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Objective: To compare ocular vestibular evoked myogenic poten-
tials (oVEMPs) obtained with three different electrode montages
(infra-orbital vs belly-tendon vs chin) in a group of healthy sub-
jects. To assess the electrical activity recorded at the level of the
reference electrode in the belly-tendon and chin montages.
Study Design: Prospective study.
Setting: Tertiary referral center.
Patients: Twenty-five healthy adult volunteers.
Intervention(s): Each ear was tested separately via air-conducted
sound (500 Hz Narrow Band CE-Chirps at 100 dB nHL) for re-
cording contralateral myogenic responses. Recording conditions
were randomized.
Main Outcome Measure(s): n1-p1 amplitudes values, interaural
amplitude asymmetry ratios (ARs) and response rates.
Results: The belly-tendon electrode montage (BTEM) produced
larger amplitudes than the chin ( p = 0.008) and the IOEM (infra-
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orbital electrode montage; p < 0.001). The chin montage displayed
larger amplitudes than the IOEM (p < 0.001). The interaural ampli-
tude asymmetry ratios (ARs) were not affected by the different
electrode montages ( p = 0.549). In 100% of cases, oVEMPs were
detected bilaterally with the BTEM which is higher than with the
chin and the IOEM (p < 0.001; p = 0.020, respectively). We did
not record anyVEMPwhen placing the active electrode on the con-
tralateral internal canthus or the chin and the reference electrode on
the dorsum of the hand.
Conclusions: The BTEM increased the amplitudes recorded and
response rate in healthy subjects. No positive or negative reference
contamination was observed with the belly-tendon or chin montages.
Key Words: Belly-tendon—Electrode montage—Air conduction—
electrode montage—Narrow band CE-chirp—Ocular vestibular
evoked myogenic potential.
Otol Neurotol 44:e412–e418, 2023.
INTRODUCTION

Vestibular evoked myogenic potentials (VEMPs) are used
to assess otolithic organs and otolith-mediated pathways (1,2).
Cervical VEMPs (cVEMPs) are myogenic reflexes of
saccular origin (3,4). They are best recorded by a belly-tendon
electrode montage (BTEM) on the ipsilateral sternocleido-
mastoid muscle (5). Ocular vestibular-evoked myogenic
potentials (oVEMPs) assess the utricle and the superior
vestibular nerve (6). The activated response originates from
the contralateral inferior oblique muscle when the individ-
ual looks upward (7). The infraorbital electrode montage
(IOEM) has been the most described and remains the “gold
standard” for recording oVEMPs (2,8). This setup has ma-
jor limitations such as low recorded amplitudes and a high
rate of absent responses in healthy subjects (9,10). Other
promising electrode montages as the chin and the
belly-tendon (BT) have been reported and could improve
the registration of oVEMPs (11,12). The aims of this study
were to compare the n1-p1 amplitudes values, interaural
amplitude asymmetry ratios (ARs) and response rates ob-
tained in oVEMPs with these three electrode montages
(IOEM vs BTEM vs chin) in a group of healthy subjects.
A secondary objective was to evaluate the electrical activity
recorded at the level of the reference electrode in the BT
and chin montages.
ology & Neurotology, Inc.
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METHODS

Subjects
A group of 25 healthy volunteers with no otologic or

neurologic disorder were included in this prospective study
(13 men, 12 women; median age = 22 years, Q1–
Q3 = 21–28 years, range = 18–44 years). Exclusion criteria
were identified by means of anamnesis and a series of pre-tests
whose calibration was checked before the start of the study
(Table 1): micro-otoscopy (Zeiss OPMI Pico, Germany),
tympanometry at 226Hz (GSI Tympstar Grason-stadler, Eden
Prairie, MN, USA), air and bone-conducted pure-tone liminar
audiometry with a TDH 39 headphone and B71 bone vibrator
(Equinox, Interacoustics, Middelfart, Denmark), speech audi-
ometry with French Fournier’s disyllabic word lists (Equinox,
Interacoustics, Middelfart, Denmark). The last two exami-
nations were performed in a sound-treated audiometric test
booth (Boët Stopson, Villeneuve d’Ascq, France).

Recording Procedure of oVEMPs
Participants were seated in a height-adjustable chair in a

soundproof and faradized booth (BERA, Boët StopSon,
Villeneuve d’Ascq, France). While releasing tension in the
face, they were instructed to maintain focus on a bright red
target on the opposite wall, 2 m away in order to prevent ac-
commodation during the recording procedure. The visual
target formed an upward angle of 30 degrees with a horizon-
tal plane corresponding to the rest position of the eyes. The
option to adjust the height of the chair makes it possible to
maintain the angle constant despite the different sizes of
the individuals. Skin was prepared (Nuprep Skin Prep Gel,
Weaver and Compagny, Colorado, USA and Ether®) and sur-
face electrodes were used (133 Foam Electrodes, Covidien™,
MA, USA). Three electrode montages have been consecu-
tively assessed (Fig. 1). In the IOEM, the active electrode
was placed on the orbital margin under the center of the eye
and the reference electrode 2 cm beneath the active electrode
(8). In the chin montage, the active electrode was located at
the same place as for the IOEM and the reference electrode
was on the chin (11). For the BTEM, the active electrode
was located 1 cm under the free edge of the inferior eyelid
contralateral to the stimulation, slightly shifted outward
when compared with the middle of the eye. In this way,
the electrode was placed close to the inferior oblique muscle
on the skin. The reference electrode was placed in the inter-
nal canthus (12). For each modality, the ground electrode
TABLE 1. Exclu

Exclusion Criteria

Conductive or mixed hearing loss R
Suspicion of retrocochlear pathology D
Asymmetric neurosensory hearing loss A

Previous otologic problems or balance problems
Previous oculomotor problems
Neurological or muscular pathology impairing myogenic responses
Type 1 or 2 diabetes mellitus
Taking ototoxic or myorelaxant medication
Age <18 years
was placed on the forehead. The oVEMPs responses were
measured contralateral to the stimulation ear. The electrode
impedance was kept below 5 kΩ and the interelectrode im-
pedance was below 3 kΩ. Insert earphones (INSERT 3 M
E-A-RTONE™ 3A, Minneapolis, USA) were put in each
ear. Men were asked to shave their beards before taking part
in the study. The recording of the myogenic response and the
sound delivery were carried out using the Eclipse EP25 mod-
ule (Interacoustics, Assens, Denmark) according to a proper
calibration based on the International Organization for
Standardization ISO 389-6. Each ear was tested separately
via air-conducted sound for recording contralateral myo-
genic responses. For each ear, sound stimuli generated were
Narrow Band CE-Chirps (NB CE-Chirps) at the intensity
level of 100 dB nHL (normalized hearing level; correspond-
ing to 125,5 dB peak SPL) at the frequency of 500 Hz. NB
CE-chirps were chosen because they showed larger ampli-
tudes values in oVEMPs and cVEMPS than Tone Bursts at
the frequency of 500 Hz on healthy subjects (14–18). The
duration of the NB CE-Chirps was 9 ms for 500 Hz (range
360–720 Hz). They were repeated 100 times for one acqui-
sition. For each subject, equivalent sound energy exposure
(LAeq) was calculated before the start of the study and was
equivalent to 130 dBA for 1 second (19,20). Based on the op-
timal parameters reported in the literature (1,2,21), a repetition
rate of 5.1/s with a rarefaction polarity and a band-pass filter
of 1 to 1,000 Hz were selected. Electrical activity was recorded
from 20ms before to 80ms following stimulus onset. For each
participant the initial tested ear as well as the order of the
recording montages were also randomized to exclude a fa-
tigue effect. Each recording procedure was repeated twice,
and the measured values were averaged. A response was
considered to be present only if a biphasic wave was iden-
tified at the expected latencies with a larger amplitude than
the recorded pre-stimulus noise. The participant was granted
1-minute rest between each recording.

The variables of interest were the peak-to-peak ampli-
tudes n1-p1 (μV) and the n1 and p1 latencies (ms) (Fig. 2).
Interaural amplitude asymmetry ratios (ARs) were com-
puted using the following formula: AR (%) = 100� [biggest
amplitude (μV) − smallest amplitude (μV)] / [biggest ampli-
tude (μV) + smallest amplitude (μV)] (21).

Finally, to determine whether the chin and the internal can-
thuswere electrically indifferent recording electrode sites, a sub-
group of 10 subjects (6 men, 4 women; median = 30.5 years,
Q1–Q3 = 21.5–36.5 years, range = 19–44 years) from the first
sion criteria

Definition of the Criteria

inne strictly higher than 10 dB on one of the tested frequencies
iscrepancy between speech audiometry and pure-tone audiometry
symmetry higher than 15 dB in comparison with the average frequencies
500–1,000–2,000 and 4,000 Hz (13)

Otology & Neurotology, Vol. 44, No. 6, 2023



FIG. 1. Description of the different electrode montages used for oVEMPs. Each myogenic response was recorded contralaterally to the sound
stimulation. NB CE-Chirps 500 Hz were delivered with inserts. (A) In the IOEM, the active electrode (AE) was placed on the orbital margin under
the center of the eye and the reference electrode (RE) 2 cm beneath the active electrode. (B) In the chin montage, the active electrode (AE) was
located at the same place as for the IOEM and the reference electrode (RE) was on the chin. (C) With the BTEM, the active electrode (AE) was
located 1 cmunder the free edge of the inferior eyelid slightly shifted outwardwhen comparedwith themiddle of the eye. The reference electrode
(RE) was placed in the internal canthus. The ground electrode (GE) was placed on the forehead for the three electrode montages. NB CE-Chirp
indicates Narrow band CE-Chirp; oVEMP, ocular vestibular evoked myogenic potential; IOEM, infra-orbital electrode montage; BTEM,
belly-tendon electrode montage.
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part of the studywas recruited. The active electrodewas succes-
sively placed on the chin and the internal canthus, and the
reference electrode was located on the dorsum of the hand
contralateral to stimulation ear (11,23). The ground elec-
trode was still on the forehead. It was asked to release the
hand during the recording. The running order was also ran-
domized. Stimulus and recording parameters were identical
to those used to record oVEMPs in the first part of the study.
To minimize noise exposure, this part of the research was
carried out at least 48 hours after the first investigation.

Statistical Analysis
We analyzed the peak-to-peak amplitudes n1-p1, the n1

and p1 latencies and the interaural asymmetry ratios. Con-
tinuous variables were described using means and standard
deviations or medians and interquartile ranges according to
the normality of parent distributions. Normality was assessed
using QQ plots and Shapiro-Wilk’s tests. Continuous vari-
ables were compared using non parametric procedures for
paired data (Friedman’s tests), with Dunn-Bonferroni
FIG. 2. Example of oVEMP waveforms recorded in a healthy volunteer w
and the left ear (blue) according to the electrode montage (IOEM, Chin m
oVEMP, ocular vestibular evoked myogenic potential; IOEM, infra-orbital e
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procedures for post hoc multiple comparisons. The rate of re-
sponses for the different electrodemontageswas compared by
a Cochran’s Q test and Bonferroni correction for multiple
comparisons. All tests were two-sided with an alpha error
level at 0.05. A p-value <0.05was considered significant. Sta-
tistical analyses were conducted using the software IBM®

SPSS® Statistics version 23.0 (IBM, Ehningen, Germany).

Ethics Approval Statement
Approval for any experiments was obtained from the in-

stitutional ethics committee (CCB: B4062020000247) and
written informed consent was obtained from all participants
for this study.

RESULTS

For the same electrode montage, left and right ears did not
demonstrate any statistical differences for n1-p1 amplitudes
and n1 and p1 latencies (p > 0.05, Friedman's test followed
by Dunn-Bonferroni). Consequently, the data obtained by
ith NB CE-chirp 500 Hz. Waveforms recorded for the right ear (red)
ontage and BTEM). NB CE-Chirp indicates Narrow band CE-Chirp;
lectrode montage; BTEM, belly-tendon electrode montage.



TABLE 2. Descriptive data of n1-p1 amplitude, n1 and p1 latencies and AR according to the electrode montage used with NB CE-chirp
500 Hz

Stimulus NB CE-Chirp 500 Hz

Electrode Montage IOEM Chin BTEM

n1-p1 amplitude (μV)
Median (Q1–Q3) 3.81 (1.77–7.48) 12.67 (6.55–22.72) 13.49 (6.62–23.75)
n1 latency (ms)
Median (Q1–Q3) 7.00 (6.67–8.17) 7.33 (7.00–8.08) 7.25 (7.00–8.00)
p1 latency (ms)
Median (Q1–Q3) 12.00 (11.33–13.17) 12.75 (11.71–13.62) 12.00 (11.33–12.83)
AR
Median (Q1–Q3) 32.71 (9.08–52.10) 20.64 (5.71–32.65) 18.21 (12.4–27.82)

AR, interaural asymmetry ratio; BTEM, belly-tendon electrodemontage; IOEM, infraorbital electrodemontage; NBCE-Chirp, narrow bandCE-Chirp; Q, quartile.
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both ears were pooled for each montage. The descriptive data
of the studied parameters are reported in Table 2.
N1-p1 amplitudes showed significant differences accord-

ing to the electrode assembly (p < 0.001, effect size = 0.833,
Friedman’s test). The BTEM produced larger amplitudes
(median = 13.49 μV) than the chin (median = 12.67 μV)
(p=0.008,Dunn-Bonferroni)and the IOEM(median=3.81μV)
(p < 0.001, Dunn-Bonferroni). The chin montage displayed
larger amplitudes than the IOEM (p < 0.001, Dunn-Bonferroni)
(Fig. 3(A)).
The electrode montage significantly affected n1 latencies

(p < 0.001, effect size = 0.219, Friedman’s test). They were
longer with the chin montage compared with the IOEM
(p = 0.002, Dunn-Bonferroni). There were no differences
between the BTEM and the IOEM (p = 0.335, Dunn-
Bonferroni) and between the BTEM and the chin montage
(p = 0.231, Dunn-Bonferroni) for n1 latencies (Fig. 3(B)).
P1 latencies were also influenced by the montage

(p = 0.001, effect size = 0.209, Friedman's test) with lon-
ger latencies for the chin montage in comparison with the
IOEM (p = 0.004, Dunn-Bonferroni) and the BTEM
(p = 0.004, Dunn-Bonferroni). There were no significant
p1 latencies differences between the BTEM and the IOEM
(p = 1.000, Dunn-Bonferroni) (Fig. 3(C)).
ARs did not change significantly according to the cho-

sen electrode montage (p = 0.549, Friedman's test).
Depending on the electrode assembly used, different re-

sponse rates were observed (p < 0.001, Cochran's Q test)
(Table 3). In 100% of cases, oVEMPs were detected bilat-
erally with the BTEM which is significantly higher than
with the chin and the IOEM (p < 0.001; p = 0.020, respec-
tively; Dunn-Bonferroni).
Finally, we did not record any VEMP after air-conducted

stimulation when placing the active electrode on the contra-
lateral internal canthus or the chin and the reference on the
dorsum of the hand.

DISCUSSION

oVEMPs are short latency myogenic reflexes that origi-
nate from the utricle (24). Because of their low amplitude
and the many surrounding periocular and facial muscles, it
is still difficult to record them and a high rate of absent re-
sponses is observed in healthy subjects (2,9,10,25). Improving
the recording of n1-p1 waves is essential to increase the ob-
server’s confidence in detecting peaks and allow better assess-
ment of utricular function. In this study, the BTEM showed
the largest n1-p1 amplitudes. We also observed larger ampli-
tudes with the chin montage than the IOEM. Several factors
could explain these results. First, reference contamination
has been reported with the IOEM (11,12,26). This setup is
described as highly selective for recording inferior oblique
muscle contraction and reducing ambient noise (2,8). How-
ever, because of the proximity of the electrodes in this bipo-
lar assembly, a large part of the myogenic response is regis-
tered by the reference and the active electrodes together,
which could cover up a large part of the signal and explain
the lower responses recorded (23,27). In the BTEM, it was
hypothesized that the larger amplitudes could come from a
positive reference contamination (23). Indeed, the internal
canthus could be a phase shifted electrical areawhere the sig-
nal would be in phase opposition with that produced by the
contraction of the inferior oblique muscle, improving the
amplitude of the recorded curves. This phase opposition
would originate from an activation of another oculomotor
muscle (the internal rectusmuscle for instance) or from a sta-
tionary wave’s phenomenon at the level of the tendon of the
inferior oblique muscle (12,23,28,29). The BTEM could
also be free of reference contamination and the internal can-
thus could be an electrically neutral area (11,12,23,26). Fi-
nally, moving the active electrode slightly outwards as with
the BTEM would allow larger amplitudes to be recorded.
In this way, the active electrode would then be better placed
in front of the inferior oblique muscle (12,26). However, in-
volvement of the external rectus muscle is not excluded (28).

In the chin montage, the reference electrode is located
away from the oculomotor muscles and therefore from the
vestibulo-ocular reflex (VOR) (11). This assembly would
then allow not to have negative reference contamination
but would increase the risk of contamination of the signal
by the surrounding noise due to the significant distance that
separates the active and reference electrodes as observed in
our study (12,30). This would explain the better amplitudes
obtained with the chin montage than with the IOEM but
lower in comparison with the BTEM.We actually observed
more artefactual curves with the chin assembly. Lastly, the
chin montage requires shaving the beard which can be dis-
ruptive for many men. To better understand the electrical
Otology & Neurotology, Vol. 44, No. 6, 2023



FIG. 3. Boxplots of peak to peak amplitudes, n1 latency and p1 latency.Peak to peak amplitudes (A) (μV), n1 latency (B) and p1 latency (C) (ms)
obtained according to the electrode montage used for oVEMPs. All pairwise comparisons are topped with * when they are significantly different
(Dunn-Bonferroni procedure). Data are presented as boxplots indicating the first and the third quartiles centered on medians (thick lines) with
whiskers for the minimum and maximum nonoutlier values, o are outliers, and ♦ show the extreme values. oVEMP, ocular vestibular evoked
myogenic potential; IOEM, infra-orbital electrode montage; BTEM, belly-tendon electrode montage.
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signal recorded at the reference sites of the chin and BT
montages, we reconvened ten participants from this study
another day. The active electrode was this time positioned
on the internal canthus contralateral to the sound stimula-
tion or on the chin. The reference electrode was then placed
on the dorsum of the hand contralateral to stimulation ear
which has the advantage of not having VOR (11,23). The
ground electrode was still on the forehead and each subject
then performed the two analyzes randomly. We did not
Otology & Neurotology, Vol. 44, No. 6, 2023
record any particular myogenic response in these two con-
ditions suggesting that therewould be no reference contam-
ination with the chin and BTEM. There was also increased
background noise when the active electrode was placed on
the participants’ chin. This would originate from the signif-
icant musculature of this region.

Regarding response rates, they were significantly higher
with the BTEM than with the chin and the IOEM. This re-
sult agrees with the magnitude of the amplitudes recorded



TABLE 3. Response rates obtained according to the electrode
montage with NB CE-chirp 500 Hz

NB CE-Chirp 500 Hz

Electrode Montage Response Rate (%)

IOEM (n = 50 ears) 86
BTEM (n = 50 ears) 100
Chin (n = 50 ears) 80

BTEM, belly-tendon electrode montage; IOEM, infra-orbital electrode
montage; NB CE-Chirp, narrow band CE-Chirp.
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with the BTEM and the more significant parasitic noise ob-
served with the chin assembly.
The n1 and p1 latencies were also influenced by the stud-

ied montage. Indeed, we observed longer n1 and p1 laten-
cies with the chin compared with the IOEM. P1 latencies
were also longer with the chin than the BTEM. This could
be due to the change in position of the reference electrode.
Several studies have shown that moving the reference elec-
trode can alter the recorded latencies of compound muscle
actions potentials (31,32). This has also been shown in
oVEMPs that different electrode montage could modify n1
and p1 latencies (27–29). These differences in latencies for
the different electrode montages should be considered in
case of suspicion of central nervous system disorders as
multiple sclerosis, spinocerebellar degeneration, brainstem
infarction and Parkinson’s disease in which the latencies
could be lengthened (33). In addition, the observed n1
and p1 latencies with the three electrode montages were
shorter than those usually reported with 500 Hz Tone
Bursts because the presentation time of the sound stimulus
is earlier with 500 Hz NB CE-Chirps (17,34). It has also
been suggested that primary vestibular neurons may have
double or triple firing to one Tone burst and the latencies
of VEMPs responses might be delayed to this second or
third spikes, unlike NB CE-Chirps (35).
Finally, the ARs were not significantly affected by the

different electrode montages. Similar findings were reported
in the literature (11,23). However, some authors have reported
lower ARs with BTEM compared with IOEM (27,28). In our
study, the median of the asymmetry ratios was lower with the
BTEM than with the IOEM. It is possible that the absence
of significance is linked to a lack of participants.
Additional studies with a larger cohort of participants in-

cluding older subjects and patients with peripheral vestibu-
lar disorders will be necessary in order to confirm these
observations.

CONCLUSION

oVEMPs are short latency myogenic reflexes whose re-
cording is complicated by their low amplitudes. The BTEM
increased the amplitudes recorded and response rate com-
pared with the chin and the IOEM in healthy subjects. No
positive or negative reference contamination was observed
with the belly-tendon or chin montages.
Additional studies on patients with peripheral vestibular

damage are needed to recommend BTEM for clinical
application.
Acknowledgments: The authors thank the volunteers who agreed
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