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Abstract To clarify the changes of cervical (cVEMP) and

ocular (oVEMP) vestibular evoked myogenic potentials

induced by air-conducted sound (ACS) and bone-conducted

vibration (BCV) in patients with vestibular neuritis (VN),

patients with VN (n = 30) and normal controls (n = 45)

underwent recording of cVEMP and oVEMP in response to

ACS (1,000 Hz, 5 ms, tone bursts) and BCV (500 Hz, short

tone burst). Patients with VN showed a high proportion of

oVEMP abnormalities in response to both ACS (80.0 %) and

BCV at the forehead (Fz, 73.3 %) or the mastoid (76.7 %). In

contrast, cVEMPs were mostly normal with both ACS and

BCV in the patients. The dissociations in the abnormalities of

cVEMP and oVEMP induced by ACS and BCV at the

mastoids and at the forehead in patients with VN suggest that

oVEMP reflects functions of the superior vestibular nerve

and most likely the utricular function. The results of our

study suggest that oVEMP induced by either ACS or BCV

appears to depend on integrity of the superior vestibular

nerve, possibly due to the utricular afferents travelling in it.

In contrast, cVEMP elicited by either ACS or BCV may

reflect function of the saccular afferents running in the

inferior vestibular nerve.

Keywords Vestibular neuritis � Vestibular evoked

myogenic potential (VEMP) � Ocular vestibular evoked

myogenic potential (oVEMP) � Air-conducted sound

(ACS) � Bone-conducted vibration (BCV) � Utricle

Introduction

Air-conducted sound (ACS) or bone-conducted vibration

(BCV) elicits vestibular evoked myogenic potentials

(VEMPs) that are now widely used to assess the otolith

function [1]. Cervical VEMPs (cVEMPs) are recorded in

the contracted sternocleidomastoid (SCM) muscles in

response to either the ACS or BCV, and are known to

reflect the functions of ipsilateral saccular and inferior

vestibular nerve [2, 3]. In contrast, ocular VEMPs (oV-

EMPs) are recorded from the extraocular muscles,

mostly the inferior oblique ones that are known to reflect

crossed otolithic function originating from the contralat-

eral utricle. In contrast to cVEMP that reflects

descending uncrossed sacculocollic pathway in the lower

brainstem [4], oVEMP may be mediated by ascending

connection to the oculomotor nuclei and probably a

manifestation of crossed otolith-ocular reflex pathways

[5–9].

It has previously been believed that the vestibular

responses evoked by sounds originate from the saccule

and are mediated by the saccular afferents running in the

inferior division of the vestibular nerve [1, 10, 11].

However, there has been increasing evidence supporting

that ACS stimulates not only the saccular receptors, but

also some utricular receptors [3, 10–14]. In the guinea

pigs, the utricular afferents in the caudal superior ves-

tibular nerve are activated by ACS as well as BCV

[13, 15, 16].

S.-Y. Oh (&) � T.-H. Yang � B.-S. Shin � S.-K. Jeong

Department of Neurology, Chonbuk National University College

of Medicine, 634-18 Gumam-dong, Deokjin-gu,

Jeonju 561-712, Korea

e-mail: ohsun@jbnu.ac.kr

S.-Y. Oh � B.-S. Shin � S.-K. Jeong

Research Institute of Clinical Medicine of Chonbuk National

University, Biomedical Research Institute of Chonbuk National

University Hospital, Jeonju, Korea

J.-S. Kim

Department of Neurology, Seoul National University, Seoul

National University Bundang Hospital, Seongnam, Korea

123

J Neurol (2013) 260:2102–2109

DOI 10.1007/s00415-013-6953-8



Our recent study has also documented that patients with

superior vestibular neuritis (VN) had an abnormal oVEMP

and normal cVEMP in response to ACS, while those with

inferior VN exhibited a normal oVEMP and abnormal

cVEMP to ACS [6]. The dissociations in the abnormalities

of cVEMP and oVEMP in patients with superior or inferior

VN suggest that oVEMP in response to ACS may be

mediated by the superior vestibular nerve and an activation

of the utricular receptors.

Although there have been increasing evidences showing

that both the utricular and saccular afferents are activated

by ACS as well as BCV [12, 15, 17, 18], there have been

debates regarding whether the saccular and utricular neu-

rons can be selectively activated by ACS and BCV, i.e., the

afferent specificity [19–21]. In this study, we attempted to

determine the pathways mediating the oVEMP and cVEMP

in response to ACS and BCV by characterizing the

abnormalities in patients with VN.

Methods

Subjects

In this prospective study, we enrolled 30 patients with a

mean age of 56 years (range 25–78 years, 15 men) with

acute onset of severe prolonged vertigo whose symptoms

include postural imbalance, spontaneous nystagmus, nau-

sea or vomiting during a period ranging from March to

December, 2012. All the patients were evaluated within

ten days (range 2–6 days) of symptom onset in the acute

stage of the disease. The patients underwent neuro-oto-

logic evaluations and these include audiometric exami-

nation, caloric test, subjective visual vertical (SVV) test,

and the cVEMP and oVEMP testing with ACS and BCV

at the mastoid process and in the middle forehead (Fz)

(Table 1).

Inclusion criteria for patients with VN in the current

study were as follows: (1) Acute onset of vertigo, (2)

Appearance of mixed horizontal and torsional nystagmus,

(3) A positive head-impulse test for the horizontal semi-

circular canal (SCC), (4) A unilaterally absent or reduced

caloric response, i.e., a caloric paresis score[25 %, (5) The

absence of auditory and neurologic signs. In addition,

exclusion criteria for the current study are as follows: (1)

Concurrent auditory symptoms, (2) A previous history of

hearing impairment.

We served 45 normal healthy people with a mean age of

51.8 years (range 22–78 years, consisting of 21 men and

24 women) who had no deficits of hearing or vestibular

function. There were no differences in the age and sex ratio

between the patient and control groups. All the procedures

were performed in accordance with the Declaration of

Helsinki and were approved by the Institutional Review

Board (IRB) of Chonbuk National University Hospital.

Cervical and ocular VEMP recording

To record cVEMPs, we placed the subjects on a bed in a

supine position, raised their head to approximately 30�
from the horizontal, rotated it contralaterally and activated

the sternocleidomastoid muscle (SCM). Then the surface

EMG activity was measured from an active electrode

placed over the belly of the ipsilateral SCM and from a

reference electrode on the medial clavicle using self-

adhesive Ag/AgCl electrodes. An earth electrode was

placed over the sternum.

To record oVEMPs using surface EMG electrodes, we

placed the subjects on a bed in a supine position with the

head supported on a pillow. In each eye, the active

recording electrode was placed on the infra-orbital ridge

1 cm below the center of each lower eyelid and the refer-

ence electrode was placed about 2 cm below that active

electrode [7, 8, 20, 22]. The ground electrode was placed

on the forehead. During oVEMP recording, the subjects

had an upward gaze approximately 25� above straight

ahead and maintained a small fixation point approximately

60 cm from the eyes. The signals were amplified by dif-

ferential amplifiers (bandwidth 10–2,000 Hz), and the un-

rectified signals were averaged (n = 100).

Stimuli were generated by customized software (Cadwell

Laboratories, Kennewick, WA). We used unilateral

1000 Hz, 5 ms ACS tone bursts as the stimulation delivered

at an intensity of 100 dB nHL through calibrated head-

phones. The maximum tone burst amplitude was 50 lV and

a total of 100 stimuli were delivered at a rate of 5 Hz. The

potentials were sampled at 10 kHz for 60 ms, from 10 ms

before to 50 ms following the stimulus onset. For BC stim-

ulation, vibration was delivered to the middle forehead (Fz)

and each mastoid of all the subjects by a hand-held mini-

shaker with an attached perspex rod (Model 4810, Bruel and

Kjaer P/L, Denmark). The BC vibration was used by the

pulse stimulus with the peak amplitude of the stimulus was at

85 dB force level (FL). Tone stimuli were used at 500 Hz

frequency with 2-1-2 Pip which has a 2 cycle rise, 1 cycle

plateau and a 2 cycle fall. A total of 100 stimuli were pre-

sented at a rate of 5.1 Hz and recorded from 10 ms before to

60 ms after stimulus onset. Cervical VEMPs generated by

the vibration of the mastoid process were recorded ipsilat-

erally. To evaluate the response that was recorded from the

SCM ipsilateral to the stimulated mastoid, the initial

biphasic positive and negative peaks were measured. Then,

the EMG potentials were amplified, band-pass filtered at

10–3,000 Hz, and sampled at 5 kHz. Following this, the data

from the stimulus onset to 50 ms was averaged. To ensure

adequate levels of activation and to enable fine adjustment of
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the head position, we monitored the subjects to adjust the

EMG levels for each side and to allow measurement of the

background contraction levels and the calculation of the

normalized amplitudes. We used EMG rectification to cal-

culate amplitudes, where the amplitude was defined as the

value of the difference between p13 and n23. To calculate

the asymmetry ratio (AR) of the amplitude, the difference of

the amplitudes between the sides were divided by the sum

and then multiplied by 100.

Both p13 and n23 peak latencies were calculated. We

did not record cVEMP induced by BC vibration in the

forehead because we had difficulties in maintaining the

adequate contraction of SCM muscles during the forehead

vibration. For oVEMPs produced by bone vibration at the

mastoids, the initial negative and positive peaks beneath

the eye contralateral to the stimulated mastoid were

obtained. For vibration stimulation in the forehead region

(Fz), the earliest biphasic peaks were measured bilaterally.

Negative potentials at the active electrodes were displayed

as upward deflections. The amplitude of n10 was defined

from the negative peak to the positive one. The symmetry

of the n10 amplitude of each eye was quantified by the AR,

as defined above according to the amplitude of the n10

response to stimulation.

For both cervical and ocular VEMPs, responses from the

neck and eyes are described with reference to the lesion

side, i.e., the ‘‘ipsilesional’’ or ‘‘contralesional’’ side in

both groups.

Table 1 Clinical characteristics and test results of patients with superior vestibular neuritis

Pt./age/sex Lesion side HIT CP (%) SVV (�) ACS BCV-mastoid BCV-Fz

cVEMP oVEMP cVEMP oVEMP oVEMP

1/60/M R R 41 4.6 N A N A A

2/65/M R R 38 11.4 N A N A A

3/73/M R R 31 0.4 N A N A A

4/69/F R R 42 3.3 N A N A A

5/57/M R R 36 2.5 N N A N N

6/69/F R R 63 8.0 N A N A A

7/54/M R R 53 2.8 N N N A N

8/41/F R R 38 1.1 N A N N N

9/63/M R R 43 8.5 A N N A A

10/39/F R R 35 5.0 N N N N N

11/36/M R R 40 4.1 N A A A A

12/60/M R R 37 6.1 N A N A N

13/55/M R R 40 5.3 N N N N A

14/61/M L L 58 -7.2 N A N N N

15/25/M L L 37 -0.9 N A N A A

16/59/M L L 38 -2.3 A A N N N

17/50/F L L 41 -0.7 N A N N A

18/72/F L L 41 -5.5 A A N A A

19/56/F L L 74 -6.6 N A N A A

20/49/M L L 61 -2.5 N A N A A

21/78/F L L 54 -7.6 N N N A N

22/38/M L L 57 -7.2 N A N A A

23/62/M L L 63 -1.0 N A N A A

24/61/F L L 39 -18.5 A N N N A

25/79/F L L 52 -5.1 N N N A N

26/53/F L L 45 -5.3 A A N A A

27/47/F L L 38 -4.8 N A N A A

28/39/F L L 52 -1.7 N A N N A

29/68/F L L 39 -7 N A N A A

30/46/F L L 48 1.6 N A N A A

HIT head-impulse test, N normal, A absence, R reduced, B bilateral abnormal
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Caloric irrigation and subjective visual vertical (SVV)

All the patients were tested with the bithermal caloric test

and the subjective visual vertical (SVV) test. The detailed

methods of SVV were described at the previous report [6,

9]. Vestibular paresis on caloric irrigation was defined as

an asymmetry of more than 25 % [23], and a mean of more

than ±2.5� of the ten measurements of the static SVV

determined binocularly was considered a criterion for a

pathological tilt of static SVV.

Statistical analysis

All the data about ipsilesioanl and contralesional

responses to the side of the neuritis was re-coded, thus

making it possible to manage the results at a time with no

respect to the location of the neuritis. We compared such

variables as latencies, amplitude and AR between the two

groups using the Student t tests. In addition, we compared

the clinical characteristics between the two groups using

the Chi square and the ANOVA. Statistical analysis was

done using SPSS version 14 (SPSS Inc., Chicago, IL). All

data was expressed as mean ± SD (SD: standard devia-

tion). A p value of 0.05 was considered statistically

significant.

Results

cVEMP and oVEMP in response to ACS

In the healthy control group, the p13 and n23 latencies and

p13-n23 amplitude of cVEMP in response to ACS

(1,000 Hz, 5 ms short tone burst) showed symmetry

between the sides with the AR of amplitude being

9.9 ± 0.9 %. Likewise, the n10 latency and amplitude of

ACS-induced oVEMP recorded in the eye contralateral to

the stimulation were symmetrical with an amplitude AR at

15.1 ± 12.1 %. Detailed data were described at the pre-

vious paper [6, 9]. We determined the abnormality when

each value of the patients exceeded the mean ± 2 SD

compare to the control group.

In response to ACS, the majority of patients showed

normal cVEMP in the ipsi- (96.7 %) and contralesional

SCM (83.4 %) (Table 2). In contrast, ACS induced

abnormal oVEMP in 80.0 % of the patients when the

involved ear was stimulated. When compared to the control

group, the patients showed a significantly greater AR of

amplitude (52.0 ± 39.5 vs. 15.1 ± 12.1 %, p \ 0.001,

t test, Table 3).

oVEMP in response to BCV at the forehead (Fz)

In healthy subjects, oVEMPs recorded from beneath the

eyes in response to brief BCV at Fz consist of an initial

negativity peaking at about 10 ms after stimulus onset

(n10). The mean n1 latency of oVEMPs were symmetric

between the right and the left side (mean ± SD,

11.6 ± 1.6 vs. 11.5 ± 2.4 ms) and the average value of the

peak-to-peak amplitudes was also approximately equal for

both eyes (mean ± SD, 5.4 ± 5.0 uV on the right and

5.5 ± 5.8 uV on the left) with the amplitude AR of

18.4 ± 11.9 % (Table 3).

By contrast, in the patient group, BCV at the forehead-

induced oVEMPs were mostly asymmetric. In the con-

tralesional eye, a high proportion of patients (22/30,

73.3 %) showed abnormal results in contrast to mostly

normal findings in the ipsilesional eye (27/30, 90 %)

(Table 3; Fig. 1). Among the asymmetric oVEMP

responses, the n10 component was absent (8/22, 36.4 %),

markedly reduced (10/22, 45.5 %) or delayed (4/22,

18.2 %), beneath the eye opposite the affected ear

(Table 3). The mean ARs for the patient group and control

group were 41.9 ± 33 and 18.4 ± 11.9 %, respectively,

which was significantly greater in the patient group

(p \ 0.001).

cVEMP and oVEMP in response to BCV at the mastoid

process

In response to BCV (500-Hz short-tone burst) at the mas-

toid, healthy controls showed symmetric oVEMP responses

on the eye opposite to stimulating mastoid process

(Table 3). Mean peak latencies of initial negativity (n10)

was symmetric on both eyes (10.9 ± 1.1 ms at the left eye

and 10.8 ± 1.8 ms at the right eye), and the mean n10 AR

was 23.5 ± 22.8 %. cVEMPs to mastoid BCV also showed

symmetric response with mean initial positive peaks of

15.4 ± 0.9 ms at the right SCM and 15.4 ± 1.1 ms at the

left SCM, and mean amplitude of 647.7 uV and 509.4 uV

at each side with AR of 17.7 %.

In the patient group, BCV at the mastoid process pro-

duced inconsistent results of cervical and ocular VEMPs. A

large proportion of patients (76.7 %) revealed abnormal

oVEMPs on the contralesional eye. In contrast, on the ip-

silesional eye, most patients showed normal response

(Table 3; Fig. 1). The mean AR of the patients group was

also significantly greater than control group (p \ 0.01).

The cVEMP to mastoid BCV, however, showed normal

responses on both sides (Table 2). The asymmetry ratio

was also not significant.
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Table 2 Cervical VEMP in patients with superior vestibular neuritis (SVN, n = 30) induced by ACS (1,000 Hz tone-burst) and BCV (500 Hz

tone-burst)

Stimulation   Contralesional SCMa Ipsilesional SCMa AR (%) p-value

tnesbASCA (n=1) 

Reduced (n=0)  3.3% 

Delayed (n=0)  

Normal (n=29), 96.7% 

Absent (n=1) 

Reduced (n=2)  16.6% 

Delayed (n= 2)  

Normal (n= 25), 83.3% 

27.4 ± 25.8% Latency (p=0.15) 

Amplitude (p=0.09) 

AR (p=0.10) 

BCV at the mastoid process  Absent (n=1)b

Reduced (n=0)  6.7% 

Delayed (n=1)  

Normal (n=28), 93.3%  

Absent (n=1)b

Reduced (n=3)  16.6% 

Delayed (n= 1) 

Normal (n= 25), 83.3%  

27.9 ± 18.0%  Latency (p=0.09) 

Amplitude (p=0.06) 

AR (p=0.07) 

p value compared results of normal controls with results of patients recorded on the ipsilesional SCM (t test)

ACS air-conducted sound, BCV bone-conducted vibration, AR asymmetry ratio
a Recorded only at the ipsilateral SCM muscle to each stimulated mastoid
b Bilateral absence (n = 1)

Table 3 Ocular VEMP in patients with superior vestibular neuritis (SVN, n = 30) induced by ACS (1,000 Hz tone-burst) and BCV (500 Hz

tone-burst) at the mastoid and at the middle forehead

Stimulation   Contralesional eyea Ipsilesional eyeb AR (%) p-value

tnesbASCA (n=12)c

Reduced (n=8)   80% 

Delayed (n=4)  

Normal (n=6), 20% 

Absent (n=2)c

Reduced (n=2)  13.3% 

Delayed (n=0)    

Normal (n=26), 86.7% 

52.0 ± 39.5 Latency (p=0.13)

Amplitude (p=0.03) 

AR (p<0.001) 

BCV at the middle forehead 

(Fz) 

Absent (n=8) 

Reduced (n=10)  73.3% 

Delayed (n=4) 

Normal (n=8), 26.6%  

Absent (n=3)a

Reduced (n=0)  10% 

Delayed (n=0)    

Normal (n=27), 90% 

41.9 ± 33.9 % Latency (p=0.01) 

Amplitude (p=0.2)

AR (p < 0.001) 

BCV at the mastoid process Absent (n=11)   

Reduced (n=4)  76.7% 

Delayed (n=8) 

Normal (n=7), 23.3% 

Absent (n=2) d

Reduced (n=0)  6.6% 

Delayed (n=0)  

Normal (n=28), 93.3% 

52.44 ± 39.3 %  Latency (p<0.01) 

Amplitude (p<0.01)

AR (p<0.01) 

p value compared results of normal controls with results of patients recorded on the contralesional eye (t test)

ACS air-conducted sound, BCV bone-conducted vibration, AR asymmetry ratio
a Ipsilesional ear stimulation and recorded at the contralesional eye
b Contralesional ear stimulation and recorded at the ipsilesional eye
c Bilateral absence (n = 2)
d Bilateral absence (n = 2)
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Discussion

Our results showed that there were distinct patterns of

abnormalities in patients with VN to AC sound and BC

vibration at the middle forehead and at each mastoid.

Irrespective to the stimulation modalities of ACS or BCV,

or their stimulating sites at the forehead or at the mastoid,

most VN patients showed abnormal oVEMP and normal

cVEMP (Fig. 1; Tables 2, 3).

Electrical stimulation of the nerve from the utricular

macula activates the contralateral inferior oblique in cats

[24, 25], and neurons in the superior vestibular nerve that

originate from the utricular macula are activated by BCV

in the guinea pig [26]. Previously, most patients with

superior VN showed markedly reduced or absent n10 under

the contralesional eye during Fz vibration, including our

result [7, 8, 13, 25, 27]. Considering that all utricular

afferents course in the superior vestibular nerve and the

n10 was reduced in most of our patients, the n10 of the

oVEMP to BCV at the forehead (Fz) is probably mediated

by the superior vestibular nerve and probably due to

activation of utricular receptors. Our data shows the pro-

portion of abnormalities of oVEMP to forehead vibration

was similar to that of oVEMP to mastoid vibration (73.3

vs. 76.7 %, Table 3). This suggests that, irrespective to the

site of stimulation, bone-conducted vibration appears to

stimulate similarly saccular or utricular macular, or both.

It has been known that saccular afferents project to

inhibitory neurons in the ipsilateral vestibular nuclei, which

in turn project ipsilaterally to spinal motoneurons and

inhibit the ipsilateral SCM muscle [29, 30]. Saccular neu-

rons project strongly to cervical SCM muscles whereas

utriculo-cervical projections are not as strong [31, 32]. In

contrast, utricular afferents have strong projections to the

oculomotor system, whereas saccular projections to the

oculomotor system are weak and polysynaptic [32, 33]. In

healthy subjects, by BC vibration at the mastoid process

recorded at the ipsilateral SCM, the response consisted of a

short-latency biphasic positive/negative wave followed by

a second negativity (Fig. 2a). Our results of VN demon-

strated the dissociated results of cervical and ocular

VEMPs to BC vibration at the mastoid process, in which

Fig. 1 VEMPs (n10) recorded

from a representative patient

(Pt. 19, Table 1) with left

superior vestibular neuritis (Lt.

SVN) in response to stimulation

with short tone bursts BCV.

Negative potentials are shown

as upward deflections. Cervical

VEMP to bone vibration at the

mastoid processes produced

symmetrical responses at both

SCM muscles (a). In contrast,

oVEMP to vibration at the

mastoid process (b) and at the

middle forehead (c) showed

asymmetric responses with

decreased responses at the

contralesional eye (the right

eye) and robust responses at the

ipsilesional eye (the left eye)
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oVEMPs showed mostly abnormal on the contralesional

eye with contrast to bilaterally symmetric results of

cVEMPs (Tables 2, 3; Figs. 1, 2b). This inconsistency in

the cervical and ocular VEMPs induced by BCV at the

mastoid in patients with VN selectively involving the

superior vestibular nerve suggest that the origin of the

vestibular nerve afferents of oVEMP differ from those of

cVEMP to mastoid BCV. It was suggested that the ves-

tibular end organ primarily excited by the BC vibration at

the mastoid was the utricle [3, 28], given the predominant

orientation in the horizontal plane [34, 35] and their sen-

sitivity to shearing forces in the interaural direction.

However, if BC vibration at the mastoid process only or

predominantly stimulates utricle, VN patients with utricu-

lar dysfunction would show absence or reduced response

on the ipsilesional SCM. Instead of afferent organ speci-

ficity to BC vibration at different stimulating sites, both

utricle and saccular macula may be highly sensitive to low-

frequency vibration irrespective to the site of stimulation.

Therefore, unilateral utricular dysfunction due to VN

would make little differences on the results of cVEMPs

compare to healthy subjects which may reflect ipsilesional

responses from saccular macular (Fig. 2b). On the basis of

the differential pattern of oculomotor and cervical projec-

tion of each otolith, it may indicate that measuring oV-

EMPs predominantly reflects utricular function, and

cVEMPs predominantly reflects saccular function irre-

spective to stimuli methods (Fig. 2) [12].

In our patients with VN, the AR of cVEMP were about

27 % without a difference between ACS and BCV, which

were not statistically different from those in normal con-

trols (Table 2). Likewise, the ARs of oVEMP were similar

around 50 % irrespective of the stimulus modalities, but

significantly higher than those in normal controls

(Table 3). Accordingly, the ARs of oVEMP did not differ

among the stimulus modalities.

As shown in our data, the n10 potentials of oVEMP in

the VN patients were presented but reduced or delayed

potentials on the contralesional eye in a number of patients.

It means that VN may affect the entire superior vestibular

nerve or more frequently partially affect the superior

division of the vestibular nerve. In patients with VN par-

tially involving the superior vestibular nerve, the horizontal

and anterior canals and utricular functions are partially

impaired, as shown by caloric weakness (not complete

paresis) and partially impaired oVEMP. Some patients had

symmetrical n10 responses to Fz and mastoid BCV stim-

ulation as well as ACS stimulation. These may be due to

that otolithic afferents in the superior nerve were not

affected, instead the patient may have had an isolated

horizontal canal dysfunction. That being the case, it is

necessary to be cautious about interpretation of the results

of oVEMP in patients with VN, since there are probably

various grades of superior vestibular neuritis so that in

some VN patients the utricular nerve may be wholly or

partially spared.

In conclusion, this study revealed that dissociated results

of cervical and ocular VEMPs in patients with VN, in

which cVEMPs were often unaffected, while oVEMPs

were often abnormal irrespective to the stimuli modalities,

Fig. 2 Schematic illustrations

of ocular and cervical VEMP

pathways in healthy subject

(a) and in patients with the

superior vestibular neuritis

(SVN) (b) during short tone

burst BCV at the mastoid

process. Saccular neurons

project strongly to cervical

SCM muscles whereas utricular

afferents have strong

projections to the oculomotor

system.Thirty-two healthy

subjects (a) showed similar

positive/negative shapes of

cVEMP on the isilateral SCM

and negative/positive wave of

oVEMP on the contralateral

eye. In patients with SVN with

ipsilesional utricular

dysfunction (b), vibration on the

mastoid leads to generation of

inhibitory positive wave on the

ipsilesional SCM (cVEMP)

while reduced oVEMP on the

contralesional eye
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and to the sites of stimuli. Therefore, oVEMP induced by

ACS and BCV at the Fz as well as at the mastoid process

seems to depend on the integrity of the superior vestibular

nerve, possibly due to utricular afferents travelling in it. In

contrast, cVEMP by ACS and BCV at the mastoid process

reflects the function of the saccular afferents and the

inferior vestibular nerve.
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