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– Utricle: in horizontal plane
• detects

– Naso-occipital accelerations
– Interaural accelerations
– Head tilt

Saccule

Utricule

cVEMP

oVEMP

Introduction

– Saccule: in vertical plane
• detects

– Vertical accelerations
– gravity

• The otolith organs
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c-VEMP: what?

• Collic (cervical) Vestibular Evoked 
Myogenic Potentials

• = averaged muscle potentials, biphasic
• Measured at level of sternocleidomastoid 

muscle - ipsilaterally
• Inhibitory response
• Initiated by vibrations at level of saccule 

(AC tone bursts)
• Test for integrity of sacculocollic pathway 
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c-VEMP: pathway

stimulation saccule
n. vest. inf.

vest. nuclei

SCM muscle
C-VEMP response
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c-VEMP: methods

ground electrode

active electrode

reference electrode

insert earphone
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C-VEMP: methods

• Tone bursts 500 Hz (2-2-2 ms)
• 80-100 repetitions
• Repetition rate 5.1 Hz
• Filter: 10 Hz – 1.5 kHz
• active electrodes: on SCM muscle belly
• Impedance (< 5 kΩ)
• Headphone vs insert earphone vs bone 

conduction (AB-gap)
• SCM contraction procedure: 

– sitting position vs supine
– unilateral vs bilateral
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– Latencies p13 (ms) and 
n23 (ms)

– VEMP amplitude (μV)
– Threshold

Muscle tension: 
feedback!!!

Sound intensity

C-VEMP: methods
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• Direct feedback of SCM muscle contraction

Vanspauwen et al, J Vestib Res. 2009

C-VEMP: methods
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• Indirectly: via blood pressure manometer
– Method 1: equipment has EMG module

• Determine equal SCM contraction levels on both sides 
prior to c-VEMP measurement (eg. Left 44 mmHg; 
right 40 mmHg)

• Use these pressure levels during c-VEMP tests

Vanspauwen et al, Acta Otolaryngol. 2006
Vanspauwen et al, Laryngoscope. 2006

C-VEMP: methods
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• Indirectly: via blood pressure manometer
– Method 2: equipment has no EMG module

• Use BP manometer to keep SCM contraction level 
constant

• VEMP = on/off

C-VEMP: methods

Vanspauwen et al, Acta Otolaryngol. 2006
Vanspauwen et al, Laryngoscope. 2006
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• Indirectly: posthoc ‘recalculation’ of 
cVEMP traces

C-VEMP: methods
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• Indirectly: posthoc ‘recalculation’ of 
cVEMP traces

C-VEMP: methods
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• Indirectly: posthoc ‘recalculation’ of 
cVEMP traces

C-VEMP: methods
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C-VEMP: normative values

• Normative test-retest cVEMP data, obtained with 500 Hz tone 
bursts:

• N = 20; average age = 35,1 yr; range: 16 – 57 yr
• Subjects in sitting position, feedback of SCM muscle contraction
• AC tone bursts and BC tone bursts (B-71 bone conductor)
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C-VEMP: normative values

• Normative test-retest cVEMP data, obtained with 500 Hz tone 
bursts:
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C-VEMP: clinical relevance

• Clinical relevance of cVEMP has been 
proven in the diagnostics of:
– Superior semicircular canal dehiscence
– Vestibular neuritis
– Acoustic Schwannoma
– Ménière’s disease
– …

• However, care should be taken in:
– Taking the SCM contraction level into account
– Taking age effects into account
– Testing patients with conductive hearing losses

• Therefore…compare clinical data with your 
own normative dataset 
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o-VEMP: what?

• Ocular Vestibular Evoked Myogenic Potentials
• = averaged muscle potentials
• Measured at level of inferior oblique muscle
• Excitatory reponse
• Origin of response: utricle
• Stimuli: 

– BC-vibrations at level of Fz
– AC sound stimuli   

• Recent test: first described in 2005 (Rosengren 
et al.), elicited by bone conducted vibration 
(BCV)
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o-VEMP: pathway

OD OS

Ref: IS Curthoys, 2009 

Ref: IS Curthoys, 2009 

Ref: KI Buytaert, AUREA, UZA 
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o-VEMP: pathway

OD OS

Crossed response

Ref: IS Curthoys, 2009 

Ref: IS Curthoys, 2009 

Ref: KI Buytaert, AUREA, UZA 
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o-VEMP: parameters

• n10 and p15-latency, latency difference, (peak-to-
peak) amplitude
– Amplitudes oVEMP << amplitudes cVEMP (about 10 times 
 oVEMP require greater amplification: 50.000 –
100.000)

OD = oculus dexter
OS = oculus sinister

• Threshold Ref: KI Buytaert, AUREA, UZA 
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o-VEMP: methods

• Recent literature (pubmed): many papers deal 
with methodology of test and origin response:

– Search (22/04/2013) with keyword: ‘oVEMP’  69/126 hits
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o-VEMP: methods

• Upward gaze during recordings: 
– oVEMP amplitude is optimized with gaze up rather than 

straight ahead 
– Gaze up -> inferior oblique closer to electrodes and increase 

of tonic contraction of IO muscle (Rosengren et al, 2013)
– Therefore: control gaze and body position during 

measurements

Ref: Govender et al, 2009 
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o-VEMP: methods

• Effect of electrode positioning

Ref: Sandhu et al, 2013
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o-VEMP: methods

Welgampola and Buytaert, unpublished results

Location of BC-stimulation:
– Latencies, amplitude and even 

shape of oVEMP depends on the 
stimulation site

– Activation site should be 
mentioned
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o-VEMP: methods

• Stimulation type: air conducted sound (ACS) vs 
bone conducted vibration (BCV):
– First reports: oVEMP with BC stimuli (forehead taps and 

B&K minishaker) - Is it possible to evoke oVEMPs with ACS 
stimuli?

– Yes, but is it the utricle or saccule which is responsible 
for ACS oVEMPs? 

• In summary: otolith afferents from both utricular and saccular 
maculae respond to both ACS and BCS (Curthoys and Vulovic, 2011;
Curthoys et al, 2012), however…

• … the motor projections from saccule to ocular system are rather 
weak <-> there are strong utriculo-ocular and sacculo-collic neural 
connections (Uchino and Kushiro, 2011)

• This points out that the c-VEMP comes from the saccule and the o-
VEMP from the utricle (Kantner and Gürkov, 2012)

• ‘in other words: it is a motor and not a sensory specificity’ (Curthoys, 
2009)
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o-VEMP: methods

• Stimulation type: air conducted sound 
(ACS) vs bone conducted vibration (BCV):
– Curthoys et al., 2011: 

• BCV is much more efficient than ACS for eliciting an o-
VEMP response, since even in healthy subjects ACS 
does not always evoke the response

– Cheng et al., 2009: response prevalence of o-
VEMP to ACS was 80%

– Chihara et al., 2007: prevalence of o-VEMP to 
ACS was 90%, while response prevalence of o-
VEMP to BCV was 100%
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o-VEMP: normative data

• Our experience with ACS oVEMPs
– pilot study to obtain normative ACS oVEMP data, obtained 

with 500 Hz tone bursts:
• N = 20; average age = 35,1 yr; range: 16 – 57 yr
• Subjects in sitting position, looking up (angle = 30°) 

– Results:
• Very difficult to obtain reliable test results!
• Low response rate: 70%

 n10 latency
(ms) 

p15 latency
(ms) 

latency
difference 
(ms) 

n10 – p15
amplitude (µV) 

threshold (dB
SPL) 

Average 9,8 14,3 4,5 3,3 127,0
SD 0,8 1,3 0,8 2,0 6,3
Median 9,7 14,4 4,4 2,9 127,5
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o-VEMP: normative data

• Our experience with ACS oVEMPs:
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o-VEMP: normative data

• Our experience with ACS oVEMPs:
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o-VEMP: clinical relevance

• oVEMP: before using oVEMP clinically, determine 
what settings are most suitable for obtaining 
reliably test-retest results in a normative dataset
…especially for ACS oVEMPs!

• Use these normative data to compare with patient 
results (for clinical purposes)

• We all have to take our responsibility: the oVEMP 
may not become the ‘over-hyped’ VEMP
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Questions?


