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Abstract

Obijective: The purpose of this investigation was to evaluate the sensitivity and specificity of the ocular
vestibular evoked myogenic potential (0VEMP) using two electrode montages in patients with confirmed
unilateral superior semicircular canal dehiscence syndrome (SCDS).

Study Design: This study evaluated oVEMP response characteristics measured using two different
electrode montages from 12 unilateral SCDS ears and 36 age-matched control ears (age range =
23-66). The oVEMP responses were elicited using 500 Hz tone-burst air conduction stimuli presented
at an intensity of 95 dB nHL and a rate of 5.1/sec. The two electrode montages used are described as an
“infraorbital” montage and a “belly-tendon” montage.

Setting: Balance function laboratory embedded in a large, tertiary care otology clinic.

Results: The belly-tendon electrode montage resulted in significantly larger amplitude responses than
the infraorbital electrode montage for the ears with SCDS and the normal control ears. For both electrode
montages the ear with SCDS exhibited a significantly larger amplitude response, ~50% larger than the
response amplitude from the normal control ear. The belly-tendon montage additionally produced larger
median increases in amplitude compared with the infraorbital montage. Specifically, the median increase
in oVEMP N1-P1 amplitudes using the belly-tendon montage was 39% greater in control ears, 76%
greater in the SCDS ears, and 17% greater in the contralateral SCDS ears.

Conclusions: The belly-tendon electrode montage yields significantly larger oVEMP amplitude re-
sponses for participants with SCDS and normal control participants.
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Abbreviations: CT = computed tomography; cVEMP = cervical vestibular evoked myogenic potential;
oVEMP = ocular vestibular evoked myogenic potential; SCDS = superior semicircular canal dehiscence

syndrome; SD = standard deviation; VEMP = vestibular evoked myogenic potential

BACKGROUND

filled with fluid and encased in the bone of the otic
capsule. A normal-functioning inner ear has two
openings in this bone, the oval and round windows, to
facilitate the transfer of sound energy to the inner ear.
However, patients with superior semicircular canal de-

T he membranous labyrinth of the inner ear is

hiscence syndrome (SCDS) have a pathological third open-
ing in the bone of the otic capsule in an area that typically
covers the superior semicircular canal (Minor et al, 1998).
Patients identified with this additional opening or “third
window” will report auditory, vestibular, and/or visual
symptoms in response to sound.

The initial description of SCDS was by Minor et al
(1998). The disorder is characterized by a variety of
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vestibular and visual symptoms, such as vertigo, that
can be evoked by either sound, changes in middle ear
pressure, and/or changes in intracranial pressure.
Patients with SCDS often report oscillopsia or dizziness
when coughing, sneezing, or straining. In addition, they
may present with auditory symptoms such as autoph-
ony, conductive hearing loss with normal immittance,
and hypersensitivity to bone-conducted sounds (Minor
et al, 1998). Although the gold standard confirmatory
test is a high-resolution computed tomography (CT)
scan with fine cuts, audiological tests can be used to cor-
roborate the presence of SCDS and to evaluate if the
SCDS is active and symptomatic. To date, pure-tone
audiometry and vestibular evoked myogenic potential
testing (VEMPs) have been shown to be clinically useful
in this population (Brantberg et al, 1999; Belden et al,
2003; Hunter et al, 2016). Both the sensitivity and spec-
ificity of the ocular VEMP (0VEMP) and cervical VEMP
(cVEMP) have been investigated for identifying SCDS
(Zuniga et al, 2013). The cVEMP is a short latency (~13
msec) evoked myogenic potential recorded from the ster-
nocleidomastoid muscle (Colebatch et al, 1994). The
oVEMP is a short latency (~10 msec) evoked myogenic
potential recorded from the extraocular muscles (Rosengren
et al, 2005; Todd et al, 2007). Both VEMP tests are well
tolerated by patients and simple to administer. The ma-
jority of evidence now suggests that the cVEMP mea-
sured from the ipsilateral sternocleidomastoid muscle
using mechanical or air-conducted stimuli is generated
by the saccule (Colebatch et al, 1994). The receptor or-
gan of the oVEMP measured in response to mechanical
and air-conducted stimuli is now believed to be the utri-
cle (Govender et al, 2009; Iwasaki et al, 2009; Manzari
et al, 2010; Welgampola and Carey, 2010; Curthoys
et al, 2011). The oVEMP response is recorded with elec-
trodes beneath both eyes, but the largest response is
typically seen in the contralateral eye muscle recording
(Chihara et al, 2007; Iwasaki et al, 2007; Curthoys et al,
2011; Murnane et al, 2011). The response originates
from the utricle and superior portion of the vestibular
nerve, travels along the medial longitudinal fasciculus,
and terminates on the ipsilateral superior rectus muscle
and contralateral inferior oblique muscle (Rosengren
et al, 2010). The evoked potential of the contralateral in-
ferior oblique muscle is best recorded by an electrode
placed beneath the lower eyelid while having the partic-
ipant look supramedial (Suzuki et al, 1969; Dumitru and
DeLisa, 1991; Chihara et al, 2007; Todd et al, 2007;
Govender et al, 2009; Rosengren et al, 2009).

Various stimulating and recording parameters have
been evaluated to determine how to maximize the sen-
sitivity and specificity of the VEMP response for iden-
tifying SCDS. For example, a study by Zuniga et al
(2013) examined the effectiveness of tone burst and click
evoked oVEMPs and ¢VEMPs for diagnosing SCDS.
They examined the responses of 29 ears with SCDS
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and 25 age-matched control participants and calculated
decade-specific peak-to-peak amplitude values to use clin-
ically as a cutoff for requiring further examination. The
authors provided decade-specific cutoff values for their co-
hort and found excellent (>90%) sensitivity and specificity
to SCDS using 500 Hz tone-burst stimuli for ages 30-70.
In addition to investigations describing the best re-
cording and stimulating parameters for identifying
SCDS using the oVEMP, there have also been several
investigations of analysis methods. Absolute oVEMP
N1-P1 peak-to-peak amplitude has been shown to be a
useful measure in identifying patients with SCDS. Piker
et al (2011) found the peak-to-peak amplitude across all
ages to be 4.4 .V and defined the upper limit of coVEMP
interaural amplitude asymmetry as 34%. Zuniga et al
(2014) compared oVEMP amplitudes in patients with
SCDS and an age-matched control group using two elec-
trode montages. The first electrode montage used an ac-
tive (noninverting) electrode placed ~3 mm below each
eye, a reference (inverting) electrode placed 2 cm below
each active electrode, and the ground on the sternum.
The second montage used an active electrode placed
~3 mm below each eye, a single reference electrode placed
on the chin, and the ground on the sternum. The median
peak-to-peak amplitude for SCDS ears in this study was
66.6 .V with the infraorbital electrode montage and 72.2 wV
when using an electrode montage with the reference lo-
cated on the chin. The median peak-to-peak amplitude
for the normal ear contralateral to the SCDS ear was 4.55 wV
with the infraorbital electrode montage and 7.7 pV
when using the chin for reference. A clinical cutoff value
for differentiating normal participants to those with SCDS
was identified as 24.5 wV or greater for absolute N1-P1
peak-to-peak amplitude when using the infraorbital elec-
trode montage and a cutoff value of 30.8 WV or greater
when using the chin for reference (Zuniga et al, 2014).
The variability caused by using different electrode
montages has been studied. The vast majority of clinics
favor an electrode montage reported in early articles de-
scribing the oVEMP (Chihara et al, 2007). The authors
reported that the noninverting (active) electrode was
placed infraorbitally and centered at the margin of
the lower eyelid. The inverting (reference) electrode
was placed 2 cm inferior to the location of the noninvert-
ing electrode (Chihara et al, 2007; Todd et al, 2007;
Govender et al, 2009). This is referred to as the “infraorbital”
montage. A second electrode montage was reported
by Sandhu et al (2013). They recommend the noninverting
(active) electrode was placed at the margin of the lower
eyelid slightly lateral to midline, and the inverting (refer-
ence) electrode was placed rostral to the inner canthus of
the eye. This electrode montage is referred to as the “belly-
tendon” montage. Sandhu et al (2013), Vanspauwen
et al (2017), and Makowiec et al (2017) obtained signif-
icantly larger amplitude responses measured with the
belly-tendon montage in otologically normal participants
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compared with amplitudes measured with the infraorbital
montage. This belly-tendon electrode montage is felt to be
optimal because of the lessened likelihood of reference con-
tamination as the inverting electrode is placed over a ten-
don, which is believed to be electrically neutral (Piker et al,
2011).

Although historically oVEMPs have been measured
with the participant in the supine position, recent stud-
ies by Taylor et al (2015) and Makowiec et al (2017)
found higher amplitude responses when the participant
was in the sitting position. The theoretical explanation
as to why the sitting position would result in larger am-
plitude responses is that there is less baseline stimula-
tion of the utricle when the participant is sitting, so the
application of a sudden, high-intensity stimulus would
result in greater excitation. When the participant is in the
supine position, the mass of the otoliths may reduce the
maximum response that can be obtained (Shojaku et al,
2008; Wang et al, 2014; Taylor et al, 2015). Data was col-
lected for this study with the participants in the sitting
position, as the response characteristics of the oVEMP
in SCDS has yet to be investigated in the sitting position.

With confirmed reports of enhanced N1-P1 ampli-
tudes using the belly-tendon montage in normal partic-
ipants, there is interest in revisiting the assessment of
peak-to-peak oVEMP amplitudes for patients with
SCDS. As previous studies examining the peak-to-peak
amplitude and sensitivity and specificity of the oVEMP
response in SCDS have not included the belly-tendon
montage (reported by Sandhu et al), the effect this mon-
tage would have on the oVEMP amplitudes of patients
with SCDS is unknown. The purpose of the present in-
vestigation was to examine the effects of different elec-
trode montages in patients with unilateral SCDS. We
compared these responses with each participant’s unaf-
fected ear in addition to the ears of age-matched, otolog-
ically normal control participants. We hypothesized that
the belly-tendon montage would result in larger peak-to-
peak amplitudes for the ears with SCDS than the normal
control ears and would result in larger peak-to-peak am-
plitudes than the traditional infraorbital electrode mon-
tage for both ears with SCDS and normal control ears.

METHODS
Participants

All procedures were approved by the Vanderbilt Uni-
versity Medical Center’s Human Research Protection
Program and Institutional Review Board (IRB# 140805).
Participants included two groups of participants, split into
three categories listed in the following paragraphs. The
groups were composed of 12 unilateral ears diagnosed with
SCDS [age range = 25-68 years, mean = 48.91, standard
deviation (SD) = 15.56], 12 ears contralateral to the SCDS
ear, and 24 age-matched (+3 years) control participants

with normal hearing and no history of dizziness and/
or imbalance or any other otologic abnormalities (age
range = 2268, mean = 47.16, SD = 13.76). The SCDS
was confirmed for each participant via temporal bone
CT scan before participation in the study. Participants
with SCDS were identified through medical record re-
view; 8 of the 12 participants had previously undergone
balance function testing showing abnormal VEMPs and
the SCDS was later confirmed through CT scan. The
remaining four participants were identified after CT
scan and Ear Nose and Throat evaluation at which time
they reported symptoms consistent with SCDS.

Each SCDS ear was compared with the unaffected ear
within the same participant and to the ears of an age-
matched, normal hearing control. All participants under-
went hearing evaluations with pure-tone air and bone
conduction audiometry, and the age-matched controls
all had normal hearing sensitivity from 250 to 8000 Hz
without any air-bone gaps. Subjective symptoms were
recorded for each participant with SCDS before data col-
lection. Nine of the 12 participants reported dizziness with
straining, 11 of the 12 participants reported abnormal au-
ditory perceptions, and 11 of the 12 participants reported
autophony. Dizziness Handicap Inventory (DHI) scores
for the participants with SCDS ranged from 0 to 68.
DHI scores for the normal control participants were all 0.

Procedures

All participants were seated in a comfortable chair.
Electrodes were applied using a conventional clean elec-
trode preparation technique. Disposable silver/silver chlo-
ride electrodes were used for testing. Absolute electrode
impedances were <5,000 Q with interelectrode imped-
ances of <2,000 Q. The active electrodes were placed
1 cm inferior to each eye centered at the orbital midline
for the infraorbital electrode montage, and 1 cm inferior
to each eye but lateral to the orbital midline for the belly-
tendon montage. The reference electrodes were placed
2-3 cm inferior to the active electrode for the infraorbital
electrode montage and at the inner canthus of each eye for
the belly-tendon electrode montage. The ground electrode
was placed at Fpz (forehead) for both montages (Figure 1,
originally published in Makowiec et al, 2017). Each partici-
pant was asked to focus on a fixed visual target where their
gaze was elevated 30° above a neutral position of midline gaze.

When recording the oVEMP, the participants were
seated and instructed to keep their head stable at mid-
line and maintain their gaze at a fixed target positioned
30° upward at midline. Responses were recorded with
the participants in the sitting position (Makowiec et al,
2017). Stimuli for the oVEMP recordings were presented
monaurally through an Etymotic ER-3A insert earphone
and consisted of 500 Hz tone bursts presented at 95 dB
nHL with a rate of 5.1/sec and a two-cycle risetime,
one-cycle plateau, and a two-cycle falltime. An Intelligent
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Figure 1. Electrode montages for testing; BT+ represents belly-
tendon active, BT— represents belly-tendon reference, IO+ repre-
sents infraorbital active, and IO— represents infraorbital reference.

Hearing Systems—evoked potential recording system was
used to simultaneously record the oVEMP response from
beneath the contralateral eye from each of the two elec-
trode montages. Electromyography activity was amplified
by 100,000 times and the signal averaged over 100 msec. A
minimum of 160 individual samples were collected for each
recording. Each tracing was replicated at least one time so
that the waveform reproducibility could be confirmed. The
participants were given 2-3 min to rest their eyes between
recordings. Order effects were eliminated by counterbalanc-
ing the order of the starting ear. oVEMPs from the two
electrode montages were recorded simultaneously, so coun-
terbalancing the electrode montage was unnecessary.

Statistical Analysis

Statistical procedures were performed on SPSS 23 for
Mac (Apple, Cupertino, CA). The means and SDs for the
N1-P1 peak-to-peak oVEMP amplitudes, N1 latency, and
P1 latency responses were calculated for both electrode
montages. Only the response from the contralateral
eye was recorded and analyzed (Rosengren et al,
2005; Todd et al, 2007; Makowiec et al, 2017).
Kruskal-Wallis one-way repeated measures analysis
of variance was used to detect differences in oVEMP

response characteristics between the three groups (SCDS
ear, contralateral ear to the SCDS, and normal control
ear). P1 latency, N1 latency, and N1-P1 peak-to-peak am-
plitudes were assigned as dependent variables and the
recording technique was assigned as the independent
variable. The difference in oVEMP amplitude obtained
with each montage was calculated as a change expressed
in percentage as described by Zuniga et al (2014): [(infraor-
bital — belly-tendon)/belly-tendon]. Differences in N1-P1
peak-peak amplitude between montages were analyzed
for all groups using the Wilcoxon signed-rank test. Re-
sults were considered significant at the p < 0.05 level.

RESULTS
oVEMP N1-P1 Peak-to-Peak Amplitude Findings

oVEMP N1-P1 recordings with the belly-tendon mon-
tage generated significantly different amplitudes across
the three ear groups [H(2) = 34.29, p < 0.001]. Post hoc
analysis showed that oVEMP N1-P1 amplitudes were
significantly larger in ears with SCDS (mean = 20.10
wV) compared with controls (mean = 4.1 pV; U =
126, p < 0.001) and with the normal ears contralateral
to the SCDS ears (mean = 2.7 uV; U = 22, p < 0.001;
Figure 2). There was no significant difference in N1-P1
amplitudes between the normal ears contralateral to
the SCDS ears and the control ears (U = 251, p =
0.155). Sample oVEMP waveforms obtained using both
electrode montages from the three ear categories are
shown in the figure below (Figure 3).

oVEMP N1-P1 recordings with the infraorbital mon-
tage generated significantly different N1 amplitudes
across the three ear groups [H(2) = 17.20, p < 0.001]. Post
hoc analysis showed that oVEMP N1-P1 amplitudes were
significantly larger in ears with SCDS (mean = 7.98 V)
compared with controls (mean = 2.49 wV; U = 175,
p <0.001) and the normal ears contralateral to the SCDS
ears (mean = 2.52 wWV; U = 40, p < 0.001; Figure 2). There
was no significant difference in N1-P1 amplitudes between
the normal ears contralateral to the SCDS ears and the
control ears (U = 245, p = 0.625).

oVEMP N1 and P1 Latency Findings

oVEMP N1 and P1 latencies recorded with both elec-
trode montages were analyzed for all three subgroups.
The average N1 and P1 latencies for both electrode mon-
tages and all three subgroups are shown in Table 1.
Post hoc analysis showed that there were no significant
differences in N1 or P1 latency between any of the ear
groups (Figures 4 and 5).

The Effect of Montage on Amplitude

Collapsed peak-to-peak N1-P1 amplitudes with belly-
tendon montage were larger than those using the
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Figure 2. Boxplots of N1-P1 amplitude for the two different montages and three groups. The thin line within the box designates the mean.
The error bars above and below the box indicate the 90th and 10th percentiles. Outliers are represented by the points outside the boxes.

infraorbital when all groups were combined. The N1-P1
peak-to-peak amplitudes in the SCDS ears were signif-
icantly larger when recording with the belly-tendon elec-
trode montage than when recording with the infraorbital
electrode montage (Z = —3.89, p < 0.001). The N1-P1
peak-to-peak amplitudes in the normal ear contralateral
to the SCDS ears recorded using the belly-tendon mon-
tage were significantly larger than the responses obtained
using the infraorbital montage (Z = —2.90, p = 0.004).
The N1-P1 peak-to-peak amplitudes in the normal control
ears recorded using the belly-tendon montage were sig-
nificantly larger than the responses obtained using the
infraorbital montage (Z = —4.13, p < 0.001). The belly-
tendon montage produced larger median increases in
amplitude compared with the infraorbital montage. Spe-
cifically, the median increase in oVEMP N1-P1 ampli-
tudes using the belly-tendon montage was 39% greater
in control ears (range = 100.51%), 76% greater in the
SCDS ears (range = 74%), and 17% greater in the contra-
lateral SCDS ears (range = 100%). The average N1-P1
peak-to-peak amplitudes for both electrode montages and
all three subgroups are shown in Table 2.

DISCUSSION

linically, the oVEMP is a useful tool in screening
for patients with SCDS, and a large amplitude

oVEMP response can serve as a “red flag” for this disorder.
Patients with unilateral SCDS typically generate signifi-
cantly larger amplitude responses in the affected ear when
compared with their normal ear. This study examined the
effect of two electrode montages on oVEMP N1-P1 peak-
to-peak amplitude, N1 latency, and P1 latency in a cohort
of patients with radiologically confirmed SCDS. Responses
from ears with SCDS were compared with responses from
the non-SCDS ears of each participant and the ears of age-
matched, normal hearing control participants.

Piker et al (2011) found reference contamination when
using the traditional infraorbital electrode montage to
record oVEMP responses in normal participants. This
resulted in artificially reduced oVEMP peak-to-peak am-
plitude responses. They found that when the inverting/ref-
erence electrode is placed outside of the electrical field of
the evoked potential (i.e., on an electrically neutral loca-
tion), the oVEMP amplitudes were significantly enhanced.
Zuniga et al (2014) studied the effect of electrode place-
ment for a cohort of participants with SCDS and found re-
sults that were in agreement with the Piker et al (2011)
study. Their results showed oVEMP amplitudes increased
by moving the inverting/reference electrode further away
from the active/noninverting electrode, thus reducing
the likelihood of reference contamination occurring.

Piker et al and Zuniga et al both compared the tradi-
tional infraorbital electrode montage to an electrode
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Figure 3. Sample oVEMP waveforms obtained from both electrode montages for all three category groups. Left-hand side = responses from
the belly-tendon electrode montage, and right-hand side = responses from the infraorbital electrode montage. Top to bottom: SCDS ear,
normal ear contralateral to the SCDS ear, and normal control ear. (This figure appears in color in the online version of this article.)

montage with the active/noninverting electrodes beneath
the eyes and the reference/inverting electrode on the chin.
The study by Sandhu et al (2013) introduced a belly-
tendon electrode montage which was shown to result
in significantly larger amplitude oVEMP responses in oto-
logically normal participants. This finding of increased
amplitude responses when using the belly-tendon elec-
trode montage was confirmed by Vanspauwen et al (2017)
and Makowiec et al (2017). Such studies confirm the be-
lief that reference contamination can result in signifi-
cantly reduced amplitude responses and contamination
is attributed to the location of the reference electrode rel-
ative to the active electrode. Before the current study the
belly-tendon electrode montage had not been evaluated
in patients with SCDS.

As predicted, this study found the affected SCDS ears
produced significantly larger amplitude oVEMP responses
than the normal age-matched control ears and the contra-
lateral ear to the SCDS. In addition, when examining the
amplitude of the response within groups (i.e., within SCDS
ears, within normal control ears, and within contralateral
SCDS ears), the belly-tendon electrode montage resulted
in significantly larger amplitude responses than the
infraorbital electrode montage for all three groups.
The belly-tendon electrode montage produced median
increases in the recorded amplitude for all three groups;
meaning that for each group, the belly-tendon electrode
montage resulted in an increase in amplitude over the
infraorbital electrode montage. Specifically, the me-
dian increase in oVEMP N1-P1 amplitudes using the

belly-tendon montage was 39% greater in control ears,
76% greater in the SCDS ears, and 17% greater in the
contralateral SCDS ears.

The average oVEMP response measured in the SCDS
ears when using the infraorbital electrode montage was
7.98 wV. Although this value was significantly larger
than the responses measured in the normal ear contra-
lateral to the SCDS ear and the age-matched control
ears, it is a much smaller value than what has previously
been reported in the literature for oVEMP peak-to-peak
amplitude responses when using the infraorbital electrode
montage in participants with SCDS. Zuniga et al (2014)
reported median peak-to-peak amplitudes of 66.6 WV in
their SCDS group. A second study by Zuniga et al (2013)
reported median peak-to-peak amplitudes of 48.9 wV in
participants with SCDS. Janky et al (2013) reported

Table 1. N1 and P1 Latency Averages and SDs for Both
Electrode Montages and All Three Subgroups

N1 P1
Latency (SD) Latency (SD)

Belly-tendon SCDS  10.49 msec (0.62) 14.61 msec (0.62)

Belly-tendon 11.23 msec (0.63) 15.64 msec (1.57)
contraSCDS

Belly-tendon control  11.13 msec (0.53) 15.27 msec (1.24)

Infraorbital SCDS 10.76 msec (0.80) 15.32 msec (1.01)

Infraorbital 11.24 msec (0.81) 15.92 msec (1.15)
contraSCDS

Infraorbital control

11.10 msec (0.59) 15.34 msec (1.28)
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Table 2. N1-P1 Peak-to-Peak Amplitude Averages and
SDs for Both Electrode Montages and All Three
Subgroups

N1-P1 Amplitude (SD)

Belly-tendon SCDS 28.91 nV (21.47)
Belly-tendon contraSCDS 5.75 nV (5.42)
Belly-tendon control 5.96 wV (4.68)
Infraorbital SCDS 10.08 wV (9.73)
Infraorbital contraSCDS 3.24 uV (2.52)
Infraorbital control 3.31 wV (1.93)

mean amplitudes of 29.04 WV in their participants with
SCDS. The age range and number of participants in all
of the aforementioned studies were comparable to the
age range and number of participants in the current study,
so it is uncertain as to why the infraorbital electrode mon-
tage resulted in significantly smaller amplitudes in this
dataset than those previously reported.

It should be noted that the variability of the measured
amplitude from the belly-tendon electrode montage was
much higher than the variability of the response mea-
sured from the infraorbital montage within the SCDS
groups and when compared with the other groups (i.e.,
larger SD for the belly-tendon montage within the SCDS
group). Sandhu et al (2013) and Vanspauwen et al (2017)
also reported increased variability with the belly-tendon

electrode montage when measuring oVEMP responses in
normal participants. They both attributed this to the ac-
tive electrode being placed closer to the lateral rectus
muscle and the reference electrode being placed closer to
the medial rectus muscle. These horizontal rectus mus-
cles (i.e., lateral and medial rectus) were shown by
Govender et al (2011) to be activated by the oVEMP stim-
ulus. This activation may impact the purity of the
oVEMP reflex and result in greater variability. Despite
the variability seen in the amplitude of the response from
the belly-tendon electrode montage for this current
study, all of the oVEMP responses from the belly-tendon
electrode montage were greater in amplitude than those
measured from the infraorbital electrode montage. Figure
2 illustrates the variability found in the responses. It also
shows the outliers in each condition, however because of
the great variability and large SD for the belly-tendon
montage in the participants with superior canal dehis-
cence, all outliers in that condition fall within the SD
and are not visible on the figure.

Sandhu et al (2013) found no significant difference in
N1 or P1 latency when using the belly-tendon electrode
montage over the other electrode montages; however,
there was a trend towards a shorter N1 latency with
the belly-tendon electrode montage. Makowiec et al
(2017) found a significantly shorter N1 latency when re-
cording oVEMPs with the belly-tendon electrode montage
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Figure 4. Sample oVEMP waveforms obtained from both electrode montages for all three category groups. Left-hand side = responses
from the belly-tendon electrode montage, and right-hand side = responses from the infraorbital electrode montage. Top to bottom: SCDS
ear, normal ear contralateral to the SCDS ear, and normal control ear.
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Figure 5. Boxplots of P1 latency for the two different montages and three groups. The thin line within the box designates the mean. The
error bars above and below the box indicate the 90th and 10th percentiles. Outliers are represented by the points outside the boxes.

over the infraorbital electrode montage in young, normal
participants. The findings for this study were in agree-
ment with Sandhu et al and found no significant differ-
ence in N1 or P1 latency for either the belly-tendon
electrode montage or the infraorbital electrode montage.
Both the studies by Sandhu et al (2013) and Makowiec
et al (2017) used young participants (i.e., in their 20s
and 30s). It is not completely understood as to why Makowiec
et al (2017) found a significantly shorter N1 latency than this
current study and Sandhu et al (2013). Further research in
this area is needed.

The belly-tendon electrode montage increases the am-
plitude of the oVEMP response by a great percentage, es-
pecially in the ear positive for SCDS (i.e., median increase
of 76% in the oVEMP amplitude when using the belly-ten-
don electrode montage). Increasing the amplitude of the
oVEMP response makes it easier to identify clinically as
the response is so much larger than the myogenic noise
in the recording. Therefore, we suggest that the belly-
tendon electrode montage is used when oVEMPs are
measured clinically.

Future research is needed to examine the impact of
the size of the dehiscence on the oVEMP response with
the belly-tendon electrode montage. Hunter et al (2016)
found a significant interaction of oVEMP amplitude and
the size of the dehiscence when the response was measured
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with the infraorbital electrode montage (i.e., the oVEMP
amplitude increased as the size of the dehiscence increased).
In this regard, in cases of smaller dehiscence, the belly-
tendon montage may offer a higher sensitivity. This re-
lationship has yet to be examined for the belly-tendon
electrode montage as this study did not control for the size
of the dehiscence.
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