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Summary

By easily stimulating the ear with loud sound and recording on tonically contracted neck muscles, vestibular
evoked myogenic potential (VEMP) test can reflect inner ear function other than the cochlea and semicir-
cular canal. This expands the test battery for clinicians to explore saccular disease, adding a potential
usefulness to the sacculo-collic reflex. The ideal stimulation mode for VEMPs is as follows: 95 dB tone
bursts, frequency 500 Hz, stimulation repetition rate 5 Hz, rise/fall time 1 ms, plateau 2 ms, binaural
stimulation with bilateral recordings. Animal model using guinea pigs has been established, which sets the
stage for useful future studies investigating VEMPs in guinea pigs that would appear to resemble human
VEMP responses. Clinically, VEMP test has been widely used in central and peripheral vestibular disorders.

Introduction

There are four nerve bundles passing through the
internal auditory canal. Previously, electroneurog-
raphy (ENoG), auditory brainstem response
(ABR), and caloric test were utilized to evaluate
the function of facial, cochlear, and superior
vestibular nerves, respectively. Only the function
of the inferior vestibualr nerve remains unex-
plored. Bickford et al. [1] demonstrated that loud
sound stimuli could cause myogenic ‘‘inion re-
sponse’’ indicative of the activation of the vestib-
ular organs. However, it was until the revision of
the recording setting by Colebatch and Halmagyi
[2] that vestibular evoked myogenic potential
(VEMP) became a practical clinical test. It can
easily be recorded from the tonically contracting

sternocleidomastoid (SCM) muscle by stimulation
with loud clicks or tone bursts. Colebatch et al. [3]
labeled the serial peaks (p13, n23, n34, p44) of the
evoked response according to their latencies, and
found that wave p13–n23 was present in all normal
subjects, whereas wave n34–p44 was only present
in 60% of the subjects.

VEMPs are proposed to be generated via a
disynaptic pathway, beginning in the saccular
macula, then via the inferior vestibular nerve, lateral
vestibular nucleus,medial vestibulospinal tract, and
finally terminating on the motor neurons of the
SCM muscle [4–6]. Through the efforts during past
decade, VEMPs have been validated to reflect the
sacculo-collic reflex, and widely used clinically.

Modes of stimulation and recording

Acoustic stimulation

The sternocleidomastoid (SCM) muscle was cho-
sen as the target to record the VEMPs [7]. Surface
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electromyographic (EMG) activity was recorded
on the subject being in a supine position. To
prevent unnecessary high levels of SCM activation,
a pillow was put under the head to have the neck at
about 30� elevated compared to the horizon. The
0.9-cm Ag/AgCl electrode was attached on the
upper half of the SCM muscle on both sides, and a
reference electrode on the lateral end of the upper
sternum. During recording, the investigator kept
an eye on the monitor and the subject was
instructed to keep the head elevated in the pitch
plane, leading to active SCMmuscle contraction at
a relatively constant level (50–200 lV). Acoustic
stimuli (95 dBHL, short tone bursts; 500 Hz,
ramp = 1 ms, plateau = 2 ms) were given to the
ear through insertion-type earphone. EMG signals
were amplified and bandpass filtered between 30
and 3000 Hz. The stimulation rate was 5 Hz,
analysis time for each response was 60 ms, and
200 responses were averaged for each run. Two
consecutive runs were performed to verify the
reproducibility, and the results were averaged
providing the final response [8, 9].

Interpretation

The initial positive/negative polarity of the wave-
form with peaks were termed p13 and n23 on the
basis of the respective latencies (Figure 1). The
latencies of peaks p13 and n23, and peak-to-peak
amplitude p13-n23 were measured for evaluation.
Accordingly, delayed VEMP indicates the mean
latency of p13 exceeding the level (mean + 2SD),
suggesting lesion in the retrolabyrinth, especially
in the vestibulo-spinal tract [10].

There is a consensus that amplitude of the
VEMP depends on the stimulus intensity and
voluntary muscular effort [11]. Under similar
acoustic stimulation, the effectiveness of a neuro-
muscular reflex, either excitatory or inhibitory, can
therefore be correlated with the voluntary task
undertaken by the muscle [12]. Because the ampli-
tude of the VEMP varies substantially between
subjects and in one subject between trials, either
interaural amplitude difference (IAD) ratio or
relative amplitude was used to adjust the side
difference of amplitudes [13]. The IAD ratio is
defined as interaural peak-to-peak amplitude dif-
ference over the sum of amplitudes of both ears
[14]. For example, if the norm of IAD ratio was
0.13±0.10, thus IAD ratio greater than 0.33
(mean + 2SD) was defined as abnormal. Relative
amplitude means the amplitude of VEMPs using
method A divided by that using method B.

Each subject underwent serial VEMP tests.
Initial stimulus intensity started at 95 dBHL,
followed by a 10-dB step decrement, until the
waveforms zwere absent. Subsequently, the stim-
ulus intensity was increased in 5-dB steps until the
VEMP response reappeared. Threshold was the
level at which VEMP response was reestablished.
If 95 dBHL acoustic stimuli failed to elicit VEMP
responses, then the subject underwent 105 dBHL
(machine upper limits) acoustic stimulation for
further confirmation of absent VEMPs [15].

Monaural vs. binaural stimulation

In order to safe time and energy in eliciting higher
response rate for VEMPs binaural tone bursts
stimulation with bilateral recordings was suggested
[16]. The result shows that VEMPs by binaural
stimulation provide neither different information
nor less variability, as compared with VEMPs by
monaural stimulation. Furthermore, recording
from binaural stimulation can be used as a
possibly more convenient mode compared with
two monaural recordings, especially when testing
young or old or disabled patients, since a contin-
uous muscular effort is required during recording
[17]. Furthermore, binaural simultaneous acoustic
stimulation with bilateral recording can be utilized
to compare the right-left VEMP difference, and
the side difference of p13-n23 amplitude is
adjusted using a relative amplitude or IAD ratio
[15].

Figure 1. Myogenic potentials evoked by tone burst stimula-
tion with different stimulus intensities in a 22-year-old man. It
reveals the thresholds as 75 dBHL for both p13-n23 and n34-
p44 components. (I: p13, II: n23, III: n34, IV: p44; 105: 105
dBHL, 95: 95 dBHL, 85: 85 dBHL, 75: 75 dBHL).
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Monaural acoustic stimulation with ipsilateral
recording may elicit larger amplitude of the earlier
components (p13, n23), whereas binaural acoustic
stimulation with bilateral recording evokes higher
response rate and larger amplitude of the later
components (n34, p44). Although the nerve path-
ways for both components are different, the
thresholds for these potentials do not differ signif-
icantly, indicating that both components may, at
least in part, share a common origin, but different
pathways [15].

Head elevation vs. head rotation methods

The VEMP response has the property of scaling
in size in proportion to the level of tonic muscle
activity. A feature, of particular importance for
a reflex, is its effectiveness in matching the
voluntary task being undertaken [18]. Because
active and tonic SCM muscle contraction is
essential for recording the VEMP responses,
false-negative VEMPs are sometimes encountered
in those who cannot sustain SCM muscle con-
traction by head elevation. Hence, effortless head
rotation method to activate SCM muscle was
raised to replace conventional head elevation
method in the aged, newborn, or debilitated
subjects.

In a supine position without a pillow, the
subject rotated his/her head sideways toward one
shoulder as head down on the yaw plane to
activate the SCM muscle. The tone burst stimu-
lation was given to the ear up, and VEMPs were
recorded ipsilaterally. To ensure the SCM muscle
activation, the subject was instructed to allow his/
her chin to touch the shoulder throughout the
entire test. The EMG activities were monitored
during recording to maintain muscle activities at
a relatively constant level (50–200 lV). Hence,
applying increased effort in the head elevation
method may result in a neuromuscular reflex with
increased effectiveness [13], leading to large
amplitude of VEMPs. However, the lower re-
sponse rate with smaller amplitude prevents the
use of the head rotation method as an initial
screening test for VEMPs. Therefore, when
VEMP responses cannot be elicited by the head
elevation method, the head rotation method
should be utilized to reduce false negative results
[19].

Tapping evocation or bone-conduction (BC)
stimulation

Halmagyi et al. [20] reported that VEMP re-
sponses are typically absent in cases of conductive
hearing loss with air-bone gap measuring ‡ 20 dB,
hence the response rate of VEMPs by tone-burst
method is low. In contrast, the tapping method
displays higher response rate of VEMPs in patients
with conductive hearing loss, indicating that the
VEMP provoked by tapping with a tendon ham-
mer on the forehead is a vibratory input rather
than an auditory input [21]. The typical biphasic
wave due to tapping implies that the receptive and
the motor units are intact in the patients with
conductive hearing loss. However, the limitation
for the tapping method is non-uniform, thus has
been replaced by BC method [22].

In BC method, tone bursts (70 dB nHL,
500 Hz, ramp = 1 ms, plateau = 2 ms) stimula-
tion was given via a bone vibrator, which was
placed on the tip of mastoid ipsilaterally, and
recorded unilaterally. The stimulation rate was
5 Hz and total 200 responses were averaged for
each run. Although the precise origin of bone-
conducted VEMPs has not been well established, it
is proposed to be from the saccule [23].

Galvanic stimulation

To determine the site of lesion responsible for
absent VEMPs, recently, it has been shown that
galvanic stimulation also evokes myogenic re-
sponses on the SCM muscle [24]. Watson and
Colebatch [25] suggested that galvanic stimulation
would stimulate the most distal portion of the
vestibular nerve while the clicks would act at
the receptor level. The cathode electrode was on
the mastoid, and the anodal electrode was on the
forehead. The average responses in the unrectified
EMG activities of the SCM can be elicited by
galvanic stimulation (3 mA, 1 ms), and be useful
in the differential diagnosis of labyrinthine from
retrolabyrinthine lesions in patients with absent
VEMPs evoked by tones.

VEMPs in experimental animals

Although VEMP has been validated to reflect the
sacculo-collic reflex, eliciting VEMP from an alert
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animal remains unexplored. Sakakura et al. [26]
applied artificial respiration in decerebrated ani-
mals to ensure the muscular contraction. However,
those methods are not under normal physiological
condition. Alternatively, Yang and Young [27]
devised a special clamp for forceful contraction of
the neck muscles in guinea pigs under alert
condition.

Recording of evoked potentials was performed
on the neck extensors of a guinea pig at the level of
third cervical vertebral bone (C3). A pair of needle
electrodes was placed on neck extensors, while a
reference electrode was placed on the occipital area
at the midline, and EMG activity was recorded.
During recording, the animal was fixed with its
head elevated and neck hyperextended while in a
prone position throughout the entire test. EMG
signals were amplified and bandpass filtered
between 30 and 3000 Hz. Click stimuli
(100 dBSPL, duration = 0.1 ms) were generated
by an earphone connected via a short tube inserted
into bilateral ear canals. Each animal was evoked
by monaural acoustic stimulation with unilateral
recording. The stimulation rate was 5 Hz, analysis
time for each response was 24 ms, and 200

responses were averaged for each run. Two con-
secutive runs were performed to verify its repro-
ducibility, and the results were averaged to provide
the final response. Thereafter, the latencies of
positive peak, negative peak, and peak-to-peak
amplitude were measured (Figure 2).

In the guinea pigs treated with gentamicin, the
thresholds of ABR were not elevated. In contrast,
absent caloric responses on the lesion ears accom-
panied by absent click-evoked myogenic potentials
indicates that the vestibulo-ocular reflex and sac-
culo-collic reflex are affected by gentamicin, respec-
tively. Therefore, the use of gentamicin-treated
animals, alongwith normal controls andABRdata,
resulted in convincing results that the recorded
myogenic potentials were in fact of vestibular
origin. It sets the stage for useful future studies
investigating VEMPs in guinea pigs that would
appear to resemble human VEMP responses.

Clinical application

Peripheral inner ear disorders

(a) Sudden deafness
For differentiating the origin of VEMP from
cochlear or vestibular organs, Wu and Young
[28] conducted VEMP test in 20 patients of
unilateral sudden deafness without vertigo. All
patients displayed normal biphasic VEMP re-
sponses, with the mean latencies of p13 and n23
non-significantly different to either the contralat-
eral healthy ears or the normal control ears.
Restated, the transduction pathway of the VEMPs
is unrelated to the hearing level, i.e., the cochlear
nerve.

(b) Vestibular neuritis
Chen et al. [29] studied VEMPs in eight patients
with vestibular neuritis to localize the lesion site.
Seven (88%) of the eight patients had bilateral
normal VEMPs, revealing sparing of the inferior
vestibular nerve. Thus, an intact inferior vestibular
nerve seems necessary to generate benign parox-
ysmal positional vertigo in the future [30]. In
contrast, Murofushi et al. [31] reported that eight
patients with vestibular neuritis had absence of
both click and galvanic VEMPs, indicating that
vestibular neuritis may affect inferior division of
the vestibular nerve as well.

Figure 2. Click-evoked myogenic potentials in a guinea pig
reveal the thresholds as 80 dBSPL. (I: positive peak; II: nega-
tive peak).
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(c) Herpes zoster oticus (HZO)
Herpes zoster oticus is manifested as auricular
eruption, facial palsy, and vertigo with spontane-
ous nystagmus beating toward the healthy side.
Unlike vestibular neuritis, absent caloric and
VEMPs responses may be shown [32]. Therefore,
the nerve trunks within the internal auditory canal
are widely affected in HZO patients with vertigo.
Both superior and inferior divisions of the vestib-
ular nerve attribute to the vertiginous attack.

(d) Meniere’s disease
Staging of Meniere’s disease proposed by AAO-
HNS (1995) was based on the arithmetic mean of
the pure tone thresholds at 0.5, 1, 2, and 3 kHz,
using the worst audiogram during the interval
6 months before treatment. Since the saccule, next
to the cochlea, is the second most frequent site for
hydrops formation [33], VEMP response is sup-
posed to reflect the stage of Meniere’s disease [34].

Comparing the IAD ratio and the stage of
Meniere’s disease demonstrates a significant rela-
tionship, whereas no significant relationship exists
between the % unilateral weakness of caloric
response and the stage of disease. Therefore, the
IAD ratio of VEMPs correlates with the stage of
Meniere’s disease, and can be served as another
aid to assess the stage of Meniere’s disease [35].

(e) Acute low-tone hearing loss (ALHL)
Acute low-tone hearing loss is termed as idiopathic
low-tone sensorineural hearing loss of acute onset,
with relative preserved high-tone hearing. By way
of electrocochleography, the pathophysiology of
ALHL is attributed to the endolymphatic hydrops.
Furthermore, lack of vertigo and nystagmus in
those with ALHL suggests that the endolymphatic
hydrops is confined to the cochlea. Because most
patients with ALHL reveal normal VEMPs
throughout the episode, while half of Meniere’s
disease with low-tone hearing loss demonstrate
abnormal VEMPs, hence, VEMP test can be used
to differentiate ALHL from stage I of Meniere’s
disease [36].

(f) Meniere attack
Acute vertiginous attack in Meniere’s disease, the
so-called Meniere attack, always brings the patient
to the emergent room, where spontaneous nystag-
mus accompanied by nausea and vomiting is
observed. Two mechanisms are proposed for the

Meniere attack [37, 38]. One is membrane rupture
theory, which mainly occurs on the Reissner’s
membrane, and the other is membrane distension
theory, indicating that the utricular or saccular
membrane herniates into the semicircular canal.
Most patients with Meniere attacks revealed
abnormal VEMPs, indicating that the saccule
‘‘participates’’ in the event of Meniere attack, an
important idea that stimulates consideration of the
mechanism of Meniere attack [34, 39]. Abnormal
VEMPs may or may not normalize after Meniere
attack depending on the individual saccular
pathology [40, 41].

(g) Superior canal dehiscence syndrome
In addition to chronic otitis media and otosclero-
sis, patients with superior canal dehiscence syn-
drome can also have apparent conductive hearing
loss, but intact VEMP responses to tones. Patho-
logically lowered VEMP thresholds of 55–
70 dBHL, with larger amplitude on the affected
side is the main characteristic of VEMP [42]. This
is due to a mobile window created by the superior
canal dehiscence may have enhanced the trans-
mission of sound pressure through the vestibule
that is required for activation of the sacculus [43].

Central vestibular lesions

(h) Basilar type migraine
Basilar type migraine is a distinctive form of
complicated migraine characterized by neurologi-
cal signs referable to the brainstem, cerebellum, or
occipital cortex. It is characterized by recurrent
headache, usually localized to the occipital area,
associated with multiple neurological symptoms
such as headache, nausea, vomiting, vertigo, gait
ataxia, paresthesia, dysarthria, and dysphargia, etc
[44]. Patients with basilar type migraine may
display absent or delayed VEMPs, presumably
because the descending pathway from the saccule,
through the brainstem to the XIth cranial nerve is
interrupted [45].

(i) Multiple sclerosis
Shimizu et al. [46] investigated VEMPs in patients
with multiple sclerosis and reported that the
latencies of a vestibulospinal reflex can be pro-
longed in multiple sclerosis. Prolonged VEMPs
could be due to demyelination from either of
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primary afferent axons at the root entry zone or
secondary vestibulospinal tract axons rather than
to lesions involving vestibular nucleus [47–49].
Measurement of VEMPs is therefore helpful in
detecting subclinical vestibulospinal lesions in
suspected multiple sclerosis [50].

(j) Spinocerebellar degeneration
Takegoshi and Murofushi [51] recorded VEMPs in
patients with spinocerebellar degeneration, includ-
ing olivo-ponto-cerebellar ataxia (OPCA), cortical
cerebellar atrophy (CCA), and Machado-Joseph
disease (MJD). The results revealed VEMPs in
patients with OPCA and CCA types of spinocer-
ebellar degeneration were preserved well. In con-
trast, VEMPs were definitely abnormal in patients
with MJD. It has been reported that the peripheral
nervous system is frequently affected in patients
with MJD. It seems more likely that the losses of
the vestibulo-collic and vestibulo-ocular reflex in
MJD patients might be due to the degeneration of
the peripheral vestibular system.

(k) Brainstem stroke
As caloric test assesses the vestibulo-ocular reflex
(VOR), which passes ascend through the upper
brainstem; VEMP test evaluates the sacculo-collic
reflex, which travels descend via the lower brain-
stem. Some patients with brainstem stroke who
have normal VOR can have abnormal VEMPs,
presumably because interruption of the descending
pathway from the brainstem to the 11th cranial
nerve which relates to sacullo-collic reflex [52].
Nevertheless, age-related effects may account for a
proportion of the abnormalities, as most patients
tested were over age 60 [53]. Therefore, to reduce
false negative VEMP results, the head rotation
method should be performed in the elderly if
conventional head elevation method fails to elicit
VEMP responses [19].

(l) Cerebellopontine angle tumor
The role of VEMP test in cerebellopontine angle
(CPA) tumor was to evaluate its origin, either
superior or inferior division of the vestibular nerve.
Prior to operation, VEMP test can be employed to
predict the nerve of origin, and to formulate the
best surgical approach. After operation, VEMP
test can be used to disclose the residual function of
the inferior vestibular nerve [54–56].
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