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History of human electrophys testing
• 1920-1940 Early analogue electrophys. Edgar Adrian
• 1947 Turning point. Transistor. Foundation of signal 

averaging
• 1950-1960 First analogue signal averaging concept
• 1960-1970 Digital signal averaging
• 1970s Clinical electrophysiology is born
• 1980-1990 Refinement + commercial systems
• 1990-2000 VEMP emerges
• 2000 onward Smart averaging +scaling
Transistors made low-noise amplification possible → 

which enabled signal averaging → which made 
evoked potentials clinically usable



VEMP



Tests of Otolith Functions (Jacobson & Shepard



Vestibular Battery Matrix



Protocol Selection
Air Conduction (AC) vs Bone Conduction (BC) Stimulation

AIR CONDUCTION (AC)
Click or TB via insert earphone

Stimulus: 95-100 dB nHL clicks or 500 Hz TB  with 2-1 Rise-
fall. +1k if MD and +4k if SSCD

Rate: 5.1 Hz (optimal SNR)

Sweeps: 60-100 per average (10-1500 Hz filter)

EMG Target: 50–100 µV RMS tonic contraction

Ear: Ipsilateral (cVEMP) / Contra (oVEMP)

Best For: Threshold estimation, Menière's, SSCD screening

Limitation: Middle ear pathology attenuates response

BONE CONDUCTION (BC)
Mini-shaker or B71/81 transducer

Stimulus: Vibration burst (250-500 Hz, 4-8ms, 5.1/sec)

Force Level: ~140 dB re 1 µN (equivalent to around 70 dBnHL)

Rate: 5–13 Hz

Sweeps: 100–200 per average

Best For: Bypasses ME pathology, oVEMP, conductive loss

Advantage: Not affected by middle ear effusion

Limitation: Placement-sensitive, less standardised

VS

Protocol Selection | AC vs BC Stimulation



Stimulus considerations

Bone Conduction (BC)Air Conduction (AC)Feature

Difficult and varies by 
placement

Standardised and 
easyCalibration

Bypasses middle ear issuesBlocked by 
conductive lossMiddle Ear Influence

Often stimulates both earsHighly ear-specificStimulus Specificity

Can be uncomfortable due to 
headband pressureGenerally highComfort















EMG

• Monitoring within a steady 
target window of 50-150 micro 
volts

• Can use the traffic light system 
in the machine or blood 
pressure cuff etc

• If EMG directly monitored- no 
need to normalise

• Scaling or normalising-
averages the absolute value of 
the pre-stimulus EMG (20 ms 
before stimulus onset) and 
divides response amplitude by 
this value.



Not scaled



Scaled



EMG and VEMP amp may not have linear 
relationship-particularly in disordered otolith organs 

Kaci, B., Nooristani, M., & 
Maheu, M. (2020). Striking the 
right balance — To normalize or 
not to normalize? That is the 
question! Canadian Audiologist, 
7(3). 
https://canadianaudiologist.ca/s
triking-the-right-balance-to-
normalize-or-not-to-normalize-
that-is-the-question/

Normalisation? May be 
not enough data
However, one strong 
recommendation is to 
control for the level of 
EMG activation to reduce 
misinterpretation of 
asymmetry ratio and to 
ensure better test-retest 
variability.



Normative Values & Clinical Reference Ranges

cVEMP Reference Values

Parameter Normal Range Abnormal

p13 Latency 11–15 ms >15 ms

n23 Latency 20–26 ms >26 ms

p13-n23 Amplitude 50–370 µV* <50 µV or absent

Asymmetry Ratio 
(AR) <35% >35%

Threshold (AC) 85–100 dB nHL <75 dB nHL (↑) or 
absent

Interaural Latency 
Diff. <2 ms >2 ms

* Raw amplitude without EMG normalisation — always normalise in clinical practice

oVEMP Reference Values

Parameter Normal Range Abnormal

n10 Latency 8–12 ms >12 ms

p15 Latency 12–18 ms >18 ms

n10-p15 Amplitude 5–15 µV <3 µV or absent

Asymmetry Ratio 
(AR) <35% >35%

Threshold (AC) 90–105 dB nHL Absent at max level

Recording Side Contralateral Ipsilateral = error

Reference Values | cVEMP & oVEMP Normative Ranges



Norms

Wackym PA, Ratigan JA, Birck JD, Johnson SH, Doornink J, Bottlang M, 
Gardiner SK, Black FO. Rapid cVEMP and oVEMP responses elicited by a 
novel head striker and recording device. Otol Neurotol. 2012 
Oct;33(8):1392-400. doi: 10.1097/MAO.0b013e318268d234. PMID: 
22935811. N=20 + 5 with confirmed SSCD

Kumar S, Natraj R, Dutta A. Demographic Variations in VEMP 
Responses: A Cross-Sectional Study of Normative Data from an Indian 
Population. Indian J Otolaryngol Head Neck Surg. 2024 
Dec;76(6):5602-5609. doi: 10.1007/s12070-024-05043-6. Epub 2024 
Sep 6. PMID: 39559124; PMCID: PMC11569086.



Some references for the normative data
• Chen, G., Yu, G., Li, Y., Zhao, X., Dai, X., & Wang, G. (2019). Cervical Vestibular Evoked Myogenic 

Potentials in Benign Paroxysmal Positional Vertigo: A Systematic Review and Meta-Analysis. Frontiers in 
Neurology, 10. https://doi.org/10.3389/fneur.2019.01043 Cited by: 9

• Isaradisaikul, S., Navacharoen, N., Hanprasertpong, C., & Kangsanarak, J. (2012). Cervical Vestibular-
Evoked Myogenic Potentials: Norms and Protocols. International Journal of Otolaryngology, 2012, 1–7. 
https://doi.org/10.1155/2012/913515 Cited by: 107

• Kumar, K., Bhat, J. S., & Varghese, A. L. (2018). Test-Retest Reliability of Vestibular Evoked Myogenic 
Potential across Different Age Groups. The International Tinnitus Journal, 22. 
https://doi.org/10.5935/0946-5448.20180018 Cited by: 6

• Meyer, N., Vinck, B., & Heinze, B. (2014). cVEMPs: A systematic review and meta-analysis. International 
Journal of Audiology, 54(3), 143–151. https://doi.org/10.3109/14992027.2014.971468 Cited by: 28

• Update on cVEMP and oVEMP Testing in Superior Canal Dehiscence. (2018). Canadian Audiologist. 
https://canadianaudiologist.ca/update-on-cvemp-and-ovemp-testing-in-superior-canal-dehiscence/



Widely proposed neural pathway

Image reference: https://www.interacoustics.com/academy/evoked-potentials/vemp/vestibular-evoked-myogenic-potentials







SSCD 47 yo female







Right inferior vestibular neuronitis



Vestibular Rehabilitation

1. Vertical motion 
habituation

2. Balance training
3. Head/body control- VCR 

related work
4. Dynamic gait with 

vertical challenge





Comparing the cVEMP 1,000 and 500 Hz amplitude ratio   
in ears with MD and non‐MD vertigo, 

and in active versus stable MD.

Angeli SI, Goncalves S. Cervical 
VEMP tuning changes by 
Meniere's disease stages. 
Laryngoscope Investig 
Otolaryngol. 2019 Sep 
18;4(5):543-549. doi: 
10.1002/lio2.309. PMID: 
31637299; PMCID: PMC6793602.

N= 47 MD patients and 30 control



VEMP Interpretation Framework
A structured approach to interpreting VEMP results in clinical context

✓Normal Bilateral VEMPs

Both cVEMP and oVEMP present, symmetric, 
normal latency and amplitude. Rules out 
significant otolith end-organ pathology.

↓Absent cVEMP (Ipsilateral)

Saccular dysfunction or inferior vestibular nerve 
lesion. Check: Menière's (late), inferior VN, 
cochlear hydrops.

↓Absent oVEMP (Ipsilateral)

Utricular/superior vestibular nerve lesion. 
Check: superior VN, utricular damage, early 
Menière's.

↑Enhanced cVEMP + Low Threshold

Third mobile window physiology. High suspicion 
for SSCD — correlate with CT temporal bone. 
Also possible in early Menière's.

≠High Asymmetry Ratio (>35%)

Significant interaural amplitude asymmetry. 
Side of lower amplitude suggests dysfunction. 
AR alone has moderate specificity.

✗Absent Bilateral VEMPs

Bilateral otolith dysfunction, bilateral end-organ 
loss, or technical failure. Verify EMG effort. 
Consider bilateral Menière's.

Interpretation Framework | VEMP Result Patterns





Integrating VEMPs Into Everyday Clinical Practice

1
Referral & Triage

Screen referrals: dizziness + Tullio's, aural fullness, posiƟonal symptoms → prioriƟse VEMP

▼

2
Protocol Selection

Select AC vs BC based on conductive status. Choose cVEMP for saccular pathway, oVEMP for utricular pathway

▼

3
Electrode Setup & EMG

SCM electrodes (cVEMP) or infraorbital (oVEMP). Confirm EMG target 50–100 µV before stimulation

▼

4
Recording & QA

60-100 sweeps, online EMG monitoring. Ensure repeatable waveforms

▼

5
Interpret & Integrate

Calculate AR, compare latencies, integrate with vHIT + VNG. Form anatomic lesion localisation

Typical VEMP battery time: 15–20 minutes (bilateral cVEMP + 
oVEMP) — can be bundled with vHIT in a 60-minute comprehensive 
vestibular appointment.

Clinical Integration | Step-by-Step VEMP Workflow



Common Pitfalls & Troubleshooting

Poor EMG Effort

Problem:

Inadequate SCM contracƟon → falsely absent or 
small cVEMP

Fix:

Biofeedback screen, head rotation toward 
contralateral shoulder, verbal coaching

Electrode Placement Error

Problem:

Electrodes not on SCM belly or infraorbital rim → 
attenuated responses

Fix:

Palpate SCM during contraction; place oVEMP 
electrode 1cm below lid margin

Middle Ear Pathology

Problem:

Conductive hearing loss attenuates AC cVEMP 
threshold and amplitude

Fix:

Switch to bone conduction (BC) stimulation; 
document tympanogram

Gaze Angle (oVEMP)

Problem:

Insufficient upward gaze reduces inferior oblique 
recruitment → poor oVEMP

Fix:

Instruct 30–35° upward gaze; use fixation target at 
correct elevation

Noise & Artefact

Problem:

High background noise from clothing, movement, 
or mains interference

Fix:

Remove jewellery/clothes near electrodes; use 
shielded cables; 60 Hz notch filter OFF

Asymmetry Misinterpretation

Problem:

AR >35% attributed to pathology when due to 
effort asymmetry

Fix:

Always normalise amplitude to EMG level; ensure 
equal contraction bilaterally

Troubleshooting | Common VEMP Pitfalls & Solutions



Key Takeaways
What to implement in your vestibular clinic starting tomorrow

01 cVEMP tests the saccule via the inferior vestibular nerve — preserved in superior VN, absent in inferior VN.

02 oVEMP tests the utricle via the superior vestibular nerve — absent in superior VN, preserved in inferior VN.

03 VEMPs fill the otolith gap — vHIT and caloric testing miss saccular and utricular function entirely.

04 SSCD produces enhanced cVEMP amplitude and lowered threshold (≤75 dB nHL) — a near-pathognomonic pattern.

05 Menière's disease progresses from enhanced → absent cVEMP — serial testing tracks disease stage.

06 Always normalise cVEMP amplitude to EMG level and use asymmetry ratio (>35% = significant) for clinical decisions.

07 A complete VEMP battery takes 15–20 minutes — integrate bilaterally with your existing vHIT workflow.

Summary | 7 Evidence-Based VEMP Clinical Pearls



Self reading and cross references



Thank you



Extra: https://canadianaudiologist.ca/striking-the-right-balance-
feature-07-03/
By Brahim Kaci Mujda Nooristani, MPA Maxime Maheu, PhD 

Normalisation? Not 
enough data
However, one strong 
recommendation is to 
control for the level of 
EMG activation to reduce 
misinterpretation of 
asymmetry ratio and to 
ensure better test-retest 
variability.



Normalisation pre-supposes that a linear 
relationship exists between contraction and 
response. But that may not be as clean as that
• Therefore, the relationship between EMG activity and cVEMP amplitude could lead to an 

increase in the variability of the results and could potentially mislead the interpretation of 
the results. For example, it is known that a significant asymmetry in contraction level can 
produce a clinically significant amplitude asymmetry in normal healthy participants. To 
overcome this problem two options are available: (1) EMG contraction monitoring or (2) 
normalization.

• EMG contraction level monitoring aims at recording cVEMP response when EMG reaches a 
given pre-determined contraction level. EMG monitoring can be done using a simple blood 
pressure cuff or using an EMG monitor associated with visual feedback usually built-in in 
your VEMP equipment. The blood pressure cuff requires the individual to be tested to push 
their chin against the cuff to reach a certain level of pressure and maintain this contraction 
for the entire recording. On the other hand, an EMG monitor associated with a visual 
feedback system allows the individual to adjust the contraction level to be within a given 
range of EMG activity in real-time, during the recording. Usually, VEMP systems with EMG 
monitoring can be set up to reject responses that are not within the chosen EMG range.



• A second possibility is to normalize the cVEMP amplitude using pre-stimulus EMG activity. This method uses an 
algorithm that allows normalizing the cVEMP response by dividing its amplitude by the pre-stimulus EMG activity. 
This function averages the absolute value of the pre-stimulus EMG (20 ms before stimulus onset) and divides each 
one of the data points (response amplitude) by this value. This method of normalization is based on the fact that a 
linear relationship exists between the EMG contraction level and the cVEMP amplitude response,4 which can be 
described by: y= ax+b (where y: cVEMP amplitude; a: slope of the regression; b: constant). The concept of linearity 
between EMG activity and cVEMP amplitude is crucial for normalization. However, cVEMP linearity remains a matter 
of debate in normal healthy individuals as some authors suggest a linear relationship5–7 while others suggest a non-
linear relationship at lower and higher EMG level.8–10 To better demonstrate this concept, we replicated the graph 
found in Rosengren et al.10 using preliminary data acquired by our group in normal healthy participants (Figure 1). 
Panel A, on the left, demonstrates the correlation between EMG level measured before stimulation and the evoked 
(non-rectified) cVEMP amplitude. Panel B, on the right, shows the correlation between amplitude ratio (non-rectified 
amplitude/ EMG activity before stimulation) and EMG level. Panel A also shows the formulae that estimate the linear 
correlation between these variables for each participant. These results are similar to those reported by Rosengren et 
al. (2015),10 where the constant (b) is always negative, indicating a possible overestimation of EMG activity. This 
would be a result of the surface electrode capturing EMG activity not only from SCM but other surrounding muscles. 
This seems to underestimate the cVEMP amplitude for lower contraction levels, as demonstrated in panel B - data 
points with lower contraction levels are under the dashed line. The graph shows that for some individuals the 
amplitude ratio is a good estimator of the slope (dashed line) across most EMG contraction levels. For these 
individuals, therefore, normalization would be appropriate. On the other hand, the amplitude ratio was not a good 
estimate of the slope in two other participants (blue and yellow). Finally, panel B demonstrates that at the highest 
level of EMG contraction, the amplitude ratio decreased for most participants suggesting a saturation effect. This 
saturation effect may potentially explain the results of a study conducted by our group investigating the test-retest 
reliability of cVEMP amplitude in normal healthy participants.11 We compared VEMPs obtained in normal healthy 
participants at two different sessions. We concluded that to minimize test-retest variability it was best to monitor 
EMG activity and to normalize the amplitude. This allows keeping EMG activity within an acceptable range, 
increasing the chances to have a linear relationship and making the normalization process more efficient.


