

Study group FAR
1000/500 Hz

r FAR
1000/500 Hz

Gr 1: 20–29 years Mean 0.54 0.64
SD 0.19 0.24
Min 0.292 0.368
Max 0.92 1.13
95% CI 0.44–0.65 0.52–0.77

Gr 2: 30–39 years Mean 0.77 0.68
SD 0.39 0.35
Min 0.32 0.35
Max 1.98 1.8
95% CI 0.55–0.98 0.49–0.88

Gr 3: 40–49 years Mean 0.56 0.59
SD 0.18 0.22
Min 0.32 0.30
Max 0.95 1.13
95% CI 0.46–0.65 0.47–0.70

Gr 4: 50–59 years Mean 0.85 0.98
SD 0.25 0.41
Min 0.48 0.33
Max 1.12 1.50
95% CI 0.68–1.02 0.71–1.26

Gr 5: > 60 years Mean 0.59 0.58
SD 0.25 0.20
Min 0.311 0.375
Max 0.976 0.833
95% CI 0.32–0.85 0.37–0.79

F 3.505 3.487
P 0.012* 0.013*
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Based on the results of this work, 500 Hz is the best stim-
ulation frequency for the cVEMP, which was in accordance 
with Fu et al. [22]. The majority of participants still had the 
best frequency at 500 Hz, even if only a small number of 
middle-aged people demonstrated that 1000 Hz was the 
ideal frequency.

VEMP parameters differences among the studied groups 
(correlation with age)
Frequency amplitude ratio (FAR) of cVEMP using AC and BC 
stimuli
Other researchers showed that tone bursts were more 
effective than clicks at generating both cVEMPs and 
oVEMPs [23, 24]. Response to AC tone bursts between 
500 and 1000 Hz resulted in the highest recorded val-
ues of the cVEMP and oVEMP amplitudes [25–28]. Five 
hundred and 1000 Hz were the ideal frequencies that 
produced the highest cVEMP amplitudes [29].

In this study, the norms for frequency amplitude ratio 
(1000/500  Hz) of cVEMP using AC and BC stimuli in 

different age groups were provided. Between the right 
and left ears, there were no statistically significant dif-
ferences, regarding the FAR or rectified FAR cVEMP, 
using either AC or BC stimuli in all groups of the study 
(p > 0.05), so the right ear values are provided here.

cVEMP—FAR

• AC

In the current study, the rectified FAR of cVEMP using 
AC stimuli increased with age: the normal subjects’ rFAR 
values range varied from about 0.59 to 0.83 for subjects 
from 20 to 29 years of age, 0.53 to 0.77 for 30 to 39 years, 
0.56 to 0.79 for 40 to 49 years, 0.88 to 1.18 for 50 to 59 
years, and 0.67 to 1.06 for normal subjects > 60 years 
(Table 3).

• Effect of age on cVEMP air conduction FAR

Table 5 Correlation coefficient (r) between age and air 
conduction cVEMP parameters at 500 and 1000 Hz in the right 
and left ears of the study participants

* Statistical significant difference

There was a statistically significant (p < 0.05) correlation between age and all air 
conduction cVEMP parameters at 500 and 1000 Hz in the both ears of the study 
participants except between age and the amplitude and the rectified amplitude 
in both ears at 1000 Hz. The significant correlation was an inverse correlation 
regarding amplitude

c VEMP air conduction Age

r p

Right 500 Hz Latency (ms) P1 0.493 0.000*
N1 0.499 0.000*

Amplitude (uv) P1-N1 − 0.278 0.019*
r P1-N1 − 0.333 0.005*

1000 Hz Latency (ms) P1 0.383 0.000*
N1 0.459 0.000*

Amplitude (uv) P1-N1 0.020 0.868
r P1N1 − 0.114 0.348

FAR 1000/500 Hz 0.377 0.002*
rect FAR 1000/500 Hz 0.333 0.006*

Left 500 Hz Latency (ms) P1 0.437 0.000*
N1 0.293 0.013*

Amplitude (uv) P1-N1 − 0.413 0.000*
rP1-N1 − 0.406 0.000*

1000 Hz Latency (ms) P1 0.290 0.015*
N1 0.208 0.083

Amplitude (uv) P1-N1 − 0.015 0.904
rP1-N1 − 0.138 0.254

FAR 1000/500 Hz 0.489 0.000*
rect FAR 1000/500 Hz 0.285 0.018*

Table 6 Correlation coefficient (r) between age and bone 
conduction cVEMP parameters at 500 and 1000 Hz in the right 
and left ears of the study participants

* Statistical significant difference

There was a statistically significant (p < 0.05) correlation between age and 
all bone conduction cVEMP parameters at 500 and 1000 Hz in both ears of 
the study participants except between age and the amplitude of right ear at 
1000 Hz and age and the right FAR and rFAR. The significant correlation was an 
inverse correlation regarding amplitude

c VEMP bone conduction Age

r p

Right 500 Hz Latency (ms) P1 0.571 0.000*
N1 0.517 0.000*

Amplitude (uv) P1-N1 − 0.374 0.001*
r P1-N1 − 0.460 0.000*

1000 Hz Latency (ms) P1 0.417 0.000*
N1 0.366 0.003*

Amplitude (uv) P1-N1 − 0.185 0.136
r P1N1 − 0.440 0.000*

FAR 1000/500 Hz 0.118 0.354
rect FAR 1000/500 Hz 0.094 0.458

Left 500 Hz Latency (ms) P1 0.488 0.000*
N1 0.4000 0.000*

Amplitude (uv) P1-N1 − 0.417 0.000*
rP1-N1 − 0.555 0.000*

1000 Hz Latency (ms) P1 0.357 0.003*
N1 0.331 0.007*

Amplitude (uv) P1-N1 − 0.323 0.009*
rP1-N1 − 0.393 0.001*

FAR 1000/500 Hz 0.281 0.025*
rect FAR 1000/500 Hz 0.306 0.014*
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Participants in the 50–59 years age group had a signifi-
cantly higher mean of FAR and rectified FAR than those 
in the 20–29 years age group (Fig. 4). As age increased, 
FAR and rectified FAR of cVEMP air conduction in both 
ears significantly increased (Table 5).

In agreement with this study, Piker et  al. [12] discov-
ered that older people’s cVEMP tuning switched to 
higher frequencies causing that FAR seemed to be higher 
among the elderly. They came to the conclusion that, 

depending on the age group, the optimal frequency to 
trigger VEMPs may not be 500 Hz.

Asian participants’ responses to tone burst frequencies 
of 250, 500, 1000, and 1500 Hz on cVEMP waveforms 
were examined by Fu et  al. [22]. The optimal frequency 
for cVEMP was 500 Hz. Todd et al. [30] found the largest 
cVEMP responses were produced by air conduction tone 
burst stimuli between 400 and 800 Hz and observed sac-
cular resonance at 600 Hz.

Fig. 3 The distribution of cVEMP AC and BC response, at 500 and 1000 Hz, above 70 years

Fig. 4 cVEMP air conduction FAR and r FAR of the right and left ears of the 5 age groups in this study. There were no statistically significant 
differences between the right and left ears cVEMP air conduction FAR or rectified FAR of the any of the 5 age groups in this study (p > 0.05)
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• BC

In the current study, the rectified FAR of cVEMP using 
BC stimuli increased with age: the normal subjects’ FAR 
values range varied from about 0.52 to 0.77 for subjects 
from 20 to29 years of age, 0.49to 0.88 for 30 to 39 years, 
0.46 to 0.65 for 40 to 49 years, 0.47 to 0.70 for 50 to 59 
years, and 0.71 to 1.26 for normal subjects > 60 years 
(Table 4).

• Effect of age on cVEMP bone conduction FAR

Participants from (50 to 59 years of age) showed sig-
nificantly larger rectified FAR than participants from (20 
to 39 years of age) (Fig.  5). And as age increased, FAR 
and rectified FAR cVEMP bone conduction in both ears 
increased (Table 6).

According to Miyamoto et  al. [31], healthy subjects’ 
optimal BC cVEMP frequencies are in the range of 250 
Hz. The response was highest for stimulus frequencies of 
200 to 400 Hz, according to Sheykholeslami et al. [32].

• AC- versus BC- cVEMP FAR

In any of the five study groups, there were no statisti-
cally significant variations in the air and bone conduction 
FAR of cVEMP in either ear.

Using frequencies ranging from 250 to 2000 Hz, Wel-
gampola et  al. [33] demonstrated the frequency tuning 
capabilities of cVEMP in both air and bone conduction. 

The tuning curve for air conducted tones had peaks 
between 500 and 1000 Hz and a sharp decline at 250 Hz. 
In contrast, the maximum amplitudes of bone conducted 
VEMP occurred at 250 Hz.

At higher frequencies, the otolithic membrane attenu-
ates hair bundle displacement and functions as a low-pass 
filter. Extrastriolar hair cells capture phase information 
from stimuli at frequencies lower than 100 Hz, which 
enhances the VEMP response more than information 
obtained from stimuli at higher frequencies (as high as 
1 kHz). Additionally, at lower frequencies compared to 
higher frequencies, the VEMP response more closely 
resembles the stimulus carrier [30].

The response of VEMP to frequencies differently has 
been used in research, particularly using 500/1000 Hz 
amplitude ratio in identifying Meniere’s disease [34]. 
They noted that (1) a rise in this ratio indicated an 
increase in the saccule’s sensitivity to 500 Hz, and (2) a 
drop in this ratio indicated an increase in the saccule’s 
sensitivity to 1000 Hz. Due to the increased sensitivity 
of VEMP to higher frequencies in affected MD patients 
compared to unaffected controls, we could use this ratio 
to distinguish between them.

However, we should put in mind that aging also affects 
frequency sensitivity of VEMP (Piker et  al., 2013), and 
aging should be accounted for in further studies.

Additionally, Piker et al. [12] found evidence of a pos-
sible association between age group and frequency 
response for the cVEMP, suggesting that older per-
sons may tune less accurately. Dudman [35] observed a 

Fig. 5 cVEMP bone conduction FAR and r FAR of the right and left ears of the 5 age groups in this study. There were no statistically significant 
differences between the right and left ears cVEMP bone conduction FAR or rectified FAR of the any of the 5 age groups in this study (p > 0.05)
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decrease in susceptibility to 500 Hz tone bursts in aged 
individuals. Atabek [36] found that in the group of older 
people, the 1000 Hz tone burst stimulus elicited the larg-
est cVEMP amplitude in comparison to both 500 Hz and 
750 Hz, even if there were not yet statistically significant 
differences.

Decreased sensitivity and reactivity of the degenerat-
ing high-frequency responsive otolith afferents are more 
directly responsible for the decline in peripheral vestibu-
lar function than simply hair cell aging [37]. The vestibu-
lar ganglion cells and their neurons, along with the big, 
myelinated fibers, are the sites where majority of the age-
related alterations take place.

Conclusion

1. The rate VEMP response loss was different across 
different age groups. Thus, interpretation of VEMP 
should be supplemented by each lab’s normative 
data.

2. In the elderly population, VEMP results may not be 
so helpful in diagnoses because of high VEMP loss 
rate.

3. cVEMP is more commonly elicited at 500 Hz than at 
1000 Hz, using either air or bone conductions.

4. Using bone conduction cVEMP at 1000 Hz is more 
commonly elicited.

5. Participants above the 50 years age group showed 
significantly larger FAR and rectified FAR than the 
younger age groups in both of cVEMP’s modes of 
stimulation.

Recommendation
Age should be accounted for when using cVEMP. Fur-
ther studies should be considered for oVEMP testing. 
Also, significant evidence for use of frequency tuning in 
Meniere’s disease was reported; this should be further 
investigated.
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