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ARTICLE INFO ABSTRACT

Objective: The n10 component (n10) of the ocular vestibular evoked myogenic potential (o0VEMP) to brief
bone conducted vibration (BCV) of the forehead at Fz is probably caused by the vibration selectively acti-
vating vestibular otolithic receptors. If the n10 is due primarily to utricular activation then diseases
which affect only the superior division of the vestibular nerve (SVN) should reduce or eliminate n10.

Article history:
Accepted 17 December 2008
Available online 10 February 2009

Keyvyords: Methods: The n10 component of the oVEMP was measured in 13 patients with unilateral SVN but with
Vestibalar inferior vestibular nerve function preserved.

8:;23:“ Results: We compared the n10 to BCV of these 13 SVN patients to previously published data for healthy
Saccdlar subjects and patients after complete unilateral vestibular loss. We found that in 12 out of the 13 patients

Infetior obhque with SVN, n10 was markedly reduced or absent under the contralesional eye.

VOR Conclusion: Since all utricular afferents course in the superior vestibular nerve and in 12/13 of these

VEMP patients the n10 was reduced we conclude that the n10 component of the oVEMP to BCV is probably

OVEMP mediated by the superior vestibular nerve and probably due to activation of mainly utricular receptors.

Vestibulo-ocular Significance: The n10 appears to be a simple new test of superior vestibular nerve and probably mainly
utricular function.

© 2008 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights

reserved.

1. Introduction

Vestibular stimulation elicits myogenic potentials (VEMPs)
which are now in wide use for evaluating vestibular function (Wel-
gampola, 2008, for a recent review). Intense air conducted sounds
(ACS) e.g. clicks er tone bursts delivered by a headphone, result in a
short latency ipsilateral cervical VEMP (cVEMP) consisting of a
brief positivity (p13), in surface electrodes over the stretched ster-
nocleidomastoid (SCM) muscles (Colebatch et al., 1994; see Wel-
gampola, 2008, for a review). Physiological and clinical evidence
(McCue and Guinan, 1994, 1997; Murofushi et al., 1995; Murofushi

Abbreviations: AR, asymmetry ratio for the relative size of the n10 of the
oVEMPs for the two eyes; ACS, air conducted sound; BCV, bone conducted
vibration; EMG, electromyogram; Fz, the location on the head in the midline at
the hairline; Fz BCV, bone conducted vibration delivered to Fz; 4810, the Bruel and
Kjaer Mini-Shaker; cVEMPs, cervical vestibular evoked myogenic potentials;
oVEMPs, ocular vestibular evoked myogenic potentials; n10, the initial negative
potential in the oVEMP response at latency of around 10 ms; MT +, Mini Tap + a
positive (condensation) tap delivered by a 4810 Mini-Shaker; MTB, Mini Tone Burst,
a tone burst (500Hz for 7 ms) delivered by the Mini-Shaker; SVN, superior
vestibular neuritis; UVL, unilateral vestibular loss.

* Corresponding author. Tel.: +61 2 9351 3570; fax: +61 2 9036 5223.

E-mail address: ianc@psych.usyd.edu.au (LS. Curthoys).

and Curthoys, 1997; Welgampola and Colebatch, 2005) supports
the interpretation that cVEMPs show saccular and inferior vestibu-
lar nerve function (Colebatch et al., 1994; Tsubota et al., 2007;
Welgampola, 2008).

A new vestibular evoked myogenic potential has recently been
reported (Rosengren et al., 2005; Jombik and Bahyl, 2005; Todd
et al,, 2007; Iwasaki et al., 2007, 2008a,b; Chihara et al., 2007). It
is a potential recorded from surface electrodes beneath the eyes
in response to BCV or ACS and it is called the ocular vestibular
evoked myogenic potential (0VEMP). When BCV such as brief light
taps with a tendon hammer or short duration (6 or 7 ms) tone
bursts of 500 Hz are delivered to the midline of the forehead at
the hairline (the point designated as Fz or aFz (Oostenveld and Pra-
amstra, 2001)), by a bone conduction vibrator, and the subject or
patient is looking up, surface electrodes beneath both eyes show
a series of negative-positive waves with an initial small
(~10 pV), short latency negative (excitatory) component with a
latency of 10 ms to peak, and identified as n10 (Iwasaki et al.,
2007, 2008a,b). The n10 of the oVEMP to Fz BCV stimulation shows
substantial differences in amplitude between subjects, but is
repeatable within subjects (Iwasaki et al., 2008a). The average
n10 amplitude and latency depend on the stimulus waveform used

1388-2457/$36.00 © 2008 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.

doi:10.1016/j.clinph.2008.12.036
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but for Fz stimulation by 500 Hz tone bursts lasting 6 or 7 ms the
average amplitude is 8.47 uV+4.02 sd and the average latency
from stimulus onset to n10 peak is 10.27 ms +0.08 sd (Iwasaki
et al., 2008a). The amplitude decreases and latency increases with
age (Iwasaki et al., 2008a). For Fz BCV stimulation, the amplitude of
n10 is about equal beneath both eyes. The symmetry of n10 is
quantified by the asymmetry ratio (AR) of n10 amplitude:
(AR) = (((larger — smaller)/(larger + smaller)) x 100) which in 67
healthy subjects aged between 20 and 84 was on average 11.73%
(+8.26 sd) (Iwasaki et al., 2008a).

The n10 is of vestibular origin since patients with bilateral ves-
tibular loss but with normal (or near normal) hearing and trigem-
inal and facial nerve function do not show n10 potentials to Fz BCV
(Iwasaki et al., 2008a; Rosengren et al., 2005). Since these patients
had near normal hearing but no n10, n10 is not an auditory re-
sponse. The absence of n10 in these patients also shows that n10
is not due to a blink response or facial nerve activation and that
is further confirmed because the onset latency of the n10 to Fz
stimulation is shorter than the onset latency of a blink (Iwasaki
et al., 2008a). Conversely patients with no hearing but remaining
vestibular function show typical n10 responses (Rosengren et al.,
2005).

Measures of the vibration stimulus at the mastoid close to the
vestibular receptors using miniature linear accelerometers on the
skin over the mastoids in response to Fz BCV stimulation show
that both ears receive simultaneous and approximately equal lin-
ear acceleration stimuli (Iwasaki et al., 2008a). Otolithic vestibu-
lar receptors and afferents are sensitive to linear acceleration,
and in guinea pigs it is irregular primary otolithic afferents
which are selectively activated by BCV (Curthoys et al., 2006),
whereas in contrast very few canal neurons are activated by
vibration. In that study some of the neurons activated by BCV
were in the superior vestibular nerve and originated from the
utricular macula, around the region of the striola. On the basis
of these and other results it is argued that n10 to Fz BCV likely
reflects otolith-ocular including utriculo-ocular activation (Iwasa-
ki et al., 2007, 2008a,b).

Suzuki et al. (1969) showed in cats that high frequency electri-
cal stimulation of the nerve from the utricular macula caused a
complex eye movement response in which many eye muscles were
activated, including the contralateral inferior oblique (I0) and con-
tralateral inferior rectus (IR), but not the ipsilateral IO and IR. Since
BCV likely activates otolithic receptors, including utricular recep-
tors, in human subjects and patients, it follows that activation of
the otolithic receptors in humans would be expected to result in
similar activation of the contralateral 10 and IR muscles. A result
consistent with that expectation is that as the subject or patient
looks up during Fz BCV stimulation so their eye position in the or-
bit is elevated, the 10 and IR muscles are stretched and the belly of
the 10 is brought closer to the recording electrodes (Rosengren
et al.,, 2005; Iwasaki et al., 2007, 2008a) and the size of n10 of
the oVEMP correspondingly increases (Rosengren et al., 2005; Iwa-
saki et al., 2008a).

Patients with complete surgical unilateral vestibular loss
(uVL) for schwannoma have an asymmetrical n10 response -
the n10 beneath the eye on the side of the healthy ear is de-
creased or absent, whereas the n10 beneath the eye on the side
of the affected ear is of normal or near normal amplitude (Iwa-
saki et al., 2008b). The average asymmetry ratio for 11 patients
with complete unilateral surgical vestibular loss was found to be
75.03% +16.32 sd (Iwasaki et al., 2008b) which is significantly
greater than the 11.73%+8.26 sd reported for 67 unselected
healthy subjects (Iwasaki et al., 2008a). The large reduction of
the n10 under the contralesional eye in uVL patients shows that
the n10 component of the oVEMP is a crossed vestibulo-ocular
response (Iwasaki et al., 2007, 2008b).

In this study we asked if it is possible to identify which division
of the vestibular nerve and so which region of the otoliths is pri-
marily responsible for n10 to Fz BCV. We used the known neuro-
anatomy of the peripheral vestibular system in humans (de
Burlet, 1924, 1929) in order to derive our hypotheses. Fig. 1 shows
schematically the afferents from each vestibular sensory region
and how they are divided between the superior vestibular nerve
and the inferior vestibular nerve. Afferents from the horizontal
and anterior semicircular canals and from the utricular macula
course solely in the superior division. However afferents from the
saccular macula divide: those from the “hook” region of the saccu-
lar macula course in the superior division, whereas those from the
elongated “shank” region of the saccular macula travel in the infe-
rior division, together with afferents from the posterior semicircu-
lar canal (de Burlet, 1924, 1929).

Vestibular neuritis may affect the entire vestibular nerve or
each division of the vestibular nerve separately (Aw et al., 2001;
Fetter and Dichgans, 1996; Goebel et al., 2001; Gianoli et al.,
2005; Murofushi et al., 1996). In patients with superior vestibular
neuritis (SVN) horizontal canal and anterior canal function are re-
duced or absent, as shown by reduced or absent calorics and ipsile-
sional head impulse responses in the plane of the horizontal and
anterior canal (Halmagyi and Curthoys, 1988). In such patients it
is likely that the utricular afferents coursing in the superior vestib-
ular nerve also have absent or reduced function. However in SVN
patients the function of the inferior division of the vestibular nerve
is spared, as shown by normal head impulse responses for stimu-
lation in the plane of the posterior canal and also normal ipsilateral
cervical vestibular evoked myogenic potentials (Welgampola,
2008). .

We reasoned that if n10 of the oVEMP is primarily due to utric-
ular functioning, then patients with unilateral SVN should show
asymmetrical n10 responses to Fz BCV stimulation with the n10
response under the eye contralateral to the affected ear being
greatly reduced or absent, but the n10 response under the eye ipsi-
lateral to the affected ear should be of normal amplitude. It is
important to stress that there needs to be good evidence that these
SVN patients have normal ipsilateral cVEMPs to air conducted
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Fig. 1. Schematic illustration of the neural innervation of labyrinthine sensory
regions, modified from de Burlet (1924). See text for details.
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clicks or tone burst stimulation of the affected ear, since it has al-
ready been shown (Iwasaki et al., 2007) that total loss of the vestib-
ular nerve on one side produces an asymmetric n10 response.

In this study we compared the results of SVN patients with pre-
viously published data of oVEMP asymmetry ratios in unselected
normal healthy subjects (Iwasaki et al., 2008a), and previously
published data of patients with complete unilateral vestibular loss
(Iwasaki et al., 2008b). The methods used in this study were iden-
tical to those used previously by our group.

2. Patients and methods

Thirteen patients identified as having superior vestibular neuri-
tis according to the criteria below were tested, 3 in Australia and
10 in Japan using the same procedures in both locations. Table 1
summarizes the relevant characteristics of audiometry and vestib-
ular test results of the 13 patients. Most patients were tested in the
acute stage of superior vestibular neuritis. The criteria for selecting
the patients with superior vestibular neuritis were: (1) that they
had absent or markedly reduced horizontal canal function (absent
or reduced caloric responses and the presence of a head impulse
sign for horizontal head rotations towards the affected ear (Hal-
magyi and Curthoys, 1988)) indicating the superior vestibular
nerve was not functional; (2) that cVEMPs were still present in re-
sponse to air-conducted sound stimulation of the affected ear indi-
cating that those saccular otolithic afferents coursing in the inferior
vestibular nerve were still functional; (3) absence of auditory signs
(Nadol, 1995). The data for Fig. 2 below was obtained from one
healthy subject (ISC). All procedures were in accordance with the
Helsinki declaration and were approved by the University of Syd-
ney Human Ethics Committee or the University of Tokyo Human
Ethics Committee and patients gave informed consent.

We have previously described our methods in detail (Iwasaki
et al., 2007, 2008a). In brief, while the subjects lay supine and
looked upwards (towards the top of their head), oVEMP potentials
were recorded from surface EMG electrodes below the eyes and
were amplified by AC-coupled differential amplifiers (bandwidth
20-500 Hz) sampled at 20 kHz for a period of 50 ms from stimulus
onset and averaged (n = 50 presentations). During testing the sub-
ject looked up at a small fixation dot about 2 m from the eyes, as
high as was comfortable (usual vertical visual angle was around
25—30° above their visual straight ahead) and they maintained fix-
ation on that dot during testing, EMG electrodes on the surface of
the skin 1 cm (active, non-inverting) and 3 cm (reference, invert-
ing) below the center of the lower eyelid for each eye were used
to record the response. Prior to any stimulation, the placement of

Table 1
The audiometry and vestibular test results for the 13 patients.

S. lwasaki et al./Clinical Neurophysiology 120 (2009) 588-593

the electrodes and the symmetry of the EMG responses was veri-
fied by ensuring that as the subject made small (5°) vertical sac-
cades above and below the fixation point the EMG for the two
eyes was about equal in amplitude (Iwasaki et al., 2008a).

The point of the pre-test saccade calibration was to ensure that
the polarities of the EMG electrodes were correct and that the
amplitudes of the EMGs were approximately equal in both eyes be-
fore any experimental stimulation. Clearly it would be easy to get
asymmetries and differences in EMG responses between the two
eyes (even absent responses) to Fz stimulation if the electrodes
were inadequately placed or an amplifier was not working. The
presence of equal EMG responses in both eyes during pre-test sac-
cades shows that the electrode polarities and placement are cor-
rect, and the amplification is adequate,

The BCV stimuli were either 6 or 7 ms tone-bursts of 500 Hz
vibration delivered by a hand-held 4810 mini-shaker (Bruel and
Kjaer, Naerum, Denmark), fitted with a 2 cm long bolt (M4) termi-
nated in a bakelite cap 1.5 cm in diameter placed on the forehead
at the hairline, in the midline (Fz). For cVEMPs the EMG electrodes
were placed over the SCM and the patient contracted the SCM dur-
ing testing, by lifting their head off the pillow. The air conducted
stimuli for cVEMPs were 95dBnHL clicks (0.1 ms) delivered mon-
aurally by Telephonics TDH 49 headphones.

The 4810 was driven by computer generated signals (conden-
sation square waves of 0.1 ms duration (called here Mini Tap +
abbreviated to MT+) or brief shaped 500 Hz tone bursts, lasting
a total of 6 or 7ms including a 2 ms rise and 2 ms fall with a
zero crossing start (called here Mini Tone Bursts, abbreviated
to MTB); the repetition rate was 3 per s. A linear accelerometer
on the shaft of the mini-shaker showed that the peak accelera-
tion was about 20g and measures at the mastoids showed that
the stimuli were attenuated by a factor of 100 (Iwasaki et al.,
2008a). The mini-shaker weighs approximately 1kg and the
weight of the shaker was used to standardize the force used in
all subjects. It was hand-held but the operator simply main-
tained its near-vertical orientation, and did not force the shaker
against Fz. To minimize electrical artifacts, the case of the mini-
shaker was grounded and the mini-shaker signal leads were
shielded and connected to power ground. Flexible shielded cable
was used for the electrode leads and these latter shields were
led to the reference electrode on the subject.

The amplitudes of all myogenic potentials were measured from
baseline to peak. The values are expressed below as mean # stan-
dard deviation or * two-tailed 95% confidence intervals (Winer
et al., 1991). The significance level was set at 0.05. We calculated
the asymmetry ratio (AR) for n10 amplitude for all patients using

Patient Age, Side of PTA healthy side dB PTA affected side dB cVEMP amplitude, cVEMP amplitude, CP (%) n10 AR (%) Time interval
sex lesion healthy side (pV) affected side (nV)
1 47 M L 133 11.7 121 114 65 70.2 8 days
2 62 M R 21.7 233 89 68 100 89.6 15 days
3 54 M L 11.7 13.3 151 176 100 81.0 18 days
4 42 M R 183 16.7 68.5 73.6 50 46.9 16 days
5 62 F L 10.0 6.7 87 103 100 62.5 28 days
6 49 M i 6.7 83 54 53 70 57.8 6 days
7 57M L 16.3 138 206 192 65 70.9 9 days
8 30M R 5.0 313 152 125 100 69.0 27 days
9 70 F R 16.7 16.7 99 79 50 68.5 35 days
‘10 37°F L 12.5 10.0 154 125 69 6.2 10 days
11 37F R 83 6.7 46.5 395 86 70.6 7 weeks
12 55M R 16.7 12.7 84.8 87.8 63 879 1 day
13 72 M L 21.7 16.7 30 173 100 90.6 3 years

PTA is the average of the pure tone threshold for tones at 500 Hz, 1 kHz and 2 kHz. CP is canal paresis score. AR is n10 Asymmetry Ratio. Time interval refers to the delay
between diagnosis and oVEMP test.
* Patient 10 showed symmetrical no responses to F, BCZ stimulation, and is discussed further in Section 4.1.
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Fig. 2. Recordings of oVEMPs (upper traces) and cVEMPs (lower traces) from a healthy subject (left panels) and from a patient with left superior vestibular neuritis (right
panels). In each record the stimulus onset occurred at time 0. In the healthy subject bone-conducted vibration at Fz by a short tone burst causes a symmetric oVEMP recorded
by electrodes under each eye, with approximately equal amplitude n10 components (arrowheads). In contrast the same Fz stimulus causes an asymmetric n10 component of
the oVEMP response in the patient: there is a clear n10 recorded from beneath the ipsilesional eye, whereas there is no detectable n10 from beneath the contralesional eye.In
both individuals in response to unilateral air-conducted sound there are clear cVEMPs (cf. around p13) from the SCM indicating that the otolithic receptors of the inferior
vestibular nerve (saccular receptors and their afferents) of both labyrinths are functional in both the healthy subject and this patient.

a version of the standard Jongkees formula for asymmetry calcula-
tions in vestibular testing:

Asymmetry Ratio (AR) = ((larger n10 — smaller n10)/
(larger n10 + smaller n10)) x 100.

3. Results

The averages from one healthy subject and one patient (Fig. 2)
show the main features of the responses. Unilateral high intensity
air-conducted clicks produce a cVEMP: there is a brief positivity
(inhibition) peaking at about p13 in the ipsilateral tensed SCM.
In healthy subjects oVEMPs recorded from beneath the eyes in re-

sponse to brief BCV at Fz consist of an initial small negativity peak-
ing at about 10ms after stimulus onset (n10) - see Fig. 2. In
healthy subjects the amplitude of the n10 is approximately equal
for both eyes (Iwasaki et al., 2008a).

All 13 patients with SVN showed cVEMP responses to air con-
ducted sound on the affected side indicating that the saccular oto-
lithic receptors and their afferents, predominantly in the inferior
vestibular nerve, were functional (Table 1). However 12 of the 13
patients meeting the criteria of having SVN had an asymmetric
oVEMP response with the n10 component being markedly reduced
or absent under the eye opposite the affected side. Superimposed
averaged records for 4 of these patients and averages (+1 sd) are
shown in Fig. 3. One patient diagnosed with SVN (#10) had
cVEMPs but also symmetrical n10 responses to Fz BCV stimulation
(AR of only 6.2%).
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Fig. 3. Examples of n10 responses: superimposed averaged records from 4 patients who met the criteria for being diagnosed as having superior vestibular neuritis. Right
panel: means, +1 standard deviation for the superimposed records. The n10 component of the oVEMP is present under the ipsilesional eye (consistent with the crossed
activation found in earlier studies (Ilwasaki et al.,, 2007, 2008b), and very small or absent under the contralesional eye.
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Fig. 4. The asymmetry ratio of all 13 patients with superior vestibular neuritis
(filled circles) plotted as a furiction of age, Also on this graph are the data points
from earlier published data from our laboratories showing the asymmetry ratios of
67 healthy subjects (open’ circles—iwdsaki et ak; Z0083) and 11 patients with
complete unilateral vestibular loss (crosses—lwasaki et al,, 20085). The means and
95% confidence intervals are shown at the right and include the data from the 37-
year-old SVN patient who had an asymmetry ratio of 6.2. The similarity of the
results for SVN and uVL patients is clear.

fig. 4 shows the ARs of patients in this study with superior ves-
tibular neuritis (filled circles) together with the ARs of healthy sub-
jects. (open-. circles) and  patients - with.  complete . unilateral
vestibular loss (crosses) from previously published. data (healthy
subjects, iwasaki of 4l 2003, patients with unilateral vestibular
loss, bwasaliiat ek, uU )

The average AR for all the SVN patients was 66.96% + 16.72 (sd)
which was significantly greater: than the previously. published
average AR value for unselected normals (11.73% % 8.26 (sd)) (Iwa-
saki et al., 2008a) and not significantly different from the previ-
ously published  average AR of 11 patients: with" complete
unilateral - vestibular loss: (75.02% +16.32 (sd)) (iwasaki ¢t al,
2003b).

4. Discussion

By using BCV at Fz to stimulate both labyrinths simultaneously
in patients with SVN we have shown a dissociation between two
indicators of otolithic function in the affected ear: cVEMPs indicat-
ing intact saccular and inferior vestibular nerve function were
present, whereas: the n10. component of the oVEMP to Fz BCV
was greatly reduced or absent:

Could this result have been caused by asymmetrical electrode
placement in these SVN patients? That is unlikely since the pretest
saccadic calibrations showed equal amplitude EMG: responses in
both eyes during small vertical saccades.

4.1. Facial nerve contribution

Could the asymmetrical n10 responses in SVN patients be due
to facial nerve involvement?

The contribution of the facial nerve can be excluded because in
patients with complete unilateral vestibular loss reported in 1w
saki‘ef &l (2007, 200805 the facial nerve function was intact on
both sides; whereas in response to:Fz BCV. the n10 beneath the
eye on the contralesional side decreased or disappeared and a sim-

ilar result was found here. We conclude that facial nerve function

cannot be responsible for n10 since in these SVN patients facial
nerve function is present bilaterally whereas (contralesional) n10
was reduced or absent.

One of the 13 patients diagnosed with SVN had cVEMPs but
showed symmetrical n10 responses to Fz BCV stimulation. There
are various possibilities for this result, including the possibility
that otolithic afferents in the superior nerve were not affected—
for example that the patient may have had an isolated horizontal
canal dysfunction. Interestingly the canal paresis score for this pa-
tient was relatively low (69%) suggesting that the superior vestib-
ular neuritis may have been incomplete. There are probably
various grades of superior vestibular neuritis so that whereas in
some patients the entire superior vestibular nerve is affected, in
other patients only part of the superior vestibular nerve may be af-
fected. Some of the patients we tested did have some horizontal ca-
nal function—as shown by modest nystagmus velocities to caloric .
stimulation of the affected ear. So in these patients some afferents
from the horizontal canal were functioning. That being the case, it
is necessary to be cautious about interpretation of the utricular
contribution to the results of patients with SVN, since in some
SVN patients the utricular nerve may be wholly or partially spared.
The clearest evidence comes from patients where the function of
the entire superior: vestibular nerve has been compromised—ab-
sent calorics; head impulse sign for ipsilesional head rotations. In
our data such patients with 100% CP demonstrate a clear decre-
ment in the n10 on the contralateral side. Presence of the head im-
pulse sign (Haimagyt and Currhoys, 1983) for head rotations in the
plane ‘of the anterior canal would add additional weight to the
probability of complete loss of function of the superior vestibular
nerve and thus the probable loss of utricular.nerve function.

4.2. Why is the asymmetry ratio not 100% in patients with SVN?

When we measured the actual n10 potentials of the SVN pa-
tients we found that there was a (very small) potential present at
n10 on the contralesional side in a number of them. In some ' pa-
tients there was no detectable response, but in others a small
n10 potential was present so that their asymmetry ratio was in
one case only 46.9%. In fact the AR values in these SVN patients
are very: similar to the values reported after complete unilateral
vestibularloss, where there was a very small n10 beneath the con-
tralesional eye to Fz BCV stimulation (lwasaki efial, 20085), One
possibility which is consistent with both results is that the oto-
lith-ocular pathway may not be completely crossed.

4.3. Canal vs otoliths

In SVN, the horizontal and anterior semicircular canals have re-
duced functioning, so could the results here be due to those re-
duced  semicircular canal responses as: opposed  to. otolithic
responses? There are three major grounds for interpreting the re-
sponses:we measured as being due to otolithic rather than canal
activation.

1. Physiology from animal studies shows that primary semicircu-
lar canal neurons are only rarely activated (9 out of 189 tested)
at very high intensities by BCV whereas irregular primary oto-
lithic neurons are very commonly (48 out of 58 tested) acti-
vated by the same stimulus at. very: low intensities—close to
ABR threshold (Ciothwys et 21, 2046). There is a large difference
in threshold between canal and otolithic responses to BCV.

2. In humans, conditions which should modulate semicircular
canal activation do not influence n10 amplitude. For example,
in: healthy subjects there is no detectable difference in n10
amplitude between head free and head fixed conditions (v asa-
Kbk, 2008a).




