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Summary linear accelerations to the patientead and measure the
. ) responses to that stimulusMost methods of dalering

1. Extracellular single “neuron recording anqinear accelerations which v keen used e.g. tilt-chairs,
labelling studies of primaryestitular afferents in Scarm®’ gjeqs, centrifuges — arexaellent devices for researchth
ganglion hare shown that guinea pig otolithic afferents with 5re not clinically feasibleRecently it has been shown that
iregular resting discharge are preferentially \&@téid by one conducted vibration (BCV) of the head causes a series
500Hz bone-conducted vibration (BCV) and maiso by  of |inear accelerations at the mastéigsd so BCV is a
500Hz air-conducted sound (ACS) awldhreshold and jinically feasible otolithic stimulus. Supporting this
high sensitiity. Very few afferent neurons from &n eyidence is the demonstration that some otolithferafits
sem|C|rc1_JIar_canaI_ are aetied by these stimuli and then selectvely respond to head vibratidnThese results e
only at high intensity. . allowed \alid clinical testing of otolith function by

2. Tracing the origin of the astited neurons shes measuring the responsesoked by BCV or ACS. The
that these sensig dolithic afferents originate mainly from g5me 500 Hz BCV stimulus which preferentially s
a gecialized rgion — the striola — of both the utricular andy;q)ith neurons, elicits eye mements in guinea pi§sand
saccular maculae. o _ humang Clinical tests measure the EMG preparatory

3. This same 500Hz BCV elicits estibular- potentials for the eye mement — the so-calledestibular-
dependentye mo/ements in alert guinea pigs and also iy ged myogenic potentials (VEMPs). Knowledge of
healtty humans. Thesstimuli evoke myogenic potentials yestipular neural projections to different muscle groups

(VEMPs) which are used to test the function of the utriculgfjioys these VEMPs to be used as clinical tests of utricular
and saccular maculae in human patients. and saccular functiof.

4. Although utricular and saccularfafents can both There are a host of VEMPs sincestitular input
be_aclvar[ed by BCV and ACS, the dn‘ferentlal projection Ofprojects to may muscle groups.The two VEMPs which
utricular and saccular afferents tofeient muscle groups p /e received the most attention are:
allows for differentiation of the function of these dw _
sensory rgions. The basic neural data support the 1. cervical VEMPs (CVEMPs) recorded by sade

conclusion that in human patients in response to brief =~ EMG electrodes  wer  the tensed
500Hz BCV delered to Fz (the midline of the forehead at sternocleidomastoid muscighe cVEMP consists
the hairline) the cervical VEMP (cVEMP) indicates of a short-latenc (13 ms from onset to peak)
predominantly saccular function and the ocular VEMP positive (.e. inhibitory) EMG potential in response
(0VEMP) indicates predominantly utricular function. to high-intensity ACS or BCV.

5. The neural, anatomical and behaviouratience > gcylarVEMPSs (0VEMPS) which consist of a small
underpins cl!nlcql tests of otolith function in humans using (5-10 WV) negaive (.. excitatory) potential
sound and vibration. recorded by surface electrodes on the skin beneath
Introduction the eyes from the inferior oblique in response to

BCV or ACS%11To record the oVEMP the subject
Paients complaining of dizziness need tovéa must be looking up.
assessed the functional state of both semicircular canals and BCV applied to the head causes compression and

otolith omgens in the peripheral estitular system. The g o4 \aves to tavel through and around the skull and so
clinical assessment of the semicircular canaleo®s . s linear accelerations at the mastoidsystuwiginally
delivering an angular acceleration to the pateittad and 1, o Belesy For example linear accelerometers on the
measuring the eye mement responses. The function ofaqt6ids she that a tap to the midline of the forehead at
ary semicircular canal is ne smply tested by using high he hajrline (a location called Fz) causes a symmetrical
speed video measures ojeemoements during brief, jinear  acceleration  of both  mastoids  oatds
passve wnpredictable head rotation3his test is called the simultaneous|y.

video head impulse te5%2 The otoliths sense linear To justify the use of these stimuli for clinical
acceleration, so the standard approach has been verdely, 4, ation of otolith function, strong evidence is needed
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Figure 1. The proportions of neurons tested and activated by BCV stimuli fromheastibular sensory regionOnly a
very small proportion of semicircular canal neurons, egular otolithic neuons wee activated. Howeer, a large popor-
tion of otolithic irregular neurons weg ectivated. (Reprintedrom Experimental Brain Rese&dy \bl 175, Curthoys IS,
Kim J McPhedan SK, Camp ABone conducted vibration selectively activatesgutar primary otolithic vestibular neu-
rons in the guinea pigages 56-267, Copyright (2006), with permission from Springer.)

about Theneural evidence
a. jUSt hON eﬁecti\/e iS BCV in acti/aling the 0t0||th The neura' evidence comes from acute
receptors and afferents, experiment$?13 using extracellular single-unit recording

b. how <lectve sich a stimulus is for otolithic from primary \estitular neurons in guinea pigs lightly
afferents, anaesthetized with intramusculatimine (100 mg/kg) and

xylazine (4 mg/kg) or rats anaesthetized with 80mg/kg
c. towhat tent these same otolith receptors are a'%@entobarbital. Alprocedures were appred by the Animal
actvated by ACS, Ethics Committee of the Uwersity of Sydng (protocol
d. haov otolithic afferent information projects to numbers.L29/4-2010/3/5266 and L29/5'-2012/1/5'75.0). The
full details of the methods are vgh in the original
papers->13
The evidence has been pided by recent single Over 12 years we la recorded from man
neuron recording studie¥!® and is reiewed briefly thousands of estitular neurons in lightly anaesthetized
belov. The methods are described in detail in those papeggiinea pigs, and the pattern we reported in 2006 been
The reader is also referred to other recewieves of this confirmed repeatedly (see Figure 1 for a summary of results
areat214-17 of neurons acteted by BCV). Otolithic afferents with
irregular resting dischge are preferentially agtted by
BCV, whereas irregular semicircular canal neurons rarely

various muscle groups.
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Figure 2. Time series of an irregular otolith neuron during stimulation by BCV and&. The top trace (a) shows the
command voltge ndicating when the stimulus is on. The secoadershows thextracellular recording The three bottom
traces (x, yz) sow the triaxial linear accelerometeecodings of the stimulus. The left panel is aaraple of BCV stimu-
lation and the right of &S stimulation of the same neuron, showing that the one neuron is strongly activated b@$oth A
and BCV (Reprinted from Experimental Brain Resgar\Vbl 210, Curthoys IS, lovic V, \Vestikular primary aferent
responses to sound and vibration in the guinea mges 347-352, Copyright (2011), with permission from Springer.)

respond to 500 Hz stimulation up to the maximum intensity
delivered. Re@ular otolithic or canal neurons arery rarely 300+
activated. The conclusion is clear — 500 Hz BCV
preferentially actiates otolith irrgiular neurons. Those ceIIsQ 2501
which are actiated by 500 Hz vibration tend also to be®
actvated by 500 Hz ACS (Figure 2§. The aerage 2
threshold for actiation by 500Hz AS is high — around 120=
dB SPL.

These irregular otolithic neuronsveaa bw threshold
and a ery steep suprathreshold sensitivity functiorhe
response is not a modest increase to high intensity sti
requiring mag presentations and statistical methods
identify (as used by Zhet al1®for ACS in the rat).Instead
in these lightly anaesthetized guinea pigs we foungela
increases in firing to very W intensity vibration stimuli
(Figure 3). 50

We quantified the sensitivity as the percent increase 0 0.5 1 1.5 2
in firing rate relatre o the resting dischge as the stimulus Stimulus intensity (g)
strength increased-or those non-respon& reurons, there

was no cetectable change in response as stimulus strengtfyure 3. Examples of sensitivity plots of neurons to
was increased up to thegbmaximum (Figure 3).In  500Hz BCV Eadh point shows the inemse in firing rate as
contrast the irmgular otolithic neurons which were the pecentaje d baseline firing ate during a single stimu-
responsie shoved a large increase in firing rate tery |us presentation. The stimulus intensity is calculated, in
small stimuli, so een at Olg stimuli there was almost a root mean squar of three axes as ecoded by the
doubling of firing rate compared to spontaneousl$e(Fig.  accelerometey. Ead line is the best fit calculation of the
3). Sovestibular neurons form a dichotomy at 500 Hz BCVesponses for one nean. Reprintedvith slight alteations
— most do not respond at all, but the group that dogfom Experimental Brain Rese#r \bl 210, Curthoys IS,
respond, irregular otolithic ffrents, shows a very \o \ulovic \ Vestitular primary aferent responses to sound
threshold, highly sensit response to this stimulatiéd™  and vibration in the guinea pigages 37-352, Copyright
(2011), with permission from Springer.
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The neurobiotin labelling skeed that the neurons
activated by 500 Hz BCV and @S originated from the
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Figure 4. Anatomical evidence that utricular neurons respond to both ACS and BT entie uricular macula has

been emwed from the temporal bone and processed using immunohistochemistry to shewa wimeary utricular afer-

ent activated by both@S and BCV originateddm. Thepoint of viav is looking straight down on the whole maculehe

arrow shows the axon of the activated and akiatin labelled neuron, and its termination ogceptos in griola of the
utricular macula. This result conclusively shows that utricular neurons do respond to both ACS and BCV and se the inter
pretation in the clinical litemture that ACS only activates sacculafezénts is not coect. Thdabelled axon terminates on

large alyx endings whit envelop the whole type | receptor(s) but in addition éhae snall bouton endings so this axon

is strictly a dimorphic dérent?° (Reprinted from Brain Resedr Bulletin, Vol 89, Curthoys IS,Wovic V, Sokolic L, Pog-

son J Burgess AM, Iregular primary otolith aferents from the guinea pig utricular and saccular maculae respond to both
bone conducted vibration and to air conducted soundep#5-21, Copyright (2012), with permission from Elsevier.)

striola of either the utricular or saccular maculae and os#riola is in agreement with prieus eidence. As
example is shown in Figure 4We row have over 50 Goldbeg has shan?® otolith irregular neurons terminate
similar labelled utricular afferents responding to bo®@SA mainly on type | receptors in the striola of the utricular and
and BCV and we also f1ia dear anatomical evidence thatsaccular macula, and are especially sessiti changes in
some afferents agtited by ACS and BCV originate from linear acceleration (jerk)That jerk sensitivity may be wh
the striolar rgion of the saccular macutd.These results these irregular afferents are aeted by BCV because 500
shav conclusiely that both utricular and sacculafeaents Hz BCV consists of 500 rapid changes in linear
are actvated by both 500 Hz BCV and 500 HLA&. Inthe acceleration (jerks) per secont.is the type | receptors at
early clinical literature it had been asserted th@SAonly the striola which are especially vulnerable to the effects of
activates saccular afferents in the infericestitular nere; ototoxic antibiotic€!?3® so these are the very otolithic
that is simply not correct as Figure 4 shows. receptors clinicians wish to tesithese data complement
The origin of these otolith irregularfafents from the the evidence that somefefents which were aetited by
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Figure 5. Average eye displacement versus time in response to ten consediivHz BCV tone bursts before (a) and

after (b) intratympanic gentamicin injection.The first line in red is the command vgka and it defines stimulus onset

and duation. Thelines below show the mean and 95% confidence intervals oéspenses to the ten successive tone
bursts as boken down into three axes. The intratympanic gentamicin almost completely abolishes theveryenho
response to BGWhile having very little effect on the auditory brainstem response (ABR). (Reprinted (with some modifica-
tions) from a figue in Brain Reseach Bulletin, Vol 86, VMlovic V| Curthoys IS, Bone conducted vibration activates the
vestibulo-ocular refbein the guinea pigpages 74-81, Copyright (2011), with permission from Elsevier.)

ACS aiginated from the saccufé:2

overall response pattern and, as the quotevaldhows,

It has been suggested that the response of #tu et al. also found that it is otolithic irgular aferents
vestibular afferents to ACS implies a major role forwhich are most strongly excited byC&. Ourunpublished

horizontal canal &rents in generating VEMPs toGS.

recordings of rat primaryestitular aferents sha similar

Zhu et al. have reported primary irregular rat semicircularresults to the pattern wevereported in guinea pigs.

canal neurons which were aetied, according to their

criterion of actvation, by high-intensity £S18 The weak

Afferent input from a very fe irregular horizontal
canal neurons may contute to VEMPs but an such

activation they found required statistical methods forcontribution will, on the basis of the neuralidence from
demonstration, and tiig¢udged that aery small increase in both the rat and the guinea pig, beryw minor The
the probability of firing to clicks (0.1) constitutedpredominant dvie will come not from semicircular canal

activation. Suchweak actiation is in a different catory
of response sensitivity compared to teewhigh sensitity

neurons but from sensié irregular otolithic afferent$1213

found for guinea pig otolithic neurons — where neuronsYe movement evidence

shaved a response at threshold to stimuli less thagdhd

Animals

had sensitivity factors of an increase in firing of 2000% per

g (see Figure 3). However in the Zhuet al. study the
physiological evidence also she that it is otolithic
afferents which are preferentially actied by ACS. Zhuet

Suzukiet al?’ shaved that high-frequerycelectrical
stimulation of the utricular neevcaused conjugateye
movements in a directionveay from the stimulated ear with

al. state: “Thestrongest excitations were shown for otolithtorsional, ertical and horizontal components — botfe®

afferents but some canal afferents were algnted ” (see

rolled around the line of sight thanks to the\atitbn of the

Zhu et al, 201118 page 761). In fact that finding is in contralateral inferior oblique and the ipsilateral superior

agreement with Curtlys et al? who found a fer irregular
semicircular canal afferents actied of the may tested,
but that number and their sensitivity paled
insignificance compared to the 83% of guér otolithic
afferents tested which were aetied, and actieted at lav
threshold — in some cases heldBR threshold. Zhu et
al.’® chose to emphasize the scant number of cafeakats

oblique. 1500 Hz BCV acts on the utricular macula then it
should cause comparable eyewvemoents in alert guinea

intopigs (and humans)We tested that hypothesis in guinea

pigs by using acute binocular 3d scleral search coils to
measure eye miements in response to repeated 7ms 500Hz
pulses of BCV to the skull in alert, head-free guineapigs
(see Figure 5).The same 500 Hz BCV stimulus which

which were actiated, but that gies a flse picture of the selectiely activates otolith neurons elicited eye wements

Proceedings of the Australian Physiological Society (2@43)
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Figure 6. Time series of the 3D eye mmnent components recorded from the left and right eye in one subject during
right mastoid stimulation (a) and bilateral mastoid stimulation (b) with a B71 bone vibraione hursts of 20ms wer
presented at 360 ms intervals over a 12cing period. Eab trace shows the mean values and 95% confidence inter
vals of 24 individual @sponses. Horizontaind vertical ge positions (top two panels) wetketermined by pupil &cking
from video imges acquired at 180 Hz. The higher noise levels in torsion (bottom panel) resulted frongthdat®n of

the iris striation patterns used to determine torsional eye position due tcathesdf between imge quality and the high
video acquisitionate The eye moves horizontally and torsionally away from the side of stimulation during @hitages-
toid stimulation, but theris no ¢ear response in either diction during bilateral stimulation. The eye moves vertically
down during both unilateral and bilateral mastoid stimulation, the response being greater duringabilaser unilateal
stimulation. (Reprintedwith some modifications) from Annals of thev\érk Academy of SciencexI\1233, Curthoys

IS, Wlovic V, Burgess AM, Cornell ED, MeyeLE, MacDougall HG, Manzari L, McGarvie LA, The basis for using bone-
conducted vibration or air-conducted sound to test otolithic functiogepa31-241, Copyright (2011), with permission
from John Wilg and Sons.)

in healtty guinea pigs which, alleing for the lateral (Radioear B-71) caused smalltbsystematic and reliable
placement of the eyes in guinea pifswere similar eye movement responses with horizontal, vertical and
directions to those reported by Suzuki in cats to electricdrsional components (Figure 6) at a short latesfcabout
stimulation of the isolated utricular nervThesguinea pig 20 ms or less. In thesemeriments the subjects were biting
BCV-evoked eye mavements were of estitular rather than on a bite-bar during the BCV stimulation to minimize head
proprioceptve a auditory origin for two reasons: 1. the rotation and so minimize semicircular canal stimulation.
were abolished by bilateral labyrinthectomy (Goodsell The strength of the response and indeed the direction
2006, unpublished Honours thesis); and 2. aftef the eye meement was dependent on the site of
intratympanic injection of the estilulotoxic antibiotic stimulation® At some stimulus sites on the mastoid, BCV
gentamicin at keels shown to cause hair cell I08s*3there  of one mastoid elicits conjage horizontal meements of
was a educed eye m@ment response, although cochleaboth eyes way from the stimulated side, ewtical
function remained relatgly unaffected, as shown byawel movements of both eyes dmwards and torsional
of the ABR being minimally altered folldng the movements of both eyes rollingnay from the stimulated
intratympanic gentamicin which had substantially reduceside (Figure 6), analogous to those found by Suetilal,
the BCV-evoked eye morements (Figure 5). to isolated utricular neevdimulation in the cé&f and also
analogous to those we found with 500 Hz stimulation in the
guinea pig> At other sites the directions were fdient as
f expected because the differently directed linear acceleration

In some health subjects (without ay symptoms o . . : :
superior canal dehiscence) we used high resolution vid)eﬁr:gl activate different sectors of the utricular macula, and

S . 9,30
eye movement recording to record eye waments in :3|C$Ve!|0|ts d;fst:jnitlybdltf:]erent}[eg dmwgmel?ts? IfIS%O ':_,’Z?l
response to 500 Hz BCWnd found that 500 Hz BCV of IS applied to both mastoids simultaneously by B-7.1S,

one mastoid delered by a small clinical bone oscillatorthe hon;ontal eye mement components were canpelled,
the torsional components were cancelled but theiocal

Humans
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Figure 7. A schematic summary figure relating the clinical test responses to thstitular receptor structures.The
anatomical evidence is from de BurfétVEMR ocular vestililar-evoled mygenic potentials; n10, the initial mative
potential of the oVEMP response at a latency otiad 10 ms; Fz, the location on the forehead in the midline at the hair
line; cVEMPs, cervical vestitbar-evoled mygenic potentials; p13-n23, the initial positive potential of the cVEMP
response at a latency of around 13 ms followed by the initgathe potential at a latency of around 23 ms; SCM, stern-
ocleidomastoid. (Reprinteffom Laryngoscope\bl 122, Curthoys IS, The integtation of clinical tests of periphar
vestibular function, pges 1342-1352, Copyright (2012), with permission from Johny\dfel Sons.)

components summed, so the result is a netndard Clinical application

movement of both eye¥> _ o .
To test oVEMPs in the clinic a Bruel and Kjaer 4810

Utricular or saccular activation? Minishaker can be used to dedr 7ms bursts of 500 Hz at
o _ _ _ Fz. Fifty presentations of these stimuli at 3/sefeup ©
This direct eye meement response in guinéa pigsyo/s) at moderate intensities (about the strength of a body
and humans justifies the recording of the preparatory EMGassager) are not stressful or uncomfortaflee subject
potentials as indices of otolithic functioMowever 500 Hz st be looking up in order to maximise the oVEMP n10
BCV actvates both utricular and saccularfeaénts it ontribution from the inferior obliqu¥®
clinicians want separate tests of utricular and saccular  Tpe small &citatory potential, the n10 component of
maculae. 1n2010 Curthoys used thadt that these W e whole oVEMPoccurs at a lateryoof around 10 ms, and
sense @ans hae rther different neural projections t0jy response to stimulation at Fz, the n10 beneath lyeth e
propose a solutioff: There is a ery strong projection of in healtty subjects is about equ&t®® In contrast, in
utricular afferents to the oculomotor system, whereas t%tients after complete unilaterastibular nene loss the
saccular projections to the oculomotor system are \ﬁﬂeakoVEMp n10 is greatly reduced or absent beneath yee e
Cornversely saccular projections to cervical spingioes posite to the &cted ear — the oVEMP is a crossed
are strong. So it was proposed that the oVEMP n10 to 50&stinulo-ocular responset®3 |n these unilateral patients
Hz Fz BCV predominantly testgricular function and the nere is a laje asymmetry of response. These same
CVEMP p13-n23 to 500Hz Fz BCV predominantly testgpjjateral patients shoa reduced or absent cVEMP p13 on
saccular function* Although there is excellentvelence ihe side of the fdcted ear — the cVEMP is an uncrossed
for ACS activating saccular receptors andfeaents'® the yestibylo-collic response and on Curgfm hypothesis it is
anatomical and physiological evidence points to thg, ,ncrossed sacculo-collic response.
sacculo-ocular - pathway being a weak, polysynaptic  The projection of otolith neurons is crucial in
projectior?”** in contrast to the more robust and direcinterpreting clinical otolith tests, and thegamization of the
utriculo-ocular projectioft! peripheral neural projections is especially important since
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Figure 8. A simplified schematic grsion of some of the known neurakstitulo-ocular and \estikulo-collic projections

that underlie the asymmetric oVEMP and cVEMP responses after unilateestiular loss.Electiodes over the inferior
oblique (yellow circles)ecod the oVEMPElectrodes over contracted SCM muscles (blue circlesdd the cVEMPThe
projections of the saccular macula in the inferior vestibular nesyrapsing on an inhibitory neuron in the vestdy
nucleus (blak hexagon), projecting to spinal motoneurons controlling the SCM, atablished by Uaino et al®* Unilat-

eral vestilular loss results in reduced or absent catateral oVEMP n10 and a reduced or absent ipsilateral cVEMP
p13-n23. (A and B) Examples of saged EMG responses. oVEMP and cVEMP responses for a healthy subject (column
1), and a patient with right unilateral vestitar loss (column 2). The yellow and blue vertical bands mark the time of
healthy oVEMP nl10 and cVEMP p13 responsespectively The healthy subject displays symmetrical oVEMP n10
responses and symmetrical p13—-n23 responses. The uVL patient has normal oVEMBpoiB8es beneath the right
(ipsilesional) ge and normal p13-n23 responses in the left (contralesional) SCM, and absent oVEM&spdiises
beneath the left (contralesional) eye and absent p13-n23 responses in the right (ipsilesional) SCM. Because @ EMPSs ar
crossed response and cVEMPg an uncrossed esponsgthese results & consistent with complete loss of otolithic func-
tion on the right side (Reprinted with slight alterations from Annals of theM\brk Academy of Sciences, Vol 1233,
Curthoys 1S, Movic V, Burgess AM, Cornell ED, MegelE, MacDougall HG, Manzari L, McGarvie LA, The basis for
using bone-conducted vibration or @aionducted sound to test otolithic functiongem231-241, Copyright (2011), with
permission from John Wifeand Sons.)

disease (neuritis) may be restricted to widlial branches vestibular nerve, except the branch from the small rostral

of the \estilular nene. Afferents from the horizontal and area of the saccular macula (the “hook” of the saccular

anterior semicircular canals and the utricular macula courseacula) called bit's rerve’” which travels in the superior

in the superior division of the vestibular nerfFigure 7)3®  vestibular nere. Inprimates, git's rerve constitutes only
Most saccular afferents course in the inferioabout 10% of all the &drents from the saccular macdfa.
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Figure 8 shws a very simplified schematic of themovements is only indirect support for the interpretations of

predominant otolithic central projections and it ao the human responses to BCWoweve this review has

interpretation of the test results. shavn the very close similarity of the guinea pig and
If the oVEMP nl10 is predominantly of utricular human oculomotor responses to the same stinltlis

origin, then patients with loss dist the superior diision likely that the neural mechanisms in guinea pigs apply to

of the \estibular nene hould shav reduced or absent the human results.

OoVEMP nl10 beneath the contralesionajee but the )

ipsilesional cVEMP should be uffiefted. Thatesult has Conclusions

been demonstrated in a number séparate studie$:4!

Corversely patients with loss ¢fist the inferior division of

the \estitular nene should shav reduced or absent cvEMP 1. Otolithirregular afferents in the guinea pig from the

We haveshown:

pl3-n23 on the ipsilesional sideutbthe oVEMP nl10 utricular and saccular maculae are\stéid at lav
should be un#écted. That prediction has been threshold and high sensitly by either 500 Hz BCV
demonstrated by independent studfes. or 500 Hz ACS.

This double dissociation is consistent with the
predictions from Curthgs It also points to the conclusion
that the contribution of the smallubdle of fibres of Wit's
nene from the rostral saccular macula to the superior
vestibular nene (@bout 10% of saccular afferents in
primates) probably has only a small role (ifyann the 3. Thesame 500 Hz BCV elicitsestibular-goked, not
generation of oVEMPSs. auditory eye movements in animals and humans.

One prediction from the schema set out \&bo
(Figure 7) is that there should be patients with sefecti
utricular loss with all other sensorygiens functioning
normally, and that has recently been reporté® In this
group of patients, specific tests showed the semicircular
canals were functional as was the cVEMRBt only the
OVEMP was reduced or absent. Luit al*® showed
dissociation between horizontal canal function and the
OVEMP nl10 in a patient who lost semicircular canal
function temporarilypossibly due to a collapsed horizontalDisclosure
membranous duct. The oVEMP was also lost at this time.

After 3 days the horizontal canal function had returned to  an Curthoys and Hamish MacDalf are unpaid
normal function, bt the oVEMP response had not, but dicfonsultants to Otometrics.

return some weeks latelhese data imply that in humans
the oVEMP n10 is probably not caused by \atibn of
horizontal semicircular canal afferents, since here thase w We ae grateful for the support of NH&MRC of

clear @idence of dynamic canal function, but absenjysiralia (grants 632746, 1046826) and the Garrass®
OVEMPs. and Rodng Williams Memorial Foundation.

Some afferents from the utricular macula are
activated by both 500Hz ACS and BC¥howing
that the assertion that ACS only &etées saccular
afferents is not correct.

Althoughthe 500 Hz stimulus is not specific for
either utricular or saccular macula, by testing
different responses, oculas cervical, it is possible
to measure mainly utricular or mainly saccular
function respectiely. These results are prioling
the foundation for ne clinical tests of utricular and
saccular function — translating basicypiological
results to clinical practice.
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