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Table e-1. Definitions of terms used in VEMP testing 
Term Definition 
Amplitude The peak-to-peak amplitude of the waveform complex. Normal responses vary from 15–330 µV, 

depending on the stimulus characteristics and degree of muscle contraction of the 
sternocleidomastoid. 

Amplitude asymmetry The difference between the amplitude on the left minus the amplitude on the right over the sum of 
the amplitude for both sides. Normal asymmetry ratios for patients aged <60 y are typically <45%. 
This formula may be used for raw amplitude values or rectified amplitude-corrected asymmetry 
calculations. 

Click stimulus Typical is one click 5 times per second (5 Hz) of about 0.1-millisecond duration with intensity of 
about 95- to 100-dB nHL by a sound-generated apparatus. 

Latency Time between the onset of the sound stimulus and the p13 or n23 response. Typically, it is 12–15 
milliseconds for P1 (p13) and 20–25 milliseconds for N1 (n23). 

nHL A threshold measure in dB above normal adult hearing level. Normal hearing level is based on the 
hearing levels of patients with normal hearing in a given laboratory or hearing center. 

Rectified normalized (or 
corrected) amplitude 

A method of normalizing the amplitude of the VEMP response to the degree of muscle contraction 
as determined by EMG. This is intended to account for asymmetry in the degree of muscular 
contraction of the sternocleidomastoid muscle on 1 side compared with the other, which may 
influence the determination of asymmetry in amplitude between the 2 sides. Usually this is 
calculated as the unit-less ratio of the p13-n23 amplitude divided by the rectified (full-wave) EMG 
amplitude.  

 SPL/pSPL A dB scale measured in terms of changes in sound pressure in the air relative to a reference. It 
differs from nHL because human ears do not hear equally well at all frequencies; thus, nHL is the 
measure of sound used in calibrating hearing tests in humans. 

Threshold The lowest amplitude (quietest) sound stimulus that still elicits a reproducible cVEMP response. 
The threshold for bone-conducted stimuli is usually lower (30- to 35-dB nHL) than for air-
conducted stimuli (85- to 95-dB nHL). An abnormally low threshold value suggests that the inner 
ear is hypersensitive to the influence of sound and pressure, accounting for the Tullio phenomenon 
(sound-induced vertigo) seen, for example, in superior canal dehiscence. 

Threshold asymmetry The difference between the threshold on the left minus the threshold on the right over the sum of 
the threshold value for both sides.  

Tone burst stimulus A (500-Hz) tone burst of 5 times per second (5 Hz) usually applied with intensity of about 95- to 
100-dB nHL by a sound-generating apparatus. 
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Abbreviations: cVEMP = cervical vestibular evoked myogenic potential; dB = decibel; EMG = electromyography; nHL = normal 
hearing level; pSPL = peak sound pressure level; SPL = sound pressure level; VEMP = vestibular evoked myogenic potential.  
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Tables e-2 through e-4: VEMP as a test of diagnostic accuracy for superior canal dehiscence syndrome 
 
Table e-2. Question 1: Superior canal dehiscence cVEMP 

Study 
(first 
author, y) 
 

Techniqu
e 

Diagnosi
s 

Clas
s 
 

Design, data 
collection 

Sample size Reference 
standard 

Measures of diagnostic 
accuracy 

Key findings 

Zhou, 
200724 

cVEMP SCD III Retrospective 
cohort 

65 patients in 
cohort, of which 26 
had SCD (35 
ears), one of which 
was actually 
posterior canal 
dehiscence  

History, 
temporal 
bone CT, 
surgical 
confirmation 

Threshold ≤ 65-dB nHL 
abnormal or < 90-dB nHL 
for those with air-bone gap 
>30 dB 

Although 4 patients with normal CT had 
abnormal cVEMPs, cVEMP was 91.4% 
sensitive, 95.8% specific. The one 
negative CT with abnormal VEMP 
amplitude was determined to have 
posterior canal dehiscence at the time of 
surgery.  

Zuniga, 
201225 

cVEMP SCD III Case control  29 patients with 
SCD (29 SCD 
ears), 25 control 
patients (50 normal 
ears) 

History, 
temporal 
bone CT, and 
surgical 
confirmation 

Threshold < 85-dB nHL cVEMP thresholds were 86% sensitive 
(95% CI 66%–95%) and 90% specific 
(95% CI 77%–96%) when an amplitude 
≤85 dB nHL was used as abnormal. 

Roditi, 
200930 

cVEMP SCD III Case control, 
underpowered 

17 SCD ears with 
107 normal ears 

History, 
temporal 
bone CT 

cVEMP peak-to-peak 
amplitudes 

After Bonferroni correction for multiple 
comparisons, there was not a significant 
difference between SCD ears and non-
SCD ears. 

Wackym, 
201231 

cVEMP SCD III Case control, 
underpowered 

5 patients with 
SCD, 20 control 
patients 

History, 
temporal 
bone CT, and 
surgical 
confirmation 

cVEMP peak-to-peak 
amplitudes 

The mean amplitudes for patients with 
SCD was 53.3 microvolts (95% CI 29.9–
76.8) and 63.1 microvolts for patients 
but was underpowered to detect 
differences. 

Welgampo
la, 200833 

cVEMP SCD III Case control, 
underpowered 

10 patients with 
SDC (14 affected 
ears), 20 normal 
controls (40 normal 
ears) 

History, 
temporal 
bone CT and 
surgical 
confirmation 

cVEMP-corrected 
amplitudes 

cVEMP-corrected amplitude of SCD-
affected ears 2.78 (95% CI 2.69–2.87) 
was significantly different than in 
controls 1.29 (95% 1.22–1.37), but after 
Bonferroni correction p<0.035.  

Brantberg, 
200932 

cVEMP SCD III Case control 20 patients with 
SCD (22 affected 
ears); 1,000 
consecutive control 
patients 

History, 
temporal 
bone CT  

cVEMP-corrected 
amplitudes 

With use of a corrected cVEMP 
amplitude of 0.8 (determined from 
normal mean 0.23+2 SD), cVEMP 
amplitude had a sensitivity of 100% 
(22/22) and specificity of 93% (115/113). 

Taylor, 
201234 

cVEMP SCD III Case control, 
underpowered 

14 patients with 
SCD (16 affected 
ears), 32 normal 
controls (64 normal 
ears). 

History, 
temporal 
bone CT  

cVEMP-corrected 
amplitudes 

For patients and controls aged >40 
years, 93.8% had corrected amplitude 
values greater than the mean+2 SD of 
the control group. However, neither the 
sensitivity nor the specificity could be 
determined in this subset of patients and 
controls. 
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Janky, 
201229 

cVEMP SCD III Case control 11 patients with 
SCD, 11 control 
participants 

History, 
temporal 
bone CT, 
surgically 
confirmed 

cVEMP-corrected peak-to-
peak amplitudes, mean 
difference and ROC 

Corrected cVEMP peak-to-peak 
amplitudes were significantly higher in 
patients with SCD compared with 
controls for click stimuli 2 (95% CI 0.1–
4.3) and tone burst stimuli 3.5 (95% CI 
0–7.1). 

Govender, 
201628 

cVEMP SCD III Case control 13 patients with 
SCD compared 
with 15 controls 

History, 
temporal 
bone CT, low 
cVEMP 
threshold 

cVEMP-corrected 
amplitudes > mean 
amplitude of controls + 2.5 
SD for stimulus intensity ≥ 
105-dB pSPL 

cVEMP-corrected amplitudes 
distinguished SCD from normal ears 
with sensitivity of 100% (13/13) and 
specificity of 93% (14/15). 

 
Abbreviations: cVEMP = cervical vestibular evoked myogenic potentials; nHL = normal hearing level; oVEMP = ocular vestibular evoked myogenic potentials; pSPL = peak sound 
pressure level; ROC = receiver operating characteristic; SCD = superior canal dehiscence. 
 
 
Table e-3. Question 2: Superior canal dehiscence oVEMP 

Study 
(first 
author, y) 
 

Techniqu
e 

Diagnosi
s 

Clas
s 
 

Design, data 
collection 

Sample size Reference 
standard 

Measures of diagnostic 
accuracy 

Key findings 

Thabet, 
201235 

oVEMP SCD III Case control 9 patients with 
SCD (11 affected 
ears), 9 control 
participants (18 
normal ears) 

History, 
temporal 
bone CT 

oVEMP n10 amplitudes and 
threshold values; mean 
differences 

Mean oVEMP thresholds for SCD ears 
was 82.5-dB nHL (95% CI 77.6–87.4) 
compared with controls of 100-dB nHL 
(95% 96.2–103.8), p<0.05. The 
amplitude in SCD ears was 2.68 µV 
(95% CI 2.46–2.90) vs controls 0.93 µV 
(95% CI 0.91–0.95), which was 
significantly different (p<0.05). With use 
of an n10 amplitude of ≥1.5 µV, oVEMP 
had 100% sensitivity and 100% 
specificity in differentiating patients with 
SCD from normal controls. 

Govender, 
201628 

oVEMP SCD III Case control 13 patients with 
SCD compared 
with 15 controls 

History, 
temporal 
bone CT, low 
cVEMP 
threshold* 

oVEMP mean corrected 
amplitudes; oVEMP n10 
and oVEMP threshold   

Using a stimulus intensity of 105 pSPL 
and corrected amplitude of >2.5 SD 
above the mean of normal controls, 
oVEMP amplitudes had a 77% (10/13) 
sensitivity and 100% (15/15) specificity 
in distinguishing SCD ears from normal 
ears. With use of a threshold of <99 dB 
pSPL as abnormal, patients with SCD 
were differentiated from controls with 
sensitivity of 76.9% (10/13) and 
specificity of 93.3% (14/15). Using an 
oVEMP stimulus threshold value <105-
dB pSPL achieved a sensitivity of 100% 
(13/13) and specificity of 92% (14/15). 
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Zuniga, 
201225 

oVEMP SCD III Cohort, 
prospective  

29 ears affected by 
SCD, 25 controls 
(50 normal ears) 

History, 
temporal 
bone CT, and 
surgical 
confirmation 

Sensitivity and specificity of 
oVEMP n10 amplitudes and 
peak-to-peak amplitudes in 
response to tone burst and 
click sound stimuli 

Tone burst–induced oVEMP n10 
amplitudes ≥9.3 µV had 100% sensitivity 
(95% CI 88%–100%) and 100% 
specificity (95% CI 93%–100%). oVEMP 
peak-to-peak amplitude >17.1 µV 
resulted in 100% sensitivity (95% CI 
85%–100%) and 98% specificity (95% 
CI 89%–100%). oVEMP thresholds were 
also very good in detecting SCD, 
although amplitudes were slightly better.  

Janky, 
201229 

oVEMP SCD III Case control 11 patients with 
SCD, 11 control 
participants 

History, 
temporal 
bone CT, and 
surgical 
confirmation 

oVEMP n10 amplitudes and 
threshold values; mean 
differences, sensitivity, 
specificity, and ROC 

oVEMP n10 amplitudes were 
significantly higher in patients with SCD 
to air-conducted stimulation. Use of 
oVEMP n10 amplitude of ≥8.25 µV as 
the cutoff yielded a sensitivity of 100% 
(95% CI 72%–100%) and a specificity of 
100% (95% CI 72%–100%) for a tone-
burst air-conducted sound stimulus. 

Wackym, 
201231 

oVEMP SCD III Case control 5 patients with 
SCD, 20 control 
patients 

History, 
temporal 
bone CT, and 
surgical 
confirmation 

cVEMP peak-to-peak 
amplitudes 

The mean amplitudes for patients with 
SCD was 5.46 µV (95% CI 29.9–76.8) 
and 63.1 microvolts for patients but was 
underpowered to detect differences. 

Manzari, 
201336 

oVEMP SCD III Case control 26 patients with 
SCD (30 ears 
affected), 22 
healthy controls 
(44 normal ears)  

History, 
temporal 
bone CT 

oVEMP response (i.e., a 
visible detectable 
waveform) to a 4,000-Hz 
tone burst at 120-dB SPL 
applied to the midline 
forehead at the hairline 

Sensitivity of a response was 100%, 
specificity 100%. None of the controls 
had a response, and all 30 ears had a 
response. 

Rosengre
n, 200837 

oVEMP SCD III Case control 9 patients with 
SCD (10 ears 
affected by SCD), 
10 normal controls 
with low normal 
oVEMP thresholds 

History, 
temporal 
bone CT 

oVEMP n10 amplitude and 
oVEMP threshold  

With use of n10 amplitude of >5 µV as 
abnormal at stimulus intensity of 139- to 
142-dB pSPL, 7/10 SCD were abnormal 
and 0/10 controls, yielding a sensitivity 
of 70%, specificity of 77%. The mean 
threshold in patients with SCD was 
101.2±5.5 dB pSPL compared with 
116.7±4.7 dB pSPL for controls 
(p<0.001) and all patients with SCD had 
abnormally low threshold values. 

Abbreviations: cVEMP = cervical vestibular evoked myogenic potentials; nHL = normal hearing level; oVEMP = ocular vestibular evoked myogenic potentials; pSPL = peak sound 
pressure level; ROC = receiver operating characteristic; SCD = superior canal dehiscence. 
 
Table e-4. Question 4: cVEMP/oVEMP in diagnosis of specific vestibular disorders 

Study 
(first 
author, y) 
 
 

Techniqu
e 

Diagnosi
s 

Clas
s 
 

Design, data 
collection 

Sample size Reference 
standard 

Measures of diagnostic 
accuracy 

Key findings 
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Singh,201
6e11 

oVEMP MD III Case control 36 patients with 
definite MD, 36 
controls. 

Clinical 
diagnostic 
criteria 

Calculation of frequency 
amplitude ratio of 1,000 Hz 
/ 500 Hz 

oVEMP frequency peak amplitude ratio 
had 88.9% sensitivity and 100% 
specificity.   

Egami, 
2013e14 

cVEMP MD III Case control 1,170 consecutive 
patients, 114 of 
whom had MD 

Clinical 
diagnostic 
criteria 

Abnormal defined as absent 
or low-amplitude cVEMP 
responses 

Abnormal cVEMP showed specificity of 
cVEMP abnormality of 48.9% (95% CI 
45.9%–51.9%) and sensitivity of 50% 
(95% CI 41.8%–59.2%), but this did not 
entail diagnosis, only correlation to 
diagnosis.  

Maxwell, 
2017e12 

cVEMP, 
oVEMP 

MD III Case control 42 patients with 
unilateral MD, 21 
controls 

Clinical 
diagnostic 
criteria 

Box and whisker plots 
showed no distinction of 
MD from controls for 
cVEMP; ROC for 
amplitudes and ratios were 
<0.7; when combining 
cVEMP and oVEMP 
500/1,000 Hz amplitude 
ratios with cut-offs of ≤0.85 
and ≤0.95 along with 
cVEMP 1,000 Hz amplitude 
asymmetries (cutoff ≥0.35 
and ≥ 0.37, the AUROC 
improved to 0.814 ±0.47.  

This study showed that by combining a 
number of cVEMP and oVEMP 
amplitude asymmetries and ratios, 
sensitivity and specificity improved to 
reasonable proximity of clinical 
diagnosis (now the practice standard). 
Addition of low-frequency pure tone 
audiometry loss of >40 dB further 
improved diagnostic accuracy.  

Lamounier
, 2016e16 

cVEMP MD III Case control 12 patients with 
MD, 12 controls 

Clinical 
diagnostic 
criteria 

cVEMP amplitude Ability to recognize controls ranged from 
84.6%–100%; the ability to diagnose MD 
using cVEMP had a sensitivity of 63.6% 
in the right ear and 62.5% in the left ear. 

Johnson, 
2016e17 

cVEMP, 
oVEMP 

MD III Case control 18 patients with 
MD, 22 controls 

Clinical 
diagnostic 
criteria 

Pooled data showed some 
cVEMP and oVEMP 
amplitude reductions 
compared to controls 

Abnormalities in cVEMP and oVEMP 
were noted but were not reliable in 
diagnosing MD.  

Murofushi, 
2011e13 

cVEMP, 
oVEMP 

MD III Case control 20 patients with 
MD 

Clinical 
diagnostic 
criteria 

Absent or low amplitude 
oVEMP responses and 
caloric paresis correlated in 
patients with MD 

Authors did not use VEMP for diagnosis 
in MD. Rather, they concluded oVEMP 
reflects utricular function and ACS 
cVEMP reflects saccular function. 

Inoue, 
2016e15 

cVEMP, 
oVEMP 

MD and 
VM 

III Case control 28 patients with 
VM, 28 with MD, 
28 controls 

Clinical 
diagnostic 
criteria for VM 
and MD 

Pooled data showed 
oVEMP and caloric 
asymmetry more often 
occurred in MD than VM 
(p<0.05)  

No attempt to use as diagnostic aid for 
patients with MD or VM in the study. 
Rather, the authors simply found a 
greater likelihood of abnormalities in 
oVEMP and caloric testing responses.  

Zuniga, 
2012e18 

cVEMP, 
oVEMP 

MD and 
VM 

III Case control 21 patients with 
VM, 20 patients 
with MD, 28 
controls 

Clinical 
diagnostic 
criteria for VM 
and MD 

cVEMP and oVEMP 
amplitudes pooled data 
showed amplitudes lower 
than controls (p<0.01) for 
MD and (p<0.007) for VM. 

No attempt to use as diagnostic aid for 
patients with MD or VM in the study. The 
VEMP amplitudes did not differentiate 
patients with VM from those with MD. 

Boldingh, 
2011e24 

cVEMP VM III Case control 37 patients with 
VM, 32 patients 
with migraine 

Clinical 
diagnostic 
criteria for VM 

The VM group were more 
likely than migraine 
headache patients (p = 

No attempt to use as diagnostic aid for 
patients with MD or VM in the study. No 
correlation between absent cVEMP 
response and motion sickness.  
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headache, 30 
controls 

0.027) or controls 
(p=0.001).   

Zaleski, 
2015e25 

cVEMP, 
oVEMP 

VM III Case control 39 patients with 
VM, 29 controls 

Clinical 
diagnostic 
criteria for 
VM; those 
with caloric 
paresis were 
excluded 

Bilaterally absent oVEMP 
responses were greater in 
VM patients (11/39) than 
controls (0/29) (p<0.01). 
There was no significant 
difference in cVEMP 
absence between VM 
patients and controls 

No attempt to use VEMP to aid in the 
diagnosis of VM.   

Yang, 
2008e21 

cVEMP BPPV III Case control 41 prospectively 
ascertained cases 
but 11 excluded 
because of absent 
responses; 92 
healthy controls 

Clinical 
diagnosis 
BPPV 

Difference in mean latency 
of p13 and p14 responses 

Differences were seen in the mean 
latency of the p13 response (1.74, 95% 
CI 0.98–2.5) and n23 response (1.68, 
95% CI 0.89–2.47). No attempt to use 
cVEMP in diagnosis. 

Korres, 
2011e22 

cVEMP BPPV III Case control 27 patients with 
BPPV, 30 controls 

Clinical 
diagnosis 
BPPV 

The proportion of abnormal 
VEMP responses in 
patients with BPPV (17/54) 
was greater than in control 
ears (5/60) 
(p<0.005). 

No attempt was made to diagnose 
BPPV using VEMP. Rather, authors 
found more VEMP abnormalities (absent 
response or increased latency)  

* Although cVEMP threshold was used as one of the diagnostic criteria, this was not considered incorporation bias for the assessment of cVEMP amplitude. 
 
Abbreviations: ACS = air-conducted stimulus; AUROC = rea under a receiver operating characteristic curve; BPPV = benign paroxysmal positional vertigo; cVEMP = cervical vestibular 
evoked myogenic potentials; MD = Menière’s disease; nHL = normal hearing level; oVEMP = ocular vestibular evoked myogenic potentials; pSPL = peak sound pressure level; ROC = 
receiver operating characteristic; SCD = superior canal dehiscence; VM = vestibular migraine. 
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