
ISSN 2317-6431https://doi.org/10.1590/2317-6431-2018-2037

Literature Review

Audiol Commun Res. 2019;24:e2037 1 | 10This is an open-access article distributed under the
terms of the Creative Commons Attribution License.

Applications of vestibular-evoked myogenic potentials:  
a systematic literature review

Aplicações dos potenciais evocados miogênicos vestibulares:  

revisão sistemática de literatura

Tatiana Rocha Silva1, Marco Aurélio Rocha Santos2, Luciana Macedo de Resende3, Ludimila Labanca1,  
Júlia Fonseca de Morais Caporali4, Marjore Rhaissa de Sousa5, Denise Utsch Gonçalves6

ABSTRACT

Purpose: To review the scientific literature on the main techniques used 
to generate vestibular-evoked myogenic potential (VEMP) and its clinical 
applications.  Research strategy: A search for articles describing VEMP 
recording methods and applications was conducted in the PubMed, Web of 
Science, MEDLINE, Scopus, LILACS and SciELO databases. The search 
was limited to articles published in English, Portuguese, and Spanish between 
January 2012 and May 2018.  Selection criteria: Articles addressing the 
technical aspects for performing ocular, cervical or soleus VEMP with 
auditory or galvanic stimulation and articles on the clinical applications 
of VEMP were included in this review, whereas articles repeated in the 
databases, literature reviews, case reports, letters, and editorials were 
excluded.  Results: The search strategy resulted in the selection of 28 articles. 
The studies evidenced three methods of VEMP recording: responses from 
the cervical, ocular and soleus muscle. Clinical applications of VEMP 
included Meniere’s disease, vestibular neuritis, superior semicircular canal 
dehiscence syndrome, Parkinson’s disease, central ischemic lesions, and 
motor myelopathies.  Conclusion: Regardless of the recording technique, 
VEMP has proved to be useful as a complementary tool for the diagnosis 
of peripheral and central vestibular diseases.  

Keywords: Vestibular Nuclei; Vestibular-evoked Myogenic Potential; 
Postural balance; Vestibular function tests; Vestibular nerve

RESUMO

Objetivos: Revisar a literatura científica sobre as principais técnicas 
usadas para gerar o potencial evocado miogênico vestibular (VEMP) e suas 
aplicações clínicas.  Estratégia de pesquisa: Os artigos que descrevem 
os métodos de registro e as aplicações do VEMP foram localizados nas 
bases de dados PubMed, Web of Science, MEDLINE, Scopus, LILACS e 
SciELO. O levantamento realizado limitou-se aos artigos publicados nos 
idiomas Inglês, Português e Espanhol, entre janeiro de 2012 e maio de 2018. 
Critérios de seleção: Artigos sobre os aspectos técnicos para a realização do 
VEMP ocular, cervical ou do músculo sóleo, com estimulação auditiva ou 
galvânica e artigos sobre as aplicações clínicas do VEMP foram incluídos; 
artigos repetidos nas bases de dados, artigos de revisão de literatura, relato 
de casos, cartas e editoriais foram excluídos. Resultados: A estratégia de 
busca resultou na seleção de 28 artigos. Os estudos evidenciaram três métodos 
de registro do VEMP: cervical, ocular e no músculo sóleo. As aplicações 
clínicas do VEMP incluíram doença de Ménière, neurite vestibular, síndrome 
da deiscência do canal semicircular superior, doença de Parkinson, lesões 
centrais isquêmicas e mielopatias motoras. Conclusão: Independentemente da 
técnica de registro, o VEMP mostrou-se útil como ferramenta complementar 
para o diagnóstico de doenças vestibulares periféricas e centrais.  

Palavras-chave: Núcleos vestibulares; Potencial evocado miogênico  
vestibular; Equilíbrio postural; Testes de função vestibular; Nervo vestibular

Study carried out at Universidade Federal de Minas Gerais – UFMG, Belo Horizonte (MG), Brasil.
1	Programa de Pós-graduação em Ciências da Saúde, Faculdade de Medicina, Universidade Federal de Minas Gerais – UFMG – Belo Horizonte (MG), Brasil.
2	Programa de Pós-graduação em Ciências Fonoaudiológicas, Faculdade de Medicina, Universidade Federal de Minas Gerais – UFMG – Belo Horizonte (MG), 
Brasil.

3	Departamento de Fonoaudiologia, Faculdade de Medicina, Universidade Federal de Minas Gerais – UFMG – Belo Horizonte (MG), Brasil.
4	Departamento de Clínica Médica, Faculdade de Medicina, Universidade Federal de Minas Gerais – UFMG – Belo Horizonte (MG), Brasil.
5	Faculdade de Medicina, Universidade Federal de Minas Gerais – UFMG – Belo Horizonte (MG), Brasil.
6	Departamento de Otorrinolaringologia, Faculdade de Medicina, Universidade Federal de Minas Gerais – UFMG – Belo Horizonte (MG), Brasil.
Conflict of interest: No.
Author contributions: TRS was the main researcher, responsible for the study design and scheduling, literature search, collection and analysis of data, and 
writing and submission of the manuscript; MARS was one of the research co-advisers, in charge of the study design and scheduling, data analysis, and revision 
and approval of the manuscript; LMR was one of the research co-advisers, responsible for the study design and revision and approval of the manuscript; LL and 
JFMC were collaborating researchers, in charge of data analysis and revision of the manuscript; MRS was a collaborating researcher, participated in the collection 
and analysis of data; DUG was the research adviser, responsible for the study design and writing and approval of the manuscript.
Funding: None.
Corresponding author: Denise Utsch Gonçalves. e-mail: deniseg@medicina.ufmg.br
Received: June 13, 2018; Accepted: September 10, 2018



Audiol Commun Res. 2019;24:e20372 | 10

Vestibular-evoked myogenic potentials

INTRODUCTION

Vestibular-evoked myogenic potential (VEMP) is an 
electrophysiological method used to assess integration of the 
otolith organs and vestibular nerves with the brainstem and the 
muscular system. Therefore, it is a complementary exam that 
presents the differential of evaluating the central vestibular 
function, and it is related to a disynaptic reflex that has been 
considered to investigate brainstem function(1,2).

The VEMP is generated from the muscle reflex responses 
resulted of the vestibulo-ocular, the vestibulomasseteric and 
the vestibulospinal reflexes. These reflexes depend on the 
functional integrity of the utricular and saccular maculae, the 
inferior and superior vestibular nerves, the vestibular nuclei, the 
central vestibular pathways, and the neuromuscular plaques(3,4). 
Changes in The VEMP are observed if any of the listed structures 
present injury.

The VEMP has been utilized to study a variety of 
vestibular diseases. Among peripheral diseases, Meniere’s 
disease(5,6), vestibular neuritis(7), superior semicircular canal 
dehiscence(8-10), large vestibular aqueduct syndrome(11), 
and vestibular schwannoma(12,13) are highlighted, whereas 
among central vestibular diseases, vestibular migraine(14), 
Parkinson’s disease(15), central ischemic lesions(16-18), and 
motor myelopathies(19-25) stand out.

The VEMP can be generated through auditory or galvanic 
stimulation and evoked responses can be obtained from several 
muscles such as extraocular, cervical, masseter, intercostal, 
brachialis, soleus, or gastrocnemius. The basic principle is the 
action of the muscular response in the postural control, either 
through vestibulo-ocular, vestibulocollic, or vestibulospinal 
reflex(2,3). With this approach, VEMP application varies 
according to the type of stimulation and the electromyographic 
muscular response(2,5). In its several modalities, this test presents 
characteristics favorable to its use in clinical practice: objectivity, 
non-invasiveness, easy execution, low cost, rapidity, and minimal 
discomfort for the patient. As any other electrophysiological 
examination, the examiner’s experience is a determining factor 
for the test reliability(2).

PURPOSE

This study aimed at revising the scientific literature addressing 
the main techniques used to generate vestibular-evoked myogenic 
potentials (VEMP) and their clinical applications.

RESEARCH STRATEGY

A systematic review of the literature was conducted, without 
meta-analysis, based on the following question: What are the 
different methods used to generate VEMP and their clinical 
applications? A search was conducted in the PubMed, Web of 
Science, MEDLINE, Scopus, LILACS, and SciELO electronic 
databases for articles published between January 2012 and 
May 2018. The following descriptors were used in the search: 
Vestibular-evoked myogenic potential, auditory stimulation, 
electric stimulation, postural balance, and vestibular nuclei. 

Keywords were selected based on consultation with the Health 
Sciences Descriptors (DeCS) and Medical Subject Headings 
(MeSH), and were combined using the Boolean operator AND. 
The following combinations were used: Vestibular-evoked 
myogenic potential AND auditory stimulation; Vestibular-evoked 
myogenic potential AND electric stimulation; Vestibular-evoked 
myogenic potential AND postural balance; Vestibular-evoked 
myogenic potential AND vestibular nuclei.

Through these search strategies, 396 publications were 
found (205 in PubMed, 96 in Web of Science, 35 in MEDLINE, 
52 in Scopus, and eight in SciELO). No publications were 
found on the LILACS database. First, the article titles were 
analyzed, and those associated with the theme proposed 
for the review were selected. Titles should make reference 
to VEMP. A second selection was conducted by analyzing 
the abstracts, which should include the clinical application 
of VEMP.

SELECTION CRITERIA

The articles met the following criteria to be included in this 
revision: 1) be published in Portuguese, English, or Spanish 
between January 2012 and May 2018; 2) titles should contain 
the word VEMP and a clinical application should be described 
in the title or abstract.

Articles that did not address VEMP and their clinical application 
in the title or abstract, did not mention the characteristics of the 
VEMP used, and did not describe the results of the evaluation 
were excluded. Articles repeated in the databases, literature 
reviews, case reports, letters, and editorials were also excluded 
from the review.

After analysis, 28 articles that met the inclusion criteria 
were selected for review. The article selection process was 
based on the recommendations of the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses: the PRISMA 
Statement(26) (Figure 1).

Figure 1. Summary of the study selection criteria
Subtitle: VEMP = Vestibular-evoked myogenic potential
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DATA ANALYSIS

Initially, the studies were analyzed through the reading of 
their titles and abstracts. Subsequently, the studies included in 
the review were read in full. The recommendations included 
in the Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE statement)(27) were followed to analyze 
the selected studies. The following data were extracted from 
the articles after analysis: authors, year of publication, country 
where the research was conducted, VEMP recording method, 
method characterization, recording parameters, sample size, 
clinical application, and results.

A descriptive analysis of the results was performed and, due 
to the heterogeneity of the data, it was not possible to perform 
a meta-analysis.

RESULTS

The Chart 1 presents a summary of the 28 studies included 
in this review. The variables country of origin and design were 
described to assist with characterization of the studies included 
in the review, but are not part of the main outcomes. All articles 
selected were published in English. The countries with the largest 
number of publications were the USA (5; 18%)(8,10,16,18,28) and 

Chart 1. Characterization of the 28 studies included in the review

Authors
Year / 

Country
Design Sample

VEMP 
recording 
method

Method characterization Application

Chang et al.(5) 2017 / Taipei 
(Taiwan)

Cross-
sectional 

descriptive

70 individuals 
with unilateral 

Meniere’s 
disease

VEMP cervical 
and ocular

Galvanic stimulation on 
the sternocleidomastoid 

muscle at 5 mA 
intensity, air-conducted 

sound stimulation 
(at 105 dB nHL intensity), 

and bone‑conducted 
vibration (at 142 dB 

intensity), click at 600 Hz 
frequency

Use of cervical and ocular 
VEMP to investigate 
vestibular function in 

patients with Meniere’s 
disease

Lin et al.(6) 2013 / Taipei 
(Taiwan)

Cross-
sectional 

descriptive

50 individuals 
with unilateral 

Meniere’s 
disease

VEMP cervical 
and ocular

Bone-conducted tone 
burst auditory stimulation 
at 500 Hz frequency and 

144 dB intensity

Use of cervical and ocular 
VEMP to investigate the 
relationship with body 

balance in individuals with 
Meniere’s disease

Walther and 
Blödow(7)

2013 / 
Mannheim 
(Germany)

Cross-
sectional 

comparative

20 individuals 
with acute 
unilateral 
vestibular 

neuritis and a 
control group

VEMP cervical 
and ocular

Air-conducted tone burst 
sound stimulation at 

500 Hz frequency and 
100 dB nHL intensity

Assessment of cervical 
and ocular VEMP in 

patients with vestibular 
neuritis to verify the 
involvement of the 

semicircular canals and 
the otolith organs

Janky et al.(8)
2014 / 

Baltimore
(USA)

Cross-
sectional 

comparative

16 individuals 
with SSCD and 
a control group

VEMP cervical 
and ocular

Air-conducted sound 
stimulation, click (at 

105 dB nHL intensity) and 
tone burst (at 125 dB SPL 

intensity), at 500 Hz 
frequency

Use of cervical and 
ocular VEMP in patients 
with SSCD to evaluate 

intralabyrinthine pressure

Manzari et al.(9) 2013 / Cassino 
(Italy)

Cross-
sectional 

comparative

22 individuals 
with SSCD and 
a control group

VEMP cervical 
and ocular

Air-conducted sound 
stimulation (at 

120 dB SPL intensity) and 
bone-conducted auditory 
stimulation (at 130 dB FL 
intensity), tone burst, at 
125-8000 Hz frequency

Use of cervical and ocular 
VEMP to assist with 
diagnosis of SSCD

Zuniga et al.(10)
2013 / 

Baltimore
(USA)

Cross-
sectional 

comparative

29 individuals 
with SSCD and 
a control group

VEMP cervical 
and ocular

Air-conducted sound 
stimulation, click, at 

500 Hz frequency and 
105 dB nHL intensity

Use of cervical and 
ocular VEMP to evaluate 
sensitivity and specificity 
in the diagnosis of SSCD

Mahdi et al.(12) 2013 / Tehran 
(Iran)

Cross-
sectional 

comparative

10 subjects 
with vestibular 
schwannoma 
and a control 

group

VEMP cervical

Air-conducted sound 
stimulation (at 95 dBnHL 

intensity) and bone-
conducted auditory 

stimulation (at 70 dBnHL 
intensity), tone burst, at 

500 Hz frequency

Use of cervical VEMP 
to evaluate vestibular 

function in patients with 
vestibular schwannoma

Subtitle: VEMP = Vestibular-evoked myogenic potential; BPPV = Benign paroxysmal positional vertigo; SSCD = Superior semicircular canal dehiscence
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Authors
Year / 

Country
Design Sample

VEMP 
recording 
method

Method characterization Application

Chiarovano et al.(13) 2014 / Paris
(France)

Cross-
sectional 

comparative

83 subjects 
with vestibular 
schwannoma 
and a control 

group

VEMP cervical 
and ocular

Air-conducted sound 
stimulation, click 

(at 105 dB nHL intensity) 
and tone burst (at 

128 dB SPL intensity) and 
bone-conducted auditory 

stimulation, tone burst 
(at 135 dB intensity), at 

500 Hz frequency

Use of cervical and ocular 
VEMP to assess the 

vestibular nerve function 
in patients with vestibular 

schwannoma

Kim et al.(14)
2015 / 

Gangwon-do 
(South Korea)

Cross-
sectional 

comparative

38 individuals 
with migraine 
without aura, 
30 individuals 
with tension 

headache, and a 
control group

VEMP cervical 
and ocular

Air-conducted sound 
stimulation, tone burst, 

at 500 Hz frequency and 
125-130 dB nHL intensity

Use of cervical and ocular 
VEMP to investigate 
vestibular function in 

patients with migraine and 
tension headache

Shalash et al.(15) 2017 / Cairo 
(Egypt)

Cross-
sectional 

comparative

15 individuals 
with Parkinson’s 
disease and a 
control group

VEMP cervical 
and ocular

Air-conducted sound 
stimulation, tone burst, 

at 500 Hz frequency and 
90 dBnHL intensity

Use of cervical and ocular 
VEMP to evaluate motor 
and non-motor symptoms 

in individuals with 
Parkinson’s disease

Miller et al.(16)
2014 / 

Chicago
(USA)

Cross-
sectional 

descriptive

17 individuals 
with post-

stroke spastic 
hypertonia

VEMP cervical

Air-conducted sound 
stimulation, tone burst, 

at 500 Hz frequency and 
95 dB nHL intensity

Use of cervical VEMP 
to evaluate the level of 

spasticity in patients with 
post-stroke spasticity

Oh et al.(17) 2013 / Jeonju 
(South Korea)

Cross-
sectional 

descriptive

52 individuals 
with acute brain 

injury
VEMP ocular

Air-conducted sound 
stimulation, tone burst, at 
1000 Hz frequency and 

100 dB nHL intensity

Use of ocular VEMP to 
evaluate the otolith ocular 
function involved in acute 

brain lesions

Miller et al.(18)
2016 / 

Pittsburgh
(USA)

Cross-
sectional 

descriptive

19 post-stroke 
individuals VEMP ocular

Air-conducted sound 
stimulation, tone burst, 

at 500 Hz frequency and 
95 dB nHL intensity

Assessment of ocular 
VEMP to analyze the 
ascending vestibulo-
ocular pathways in 
post‑stroke patients

Squair et al.(19)
2016 / 

Vancouver
(Canada)

Cross-
sectional 

comparative

16 individuals 
with spinal cord 

injury and a 
control group

VEMP cervical 
and soleus

Galvanic stimulation on 
the sternocleidomastoid 
muscle at 2 mA intensity 
and air-conducted sound 
stimulation, tone burst, 

at 500 Hz frequency and 
125 dB intensity.

Use of cervical and soleus 
VEMP to evaluate muscle 
activity in individuals with 

spinal cord injury

Caporali et al.(20)
2016 / Belo 
Horizonte

(Brazil)

Cross-
sectional 

comparative

22 individuals 
with 

schistosomal 
myeloradiculopathy 

and control 
group

VEMP soleus
Galvanic stimulation on 
the sternocleidomastoid 
muscle at 2 mA intensity

Use of soleus VEMP 
to assess spinal cord 
function in individuals 

with schistosomal 
myeloradiculopathy

Felipe et al.(21)
2013 / Belo 
Horizonte

(Brazil)

Cross-
sectional 

comparative

60 individuals 
infected 

with Human 
T-lymphotropic 

virus type 1 
(HTLV-1) and a 
control group

VEMP cervical

Air-conducted sound 
stimulation, tone burst, at 
1000 Hz frequency and 

118 dB HL intensity

Use of cervical VEMP to 
investigate subclinical 
neurological changes 

associated with HTLV-1 
infection

Pelosi et al.(28)
2013 / 

Nashville
(USA)

Cross-
sectional 

descriptive

31 individuals 
with isolated 

unilateral 
utricular 

dysfunction

VEMP ocular

Air-conducted sound 
stimulation, tone burst, 

at 500 Hz frequency and 
95 dB HL intensity

Use of ocular VEMP to 
define the characteristics 

of isolated unilateral 
utricular dysfunction

Subtitle: VEMP = Vestibular-evoked myogenic potential; BPPV = Benign paroxysmal positional vertigo; SSCD = Superior semicircular canal dehiscence

Chart 1. Continued...
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Authors
Year / 

Country
Design Sample

VEMP 
recording 
method

Method characterization Application

Silva et al.(29)
2017 / Belo 
Horizonte

(Brazil)

Cross-
sectional 

comparative

30 individuals 
with unilateral 

Meniere’s 
disease, 30 
individuals 

with vestibular 
hyporeflexia, 
and a control 

group

VEMP cervical 
and ocular

Air-conducted sound 
stimulation, tone burst, 

at 500 Hz frequency and 
120 dBnHL intensity

Use of cervical and 
ocular VEMP to assess 

vestibular function in 
patients with Meniere’s 
disease and vestibular 

hyporeflexia

Saka et al.(30)
2012 / 

Nishinomiya 
(Japan)

Cross-
sectional 

descriptive

25 individuals 
with otosclerosis VEMP cervical

Bone-conducted auditory 
stimulation, tone burst, at 
de 250 Hz frequency and 

60 dB nHL intensity

Use of cervical VEMP 
to evaluate balance 
in individuals with 

otosclerosis

Tal et al.(31) 2016 / Haifa 
(Israel)

Cross-
sectional 

descriptive

30 sailors on 
medication for 

motion sickness
VEMP cervical

Air-conducted sound 
stimulation, tone burst, 

at 500 Hz frequency and 
90 dB nHL intensity

Use of cervical VEMP 
to assess absorption 
and efficacy of motion 
sickness medication

Brantberg and 
Verrecchia(32)

2012 / 
Stockholm 
(Sweden)

Cross-
sectional 

comparative

38 individuals 
with SSCD and 
a control group

VEMP cervical

Air-conducted sound 
stimulation, click (at 

80‑90 dB nHL intensity) 
and tone burst (at 

130 dB SPL intensity), at 
500 Hz frequency

Use of cervical VEMP 
as a screening test in 
patients with SSCD

Demirhan et al.(33)
2016 /

Istanbul 
(Turkey)

Cross-
sectional 

comparative

30 individuals 
with cochlear 
implant and a 
control group

VEMP cervical

Air-conducted sound 
stimulation, tone burst, 

at 500 and 1000 Hz 
frequencies and 100 dB 

nHL intensity

Use of cervical VEMP in 
individuals with cochlear 

implant to assess 
vestibular function

Tax et al.(34) 2013 / Sidney
(Australia)

Cross-
sectional 

comparative

Eight individuals 
with bilateral 

vestibular 
dysfunction and 
a control group

VEMP 
cervical, 

ocular, and 
soleus

Galvanic stimulation at 
1 mA intensity

Evaluation of VEMP 
with galvanic stimulation 

to analyze the 
vestibulospinal reflex in 
individuals with bilateral 
vestibular dysfunction

Sreenivasan et al.(35)
2015 / 

Puducherry 
(India)

Cross-
sectional 

comparative

15 individuals 
with BPPV and a 

control group
VEMP cervical

Air-conducted sound 
stimulation, tone burst, 

at 500 Hz frequency and 
105 dB nHL intensity

Assessment of cervical 
VEMP to define the 

characteristics of BPPV

Güven et al.(36)
2014/ 

Cankaya 
(Turkey)

Cross-
sectional 

comparative

50 individuals 
with multiple 

sclerosis and a 
control group

VEMP cervical

Air-conducted sound 
stimulation, tone burst, 

at 500 Hz frequency and 
120 dB intensity

Use of cervical VEMP to 
evaluate the contribution 
of this myogenic potential 

to the diagnosis of 
multiple sclerosis

Harirchian et al.(37) 2013 / Tehran 
(Iran)

Cross-
sectional 

comparative

20 individuals 
with multiple 

sclerosis and a 
control group

VEMP cervical

Air-conducted sound 
stimulation, click, at 

500 Hz frequency and 
95 dB NHL intensity

Use of cervical VEMP 
to assess sensitivity in 

the diagnosis of multiple 
sclerosis

Iwasaki et al.(38) 2013 / Tokyo
(Japan)

Cross-
sectional 

comparative

14 individuals 
with unilateral 

peripheral 
vestibular 

dysfunction and 
a control group

VEMP ocular

Air-conducted sound 
stimulation, tone burst, 

at 500 Hz frequency and 
135 dBSPL intensity

Use of ocular VEMP to 
investigate vestibular 

function in individuals with 
vestibular dysfunction

Parkes et al.(39) 2017 / Toronto
(Canada)

Longitudinal 
cohort

33 individuals 
with cochlear 

implant 
assessed by 
VEMP and a 
non-exposed 

group

VEMP cervical 
and ocular

Air-conducted sound 
stimulation, tone burst, 

at 500 Hz frequency and 
124 dB SPL intensity

Use of cervical and ocular 
VEMP in individuals with 

cochlear implant

Subtitle: VEMP = Vestibular-evoked myogenic potential; BPPV = Benign paroxysmal positional vertigo; SSCD = Superior semicircular canal dehiscence

Chart 1. Continued...
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Brazil (3; 11%)(20,21,29). Sample size of the studies ranged from 
eight to 83 individuals with peripheral and central vestibular 
disorders.

Regarding the design, eight (29%) studies were 
descriptive(5-6,16-18,28,30-31),19 (68%) were comparative cross-secti
onal(7-10,12-15,19-21,29,32-38), and one (3%) was longitudinal cohort(39).

With respect to the diseases, the most commonly investigated 
clinical applications in patients with vestibular disorders 
referred to Meniere’s disease(5-6,29), superior semicircular canal 
dehiscence syndrome(8-10,32), vestibular schwannoma(12-13), and 
central ischemic lesions(15-21,36-37).

Three methods of vestibular-evoked myogenic potential 
(VEMP) recording were identified in the 28 articles assessed, 
with the cervical and the ocular as the most commonly used 
methods (Figure 2).

Concerning the type of applied stimulation, the number (%) 
of studies using the sound or the electric stimulation were: 19 
(68%), auditory - rarefaction tone burst(6-7,9,12,14-18,21,28-31,33,35-36,38-39); 
three (11%), auditory - rarefaction tone burst and click(8,13,32); 
two (7%), auditory - click(10,37); two (7%), galvanic(20,34); one 
(3.5%), auditory - click and galvanic(5); one (3.5%), auditory 
- rarefaction tone burst and galvanic(19). The electric current 
intensity of galvanic stimulation ranged from 1 to 5 mA(5,19,20,34).

Regarding the frequency of auditory stimulation, 500 Hz was 
predominant - used in 21 (81%) studies(6-8,10,12-16,18-19,28-29,31-33,35-39), 
followed by 1000 Hz - applied in two (7%) investigations(17,21), 
600 Hz - used in one (4%) survey(5), 250 Hz - utilized in one 
(4%) study(30), and one research used various frequencies(9).

Regarding the type of stimulus conduction, 21 (81%) 
studies used air-conducted sound(7-10,14-19,21,28-29,31-33,35-39), two 
(7%) researches applied bone-conducted vibration(6,30), and 
three (12%) surveys utilized both air- and bone-conducted 
stimulation(5,12,13) .

All the studies that used VEMP to evaluate Meniere’s 
disease(5-6,29) adopted either cervical or ocular recording. 
About the type of stimulus, two of these surveys(6,29) used 
rarefaction tone burst auditory stimulation at a frequency of 

500 Hz and one(5) applied click auditory stimulation at 600 Hz. 
Air-conducted sound(29), bone-conducted vibration(6), and both 
air- and bone‑conducted stimulation(5) were also observed.

With respect to application of VEMP to superior semicircular 
canal dehiscence(8-10,32), this review verified that three studies(8-10) 
used cervical and ocular VEMP recording and one used only 
cervical recording. Of these studies, one(9) applied rarefaction 
tone burst auditory stimulation at variable frequency, one(10) 
used click auditory stimulation at 500 Hz, and two(8,32) utilized 
both rarefaction tone burst and click auditory stimulation at a 
frequency of 500 Hz. The air-conducted sound stimulation was 
the only chosen in all the studies(8-10,32).

As for application to vestibular schwannoma(12,13), one study(13) 
used cervical and ocular VEMP recording and the other(12) 
used only cervical recording. One(12) utilized air-conducted 
rarefaction tone burst sound stimulation at a frequency of 
500 Hz and the other(13) applied both air-conducted sound and 
bone-conducted vibration stimulation using rarefaction tone 
burst and click at 500 Hz.

About VEMP for testing central ischemic lesions(15-21,36,37), 
this review found that one study(15) used both cervical and ocular 
VEMP, four(16,21,36,37) used only cervical VEMP, two(17,18) only 
ocular VEMP, one(20) only soleus VEMP, and one(19) applied 
both cervical and soleus VEMP. Of these studies, four(15-16,18,36) 
used air-conducted rarefaction tone burst sound stimulation 
at a frequency of 500 Hz, two(17,21) applied air-conducted 
rarefaction tone burst sound stimulation at 1000 Hz, one(37) 
utilized air‑conducted click sound stimulation at 500 Hz, one(19) 
used air-conducted rarefaction tone burst sound stimulation at 
500 Hz and galvanic stimulation at an electric current of 2 mA, 
and one(20) applied only galvanic stimulation at 2 mA.

The Chart 2 shows a summary of the main characteristics 
of the VEMP recording methods. Figures 3,  4,  and 5 show 
VEMP recording methods according to the type of stimulation 
and neural pathway, positioning of the electrodes for muscle 
response, and electrophysiological waveform generated.

Figure 2. Distribution of the studies according to the methods of vestibular myogenic evoked potential (VEMP) recording
Subtitle: VEMP = Vestibular-evoked myogenic potential
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Chart 2. Summary of the main characteristics of the vestibular-evoked myogenic potential (VEMP) recording methods
Types of VEMP Ocular VEMP Cervical VEMP Soleus VEMP

Record of the response muscle Extraocular, mainly inferior 
oblique Sternocleidomastoid Soleus or Gastrocnemius

Stimulation more used Auditory (sound) Auditory (sound) Galvanic (electric)

Neural pathway assessed Contralateral vestibulo-ocular tract Medial vestibulospinal tract 
(ipsilateral via)

Lateral vestibulospinal tract 
(ipsilateral via)

Biphasic electrophysiological 
waveform N10 - P15 P13 - N23 SL – ML

Subtitle: VEMP = Vestibular-evoked myogenic potential; N10 = Negative peak N with mean latency of 10 ms; P15 = Positive peak P with mean latency of 15 ms; 
P13 = Positive peak P with mean latency of 13 ms; N23 = Negative peak N with mean latency of 23 ms; SL = Short-latency component (approximately 60 ms); 
ML = Medium-latency component (approximately 110 ms)

Figure 3. Ocular vestibular-evoked myogenic potential (ocular VEMP). (A) Type of stimulation and neural pathway; (B) Electrophysiological 
waveform; (C) Positioning of the electrodes for recording

Figure 4. Cervical vestibular-evoked myogenic potential (cervical VEMP). (A) Type of stimulation and neural pathway; (B) Electrophysiological 
waveform; (C) Positioning of the electrodes for recording

Figure 5. Soleus muscle vestibular-evoked myogenic potential (soleus VEMP). (A) Type of stimulation and neural pathway; (B) Electrophysiological 
waveform; (C) Positioning of the electrodes for recording
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DISCUSSION

The studies about VEMP with auditory stimulation have 
evidenced this test as an assisting tool for the diagnosis of 
several types of peripheral vestibular disorders, predominantly 
Meniere’s disease(5,6,29,40) and superior semicircular canal 
dehiscence (SSCD)(8-11,32), as well as diseases related to central 
vestibular disorders, such as motor myelopathies(19-25) and 
Parkinson’s disease(15,41-43).

In Meniere’s disease, some authors have reported that cervical 
VEMP changes occur in consequence of the cochleosaccular 
hydrops(5,6), while other authors have understood that the changes 
depend on the stage of this disease(29,40). In the early stages of the 
disease, increased amplitudes are observed in cervical VEMP 
owing to hypersensitivity of the saccule, which would be caused 
by saccular dilatation, whereas in late stages, the amplitudes may 
be attenuated as a result of atrophy of the sensory epithelium 
of the saccular membrane(29). Concomitant changes in cervical 
and ocular VEMP would be associated with involvement of the 
saccule and the utricle, respectively(5,40). Therefore, simultaneous 
alteration of cervical and ocular VEMP occurs more commonly 
in the advanced stage of Meniere’s disease(29,40).

The literature reports that, in SSCD, the cervical and the 
ocular VEMP recording presents a pattern of response that is 
different from those observed in other vestibular diseases(8-10). 
Electrophysiological response with auditory stimulation at lower 
sound intensity (approximately 70 dB nHL) is observed, as well 
as waveforms with increased amplitude on the compromised 
side, keeping the normal morphology(11,32). This finding has 
been associated with a change in the bone layer that covers the 
superior semicircular canal(8-10) that when thinner, can cause a 
decrease in impedance and, consequently, an increased sound 
transmission to the labyrinth, with greater sensitivity of the 
saccule to sound stimulation. VEMP response at low sound 
stimulation associated with higher wave amplitude that increases 
according to the level of sound intensity for both the cervical 
and the ocular potentials, suggest the diagnosis of SSCD and 
indicate that the central vestibular system is not affected in 
this syndrome(8-11,32).

Regarding central lesions, studies addressing infectious 
myelopathies showed that cervical VEMP responses were 
altered in over half of the individuals with myelopathy(22-23). 
Cervical VEMP enabled to diagnose a spinal disfunction that 
was subclinical, in addition to assessing the disease evolution(21).

In Parkinson’s disease, cervical VEMP and ocular VEMP 
were used to evaluate the postural control. A study that assessed 
the vestibulocollic reflex in individuals with Parkinson’s disease 
reported that cervical VEMP responses showed reduced amplitudes. 
According to the authors, these findings suggest reduction in the 
reflexes that correlate with the vestibular activity(15). Another 
study showed changes in cervical and ocular VEMP responses 
in patients with Parkinson’s disease and postural instability(43).

About the type of sound stimulus used to generate VEMP, 
the tone burst auditory stimulation was identified in several 
studies and it is justified by the fact that the threshold of saccular 
excitability is lower for this type of stimulus when compared to 
click stimulation, and it is more comfortable for the individual(4). 
The frequency of 500 Hz is the most common choice because 
it generates a more homogeneous and constant response(4,44).

With respect to the comparison of air-conducted sound and 
bone-conducted vibration auditory stimulation, some authors 

believe that the advantage of the latter lies in the possibility of 
testing individuals with conductive hearing loss(7,12,17,30). However, 
bone-conducted stimulation is seldom used, considering that 
galvanic stimulation, which is independent of the middle ear, 
offers more robust electrophysiological response(42,45,46).

Studies have observed that VEMP obtained through galvanic 
stimulation presents the advantage of acting on the postsynaptic 
membrane, next to the vestibular nuclei and, when associated 
with other vestibular battery tests, enables distinction between 
peripheral and central vestibular disorders(45,46). As galvanic 
stimulation reaches the terminal axons of the vestibular nerve 
in the junction with the vestibular nucleus, when comparing 
the response to VEMP using auditory stimulation with that 
of VEMP using galvanic stimulation in the same patient, it 
is possible to differentiate whether the lesion is vestibular or 
retrovestibular(42,45-47). For example, in the presence of peripheral 
vestibular neuropathy, VEMP with auditory stimulation will 
show altered results, whereas VEMP with galvanic stimulation 
will present normal result(25).

VEMP with galvanic stimulation has been proved to 
be an important tool for the subclinical diagnosis of motor 
myelopathies(20,21,25) and for the definition of the level of spinal 
cord involvement(19-21). For instance, when assessing patients with 
motor or traumatic myelopathy and submitting them to VEMP 
with galvanic stimulation with the response recorded in different 
postural muscles (e.g. cervical, intercostal, and soleus), it is 
possible to infer about the topodiagnosis of the medullar lesion 
based on which muscle presented VEMP response. In clinical 
practice, recording of soleus VEMP triggered by auditory 
stimulation is difficult to obtain due to lower accumulation of 
energy, compared with that of the galvanic method, which is 
much more robust(46). Thus, for the VEMP of the soleus muscle, 
the best stimulus is the galvanic one. For ocular and cervical 
VEMP, the response can be generated with both auditory and 
galvanic stimuli.

The different methods related to the parameters used to 
perform VEMP and the presentation of the results limited the 
comparison among studies. On the other hand, the importance 
of using different VEMP recording methods to assess otolith 
function and vestibular pathway is the diversity of vestibular 
diseases that can be evaluated through VEMP. Therefore, in 
vestibular electrophysiology research, VEMP has emerged as 
an outstanding complementary examination to assess vestibular 
function. The use of VEMP, coupled with other vestibular tests, 
enables a more comprehensive evaluation and, consequently, a 
better knowledge about the structures contained in the labyrinth 
and their neural pathways.

CONCLUSION

In this article, we reviewed the clinical aspects of VEMP, 
the stimulus modalities and the muscles most used to register 
the evoked response. Cervical VEMP, ocular VEMP and soleus 
VEMP are the most used. The auditory stimulus is the most used 
to generate the cervical and ocular VEMP, while the galvanic 
(electric) stimulus is the most used to generate the VEMP of the 
soleus muscle. These tests are very important for the evaluation 
of peripheral and central vestibular system function.
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