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Vestibular-evoked myogenic potentials: 
principle and clinical findings
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Vestibular-evoked myogenic potentials (VEMPs) are useful for evaluating the vestibulocollic 
reflex arising mostly from the saccule and the vestibuloocular reflex originating from the utri-
cle. VEMPs can vary with the characteristics of the applied stimuli and the effects of aging and 
diseases. VEMPs have been found to be useful for diagnosing superior canal dehiscence, but 
their usefulness for other clinical disorders remains unclear. This review discusses the principles 
of VEMP tests and summarizes the findings for VEMPs in common vestibular disorders.
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INTRODUCTION

The otolith organs comprise the saccule and utricle, which respond to linear accelerations 
of the head. Vestibular-evoked myogenic potentials (VEMPs) are useful for evaluating oto-
lith function.1,2 Two subtypes of VEMPs are currently utilized: cervical and ocular (Fig. 1).1,2  
Cervical VEMPs were introduced first,3 and they can be used to evaluate the neural path-
way comprising the saccule, vestibular nerve, and nucleus, and the descending vestibu-
lospinal tract innervating the cervical neck muscles.4 Cervical VEMPs are biphasic waves 
of positive and negative potentials observed at around 13 and 23 ms, respectively, after 
stimulation, which can be detected on the surface of the sternocleidomastoid muscle.3,4 
Ocular VEMPs were introduced later,5,6 and they can be used to evaluate the neural path-
way consisting of the utricle, vestibular nerve, and nucleus, and the medial longitudinal 
fasciculus, which ends in the inferior oblique muscle.5,6 Ocular VEMPs are also biphasic 
waves formed by negative and positive potentials observed at around 10 and 15 ms, re-
spectively, after stimulation, and they can be measured at just below the midline of the 
inferior orbital wall.5,6 Cervical and ocular VEMPs have been evaluated in several vestibular 
disorders, and a few techniques have been developed for enhancing the diagnostic effi-
cacy of VEMPs.
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VEMP TESTS: BASIC PRINCIPLES AND 
APPLICATIONS

VEMP stimuli
VEMPs are elicited using air-conducted (AC) clicks or tone 
bursts, bone-conducted (BC) vibrations induced by a 
bone-conduction vibrator or manual tapping, or galvanic 
electrical stimulation.1,2 All of these stimuli can deliver im-
pulses to the otolith organs and induce movements of the 
hair cells, but the responses vary with the characteristics of 
the stimuli. Cervical VEMPs were initially evoked using click 
sounds, which include a wide range of audible frequencies.3 
VEMPs can be evoked in subjects with complete sensori-
neural hearing loss, implying that AC sounds stimulate the 
otolith hair cells.3 In animal studies, the vestibular afferents 
responded to AC sounds between 500 Hz and 1 kHz, while 
the cochlear afferents responded widely across audible 

frequencies, and the response threshold was reported to 
be above 90 dB sound pressure level (SPL) for the vestibu-
lar afferents.7,8 Likewise, cervical VEMPs are best evoked in 
humans when using similar auditory frequencies and in-
tensities.9 Therefore, in addition to click sounds, single tone 
bursts that selectively contain specific auditory frequencies 
are commonly used to evoke VEMPs; a typical single tone 
burst is applied at 500 Hz and 90-115 dB SPL.1,2 The best 
stimulus frequency to apply for ocular VEMPs is 1 kHz, which 
is higher than the optimal frequency of 500 Hz for cervical 
VEMPs;10 however, auditory stimuli at the same frequency 
auditory stimuli are commonly applied for both cervical and 
ocular VEMPs. Unlike AC stimuli, BC stimuli can be delivered 
symmetrically bilaterally by positioning the stimulus in the 
middle of the forehead.1,2 Therefore, BC stimuli may be a 
suitable alternative when the raw amplitudes of VEMPs can-
not be corrected using muscular activity.

Interpreting the results of VEMP tests
The basic parameters for VEMP tests are the latency and 
the peak-to-peak amplitude. These parameters can be in-
terpreted by itself, but the asymmetry of the amplitude—
calculated as the difference in amplitudes between the ears 
divided by the sum of the amplitudes in both ears—is more 
useful for interpretations.1,2 Normal limits for amplitude and 
asymmetry should be set for each individual laboratory. Al-
though the weaker side is generally considered abnormal, 
there would be paradoxical enhancement of VEMPs in supe-
rior canal dehiscence (SCD) and the early stage of Meniere’s 
disease (MD).1,2

Technical considerations of the VEMP tests
In cervical VEMP tests, the inhibitory potentials are measured 
in the sternocleidomastoid muscle. To ensure adequate 
muscle activation, subjects are instructed to lift their head 
while in the supine position1,2 or, while in a seated position, 
they rotate their head while pushing against the examin-
er’s hand or the inflated cuff of a sphygmomanometer.11 
The amplitude of VEMPs increase in proportion with the 
contraction activity of the recorded muscle.3,12 Because the 
interaural difference in the amplitude is the most-reliable pa-
rameter of VEMP tests, the amplitude needs to be corrected 
based on the activity of muscle contraction.2 Several tech-
niques have been designed for monitoring muscle activity 

Fig. 1. Stimulus and neural substrates of vestibular-evoked myogenic 
potentials (VEMPs). AC, air-conducted; BC, bone-conducted sounds; IO, 
inferior oblique muscle; III, oculomotor nucleus; IV, trochlear nucleus; 
MLF, medial longitudinal fasciculus; VI, abducens nucleus; VNc, vestibu-
lar nucleus; U, utricle; VST, vestibulospinal tract; S, saccule; SCM, sterno-
cleidomastoid muscle.
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during VEMP tests. One of the reliable methods is to record 
the muscle activity for 20 ms before each auditory stimulus.4 
Another method involves using an external monitoring de-
vice to estimate muscle action potentials during the test.13,14 
While evaluating ocular VEMPs, which represent excitatory 
potentials originating from the inferior oblique muscle, 
maintaining an upward gaze increases the amplitude of 
the VEMPs. This gaze position also pulls the inferior oblique 
muscle close to the surface electrode, which can increase 
the recording efficacy of ocular VEMPs.15

Effects of aging and diseases on VEMPs
The amplitude of VEMPs is known to decrease in the elderly.4 
In addition, the tuning frequency of VEMPs—the stimulus 
frequency and intensity that is most effective at generat-
ing VEMPs—changes with aging.1,2 The optimal stimulus 
frequency for generating cervical and ocular VEMPs ranges 
from 750 Hz to 1 kHz in the elderly, while it is typically 500 Hz 
in young subjects.16 Therefore, when evaluating VEMPs in 
the elderly, additional testing at 1 kHz may be needed when 
a 500-Hz stimulus does not elicit VEMPs. The threshold in-
tensity is also lower in the young than the elderly.10 These 

Fig. 2. Vestibular-evoked myogenic potential (VEMP) findings in acute vestibular neuritis (VN). VN involving both the superior and inferior divisions 
manifests as abnormal cervical and ocular VEMPs with caloric unresponsiveness on the affected side (left column). In contrast, superior VN causes ab-
normal ocular VEMPs and caloric weakness (middle column), while inferior VN only decreases cervical VEMPs (right column). L, left; R, right.
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differences in the tuning frequency in the elderly reflect 
age-related changes in the intrinsic characteristics of the 
otolith organs.

Changes in VEMP tuning have also been reported in 
some pathological conditions. In an ear affected by MD, the 
tuning of VEMP typically shifts to a frequency of 750 Hz to 
1 kHz, and higher that than in the unaffected ear.17-21 In SCD, 
the amplitudes of cervical and ocular VEMPs increase for 
both low- and high-frequency stimuli, thereby resulting in a 
broader frequency tuning and lower thresholds.10,22-25

VEMP TESTS IN CLINICAL DISORDERS

Acute vestibular neuropathy
In patients with acute spontaneous vertigo, horizontal and 
torsional spontaneous nystagmus, positive head impulse 
test opposite to the direction of nystagmus (presence of 
catch-up saccades in the direction opposite to head rota-
tion), and the absence of other central ocular motor signs 
and hearing loss could indicate the presence of an acute 
isolated peripheral vestibulopathy, which is usually called 
vestibular neuritis (VN).26,27 VN is mostly diagnosed based on 
the clinical context, and laboratory tests can help to deter-
mine its extent. Therefore, abnormal ocular VEMPs are antic-
ipated in patients with superior VN, while abnormal cervical 
VEMPs are expected in patients with inferior VN (Fig. 2). Ocu-
lar and cervical VEMPs can be abnormal when both superior 
and inferior nerves are involved.28-30 In atypical cases of VN 
in which the inflammation is scattered over the vestibular 
labyrinth rather than spreading through the nerve branch, 
VEMP tests would be useful for localizing the lesions.31 

Meniere’s disease
MD is a vestibular disorder characterized by the clinical triad 
of episodic vertigo, low-frequency sensorineural hearing 
loss, and tinnitus.32 Endolymphatic hydrops is a pathological 
hallmark of MD that develops initially in the saccule and in 
the apical turn of the cochlea.33 It has therefore been of in-
terest to determine whether VEMP tests could help diagnose 
MD and also whether the VEMP findings differ between MD 
and other vestibular disorders.

Both cervical and ocular VEMPs have been reported to be 
abnormal in MD patients compared with normal subjects.1,2 

Some studies have found that ocular and cervical VEMP ab-
normalities might be useful for differentiating or predicting 
MD in isolated auditory or vestibular syndromes such as 
acute low-frequency sensorineural hearing loss34 and be-
nign recurrent vertigo without hearing loss.14 These sugges-
tions seem reasonable given where endolymphatic hydrops 
initially develops.33 To enhance the sensitivity and specificity 
of VEMP in diagnosing MD, a parameter evaluating the 
tuning property of VEMPs (as mentioned above) was also 
introduced recently.35,36 However, all of these suggestions 
have limitations associated with retrospective study designs 
and the inclusion of populations within a narrow spectrum. 
Therefore, while VEMPs can be used to assess otolith func-
tion in MD, their usefulness in diagnostic testing for MD has 
not yet been established.

Vestibular migraine 
Vestibular migraine (VM) is a variant form of migraine that 
is one of the common disorders that results in recurrent 
spontaneous vertigo.37 Although its exact pathophysiology 
has not been established, VM is assumed to share the patho-
physiology of migraine, which makes it difficult to infer the 
association between VM and otolith dysfunction.38 This situ-
ation has resulted in studies evaluating VEMPs in VM being 
rarer than those involving MD. A few studies have identified 
cervical or ocular VEMP abnormalities in comparisons with 
healthy subjects and patients with migraine without ves-
tibular symptoms.39,40 However, VEMP abnormalities in VM 
have been less marked than those in MD.41,42 The abnormal 
VEMPs in VM could be ascribed to the concurrent existence 
of MD,43,44 or they may result from functional rearrangement 
of brainstem and cerebellum in VM. However, as with VEMP 
studies of MD, the limitations of these findings mean that 
the role of VEMPs in VM also remains to be established.

Benign paroxysmal positional vertigo
VEMP tests are not necessary for diagnosing benign parox-
ysmal positional vertigo (BPPV), but such tests may be useful 
for identifying otolith dysfunction in patients with BPPV. In-
deed, BPPV can occur in association with MD or VN.45,46 Re-
cent studies have shown that patients with BPPV commonly 
exhibit VEMP abnormalities that can be unilateral or bilat-
eral.47,48 Abnormal VEMP findings have also been reported 
to be associated with the recurrence or the response to the 
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repositioning maneuver.49,50

Superior canal dehiscence 
A defect in the temporal bone around the superior semicir-
cular canal can provide a third-mobile window within the 
inner ear that results in a distinct vestibular syndrome.51 The 
typical clinical manifestations of superior canal dehiscence 
(SCD) are sound-/pressure-induced vertigo/nystagmus, pul-
satile tinnitus, and hyperacusis. In pure-tone audiometry, the 
air-bone gap within a low-frequency range in addition to 
enhanced bone conduction inducing a negative threshold 
can aid the diagnosis.52 VEMPs could also provide a specific 
diagnostic clue for the diagnosis of SCD. Both ocular and 
cervical VEMPs are known to exhibit elevated responses to 
auditory clicks and tone bursts, with the threshold decreas-
ing to 75 dB SPL, such that VEMPs are not inducible in the 
normal ear (Fig. 3).1,2 Therefore, a VEMP threshold test should 

be applied to patients with the clinical manifestations of 
SCD. Since recovery of the VEMP amplitude and threshold 
after surgical treatment for SCD has been reported, VEMPs 
can also be useful for monitoring the surgical outcomes.53

Central lesions
The vestibular nerve—which carries otolith information—
enters the brainstem to project to the cerebral cortex, ocular 
motor nuclei, and spinal motor neurons.54 Central lesions 
disrupting the otolith pathway can therefore result in the oc-
ular tilt reaction and subjective visual vertical tilt.55 Abnormal 
VEMP findings have also been reported in central lesions 
involving either direct or indirect pathways.56,57 Pontomed-
ullary lesions often result in abnormal ocular and cervical VE-
MPs by directly disrupting the vestibular nucleus complexes 
or otolith pathways. The cerebellum has a reciprocal con-
nection with the vestibular nuclei as well as primary afferent 

Fig. 3. Clinical findings of superior canal dehiscence (SCD). (A) Temporal bone computed tomography showing right-side SCD (white circles). (B) Ocular 
vestibular-evoked myogenic potentials (VEMPs) showing increased amplitudes during left-ear stimulation with a tone burst. (C) The cervical VEMP 
threshold test revealed a decreased threshold in the left ear compared with the right eye. (D) Pure-tone audiometry in the left ear demonstrated an 
air-bone gap with a low-frequency range in addition to enhanced bone conduction inducing a negative threshold. 

A

B

D

C
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fibers from otolith organs. This can result in cerebellar lesions 
causing an imbalance of neural activity with respect to the 
otolith signals and hence abnormal VEMP findings. Howev-
er, care is needed when interpreting VEMP abnormalities in 
central lesions since such abnormalities can vary with the 
characteristics, extent, and location of lesions.56,57 

CONCLUSIONS

VEMP tests are useful for evaluating patients with vestibular 
symptoms. However, in most cases these tests cannot re-
sult in a definitive diagnosis, instead providing information 
about the severity and extent of otolithic dysfunction and 
facilitating the understanding of the symptoms and signs 
of a patient. Further well-designed investigations into the 
mechanisms suggested to date are warranted for increasing 
the usefulness of VEMP tests in clinical practice.
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