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Table 3
Comparison of the results of VEMP and caloric test in 78 patients with vestibular
schwannoma.

Correctly identified  Incorrectly identified Total

by VEMP by VEMP
Correctly identified by the 54 9 63
caloric test
Incorrectly identified by the 9 6 15
caloric test
Total 63 15 78

3.3. Comparison of VEMP and the caloric test results

In the present study, the sensitivity of VEMP in VS patients
(80.8%) was comparable to that of the caloric test (80.8%;
p =1.00). The specificity of VEMP (52.7%) was slightly lower than
that of the caloric test (57.4%); however, there was no significant
difference between them (p = 0.07).

The results of VEMP and the caloric test are compared in Table
3. Amongst the 78 patients with VS, 54 (69.2%) were correctly iden-
tified by both VEMP and the caloric test, nine (11.5%) were cor-
rectly identified by VEMP but incorrectly identified by the caloric
test, nine (11.5%) were correctly identified by the caloric test but
incorrectly identified by VEMP and six (7.7%) were incorrectly
identified by both VEMP and the caloric test. Thus, 72 of the 78 pa-
tients (92.3%) were correctly identified by either VEMP or the calo-
ric test.

The mean tumour size was 24.9 + 9.2 mm in the 54 patients cor-
rectly identified by both VEMP and the caloric test, 13.8 £ 6.2 mm
in the nine patients correctly identified by VEMP but incorrectly
identified by the caloric test, 21.8 £ 5.0 mm in the nine patients
correctly identified by the caloric test but incorrectly identified
by VEMP and 15.2 + 8.7 mm in the six patients incorrectly identi-
fied by both VEMP and the caloric test. The differences amongst
these groups were significant (p = 0.001); therefore, we performed
the Bonferroni-adjusted t-test. There was a significant difference in
the mean tumour size between the patients correctly identified by
VEMP but incorrectly identified by the caloric test and the patients
correctly identified by both VEMP and the caloric test (p = 0.003);
however, there were no significant differences among the other
groups (all p > 0.05).

4. Discussion

VEMP is now widely used as part of the test battery to explore
vestibular abnormalities and its results have been reported for var-
ious diseases including VS (Murofushi et al., 1998; Takeichi et al.,
2001; Patko et al.,, 2003; de Waele et al., 1999; Ohki et al., 2002;
Matsuzaki and Murofushi, 2001; Iwasaki et al., 2005a). However,
the diagnostic usefulness of VEMP in vestibular abnormalities
has not been evaluated according to STARD (Bossuyt, 2003; Boss-
uyt et al., 2003a,b). We assessed the diagnostic usefulness of VEMP
in VS and compared it with the caloric test.

4.1. The sensitivities of VEMP and the caloric test

The sensitivity of the VEMP test in patients with VS was 80.8%,
which was comparable to that of the caloric test (80.8%). When con-
sidering only click VEMP, the sensitivity (59.0%) was lower than that
reported in the previous reports, in which they used click VEMP
alone and reported sensitivities of 72-80% for VS (Murofushi et al.,
1998; Takeichi et al., 2001; Patko et al., 2003). The most probable
reason for this discrepancy was the existence of 24 patients showing
no click-VEMP response on both sides in the present study. Their
ages were significantly higher than those of patients who showed

normal VEMP at least on one side. In fact, it is sometimes difficult
to record click VEMP from elderly patients because their SCM con-
traction is insufficient for recording stable VEMP responses; the pre-
vious reports might have excluded such patients (Takeichi et al.,
2001; Patko et al., 2003). Furthermore, a decrease in VEMP ampli-
tude with age, which was not associated with any age-related
change in static SCM tension, has also been reported (Brantberg
et al., 2007; Walgampola and Colebatch, 2005). In contrast, burst
VEMP could be obtained in all VS patients except two, which was
consistent with the previous reports showing greater responses of
burst than click VEMP (Patko et al., 2003; Ushio et al., 2001). The sen-
sitivity of click plus burst VEMP reported in the present study (80.8%)
was nearly the same as that in the Patko et al. report (78.8%, 134/170
patients) using both click and burst VEMPs (Patko et al., 2003). They
suggested that click VEMP may be more appropriate than burst
VEMP for appreciating slight saccular dysfunction and that burst
VEMP could be useful for detecting any potential residual saccular
nerve function (Patko et al., 2003).

The sensitivity of the caloric test reported in the present study
(80.8%) was comparable or lower than that reported in the previ-
ous studies; which reported 77-92% sensitivities in VS patients
(Furuta et al., 2005; Hulshof et al., 1989; Okada et al., 1991). Since
the MRI is now available for medical checkups, the average size of
diagnosed VS has significantly decreased (Marangos et al., 2001).
The increase in detection of small VS might decrease the sensitivity
of vestibular and cochlear function tests.

4.2. The specificities of VEMP and the caloric test

In patients with VS, the specificity of VEMP was 52.7%, whereas
that of the caloric test was 57.4%. There are two possible reasons
for these relatively low specificities. Firstly, we enrolled 803 consec-
utive patients who visited our vertigo clinic, their chief complaints
being vertigo, dizziness or imbalance. They were suspected to have
vestibular disorders and underwent vestibular tests including VEMP
and the caloric test. This population might show abnormal VEMP and
caloric test results more frequently than people who do not display
any vestibular symptoms. Such a population bias might have con-
tributed to the relatively low specificity of VEMP and the caloric test.
Secondly, unlike auditory brainstem response, which could be spe-
cific for retrocochlear lesions such as VS, abnormal VEMP and caloric
test results are not specific for retrolabyrinthine lesions; however,
they suggest the dysfunction of vestibulo-collic reflexes. In fact,
the sensitivities of VEMP and the caloric test were also high in pa-
tients with vestibular neuritis, delayed endolymphatic hydrops,
sudden hearing loss with vertigo and Ramsay Hunt syndrome. The
combined use of galvanic VEMP might have increased the specifici-
ties to VS (Murofushi et al., 2002).

4.3. Comparison of VEMP and caloric test results

The tumour sizes of VS patients correctly identified by VEMP
were not larger than those of patients incorrectly identified by
VEMP, whereas the tumours of patients correctly identified by
the caloric test were significantly larger than those of patients
incorrectly identified by the caloric test, such as auditory brain-
stem response (Wilson et al., 1992; Godey et al., 1998; Schmidt
et al,, 2001). Moreover, tumours of patients correctly identified
by VEMP but incorrectly identified by the caloric test were signif-
icantly smaller than those of patients correctly identified by both
VEMP and the caloric test, whereas the tumour sizes of patients
correctly identified by the caloric test but incorrectly identified
by VEMP and those of patients correctly identified by both VEMP
and the caloric test were not different. These results suggest that
the sensitivity of VEMP might be less influenced by the tumour size
than that of the caloric test. In other words, VEMP is more sensitive
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for detecting a small VS than the caloric test. The inferior vestibular
nerve may be more vulnerable than the superior one even in cases
of small VS, The rate of tumour growth may be another factor
which may influence the results of VEMP and caloric test; however,
it was not possible to evaluate it in this study.

In conclusion, although the specificity of VEMP (52.7%) was not
very high, the sensitivity of click plus burst VEMP (80.8%) was high
and comparable to that of the caloric test. We recommend the use
of VEMP as well as that of the caloric test in the assessment of pa-
tients with VS,
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Abstract To characterize clinical features of those

patients who showed an absence of vestibular evoked
myogenic potential (VEMP) responses in the presence of
normal caloric responses bilaterally, we reviewed clinical
records of 1,887 consecutive outpatients who complained
of balance problems, and identified three patients, who
showed absent VEMPs in the presence of normal caloric
responses bilaterally with unknown causes. All three
patients had episodes of recurrent vertigo without sponta-
neous, gaze-evoked, or positional nystagmus at the time of
examination. They complained of oscillopsia while moving
their body or head and showed positive Romberg’s signs.
Drawing on these cases, we underscore the importance of
examining the function of the inferior vestibular nerve
system, even with no nystagmus and normal caloric find-
ings, in patients complaining of dizziness or oscillopsia
during locomotion.
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Introduction

The vestibular labyrinth is innervated by the superior and
inferior vestibular nerves (SVN, IVN). The SVN innervates
the lateral and anterior semicircular canals (LSCC, ASCC),
the utricle, and a part of the saccule, whereas the IVN
innervates the posterior SCC (PSCC) and most part of the
saccule. The caloric test has been used as a clinical test of
the LSCC and the SVN system, whereas the vestibular
evoked myogenic potential (VEMP) measures the function
of the saccule and IVN system [10, 23]. Additionally, the
head thrust test can be used to measures the individual SCC
function using 3-D magnetic search coil systems [4].

By applying these tests, we have found that selective
dysfunction of IVN system, in spite of the spared SVN
system, has been reported in Meniere’s disease [12],
acoustic neuroma [24], sudden deafness with vertigo [19]
and selective inferior vestibular neuritis [4]. Some patients
who showed abnormal VEMP responses on one side with
normal responses on caloric test could not be diagnosed as
having an established clinical entity [18].

Idiopathic bilateral vestibulopathy (IBV) is an acquired
bilateral vestibulopathy of unknown cause [6]. Absent or
markedly decreased response of the LSCC is revealed in
the caloric test, the rotation test [3, 6, 26, 29, 31] and the
head thrust test [35, 36]. Originally, IBV is not accompa-
nied by cochlear or any other neurological symptoms [6].
The main clinical symptoms are persistent imbalance. In
severely affected cases, patients have oscillopsia while
moving their body or the head. Some patients with IBV
have been reported to show an absence of VEMP [14, 21],
suggesting that IBV affects not only the SVN but also IVN
systems. However, so far there have been no reported
idiopathic cases whose bilateral IVN systems are affected
in spite of sparing the bilateral SVN systems.



J Neurol (2009) 256:1488-1492

1489

We identified three patients who showed bilaterally an
absence of VEMP responses in the presence of bilateral
normal caloric responses. Herein, we reported clinical
features of these patients.

Patients and methods
Patients

We reviewed clinical records of 1,887 consecutive patients
visiting Balance Disorder Clinic, the University of Tokyo
Hospital, from January 2002 to December 2007. Of these,
1,025 patients underwent both caloric test and VEMP test.

The following were the inclusion criteria: (1) bilateral
normal caloric responses and (2) bilateral absence of
VEMP responses by both click and short tone burst stim-
ulation. The following were the exclusion criteria: (1)
medical history of other neurological disorders, (2) familial
history of auditory or vestibular dysfunction, (3) past his-
tory of excessive noise exposure, head injury or: exposure
to ototoxic drugs, (4) sensorineural hearing loss except for
presbycusis, (5) the existence of air-bone gap (more than
10:dB) [8], (6) abnormal findings on neurological exam-
inations except for vestibular dysfunction, (7) difficulty:in
maintaining muscle activity at-a sufficient level [electro-
myographic (EMG) activity. >150 V],

Methods
Caloric test

Caloric test: was: performed as reference standard. by irri-
gating the external auditory canal with 2 ml cold and/or ice
water for 20 s followed by aspiration of water." Caloric
nystagmus was recorded using an electronystagmograph.
Canal paresis (CP) was calculated as difference between
the maximal slow phase eye velocity for each ear divided
by the sum of slow phase eye velocities. The abnormal
caloric response is defined as any of the following criteria:
(1) CP percentage larger than 20% in caloric test [18]; (2)
the maximum slow phase eye velocity smaller than 10%/s
bilaterally in caloric test with ice water.

VEMP test

Electromyographic activity: was recorded from a surface
electrode placed on the upper half of each sternocleido-
mastoid muscle (SCM), with a reference electrode on the
side of the upper sternum and a ground electrode on the
nasion. During the recording, subjects in the supine posi-
tion were instructed to raise their heads from the pillow to
contract SCM. The overall EMG activity of the SCM was

set as the reference level of the tonic contraction. During
the recording, EMG activities were monitored on a display,
to maintain muscle activity at a sufficient level >150 pV in
each patient.

The EMG signal from the stimulated side was amplified
and bandpass-filtered (20-2,000 Hz). The stimulation rate
was 5 Hz, and the time window for analysis was 100 ms
(—20 to 80 ms). Rarefaction clicks (0.1 ms, 95 dB nHL)
were presented to each ear through headphones (Type DR-
531, Elega Acous. Co. Ltd., Tokyo, Japan). Short tone
bursts of 500 Hz (95 dB normal hearing level, 135 dB SPL
(peak value); rise/fall time, 1 ms; plateau time 2 ms) were
also presented. The latencies and amplitudes of the first
positive-negative peaks (p13-n23) of the VEMP were
evaluated. The average of two runs was taken for the
amplitude and latencies. Loss of reproducible p13-n23 in
two runs was regarded as no VEMP responses.

Results
Selection’ of patients

Among 1,025 patients who underwent both caloric test and
VEMP test; 19 patients fulfilled the: inclusion’ criteria, but
16: patients were: excluded by the exclusion: criteria.: We
finally - identified - three' patients: who fulfilled: both - the
inclusion and exclusion criteria. The number of the patients
who fell under: the exclusion criteria was as follows: two
patients in criteria (1); a patient in criteria (2), four patients
in: criteria (3), eight: patients in ‘criteria’ (4), a:patient-in
criteria (5) and nine patients in criteria (6).

Case repofts
Case 1

A T1-year-old woman suffered from vertigo attacks lasting
for approximately an hour: several times a month during
3 years before visiting our clinic. After the first vertigo
attack, she began to have dizziness, which became worse
gradually,. especially: while walking. She complained of
oscillopsia while moving her head. There were no obvious
cochlear ‘or other neurological symptoms related to.the
dizziness or the vertigo attacks. She had no complaints of
headache or changes in strength or sensation. Her medical
and family history were unremarkable. She had no history
of excessive noise exposure, head injury or exposure. to
ototoxic drugs.

On examination; she had no spontaneous, gaze-evoked,
or positional nystagmus: Her pure-tone hearing levels (the
average of hearing levels at 500, 1,000 and 2,000 Hz) were
16.6 dBHL on the right side and 13.3 dBHL on the left
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Fig. 1 Absent VEMP on both -
sides by both click and short
tone burst stimulation in Case 1

Burst

side. No significant air-bone gaps were present. She
showed positive Romberg’s sign. Caloric responses were
normal in both ears. VEMP tests by both click and short
tone burst stimulation showed no response on either side in
spite of maintenance of muscle activity at the sufficient
level (Fig. 1). There were no abnormal findings in other
neurological examinations including sensory and cerebellar
examinations.

Case 2

A 40-year-old woman suffered from vertigo attacks lasting
approximately 30 min on four occasions during a month
before visiting our clinic. After the first vertigo attack, she
began to feel dizziness, which became worse after each
vertigo attack. She complained of oscillopsia while moving
her body. There were no obvious cochlear or other neu-
rological symptoms related to the dizziness or the vertigo
attacks. She had no spontaneous, gaze-evoked, or posi-
tional nystagmus. Her pure-tone hearing levels were
10.0 dBHL on the right side and 11.7 dBHL on the left
side. No significant air-bone gaps were present. She
showed positive Romberg’s sign. Caloric responses were
normal in both ears. VEMP tests by both click and short
tone burst stimulation showed no response on either side in
spite of maintenance of muscle activity at the sufficient
level.

Case 3
A 70-year-old woman suffered from recurrent vertigo

attacks lasting for several hours approximately once every
2 months during 3 years before visiting our clinic. She
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complained of oscillopsia while moving her head. There
were no obvious cochlear or other neurological symptoms
related to the dizziness or the vertigo attacks. She had no
spontaneous, gaze-evoked, or positional nystagmus. Her
pure-tone hearing levels were 21.7 dBHL on the right side
and 18.3 dBHL on the left side. No significant air-bone
gaps were present. She showed positive Romberg’s sign.
Caloric responses were normal on both ears. VEMP tests
by both click and short tone burst stimulation showed no
response on either side in spite of maintenance of muscle
activity at the sufficient level.

Discussion

In the present study, we reported three patients with
bilateral absent VEMP responses in the presence of normal
caloric responses. These cases did not fulfill the criteria of
IBV [3, 6, 26, 29, 31], since they showed normal caloric
responses. However, given the disease concept of IBV,
which was an acquired bilateral vestibulopathy of unknown
cause without cochlear or any other neurological disorders,
our cases could be considered as one of the subtypes of
IBV.

Idiopathic bilateral vestibulopathy has been classified
into two types based on their clinical time course: slowly
progressive and sequential [6, 35]. The slowly progressive
type is characterized by gradually progressive imbalance,
whereas the sequential type is characterized by recurrent
vertigo accompanied by persistent imbalance. Patients who
combined the episode of slowly progressive type and
sequential type were also reported [22]. In the present
study, all the three cases had episodes of recurrent vertigo,
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so they could be classified as the sequential type from their
clinical time course.

In the present study, none of the patients had sponta-
neous nystagmus at the time of examination. Disorders of
bilateral IVN system with sparing of the SVN systems
should have caused vertical or vertical-torsional nystag-
mus during the acute phase, because electrical stimulation
of the saccule or PSCC produces, vertical or vertical-
torsional nystagmus in mammals [9, 11]. Iwasaki et al.
[18] reported 40 patients with abnormal VEMP responses
with normal caloric test responses. Some of them indicated
that the direction of their rotatory vertigo was torsional
or vertical, but none of our patients showed spontane-
ous nystagmus at the time of examination. The normal
caloric responses and the paucity of clinical signs might
make it difficult to diagnose disorders of bilateral IVN
systems.

It has been previously reported that the sequential type
of IBV has the same clinical history as bilateral vestibular
neuritis [6, 14, 21]. Epidemiologic and pathologic studies
showed that an inflammation of the nerve caused by viral
infection, such as herpes simplex virus type 1, is a common
cause of vestibular neuritis [2, 15, 27]. A subsequent
similar attack involving the opposite side can produce
bilateral vestibular loss. Although vestibular neuritis usu-
ally involves the SVN systems by its conventional defini-
tion, a group of patients with vestibular neuritis could
selectively involve IVN systems [4, 16]. It is possible that
our patients had suffered from the selective inferior ves-
tibular neuritis sequentially. However, in each case of our
study, the duration of vertigo was much shorter than that of
typical vestibular neuritis, and it is unlikely to regard the
cause as bilateral vestibular neuritis. On the other hand,
Halmagyi et al. [16] reported that the duration of vertigo
attacks of unilateral inferior vestibular neuritis was shorter
than that of typical vestibular neuritis. Another possible
cause of selective involvement bilateral IVN systems is
endolymphatic hydrops in both ears. Patients who have
recurrent vertigo attacks without cochlear symptoms have
been classified as atypical Meniere’s disease [1]. Abnormal
VEMP responses in the presence of normal caloric
responses are frequently observed in Meniere’s disease
especially at the early stages [12]. Frequent vertigo attacks
of our patients were similar to those of Meniere’s disease,
and Meniere’s disease frequently involves bilateral ears
[13, 30, 34]. It is possible that bilateral endolymphatic
hydrops in saccular region resulted in absent VEMP
responses in the presence of normal caloric responses in
our patients.

There have been some reports regarding the effect of
age on VEMP amplitude [7, 20, 25, 28, 33] and some of
these reports pointed out VEMPs to clicks could be absent
in normal healthy subjects, especially in elderly [28, 33].

On the other hand, tone burst stimulation requires lower
stimulus intensity to elicit VEMPs in comparison with
click stimulation [32]. Using tone burst stimuli, VEMPs
could be successfully recorded bilaterally even in elderly
healthy control, although the amplitudes tended to be
smaller with age [7]. Two of the three patients in our study
were over 70 in age, but their absence of VEMPs were
confirmed in both click and tone burst stimulation under
the maintenance of sufficient muscle activity. Therefore,
we considered that their findings of an absence of VEMPs
indicated dysfunction of the IVN system.

Although our cases showed normal caloric responses on
both sides, it is possible that they might have dysfunction
of semicircular canals in response to stimuli with higher
frequency. Caloric test can measure vestibulo-ocular reflex
(VOR) only in the low frequency [5], whereas the head-
thrust test can measure VOR in higher frequency [17].
Recently, Zingler et al. [35] have shown that there are
patient who showed pathological head thrust test, even
though the caloric test was normal. These patients could
have oscillopsia when moving the head. Unfortunately we
did not perform head thrust tests or rotational tests in these
three patients at the time of examination.

In the present study, all the three patients complained of
oscillopsia while moving their body or head, and showed
positive Romberg’s signs. Through these cases, we advo-
cate that it is important to examine the function of the
inferior vestibular nerve system in patients who showed such
clinical symptoms even with normal caloric responses.
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Objectives: Simple tests to detect peripheral vestibulopathy might be practically useful before conducting
elaborate examinations. The purpose of this study was to assess the diagnostic accuracy of foam postur-
ography for peripheral vestibulopathy, with emphasis on visual and somatosensory dependence.

Methods: Two-legged stance tasks were conducted in patients with unilateral (n=68) and bilateral

Keywords: (n=16) vestibulopathy and healthy controls (n = 66), under four conditions; eyes open with and without
505?};51 the foam rubber, and eyes closed with and without the foam rubber.
eslibule

Results: The values of six parameters; the velocity of movement of the center of pressure (COP) and
envelopment area tracing by the movement of the COP in eyes closed/foam rubber, the Romberg's ratios
of velocity and area with foam rubber, and the foam ratios (ratios of a measured parameter with to with-
out the foam rubber), of velocity and area in eyes closed, were significantly higher in unilateral and bilat-
eral vestibulopathy compared with the control (p <0.001). The area under the receiver operating
characteristic curve for the Romberg's ratio of velocity with the foam rubber was the largest.
Conclusions: Foam posturography detected high levels of visual and somatosensory dependence in
patients with vestibulopathy.

Significance: Foam posturography is useful for preliminary assessment of possible peripheral
vestibulopathy.

© 2009 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights

Vestibular diseases
Sensitivity and specificity
ROC curve

reserved.

1. Introduction

The vestibular labyrinth located in the inner ear serves as a
sensory organ for angular and linear movements. The semicircu-
lar canals (SCCs) respond to angular accelerations, whereas the
otolith organs respond to linear accelerations. In the SCC system,
the lateral semicircular canal (LSCC), the anterior semicircular
canal (ASCC) and the posterior semicircular canal (PSCC) are at
almost right angles to each other, and the system can sense
angular acceleration in all directions. The otolith organs, which
are composed of the utricle and saccule, operate as multidirec-
tional linear accelerometers in the diverse polarization of the
maculae.

Considering the complexity of the vestibular system, new tests
are required for comprehensive evaluation of the function of the

* Corresponding author. Tel.: +81 3 5800 8665; fax: +81 3 3814 9486.
E-mail address: cfujimoto-tky@umin.ac.jp (C. Fujimoto).

receptors in each vestibular end-organ. A number of tests, such
as the caloric test and the vestibular evoked myogenic potential
(VEMP) test, have been used in the differential diagnosis of vestib-
ular disorders (Colebatch and Halmagyi, 1992; Murofushi et al.,
1996, 2003; O'Neill, 1987). However, these tests are time-consum-
ing and demand relatively hard physical tasks for patients. Preli-
minary tests for vestibular disorders prior to the conduct of
detailed examination might be practical.

Posture in human is maintained by muscular actions governed
by the processing of the central nervous system. The central pro-
cessing integrates the information from vestibular, visual, and
somatosensory inputs. Posturography measures the position of
the center of pressure (COP), which is a good parameter of the po-
sition of the center of mass during upright stance. Static posturog-
raphy measures spontaneous movements of the body on a firm
platform (Black and Wall, 1981). Dynamic posturography (moving
platform) or posturography while standing on a foam rubber (foam
posturography) can change the relative contributions of the visual,

1388-2457/$36.00 © 2009 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.

doi:10.1016/j.clinph.2009.05.002
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somatosensory, and vestibular inputs, which are used to maintain
upright posture under normal circumstances (Furman, 1995;
Nashner, 1971; Nashner et al., 1982). Trunk angular sway mea-
sured with angular transducers is also used as a clinical test of bal-
ance disorder (Allum et al., 2001, 2002).

Previous studies reported that under the condition of standing
on foam rubber, patients with unilateral or bilateral peripheral ves-
tibular disorders show more severe balance deficits than healthy
controls (Black et al., 1983; Baloh et al, 1998b; Allum et al.,
2001). However, the tasks and parameters that can be used in pre-
liminary and simple tests for the diagnosis of peripheral vestibular
disorders remain controversial. Although posturography cannot di-
rectly evaluate the function of each vestibular end-organ (Baloh
et al., 1998a-c, 1994), given it is easy to use and noninvasive, its
adaptation for a preliminary test in balance disorders should be
discussed in more detail.

The purpose of this study was to assess the diagnostic accuracy
of the originally established posturography analysis system with
the foam rubber for unilateral and bilateral peripheral vestibular
disorders, especially noting the visual and somatosensory depen-
dence in patients with peripheral vestibular damage. We calcu-
lated the sensitivity and specificity of several parameters used in
foam posturography that could discriminate patients with periph-
eral vestibular damage from healthy subjects, as well as the con-
struction of receiver operating characteristic (ROC) curve. The
strength of this study lies in the validation of these criteria in an
independent sample. Several factors threaten the validity of stud-
ies of diagnostic accuracy. This inspired the launch of the Standards
for Reporting of Diagnostic Accuracy (STARD) initiative (Bossuyt
et al., 2003a,b). The objective of the STARD initiative is to improve
the quality of studies on diagnostic accuracy. The design of this
study followed the guidelines set out in the STARD.

2. Methods
2.1. Participants

Subjects were recruited between December 8, 2006, and Octo-
ber 12, 2007 at the Balance Disorder Clinic, Department of Otolar-
yngology, the University of Tokyo Hospital. The study was
approved by the local ethics committee and conducted according
to the tenets of the Declaration of Helsinki, and an informed con-
sent was obtained from each participant. Patients were scheduled
to undergo caloric test prior to posturography. Both tests were per-
formed on the same day. Caloric testing was performed as the ref-
erence standard by irrigating the external auditory canal with 2 ml
ice water for 20 s followed by aspiration. Canal paresis (CP) was
calculated as the difference between the maximal slow phase eye
velocity for each ear irrigation divided by the sum of slow phase
eye velocities. Peripheral vestibulopathy was diagnosed when
any of the following two criteria of the caloric test was met: (i)
CP percentage >20% (peripheral unilateral vestibulopathy) (Iwasaki
et al., 2005); (ii) maximum slow phase eye velocity <7°/s bilaterally
(peripheral bilateral vestibulopathy). All subjects with a known
history of other neurological or orthopedic disorders, or other
abnormal findings on a brief neurological examination, were ex-
cluded. Consecutive patients with peripheral vestibulopathy were
enrolled after the caloric test. Healthy control subjects were se-
lected from the staff of the University of Tokyo Hospital.

A total of 90 consecutive patients with peripheral vestibulopa-
thy were enrolled after vestibular examination including caloric
test. We considered 6 patients were unable to endure our study
protocol due to difficulty in standing on hard floor in the upright
posture eyes open and were excluded from the study. Thus, 84 pa-
tients were enrolled in this study [35 men, 49 women, mean (+SD)

age, 57.4 (£13.9) years, range, 23-84]. Out of the 84 patients, 68
[26 men, 42 women, age, 57.7 (+14.0) years, range, 23-84] were
diagnosed as unilateral vestibulopathy, including etiologies of ves-
tibular neuritis (n = 14), acoustic tumor (pre-operative type, n=6,
post-operative type, n = 6), Meniere’s disease (n = 4), sudden deaf-
ness with vestibular dysfunction (n=4) and others (n =34). The
other 16 patients [7 men, 9 women, age, 56.4 (+13.9) years, range,
29-71] were diagnosed as bilateral vestibulopathy, including 10
patients who did not show any nystagmus bilaterally and 6 pa-
tients who showed nystagmus with maximum slow phase velocity
less than 7°/s bilaterally. The mean age of the 66 healthy control
subjects (22 men, 44 women) was 56.5 (+14.6) years (range, 24—
79). The estimated period after the first episode of balance disorder
was less than 14 days in 11 patients, 14-30 days in 13, 1-6 months
in 16, >6 months in 34, and not clear in 5 patients. The remaining
5 patients had no subjective episode of balance disorder.

2.2. Posturography test

We used Gravicorder G-5500 (Anima Corp., Tokyo) with foam
rubber (Nagashima Medical Instruments, Tokyo). For posturogra-
phy, we used vertical force transducers to determine instantaneous
fluctuations in the COP at a sampling frequency of 20 Hz. A stato-
kinesigram (i.e., the sway path of the COP) was obtained from these
vertical forces as changes in electrical signals. The foam rubber
material was made of natural rubber, with a tensile strength of
2.2 Kgf/cm?, elongation stretch percentage of 100% density
0.162 g/cm?, and thickness of 5 cm. Two-legged stance tasks were
performed under four conditions: eyes open with and without the
foam rubber, and eyes closed with and without the foam rubber. In
each of the four conditions, the distal ends of the big toes of the
feet were positioned 45° apart with the heels of both feet close
to each other (Fig. 1).

The recording time was 60 s or until the subject required assis-
tance to prevent falling. In the eyes-open condition, the subjects
were asked to watch a small, red circle 2 m away from where they
were standing in a quiet, well-lit room. Before the test, care was ta-
ken to ensure that the platform was at resting level on the floor.

Posturography and caloric tests were administered and evalu-
ated by eight otolaryngologists engaged in medical care at the Bal-
ance Disorder Clinic, Department of Otolaryngology, the University
of Tokyo Hospital.

2.3. Statistical methods

The outcome measures were the mean velocity of movement of
the COP for 60 s, which was termed “the velocity”, and the envel-
opment area tracing by the movement of the COP, which was
termed “the area”. We measured these two variables under four
conditions: eyes open with and without the foam rubber, and eyes
closed with and without the foam rubber. We calculated the Rom-
berg's ratios of the velocity and area, without and with the foam
rubber. The Romberg’s ratio was defined as the ratio of a measured
value with eyes closed to that with eyes open. We also defined “the
foam ratio” as the ratio of a measured value with the foam rubber
to without the foam rubber. We calculated the foam ratio of the
velocity and the area, with the eyes open and closed.

An overall test for difference among healthy controls, patients
with unilateral vestibulopathy and those with bilateral vestibulop-
athy was performed for each variable using nonparametric Krus-
kal-Wallis test. The three groups were then compared in pairs
for variables that showed a significant difference in Kruskal-Wallis
test using nonparametric Steel-Dwass multiple-comparison meth-
od. We adopted the variables that showed significant difference
between healthy controls and unilateral vestibulopathy patients,
and between healthy controls and bilateral vestibulopathy pa-
tients, in the Steel-Dwass multiple-comparison method. For pa-
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Fig. 1. Position of the feet in the four test conditions. See text for further explanation.

tients who required intervention to prevent them falling under
each condition, the most extreme value was set over the maximum
among the values recorded by the subjects who were able to stand
unaided for 60 s through the trial. For example, the maximal re-
corded value of Romberg’s ratio of velocity with foam rubber was
8.27 in subjects who were able to stand unaided for 60 s through
the trial. Then, we pegged the most extreme value, for example,
9.00, which is larger than 8.27. Since we regarded all variables as
ordinal variables in non-parametric analyses, subjects with the
most extreme value were ranked the highest. To examine the influ-
ence of the severity of vestibulopathy on postural control, we de-
scribed the median and interquartile range (IQR) in each adopted
variable in subjects with 20-49%, 50-99% and 100% CP, respec-
tively. An overall test for difference among three groups was con-
ducted using nonparametric Kruskal-Wallis test. For each adopted
variable, we constructed receiver operating characteristic (ROC)
curve, in which the abscissa was the sensitivity and ordinate was
[1 - specificity]. Sensitivity represented the [number of true posi-
tive subjects]/[(number of true positive subjects)+ (number of
false negative subjects)] calculated at each cutoff value. Specificity
represented the [number of true negative subjects]/[(number of
true negative subjects) + (number of false positive subjects) calcu-
lated at each of cutoff value. Then, we calculated the areas under
the ROC curve (AUC) to determine the most useful variables. An
overall test of difference between four age groups; <39 years,
40-54, 55-69 and >70 of the healthy controls was performed
for each variable adopted, using nonparametric Kruskal-Wallis
test.

A p-value less than 0.05 denoted the presence of a statistically
significant difference. Statistical analyses were conducted using
SPSS version 11.0] (SPSS Japan Inc., Tokyo) and R version 2.6.2 (R
Development Core Team 2008).

3. Results

Fig. 2 shows dot plots of the velocity and area of the movement
of the COP under each test condition in healthy controls, and pa-
tients with unilateral and bilateral vestibulopathies. In each group,
placing the foam rubber on the platform increased the velocity and
the area in both the eyes-open and eyes-closed conditions. None of
the healthy controls required assistance to prevent falling under
any condition. On the other hand, 12 of the 68 (18%) patients with

unilateral vestibulopathy required assistance in tests conducted
eyes closed with foam rubber. With regard to patients with bilat-
eral vestibulopathy, 2 of the 16 (13%) and 8 of the 16 (50%) re-
quired assistance in eyes open/foam rubber tests and those with
eyes closed/foam rubber, respectively.

We weighed the velocity, area, Romberg’s ratio and the foam ra-
tio between healthy controls and peripheral vestibulopathy pa-
tients (Table 1). The values of all variables, except velocity
without the foam rubber/eyes open and Romberg's ratio of area
without the foam rubber, were significantly higher in the periphe-
ral vestibulopathy group than the control (p < 0.05). Of these vari-
ables, six (velocity with eyes closed/foam rubber, area with eyes
closed/foam rubber, Romberg's ratios of the velocity and area with
the foam rubber, and foam ratios of the velocity and area with eyes
closed) were significantly higher in both the unilateral and bilat-
eral vestibulopathy groups than the control group (p < 0.001, each).

Table 2 shows the median and interquartile ranges (IQR) for the
above six variables in subjects with 20-49%, 50-99% and 100% CP.
No significant differences in the six variables were found among
the three groups (Kruskal-Wallis test).

To compare their diagnostic usefulness, we constructed ROC
curves for the above six variables and their AUCs were calculated
(Fig. 3). An area of 1.0 represents a perfect test; an area of 0.5 rep-
resents an uninformative test. All the AUCs were relatively large
(>0.7). In particular, the AUCs of the Romberg’s ratios of the veloc-
ity with the foam rubber, and the velocity with the foam rubber/
eyes closed were larger than the other parameters (0.878 and
0.847, respectively).

In the next step, we analyzed the effect of age on the above six
variables in healthy controls (Table 3). The velocity in eyes closed/
foam rubber, area in eyes closed/foam rubber and foam ratio of the
area in eyes closed tended to worsen with age. However, age did
not influence the Romberg's ratios of the velocity and area with
the foam rubber, and the foam ratio of the velocity in eyes closed.
These results suggest that the Romberg's ratio of the velocity with
the foam rubber seems the best parameter to identify patients with
peripheral vestibular disorders since it showed the largest AUC and
was not influenced by age in healthy controls.

The sensitivity and specificity of each variable are listed in Table
4. Based on the ROC curves, the optimal cutoff point of the Rom-
berg's ratio of the velocity with the foam rubber was 2.55. This cut-
off point was associated with a sensitivity of 79% (95%Cl: 72-84)
and specificity of 80% (95%Cl, 72-87).
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Fig. 2. Dot plots of the velocity and the area in healthy control subjects, patients
with unilateral and bilateral vestibulopathies. The dots above the undulating lines
represent data of subjects who required assistance to prevent falling. The horizontal
lines represent median values. The median values of patients with bilateral
vestibulopathy using the foam rubber at eyes closed could not be calculated
because 50% (8/16) of the subjects required physical support. eo=eyes open;
ec = eyes closed.

4. Discussion

In this study, we performed two-legged stance tasks under
four conditions in healthy subjects, patients with unilateral ves-
tibulopathy, and patients with bilateral vestibulopathy in order
to assess the diagnostic accuracy of foam posturography for
peripheral vestibular disorders. The results demonstrated that
the values of six variables, including the velocity and area in
eyes closed/foam rubber, the Romberg’s ratio of the velocity
and area with foam rubber, and the foam ratio of the area and
velocity in eyes closed, were significantly higher in unilateral
and bilateral vestibulopathies than in the healthy controls
(p <0.001). Furthermore, the ROC curves showed that the Rom-
berg’s ratio of velocity with foam rubber has the largest
(0.878) AUC among the six variables, and the parameter was
not influenced by age in healthy controls.

The postural control system involves a complex organization
of visual, vestibular and somatosensory inputs, which are related

through the central nervous system to several groups of muscles
that act on the musculoskeletal system. Postural control during
quiet stance is considered to be based on postural tone and pos-
tural reflexes (Massion et al, 2004; Massion and Woollacott,
2004). The vestibular and somatosensory afferents allow the cen-
tral nervous system to organize balance according to the gravity
reference frame and to modulate postural tone by the vestibulo-
spinal loop (Massion et al.,, 2004; Massion and Woollacott, 2004).
In an effort to dissect the different sensory inputs involved in
the maintenance of balance, dynamic posturography using a
moving platform or foam rubber has been developed to selec-
tively manipulate vision and somatosensation (Baloh et al.,
1998b; Nashner et al., 1982). Any increase in body sway mea-
sured during standing on a moving platform or foam rubber
with eyes closed is considered specific to vestibular disorders,
since such patients have asymmetric distribution of postural
tone and the role of vestibular inputs becomes more pronounced
in the condition with reductions in visual and somatosensory in-
puts. In this regard, Nashner et al. (1982) reported that the influ-
ence of visual and proprioceptive inputs could not be
appropriately suppressed in patients with vestibular disorders
due to disturbance of information provided by these inputs.

Whether dynamic posturography or foam posturography is
useful in clinical diagnosis of peripheral vestibular disorders re-
mains controversial (Allum et al, 2001; Baloh et al, 1998b;
Black and Wall, 1981; Evans and Krebs, 1999). Black and Wall
(1981) reported that the sensitivity of static posturography is
comparable with that of the caloric test and rotational test for
detecting Meniere's disease and benign paroxysmal positional
vertigo. However, others showed lack of significant differences
in Romberg's ratios of sway velocity and sway amplitude in dy-
namic posturography with foam rubber, between healthy con-
trols and patients with bilateral peripheral vestibulopathy,
although the ratios in the latter group was higher than in
healthy controls (Baloh et al, 1998b). Some of recent studies
have suggested that dynamic posturography is not useful for
identifying patients with chronic unilateral vestibulopathy, but
modestly useful for identifying patients with acute bilateral ves-
tibulopathy or acute severe unilateral vestibulopathy (Allum
et al., 2001; Evans and Krebs, 1999).

In contrast to previous studies using dynamic posturography
for evaluation of patients with unilateral vestibulopathy, our
study indicated that patients with peripheral vestibulopathy
could be clearly distinguished from healthy control subjects
without the need to perform complex tasks. There are two pos-
sible explanations for the difference between our study and the
previously reported studies that did not demonstrate the clinical
usefulness of foam posturography in detecting peripheral vestib-
ulopathy. First, we adopted a different supporting base relative
to other studies. We instructed the subjects to stand with the
distal parts of their feet expanding 45° forward with the heels
touching each other (Fig. 1). Most other studies that adopted
the two-legged tasks instructed subjects to stand with their feet
apart (Black et al., 1983; Furman, 1995). A position that provides
narrower supporting base renders subjects more unstable in
standing posture and could increase the sensitivity for detecting
postural imbalance. The more unstable positions such as stand-
ing on toes or one foot using the foam rubber are too physically
demanding for the subjects. A moderate and not too demanding
loading stimulation could cause a significant difference in our
system. We adopted the standing position as modest and not
too physically demanding position for subjects, since most pa-
tients with vestibulopathy could tolerate all the tasks except
for those with eyes closed on the foam rubber. Second, the foam
rubber used in the present study could be another factor that
significantly affected our results. Differences in the characteris-
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Table 1
Comparison of various parameters in overall and between groups classified by the number of affected ear.
Posturography Eyes Median (IQR)
Control
Velocity (cm/s) Static Open 1.10 (0.84-1.33)
Closed 1.69 (1.29-2.14)
Foam Open 1.64 (1.45-2.01)
Closed 3.90 (2.86-4.52)
Area (cm?) Static Open 2.21(1.76-3.13)
Closed 3.66 (2.70-5.01)
Foam Open 471 (3.49-5.98)
Closed 14.57 (10.07-19.99)
Romberg's ratio of velocity Static 1.60 (1.29-1.80)
Foam 220 (1.97-2.48)
Romberg's ratio of area Static 1.73 (1.21-2.25)
Foam 3.48 (2.36-4.23)
Foam ratio of velocity Open 1.56 (1.37-1.78)
Closed 2.20 (1.94-2.72)
Foam ratio of area Open 1.96 (1.49-2.66)
Closed 3.49 (2.67-5.02)

1.86 (1.62-2.21)"
3.32 (2.62-8.14)"

1.95 (1.50-2.68)
6.30 (3.94-11.62)"
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5.13 (3.88-8.45)"

1.75 (1.48-2.12)*
3.11 (2.33-4.03)"
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Impossible calculation: the median values could not be calculated because 50% of subjects had to be prevented from falling. IQR = interquartile range. ‘p < 0.05, ®p < 0.01,
Tp<0.001 (by nonparametric Kruskal-Wallis test). #p<0.05, p<0.01, p<0.001 (between normal control and unilateral vestibulopathy, or between normal control and

bilateral vestibulopathy, by Steel-Dwass multiple-comparison method).

tics of the foam rubber such as density and thickness could be
critical with respect to the results of the examination. Each re-
search group could have used a different foam rubber with re-
spect to density and height (Allum et al., 2001, 2002; Baloh
et al., 1998b; Brandt et al., 1981; Norre, 1993). Not only the den-
sity or thickness of the foam, but also other factors such as the
tensile strength and elongation percentage could also influence
the results. However, details of other factors were not docu-
mented in the above reports. There have been some reports con-
cerning the effect of foam properties on postural stability and
the properties influence the recorded body movements (Chiang
and Wu, 1997; Patel et al., 2008a,b).

Soon after the development of unilateral peripheral vestibu-
lar damage, a recovery process known as compensation starts
(Curthoys, 2000; Vidal et al., 1998), rearranging signals in the
central nervous system to make use of information from a sin-
gle labyrinth as an adequate input to the vestibulo-ocular and
vestibulo-spinal systems. In addition, if the damaged peripheral
vestibular function is repairable, functional recovery is expected
to vary by several degrees (Aantaa and Virolainen, 1979; Berge-
nius and Borg, 1983; Okinaka et al., 1993; Silvoniemi, 1988).
Fetter et al. (1990) followed the time course of recovery after
an acute unilateral vestibular lesion and showed that the pos-
tural sway measured by dynamic posturography recovered

Table 2

Analysis of six parameters in subjects with 20-49%, 50-99% and 100% canal paresis (CP).

within a few weeks even in patients with persistent unilateral
vestibular lesions. In our system, even in relatively severe CP
(>50%), some of the subjects had normal results (Table 2), sug-
gesting the influence of vestibular compensation. However, our
system seemed to be useful for detecting vestibular disorders
in the non-acute stage, since approximately 90% of the patients
were tested more than 14 days after the onset of vestibular dis-
turbances in the present study. This result suggests that appro-
priate distortion of sensory input could uncover abnormal
vestibulospinal reflexes even after certain vestibular compensa-
tion has occurred.

The velocity and the area in eyes closed/foam rubber could
indirectly reflect the function of peripheral and central vestibular
systems due to reductions in visual and somatosensory inputs.
However, these variables were influenced by age in healthy con-
trols (Table 4), a finding similar to that reported in previous
studies on the increase in several values of COP with age (Baloh
et al.,, 1998c; Era and Heikkinen, 1985; Masui et al., 2005; Ring
et al,, 1989; Thyssen et al., 1982). The Romberg's ratio of the
velocity with the foam rubber was not influenced by age in
healthy controls, and it might be better than the other variables
in terms of excluding interindividual variability. The Romberg's
ratio might indicate visual dependence in standing posture,
and the significant difference in these variables might be due

Posturography Eyes Median (IQR) Overall comparisons (p-value)
CP (20-49%), n=29 CP (50-99%), n=18 CP 100%, n=21
Velocity (cm/s) Foam Closed 5.16 (3.88-7.96) 7.55 (4.94-9.95) 7.24 (4.93-fall) 0.223
Area (cm?) Foam Closed 22.16 (12.01-42.58) 30.07 (18.68-54.22) 42.88 (19.51-Fall) 0.092
Romberg's ratio of velocity Foam 2.99 (2.54-3.64) 3.05 (2.38-4.62) 3.53 (2.54-fall) 0.083
Romberg's ratio of area Foam 4,56 (3.82-7.60) 5.83 (3.24-7.46) 7.33 (4.21-fall) 0.398
Foam ratio of velocity Closed 2.64 (2.16-3.49) 3.17 (2.50-3.81) 3.26 (2.35-fall) 0.076
Foam ratio of area Closed 3.79 (2.88-7.10) 5.73 (3.60-9.62) 6.43 (3.84-fall) 0.188

IQR = interquartile range. 14%, 11% and 29% of the patients with 20-49% CP, 50-99% CP and 100% CP, respectively, required assistance to prevent falling. Seventy-five

percentile of 100% CP could not be described in each variable (fall).
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AUC (95% ClI)
Velocity (eyes closed, foam pad) 0.847 (0.785-0.908)
Area (eyes closed, foam pad) 0.821 (0.755-0.887)
Romberg’s ratio of velocity (foam pad) 0.878 (0.824-0.933)
Romberg’s ratio of area (foam pad) 0.822 (0.756-0.887)
Foam ratio of velocity (eyes closed) 0.785 (0.713-0.856)
Foam ratio of area (eyes closed) 0.734 (0.655-0.813)

Fig. 3. ROC curves for the six variables that showed significant difference
(p<0.001) between normal healthy subjects and patients with unilateral vestib-
ulopathy, and between normal healthy subjects and patients with bilateral
vestibulopathy by Steel-Dwass multiple-comparison method. Sensitivity repre-
sented the [number of true positive subjects]/[(number of true positive sub-
jects) + (number of false negative subjects)] calculated at each cutoff value.
Specificity represented the [number of true negative subjects]/[(number of true
negative subjects) + (number of false positive subjects)] calculated at each cutoff
value. The accuracy of these variables was measured by AUC. An area of 1.0
represents a perfect test; an area of 0.5 represents a uninformative test. All the AUCs
were relatively large (>0.7). In particular, the AUCs of the Romberg's ratios of the
velocity with the foam rubber, and the velocity the eyes closed/foam rubber were
larger than the other parameters (0.878 and 0.847, respectively).

to the higher level of visual dependence in patients with periph-
eral vestibular disorder.

In conclusion, foam posturography in our analysis system is
useful for preliminary assessment of possible peripheral vestibular
damage. The Romberg's ratio of the velocity with the foam rubber,
which was the largest with regard to the AUC and was not influ-
enced by age in healthy controls, seems the most suitable param-
eter for assessment of patients with peripheral vestibular
disorders. Our results demonstrated higher levels of visual and

Table 3
Overall comparisons of the six variables in four age groups.
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Table 4
Sensitivity and specificity calculated for several standards of the six variables.
Sensitivity (%) Specificity (%) Cutoff value

Standard of velocity (eyes closed, foam pad) (cm/s)

100.0 (98.4-100.0) 3.0 (1.0-3.0) 2.05
90.5 (84.7-94.7) 394 (32.0-44.8) 3.54
81.0 (74.4-86.3) 71.2 (62.9-78.0) 437
79.8 (73.4-84.7) 80.3 (72.3-86.6) 4.60
64.3 (58.4-67.9) 90.9 (83.5-95.5) 5.35
34.5 (30.8-34.5) 100.0 (95.2-100.0) 10.55
Standard of area (eyes closed, foam pad) (cm?)

100.0 (96.9-100.0) 13.6 (9.7-13.6) 8.08
90.5 (84.8-94.7) 33.3(26.2-38.7) 11.74
81.0 (74.3-86.5) 65.2 (56.7-72.2) 16.71
69.0 (62.5-74.3) 80.3 (71.9-87.0) 21.17
64.3 (58.4-67.9) 90.9 (83.5-95.5) 24.96
33.3 (29.6-33.3) 100.0 (95.3-100.0) 51.59
Standard of Romberg’s ratio of velocity (foam pad)

100.0 (98.0-100.0) 4.5 (2.0-4.5) 1.58
90.5 (84.5-94.7) 57.6 (49.9-63.0) 2.26
81.0 (74.4-86.3) 72.7 (64.4-79.5) 245
78.6 (72.2-83.6) 80.3 (72.2-86.7) 2.55
71.4 (65.7-75.0) 90.9 (83.6-95.5) 2.74
59.5 (55.7-59.5) 100.0 (95.2-100.0) 3.10
Standard of Romberg’s ratio of area (foam pad)

100.0 (98.0-100.0) 45 (2.0-45) 138
90.5 (84.5-94.7) 57.6 (49.9-63.0) 3.05
81.0 (74.3-86.6) 60.6 (52.1-67.8) 3.86
67.9 (61.3-73.1) 80.3 (71.9-87.0) 436
59.5 (53.6-63.2) 90.9 (83.4-95.6) 5.00
39.3 (35.5-39.3) 100 (95.2-100.0) 743
Standard of foam ratio of velocity (eyes closed)

100.0 (97.7-100.0) 6.1 (3.1-6.1) 1.54
90.5 (85.0-94.7) 28.8 (21.8-34.2) 2.03
81.0 (74.3-86.6) 56.1 (47.6-63.3) 230
61.9 (55.3-67.3) 80.3 (71.8-87.1) 2.90
53.6 (47.7-57.2) 90.9 (83.4-95.6) 3.21
38.1 (34.3-38.1) 100.0 (95.2-100.0) 3.80
Standard of foam ratio of area (eyes closed)

100.0 (99.1-100.0) 1.5 (0.3-1.5) 1.50
90.5 (85.0-94.7) 28.8 (21.8-34.2) 2.78
81.0 (74.5-86.7) 40.9 (32.7-48.2) 3.27
58.3 (51.7-63.7) 80.3 (71.8-87.2) 5.38
38.1(32.3-41.8) 90.9 (83.6-95.6) 7.70
31.0 (27.3-31.0) 100.0 (88.0-100.0) 11.42

The standards at which sensitivity and specificity were approximately 100%, 90%,
80%, respectively, are shown. Data in parentheses represent the 95% confidence
intervals.

somatosensory dependence in patients with peripheral vestibular
disorders in this study paradigm. Further confirmation of the mea-
surement repeatability in this system for other data sets is needed.
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Median age (IQR)

Overall comparisons (p-value)

<39 years 40-54 years 55-69 years 70+ years
Velocity (eyes closed, foam pad) (cm/s) 2.71 (2.41-3.55) 3.47 (2.55-4.30) 3.93 (3.19-4.54) 4.43 (3.69-5.15) 0.005
Area (eyes closed, foam pad) (cm?) 9.98 (7.03-15.77) 13.08 (7.87-16.27) 14.57 (10.99-20.76) 17.77 (14.72-22.02) 0.031
Romberg's ratio of velocity (foam pad) 2.27 (2.02-2.67) 2.10 (1.91-2.41) 2.21 (1.99-2.49) 2.35 (1.94-2.54) 0.801
Romberg's ratio of area (foam pad) 3.04 (1.30-3.74) 3.03 (2.20-3.94) 3.72 (2.55-4.42) 3.88 (2.43-4.50) 0.242
Foam ratio of velocity (eyes closed) 2.00 (1.76-2.68) 2.31 (2.08-2.93) 2.25 (1.97-2.54) 2.16 (1.89-2.99) 0.382
Foam ratio of area (eyes closed) 2.53 (1.71-3.46) 3.44 (2.77-4.51) 3.56 (2.86-4.44) 5.14 (3.34-7.82) 0.037

IQR = interquartile range.
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Ocular Vestibular Evoked Myogenic Potentials
to Bone-Conducted Vibration in
Vestibular Schwannomas
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Background: Vestibular schwannoma (VS)-arises from either
the: superior or the inferior vestibular nerve and causes vestib-
ular dysfunction to various degrees. Recently; ocular vestibular
evoked myogenic potentials to bone-conducted vibration
(oVEMPs to BCV) have attracted much interest as a new clin-
ical test for otolith-ocular pathway function. Because it is
unclear whether the oVEMPs to BCV primarily ‘originate
from activation of the superior or the inferior vestibular
nerve; the results in'patients with VS might enlighten us con-
cerning the origin of oVEMPs to BCV.

Objective: To compare the results of 3 clinical tests for vestib-
ular: function  in patients: with VS: 1) oVEMPs to' BCV; 2)
cervical vestibular evoked myogenic potentials to air-conducted
sound (cVEMPs to ACS); which reflect the function of inferior
vestibular nierve; and 3) caloric test, which reflect the function
of supérior vestibular nerve.

Methods: Thirty-six patients with unilateral VS who under-
went vestibular tests, including oVEMPs to BCV, ¢VEMPs to

ACS, and caloric tests, were enrolled. The asymmetry ratios of
the amplitudes of the oVEMPs to BCV and cVEMPs to ACS
and canal paresis on the caloric test were measured.

Results: Among the 36 patients with VS, 31 (86%) showed
reduced or absent oVEMPs to BCV. Twenty-eight patients
(78%) showed abnormal ¢cVEMPs to ACS, and 31 (86%)
showed: abnormal caloric responses. The: consistency of the
results between 0VEMPs to BCV and the caloric test was sig-
nificantly higher than that between oVEMPs to BCV' and
c¢VEMPs to ACS (p < 0.02).

Conclusion: Ocular vestibular evoked myogenic potentials to
bone-conducted vibration mainly reflect the function of the supe-
rior vestibular nerve. Key Words: Air-conducted sound—Bone-
conducted vibration—Caloric: test—Ocular vestibular evoked
myogenic potential—Vestibular schwannoma,

Otol Neurotol 31:147-152, 2010.

Cervical vestibular evoked myogenic potentials
(cVEMPs) in response: to: air-conducted sound have
been clinically used to evaluate vestibular function (1)
since Colebatch and Halmagyi (2) first reported surface
electromyographic (EMG) potentials from the sterno-
cleidomastoid muscles (SCMs) in response to loud air-
conducted clicks in 1992. Physiologic and clinical studies
have shown that cVEMPs to air-conducted sound reflect
the function of the saccule and the inferior vestibular
nerve (1,3-5).

Address: correspondence: and: teprint requests: to: Shinichi Iwasaki;
M.D., Department of Otolaryngology, Faculty of Medicine, University
of Tokyo, 7-3~1 Hongo, Bunkyo-ku, Tokyo'113-8655, Japan; E-mail:
iwashin-tky@umin.ac.jp

This 'study was supported by The Foundation' for Total' Health
Promotion.

-~

147

Recent studies have shown that short-latency; initially
negative surface:EMG potentials can be recorded from
around the eyes in response to air-conducted sound
(ACS) and bone-conducted vibration (BCV) (6,7). These
potentials, called ocular vestibular evoked myogenic po-
tentials (0OVEMPs), are considered to represent vestibular
function mediated by crossed vestibulo-ocular pathways
because they are present in patients without hearing but
absent on the contralateral side in those with unilateral
vestibular loss (8,9). The oVEMPs have the advantage
that the subjects do not have to contract the SCMs during
recording so they can be easily recorded from the elderly,
children, and patients with cervical spondylosis (8-11).

The oVEMPs in response to BCV can be recorded from
most normal subjects when BCVs are delivered to the
midline of the forehead at the hairline (Fz) by a powerful
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bone-conduction vibrator with subjects looking up dur-
ing the recording (8-10). Physiologic studies using guinea
pigs showed that moderate BCV activates irregular oto-
lithic primary vestibular neurons that originate in the utric-
ular maculae (12). The oVEMPs to BCV are thus likely to
reflect the function of the utriculo-ocular pathway.

Vestibular schwannoma (VS) is a benign tumor arising
from the superior or inferior vestibular nerve. It has been
reported that patients with VS show various extents of
vestibular dysfunction, including decreased or absent
responses on caloric tests and ¢cVEMPs to ACS (13).
The ¢VEMPs to ACS have been used as a clinical test
of the saccular afferents, whereas the caloric test has been
used as a clinical test of the lateral semicircular canal
afferents. Afferents from the lateral semicircular canals
and the utricle course in the superior vestibular nerve,
whereas afferents from the saccule course in the inferior
vestibular nerve. We reasoned that if the oVEMPs to
BCV mainly reflect the function of the utricular afferents,
then the results in patients with VS should coincide with
those of the caloric test rather than ¢VEMPs to ACS.

In the present study, we examined the correlation of
the results of oVEMPs to BCV, the caloric test, and
c¢VEMPs to ACS in patients with VS and compared
them with the size and the nerve origin of the tumor.

MATERIALS AND METHODS

Patients

Data were retrospectively: collected from 36 patients (21
men; 15 women; mean + standard deviation [SD] age, 54 &
12 yr; range, 3373 yr) who visited our dizziness clinic and
were diagnosed as having untreated unilateral VS based on
contrast-énhanced magnetic. resonance imaging (MRI) of the
brain from January 2007 to December 2008. All patients under-
went vestibular tests, including oVEMPs to. BCV, cVEMPs to
ACS, and the caloric test. Among these VS patients, 34 patients
underwent surgical resection and had their tumors. neuropath-
ologically confirmed to be: VS. For patients who underwent
surgery, we used the results of vestibular tests performed pre-
operatively. We included patients that did not undergo surgery
because the: exclusion of these: patients might have caused
some bias concerning the patient’s age and the size of tumor.

All procedures were in accordance with the Helsinki declara-
tion ‘and were approved by the University of Tokyo Human
Ethics Committee, and all patients gave informed consent for
the use of their clinical data.

Vestibular Function Tests

The methods for recording oVEMPs to BCV were described
in detail elsewhere (9~11). Briefly, the subjects lay supine on a
bed, with their head supported by a pillow and with surface
EMG electrodes placed on the skin 1 cm below (active) and
3 cm below (indifferent) the center of each lower eyelid. The
ground electrode was. placed on the chin. During testing, the
subject looked up approximately 25 degrees above straight
ahead and maintained their focus on a small dot approximately
1 'm from their eyes. The signals were amplified by a differen-
tial amplifier (bandwidth, 0.5-500 Hz), and the untectified sig-
nals were averaged (n = 50) using Neuropack 2 (Nihon
Kohden, Tokyo, Japan).

Otology & Neurotology, Vol: 31, No. 1, 2010

The BCV stimuli were 4-millisecond tone-bursts of 500-Hz
vibration delivered by a handheld 4810 mini-shaker (Bruel and
Kjaer, Naerum, Denmark) fitted with a short rod terminated in a
bakelite cap 1.5 cm in diameter, which was placed on the fore-
head at the hairline, in the midline (Fz). These stimuli caused
BCV at the mastoids with a peak acceleration of approximately
0.4 x g as measured by linear accelerometers on the skin over
the mastoid (10). The stimulation rate was 3 Hz, and the time
window for analysis was 50 milliseconds. The responses to 50
stimuli were averaged twice.

We analyzed the amplitude of the first negative peak (n10)
from the baseline to the peak. We calculated the asymmetry
ratio for n10 amplitude (0VEMP AR) with the following for-
mula using the n10 amplitude beneath the eye ipsilateral to the
affected. side (4,) and beneath the eye ipsilateral to the un-
affected side (4,):

OVEMP AR% = 100 X [(4a — 4u) / (4a + Au)]

The upper limit of normal oVEMP AR was set at 27.3 (10).
When no reproducible n10 were present in 2 runs, we regarded
them as “no response.” When reproducible n10 were present
and the AR (%) was greater than the normal upper limits, we
regarded them as “decreased response.” We included both
“decreased” and “no” responses as “abnormal” responses,

To record cVEMPs; the EMG electrodes were placed at sym-
metric sites over the upper half of the SCM,: with reference
electrodes on the side of the upper sternum. The ground elec-
trode was placed on the nasion. Durirnig the recording of
cVEMPs; the subjects. were instructed. to: raise their heads to
activate the SCM; and the EMG activities of the bilateral SCMs
were monitored to confirm normal muscle activities: The sig-
nals from the stimulated side were amplified by the differential
amplifier (20-2,000 Hz), and the unrectified signals were aver-
aged (n = 100). Air-conducted clicks (0.1 ms; 95 dBnHL) or
short tone-bursts (500 Hz; 4: ms; 95 dBnHL) were delivered
through headphones. The patients were instructed to- contract
the SCM . during testing by lifting their head off the pillow.
During the recording; EMG activities were monitored on a dis-
play to maintain muscle activity at a sufficientlevel greater than
150 V- in each patient.: We- analyzed the first biphasic
responses: (p13-n23)-on the ipsilateral SCM to: the stimulated
side. We ¢calculated the asymmetry ratio for the amplitude of
c¢VEMPs (cVEMP. AR) with the: following formula using the
amplitude of p13-n23 on the affected side (4,) and that on the
unaffected side (4,):

CVEMP AR% = 100 x [(4y —4a)/ (4u + 4)]

On the basis of results from normal subjects (13,14), the upper
limit of normal cVEMP AR was set to 34:1 for click-VEMP.(13)
and 34.0 for burst-VEMP: (méan + 2 SDs; respectively) (14).
When no reproducible pl13-n23 was present in 2 runs, we
regarded it as “no response.” When reproducible p13-n23 was
present and the AR (%) is greater than the normal upper limits,
we regarded it as “decreased response.” We included: both
“decreased” and “no” responses as “abnormal” responses.

Caloric tests were performed using 4°C ice water (2 ml; 20 s).
This method of caloric stimulation is easier to perform than
bithermal iirigation with water at 30°C and 44°C, and has been
shown to have a high sensitivity and specificity: for detect-
ing canal paresis (CP) based on Jonkees’ formula (15). Percent-
age CP was calculated with the following formula using the
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TABLE 1. Results of oVEMP, caloric, and cVEMP tests
in 36 patients with VS

Absent on Decreased on  Absent on
1 side 1 side both sides  Normal
oVEMP to BCV 27 (75) 4 (11) 0 (0) 514
Caloric test 17 (47) 14 39) 0 (0) 5(14)
cVEMP to ACS 25 (69) 38 2 (6) 6 (17)

Number (%) of patients are shown.

maximum slow-phase eye velocity of the induced nystagmus
respoiises on the affected side (MSEV,) and on the unaffected
side (MSEV,,) using an electronystagmograph in the supine
position (head up 30 degrees):

CP (%) = 100 x (MSEV, — MSEV,) ] (MSEV,
+ MSEV,)

A value of CP > 20% was regarded as abnormally decreased
on the affected side. When both the MSEV, and MSEV,, were
less than 10 degrees per second, it was regarded as a decreased
response on both sides.

Evaluation of Tumor Size
Axial and coronal T1-weighted MRI with contrast medium
(gadolinium diethylene triamine pentaacetic acid) and axial T2-
weighted MRI were performed using a fast spin echo program
with 1.5 T unit, 3.0 mm in thickness at intérvals of 3.3 mm
before surgery., Maximum: diameter of VS was measured and
used as a tumor size.

Statistical Analyses

Statistical analyses were performed using SPSS statistical
software (SPSS; Chicago, IL, USA). The frequency of patients
showing abnormal responses in each vestibular test was com-
pared using the ¥ test or Fisher’s exact test. Mean tumor size in
patients with normal and abnormal responses in the vestib-
ular tests and mean tumor sizes in patients with superior VS
and inferior VS:were compared using Mann-Whitney U test.
A difference of p < 0.05 was considered significant.

RESULTS

Initial negative potentials that peaked at approximately
10 milliseconds’ (n10) could be recorded from the eye
ipsilateral to the affected side in all 36 patients with
VS in the oVEMPs to BCV. On the side contralateral
to the VS, 27 patients (75%) did not show oVEMP
responses, and 4 patients (11%) showed decreased re-
sponses. The remaining 5 patients (14%) showed normal
responses on both sides. As a result, 31 (86%) of the 36
patients showed abnormal oVEMPs on the contralateral
eye to the affected side (Table 1).

For ¢cVEMPs to ACS, 28 patients (78%) showed
abnormal responses (decreased responses in 3 patients;
no response in 25 patients) solely on the affected side,
whereas 6 patients (17%) showed normal responses on
both sides. Two patients (6%) showed no cVEMP. re-
sponse on either side.

In the caloric test, 31 patients (86%) showed decreased
or absent responses on the affected side, whereas the re-
maining 5 patients (14%) showed normal responses on
both sides.

There were no significant differences in the abnormal
ratios among oVEMPs to BCV, ¢VEMPs to ACS, and
the caloric test (p > 0.5).

Twenty-five patients (69%) showed abnormal results
in all 3 vestibular tests (Fig. 1), whereas only 1 patient
(3%) showed normal results on all of them. There were
10 patients (28%) who showed inconsistent results
among the 3 vestibular tests (Table 2). Among them, 4
patients (Patients 1-4) showed abnormal results in both
the oVEMPs to BCV and caloric tests but showed nor-
mal cVEMPs to ACS on both sides (Fig. 2). Three pa-
tients (Patients 5-7) showed normal results in both the
oVEMPs to BCV and caloric tests but showed abnor-
mal cVEMPs to ACS. Thus, 7 (70%) of the 10 patients
showed consistent results between the oVEMPs to BCV
and caloric tests and showed inconsistent results only
in the cVEMPs to ACS. Of the 3 remaining patients,

oVEMP
n10
L-Eye
R-Eye }\[\/WM
S5uv
5ms
CVEMP
L-SCM J/\W
n23
R-SCM

p13 l 100 wv

Caloric test: 33% canal paresis in the left ear.

FIG. 1. Ocular vestibular evoked myogenic potentials to bone-
conducted vibration: (oVEMP to. BCV; upper panel), cVEMP: to
ACS (lower panel), and the caloric test in a 39-year-old man
with VS in the left ear. The n10:response of the OVEMP {0.BCV
was absent in the right eye, whereas the p13:n23 response of the
cVEMP: to ACS was absent in the left. Caloric testing showed
33% CP on the left-ear stimulation.:L-eye indicates response
recorded from:the left eye; L-SCM, response recorded from the
left SCM; R-eye, response recorded from the right eye; R-SCM,
response recorded from the right SCMs.
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TABLE 2. Test results of patients who showed inconsistencies among oVEMP to BCV, caloric test, and cVEMP to ACS

PTA (dB)

Patient Age,  Affected oVEMP to BCV Caloric test cVEMP to ACS Affected  Healthy  Tumor size

no. sex side (AR%) (CP%) (AR%) side side (mm) Nerve origin
1 41 F L Abnormal (100)  Abnormal (100) Normal (6.7) 78.3 5 26 Inferior
2 49 F R Abnormal (100)  Abnormal (100) Normal (13) 35 1.7 25 Superior
3 33F L Abnormal (55) Abnormal (33.3) Normal (2.1) 18.3 10 24 Superior
4 66 M R Abnormal (100)  Abnormal (73.8) Normal (6.4) 36.7 30 7 Unknown
5 5TM L Normat (7.3) Normal (4.8) Abnormal (100) 233 10 21 Unknown
6 46 F L Normal (16.7) Normal (4.2) Abnormal (100) 60 16.3 22 Inferior
7 64 M L Normal (6.7) Normal (18.5)  Abnormal (38.2) 60 16.3 10 Unknown
8 66 M L Abnormal (41.3) Normal (18) Normal (5.1) 75 133 8 Unknown
9 60 M R Normal (1.5) Abnormal (33.3) Normal (11) 45 8.3 14 Superior

10 64 M L Normal (12.5)  Abnormal (40) Abnormal (100) 76.3 17.3 18 Superior

F indicates female; Inferior, inferior vestibular nerve; L, left; M, male; PTA, average of the pure-tone threshold for tones at 500 Hz, 1, and 2 kHz;

R, right; Superior, superior vestibular nerve.

2 showed abnormal results only in the oVEMPs to BCV
(Patient 8) or caloric test (Patient 9). Only 1 patient
showed normal oVEMPs but abnormal cVEMPs and
caloric responses (Patient 10). The consistency of the
results between oVEMPs to BCV and the caloric test

oVEMP

n10

5ms
cVEMP 23
L-SCM -\,\/\M\,_p
P32
R-SCM

pi3 I1oo v

Caloric test: 100% canal paresis in the left ear.

FIG. 2. Ocular vestibular evoked myogenic potentials to bone-
conducted vibration (OVEMPs to . BCV; upper panel), cVEMPs to
ACS (lower panel), and the caloric test in a 41-year-old woman
with VS in the left ear (Patient 1:in. Table 2). The n10 response of
the oOVEMP to BCV was absent on the right, whereas the cVEMPs
to'ACS showed normal responses on both sides. The caloric test
showed 100% CP on the left ear.
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was significantly higher than that between oVEMPs to
BCV and ¢VEMPs to ACS (p < 0.02).

Tumor sizes measured on MRI ranged from 5 to 43 mm
(mean = SD, 20.5 + 9.0 mm). Mean tumor sizes of the
patients with abnormal responses were larger than those
with normal responses on 0VEMPs to BCV, caloric test,
and cVEMPs to ACS. However, the difference was sig-
nificant only on: the caloric test (p. < 0.05 on caloric test,
p.> 0.1 on both oVEMPs to BCV and cVEMPs to ACS;
Fig. 3).

Among the 34 patients who underwent surgical resec-
tion of VS, the nerve origin of the turmor was-identified in
23 patients by neurosurgeons. Among them, 12 (52%)
were: originated from: the superior vestibular nerves,
whereas 11.(48%) were originated: from  the. inferior
vestibular nerves (Table 3). There were no: significant

O Normal
* @ Abnormal
[ ] L ] [ ]
40 A L] ® [ ]
£ 2] $ H H
8 $ L 2 B8 8
cwl 0 8 of N | B 2
:‘CS - [ ] . [ ]
a0 : .
101 Q
O
o ¥ B o °®
OVEMP0BCV  Calorictest  cVEMP to ACS

FIG. 3. - Dot plots of the tumor sizes between patients with: VS
showing normal responses: and those showing abnormal re-
sponses in oOVEMPs to BCV, caloric test; and cVEMPs to-ACS.
The horizontal lines represent median values. The difference was
significant only in the caloric test (p < 0.05).
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TABLE 3. Nerve origin of the tumor and results
of vestibular tests

No. (%) patients with abnormal response

Nerve origin oVEMPs to cVEMP to
of the tumor n BCV Caloric test ACS

Identified in surgery 23

Superior VN 12 110f12(92) 120f12(100) 8of12(67)
Inferior VN Il 100f11(91) 100f 11 (91) 100of 11 (91)
Not identified 11
Not operated 2

VN indicates vestibular nerve.

differences in abnormality ratios between patients with
superior VS and those with inferior VS on oVEMPs to
BCV, caloric test, or cVEMPs to ACS (p > 0.3).

DISCUSSION

We compared the results of oVEMPs to BCV, cVEMPs
to ACS; and the caloric test in patients with VS in the
present study. We:showed that the sensitivity: of the
oVEMPs to BCV is comparable to' those of cVEMPs to
ACS and the caloric test for detecting vestibular dysfunc-
tion in patients with VS, and that the results of the
oVEMPs to BCV mostly coincided with those of the calo-
ric test rather than those of cVEMPs to ACS.

The oVEMP, which was first reported by Rosengren
et al. (6) in 2005, is a surface EMG potential recorded
from beneath the eyes in response to ACS and BCV
(6-11). The oVEMPs probably reflect extraocular EMG
activity, especially of the inferior oblique muscle; because
they become larger if the subject looks up, activating the
inferior oblique ‘and superior rectus muscles and bring-
ing the. inferior oblique muscles close to the recording
electrodes (6,10). Chihara et al. (16) reported that patients
without any intraorbital content did not show oVEMP
responses, but a patient without eyeballs but with pre-
served extraocular muscles showed normal oVEMP. re-
sponses (15). These findings suggest that oVEMPs
should originate from the extraocular muscles. When
strong BCV such as brief taps with a tendon hammer or
short tone bursts of 500 Hz by a powerful bone-conducted
vibrator is delivered to the midline of the forehead at the
hairline; a short latency-negative component with a latency
of 10 milliseconds (n10) can be recorded from both eyes
in unselected normal subjects (8-10). The amplitude of
nl0 responses decreases, and its latency increases with
age, but the amplitude is almost identical in both eyes in
healthy subjects (10).

The 110 is considered to be of vestibular origin be-
cause patients with bilateral vestibular loss but normal
hearing do not show nl10 potentials to BCV' (6).. On the
other hand, patients without hearing but with residual ves-
tibular functions show typical n10 responses (8). The n10
is not due to the blink response or facial nerve activa-
tion because patients with unilateral vestibular loss but
preserved facial nerve function on both sides show absent

OVEMP responses on the contralesional side (9). Con-
versely, patients with unilateral facial palsy without ves-
tibular disorders show symmetric oVEMP responses (16).

The origin in the vestibular labyrinth of oVEMPs to
BCV remains to be clarified. However, there are some
reasons to assume that oVEMPs might reflect the function
of the contralateral utricular maculae. Suzuki et al. (17)
showed that electric stimulation of the nerve from the utric-
ular maculae in cats activates the inferior oblique muscle
on the contralateral side. Physiologic studies in guinea
pigs have shown that moderate BCV selectively activates
irregular otolithic primary neurons, most of which are in
the superior division of the vestibular nerve and originate
from the utricular maculae (12). On the other hand, in
cats and. guinea pigs, strong ACS: selectively activates
the otolithic: primary vestibular neurons that are located
in the inferior division of the vestibular nerve and originate
from the saccular maculae (3,4). Saccular afferents act
via inhibitory: neurons in vestibular nuclei to inhibit cer-
vical motoneurons (18). On the basis of these findings,
c¢VEMP to ACS is- considered to reflect the function of
the ipsilateral saccular maculae and is widely used as'a
clinical test to evaluate the saccule and the inferior vestib-
ular nerve (1):

Vestibular schwannoma is a benign tumor arising from
the 'superior or inferior nerve, and it produces dysfunc-
tion "of the nerves by compressing the nerve fiber and
obstructing the blood supply to the nerves (19,20). We
hypothesized that if the 0VEMPs to BCV mainly reflect
the function of the utricular afferents, the results should
mostly: coincide with those of the caloric test rather than
with ¢VEMPs to ACS. In the present study, among the
10 patients with inconsistent results in the 3 vestibular
tests, 7 (70%) showed corresponding results between
OoVEMPs to BCV and the caloric test, whereas only 1
patient (10%; Patient 9) showed correspondence between
oVEMPs to BCV and ¢cVEMPs to ACS (Table 2). These
results are partially consistent with our hypothesis. Inter-
estingly, in the 3 patients (Patients 8-10) who showed
inconsistent results between 0VEMPs to BCV and the
caloric test, either their AR% scores of oVEMPs to BCV
or their CP% scores were relatively low, suggesting that
damage to the superior vestibular nerve caused by VS
was incomplete. Another possible explanation is that-VS
affected various parts of the vestibular end-organ and the
vestibular nerves through obstruction of the blood supply
to the inner ear: Telischi et al. (21) showed using distor-
tion product acoustic emissions that approximately. 60%
of VS patients had cochlear damage.

In the present study, the abnormal ratios on oVEMPs to
BCV, caloric test, and cVEMPs to ACS did not show clear
correlation with the nerve origin of the tumor, which were
identified by neurosurgeons. This result is consistent with
results of other previous studies (19,20,22). Ushio et al.
(20) reported that the results of the caloric test; cVEMPs
to ACS, and auditory brainstem responses did not show
correlations with the nerve origin of the tumor in 109
patients with VS, Extension of schwannoma develops
not only inwardly but also outwardly, so it could produce
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dysfunction of the nerve from which it originates and the
adjacent nerves by compressing them. Thus, VS can affect
all the nerves in the internal auditory canal. In fact, despite
the high sensitivity of auditory brainstem responses for
detecting VS (23,24), it rarely arises from the cochlear
nerve.

In conclusion, this study showed that approximately
80% of patients with VS had abnormal oVEMPs to BCV.
The sensitivity for detecting vestibular dysfunction in VS
using this method was comparable to those for cVEMPs
to ACS and the caloric test. The results of the oVEMPs
to BCV mostly coincided with those of the caloric. test
rather than those of cVEMPs to ACS, suggesting that
the oVEMPs to BCV mainly. reflect the function of
the superior. vestibular nerves. The same hypothesis
was recently proposed by clinical and neurophysiologic
oVEMP studies (25,26): From a clinical point of view,
the oVEMP has some advantages over the cVEMP,
Recording oVEMP only requires subjects to look up
for short trials, whereas recording cVEMP requires sus-
tained: contraction of the neck muscles, which is phys-
ically demanding, especially in more senior subjects.
The oVEMP can:identify the affected side in I patient
in a single examination by comparing the responses
from 1 eye with the responses from:the: other eye to
the: simultaneous stimulation of both labyrinths. Thus,
the oVEMPs to BCV could provide patients with VS ad-
ditional useful information regarding the function of the
utricle and the superior vestibular nerve systems.
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