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Abstract

Purpose To create an index that is a measure of the amount of vestibular compensation and for which only functional bal-
ance performance is needed.

Methods The medical charts of 62 eligible peripheral vestibular dysfunction (PVD) patients were analyzed retrospectively.
To be included, the following vestibulo-ocular reflex (VOR) and balance performance data had to be available: (1) caloric
and sinusoidal harmonic acceleration test (SHA) and (2) standing balance sum-eyes closed (SBS-EC), Timed Up and Go
Test and Dynamic Gait Index. Patients were divided into three groups: normal caloric- and SHA test (group 1), abnormal
caloric- and normal SHA test (group 2, PVD compensated) and abnormal caloric- and SHA test (group 3, PVD uncom-
pensated). Next to the use of non-parametric tests to study the VOR and balance variables, logistic regression was used to
identify the balance measures that predict whether PVD patients were compensated or uncompensated. This resulted also
in the construction of a continuous measure representing the degree of compensation.

Results Logistic regression identified SBS-EC and age to classify uncompensated from compensated patients with sensi-
tivity of 83.9% and specificity of 72.4%. Then an index was created, called the Antwerp Vestibular Compensation Index,
AVeCl=- 50+agex0.486+SBS-ECx0.421. A patient belongs to the uncompensated group when AVeCI <0 and to the
compensated group when AVeCI >0, with respective group means of — 5 and 5.

Conclusion AVeCl stages the degree of compensation of PVD patients and can serve to evaluate rehabilitation effects.
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Introduction

Patients with acute peripheral vestibular dysfunction
(PVD) complain about vertigo, nausea, spatial disorien-
tation, gaze- and postural instability in the first few days
after the onset of vestibular function loss [1-5]. These
symptoms result from deficient vestibulo-ocular reflex
(VOR) and vestibulo-spinal reflex (VSR) systems and
abnormally activated vestibulo-thalamo-cortical pathways
[1, 2, 4]. In the majority of patients, these symptoms tend
to ameliorate with time as a result of central vestibular
compensation, i.e. the central nervous system adapts to
the changed vestibular input and/or substitutes for it with
other more reliable information sources [3, 5]. During this
period, patients no longer experience symptoms at rest, but
they still complain of head-movement-induced gaze- and
postural instability [3, 5].

If central vestibular compensation occurs adequately,
whether it emerges naturally or is facilitated by therapeutic
interventions such as vestibular rehabilitation (VR) [6],
peripheral vestibular dysfunctions may remain detectable
(e.g. abnormal caloric test [7] or vestibular evoked myo-
genic potentials test (VEMP) [8]), while the VOR func-
tion appears to be recovered. To map VOR recovery, the
traditional SHA test can be used [7] to map low to middle
frequency responses, whereas the caloric test maps very
low frequencies and the video Head Impulse Test (vHIT)
represents high frequency responses [9, 10]. The VOR
performance is typically characterized by gain, asymme-
try and phase [7]. Gain is the ratio of the compensating
eye movement velocity compared to the velocity of the
head movement, while VOR asymmetry is based on the
comparison between ipsi-lesioned eye velocity and contra-
lesioned eye velocity. The VOR phase is determined by the
time difference between head velocity and eye velocity [1,
7]. Acute PVD caused by vestibular neuritis for example,
results in a decreased VOR gain, increased asymmetry and
increased phase. Recovery of the VOR function, i.e. ade-
quate compensation is therefore reflected by an increased
gain, decreased asymmetry and reduction of the phase,
although the latter is more difficult to calculate when per-
manent peripheral function loss is present. When adequate
compensation occurs, the delay within the vestibular sys-
tem decreases in such way that the typical visible catch-up
saccades during head impulses become covert [11].

Although static symptoms such as spontaneous nystag-
mus and postural misalignment improve and eventually
disappear spontaneously, more dynamic symptoms such
as motion sensitivity, balance deficits and spatial diso-
rientation can remain for several weeks to months [12].
Unfortunately, up to 50% of the patients report remain-
ing symptoms to some degree after one year [12, 13]. In
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the chronic stage, some patients with unilateral PVD have
symptoms that resemble those from patients with bilateral
PVD [11]. In about 20% of the chronic unilateral PVD
patients, postural instability tends to persist and vertical
oscillopsia occurs, highlighting the remaining presence
of both VSR and VOR deficits [11]. These symptoms and
complaints highly incapacitate the patients’ daily func-
tioning, for which they can receive VR. Although VR has
proven to be effective in patients with PVD [14], clear
indications for its application are still lacking, which can
be ascribed to the conflicting results with respect to the
vestibulometric outcome parameters [12].

Though the functional relationship between VSR and
VOR is recognized, evidence for this assumption is lacking
due to conflicting results [1-3, 15]. So far, weak [1-3, 15]
to moderate [3, 15] correlations have been reported between
balance performance and caloric labyrinth asymmetry [3,
15] or VOR gain [1, 2, 15] in patients with PVD. The caloric
test (low frequency), the SHA test (low to middle frequency)
and the VHIT (high frequency) address different aspects of
VOR function which may explain the varying results. Simi-
larly, to evaluate the VSR, a large variety of test methods is
available, each emphasizing other task constraints of balance
control and/or pointing at other factors influencing perfor-
mance. For example, the type of task influences which bal-
ance mechanism is mainly needed to remain stable. Some
tests involve sensory perturbations whereas other tasks
investigate the effect of an increased cognitive load [16].

Another aspect illustrating the vague relationship between
VOR and VSR function is the considerable disagreement
with respect to the value of balance tests being able to dis-
criminate between healthy individuals and patients with
impaired VOR-function. For example, the sensitivity and
specificity to indicate VOR dysfunction was respectively
61.3% and 58.3% for the Romberg test eyes open and eyes
closed [17], 75% and 77% for the Timed Up and Go Test
(TUG), 75% and 75% for the Berg Balance Scale, 78% and
75% for the Dynamic Gait Index (DGI) and 85% and 77%
for condition 5 of the sensory organization test (SOT-5) [18].
Cohen and Kimball [18] found that combining the SOT-5
with a functional measure such as the TUG or DGI allowed
the diagnostic accuracy of the applied tests to increase, i.e.
a 90% sensitivity and 67% specificity was reached. The lack-
ing accuracy of the balance tests to identify uncompensated
PVD patients may be due to the heterogeneity of the pro-
cedures to assess the vestibular function in the populations
studied. Where Jacobson et al. [17] included PVD patients
with a positive or negative result on either the caloric test
or the cervical VEMP, Cohen and Kimball [18] included
patients with PVD if they had at least one positive result
on either the caloric test, the SHA test or the Dix—Hallpike
maneuver. This means that the investigated samples may
consist of different types of vestibular pathologies, but also
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that both uncompensated and well-compensated patients
were part of the same group, potentially distorting the
results.

While VOR gain, asymmetry and phase are appropriate
identifiers of VOR compensation, these variables are stand-
ard not readily available in most clinical and rehabilitation
settings throughout the world. More accessible though are
functional balance performance tests since these require no
expensive equipment.

The aim of this study is to investigate whether PVD
patients could be allocated appropriately as compensated or
not, solely relying on functional balance performance. Clas-
sification by itself is not the aim but we aimed for a tool that
allows therapists to measure the effect of vestibular rehabili-
tation and adjust their therapy if necessary. A classification
method such as logistic regression can yield a tool to stage
the degree of being part to one or the other group on a linear
scale. This method proved to be very successful to identify
hoarseness in patient with voice problems. The Dysphonia
Severity Index, published in 2000, has become one of the
standard tools worldwide today to evaluate a patient’s voice,
and assess the given therapy [19].

Methods
Participants and study design

In this retrospective study, approved by the local ethical
committee, anonymized patient charts were reviewed and
analyzed. Patients referred to a tertiary otorhinolaryngol-
ogy department at the local university hospital between
2001 and 2007 for an additional physiotherapeutic assess-
ment because of complaints of instability or dizziness. To
be included in the analyses, data on both vestibular function
and functional balance testing had to be available. From the
available patient files (n=175), results from 62 patients were
eligible for analyses [mean age (SD) 52.3 (11.9) years; 35
males]. Reason for exclusion were: incomplete ENG data
(n=160), balance testing more than two weeks after ENG
assessment (n=46) and a central lesion (n="7).

Procedures
Caloric testing

The external ear canals were consecutively irrigated
with 180 ml of warm (44 °C) and cold (30 °C) water for
30 s with open loop irrigation (warm right, warm left,
cold right, cold left). In a nearly complete darkened room
patients closed the eyes during testing and performed men-
tal tasks. To allow temperature stabilization in the laby-
rinth, a pause of 5 min was introduced between irrigations

of the same ear. For both binaural bithermal caloric test-
ing and the SHA test computerized electronystagmography
was used to register eye movements. A detailed description
on the applied methodology has been described elsewhere
[7].

Based on the slow component velocity (SCV, °/s),
obtained during the maximal response of a caloric irriga-
tion, Jongkees’ formula was used to calculate the percent-
age of labyrinth asymmetries. This labyrinth asymmetry is
considered normal if the difference between both ears was
less than 19% [7], based on a normative study performed
in the same clinical setting, with exactly the same ENG
procedure. Caloric testing has shown to be a valid measure
to assess labyrinth asymmetries [20].

Sinusoidal Harmonic Acceleration test (SHA)

Subjects were seated in a servo-controlled motorized
chair that was rotated sinusoidally around an earth verti-
cal axis [7]. The chair was accelerated to a peak velocity
of 50°/s and the frequency of the sinusoidal acceleration
was 0.05 Hz. The test duration was 2 min. An angular rate
sensor, attached to the subject’s head, recorded the head
movements. The test was performed in total darkness with
the eyes closed and patients were requested to perform
mental tasks for mental alertness. Based on the slow phase
velocity component, VOR gain, -asymmetry and -phase
were calculated. The VOR gain is a measure of VOR per-
formance calculated by the velocity of the correcting eye
movement divided by the velocity of the head (normal
values between 0.29 and 0.87) [7]. The VOR asymme-
try stands for the percentage difference between the peak
slow component eye velocities of the nystagmi to the left
and right (normal value < 22%) [7]. The phase comprises
the angle of the response which is a representation of the
time difference between the eye and the head velocity and
therefore a measure of the delay in the vestibular system
(normal values between — 1° and 18°) [7]. The SHA is a
valid VOR test that is clinically useful for the observation
of a patient’ s progress through central compensation after
unilateral dysfunction [20-22].

Based on the results on the caloric test and the SHA,
three groups were composed. Group 1 consisted of patients
that presented with a normal ENG, i.e. caloric symmetry
and VOR gain, -asymmetry, and phase values within normal
limits. If patients exhibited caloric asymmetry and normal
VOR gain, asymmetry and -phase, they were classified in
group 2 (peripheral loss, compensated). If patients showed
caloric asymmetry and an abnormal result in either VOR
gain, -asymmetry or -phase, they were assigned to group 3
(peripheral loss, uncompensated). For the logistic regres-
sion, groups 1 and 2 were merged.
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Dizziness Handicap Inventory

The Dizziness Handicap Inventory (DHI) was used to
assess the degree to which vestibular dysfunction subjec-
tively affects overall activities of daily life [23, 24]. The
questionnaire comprises 25 questions that the patient must
answer with “always” (4 points), “sometimes” (2 points)
or “no” (0 points) [23, 24]. The ordinal item scores were
added up resulting in a maximum of 100, with 0-30 points
indicating a mild handicap as a consequence of dizziness
and instability, 31-60 points moderate handicap and 61-100
severe handicap [23]. The DHI is the most commonly used
patient-reported outcome measure in clinical vestibular
research [25]. A validated Flemish version of the DHI was
used [26-28].

Standing balance

In clinical practice many stand-alone clinical tests such as
classic Romberg with Jendrassik maneuver (RJ), standing on
foam (SOF), tandem stance (TS) and single les stance (SLS)
with eyes open (EO) and/or eyes closed (EC) are currently
used to assess standing balance in vestibular patients. As the
effect of age on performance, when using one single balance
test, might interfere with vestibular pathology we investi-
gated both the single tests and a combination of these tests
[29]. A standardized foam pad with medium density (60 kg/
cm?) was used (45 x45x 12 ¢cm, NeuroCom International
Inc. Clackamas, USA).

Patients were instructed to stand for 30s in each of the
following seven conditions: RJ EC, SOF EO, SOF EC, TS
EO, TS EC, SLS EO, SLS EC [29]. A digital stopwatch was
used for time measurements. The best of three trials was
considered for analysis.

For each single balance test scores (seconds) varied
between 0 and 30 with higher scores indicating better bal-
ance. The scores of the single balance tests in the EC condi-
tions were summed, resulting in the standing balance sum
eyes closed (SBS-EC). This variable was selected for logis-
tic regression, because it was more sensitive for vestibular
disorders. Hence, the SBS-EC scores ranged between 0 and
120 s, with higher scores indicating better standing balance
[29].

The Timed Up and Go Test (TUG)

The TUG was administered following the protocol by Pod-
siadlo and Richardson [30] using a standard chair with arm-
and back rests and seat height of 46 cm. Subjects performed
the TUG as fast as possible but safely. Timing was started at
the cue “go” and stopped when the patient sat down again on
the chair with their back against the back rest after walking
for 3 m and turning back. A digital stopwatch was used for
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time measurements. All patients performed the TUG three
times when turning in the preferred direction and again three
times when turning in the opposite direction [29]. The best
time was used as the final result and was considered nor-
mal if it was less than 10s [30]. Slower scores on the TUG
(> 11.1 s) correlated with reports of falls in persons with
vestibular dysfunction [31]. The TUG has moderate sensitiv-
ity and specificity in identifying individuals with disequilib-
rium due to vestibular impairments [18, 31].

The Dynamic Gait Index (DGI)

During DGI assessment, the patient performs eight walking
conditions [32]: walking on a level surface, walking with
changing walking speed, walking with horizontal and verti-
cal head turns, making a 180° turn and stop after walking,
stepping over and around objects and stair climbing. Each
condition is rated with a 4-point rating scale (minimum 0
and maximum 3 points), in which three points represents
best performance, resulting in a total score of maximum 24
points [32]. A score of less than 19 points indicates risk of
falling [31, 33]. Lower scores on the DGI correlated with
reports of falls in persons with vestibular dysfunction [31].
The DGTI’s sensitivity and specificity is moderate to identify
individuals with disequilibrium due to vestibular impair-
ments [18, 31].

Data analysis and statistical analysis

Statistical analyses were performed with SPSS 25.0 for win-
dows. Normal distribution was verified using the Kolmogo-
rov—Smirnov test. The sample was described with minima,
maxima, medians and interquartile ranges (IQR) of age,
body mass index (BMI), the caloric SCV asymmetry (%),
SHA VOR gain, SHA VOR asymmetry (%) and SHA VOR
phase (°), DHI (points), RJ EC (s), SOF EO (s), SOF EC (s),
TS EO (s), TS EC (s), SLS EO (s), SLS EC (s), SBS-EC (s),
TUG (s), DGI (points) and the distribution of sex, side of
the lesion and the etiology.

To determine how balance performance relates to VOR
recovery in patients with PVD, Spearman’s rho correla-
tions (p) were calculated between variables. Correlation
coefficients were interpreted as: very high (0.9-1.00), high
(0.7-0.9), moderate (0.5-0.7), low (0.3-0.5) or negligible
(<0.3) [34].

Investigations on the most suited balance test to identify
uncompensated PVD patients were performed in two steps.
First, differences in balance performance between the three
groups were investigated with the Kruskal-Wallis test, fol-
lowed by pairwise comparison with the Mann Whitney U
test using Bonferroni correction for multiple comparisons.
Level of significance was set at a=0.05.
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If present, the differences in vestibular and balance func-
tion between the groups indicated group 3 (PVD uncom-
pensated) was distinguishable from group 1 (normal) and/or
group 2 (PVD compensated). Therefore group 1 and 2 were
considered one group (group 1 and 2) in further analyses.
Subsequently, stepwise backward logistic regression analy-
sis was performed to determine the optimal combination
of balance measures that separates uncompensated PVD
patients from those who have normal vestibular function or
are compensated. All balance measures were used as input
variables. The outcome resulting in the highest sensitivity
and specificity was selected. A standard logistic regression
procedure results in a function f=cy+c¢; X X;+¢c, X X, +
+c¢, X X,. In this function, the coefficients c|, ¢, etc. are
determined such that the combination with the variables X,
X, etc. yield the best classification matrix with the high-
est sensitivity and specificity. When the logistic regression
is performed stepwise, only those variables X, X, that are
contributing to the best classification are selected. Hence,
the selection in our study of SBS-EC and age, although
many other as well as more variables could have been
retained. When the logistic regression yields for example
f=—6.940.07 xage+0.06 X SBS-EC, this means that for a
given patient who is 60 years old and has a SBS-EC of 120 s
(the best performance), the function f=-6.9+0.07 x 60+ 0
.06 x 120=4.5. Then, the logistic regression transforms this
value into F=1/(1 +exp(— f)), and this yields then f=0.99.
Whereas f'can vary between — infinity to+ infinity, the func-
tion f varies between O and 1. If for a given patient />0,
this yields that > 0.5, and this patient is attributed to the
compensated group. If however f<0, and hence f<0.5,
this patient is classified to the uncompensated group. This
model is compared with the actual status of the patient, and

based on iterations, the best combination of variables and
coefficients is determined. Optimally, a 100% sensitivity
and specificity would be ideal, but this is seldom the real-
ity. Rather than focusing on classification, we introduce an
index which is based on the function f. We calculated the
average f for each group and rescaled that to — 5 and + 5 for
the both uncompensated and compensated group. This yields
the final equation.

Results

As shown in Table 1, all balance measures, except for the
RJ EC, had low to high correlations with age. The caloric
SCV asymmetry had low correlations with SOF EC, TS EC,
SLS EC and SBS-EC (p=— 0.379/— 0.306/— 0.401/— 0.339
). The SHA gain had a significant but negligible correlation
with the DGI (p =0.296). The SHA gain asymmetry did not
correlate with any of the balance measures. The SHA phase
had a low correlation with the RJ EC, SOF EC, TS EC and
SLS EC (p=— 0.282/— 0.462/— 0.431/— 0.400), but a mod-
erate correlation with the SBS-EC (p=— 0.531).

Table 2 depicts the patient characteristics of the three
groups separately. As defined by the group composition,
the median values of the caloric SCV asymmetry, the SHA
VOR gain, the SHA VOR phase differ significantly between
groups. Compared to group 1, the caloric SCV asymmetry
was significantly larger for group 2 (group 1-2, p=0.002)
and group 3 (group 1-3, p <0.001). Group 3 had signifi-
cantly lower SHA gain values compared to the other groups
(group 1-3, p=0.036; group 2-3, p=0.014) and larger SHA
phase values (group 1-3, p<0.001; group 2-3, p<0.001).
Kruskal-Wallis indicated significant differences for SOF

Table 1 Spearman’s p correlation coefficients between balance measures and vestibular function measures for all patients

Age Caloric asymmetry ~ SHA gain SHA gain asymme- SHA phase (°)
(%) try (%)

P pvalue p pvalue p pvalue p pvalue p p value
Age 0.155 0.229 —0.146  0.259 —-0.138  0.285 0.165 0.204
Romberg Jendrassik EC (s) -0.211  0.100 -0.059 0.651 0.204 0.111 0.148 0.251 — 0.282  0.028
Standing on foam EO (s) —0.362  0.004 -0.111  0.391 0.167 0.196 0.097 0.452 - 0.072  0.580
Standing on foam EC (s) —-0.665 <0.001 -—0.397 0.001 —0.040 0.760 0.195 0.130 — 0462 <0.001
Tandem stance EO (s) —0.385 0.002 —-0.144 0274 0.102 0.439 0.156 0.234 — 0.365 0.005
Tandem stance EC (s) —-0.743 <0.001 —0.306 0.018 0.038 0.776 0.142 0.278 — 0431  0.001
Single leg stance EO (s) —-0.702 <0.001 -0.114 0379 0.174 0.177 0.142 0.271 - 0.159 0.221
Single leg stance EC (s) —-0.704 <0.001 -—0401 0.001 —0.002 0.987 0.171 0.183 — 0.400 0.001
Standing balance sum EC (s) —0.737 <0.001 —0.379 0.003 0.225 0.085 —-0.045 0.734 - 0531 <0.001
TUG (s) 0.482 <0.001 0.026 0.839 —-0.154 0.233 —-0.089 0.491 — 0.005 0.967
DGI (points) —0.398 0.001 —0.186  0.148 0.269 0.034 0.023 0.862 — 0.186  0.151

Significant values are shown in bold

SHA sinusoidal harmonic acceleration test. EO eyes open, EC eyes closed, TUG Timed Up and Go Test, DGI Dynamic Gait Index
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EC, SLS EC and SBS-EC between the three groups. Post-
hoc analysis showed that patients in group 3 had shorter
SOF EC time compared to group 1 (p=0.020) and group
2 (p=0.007), but also that their SBS-EC was signifi-
cantly lower than that of group 2 (p =0.006) and group 1
(p=0.019).

Logistic regression analysis defined SBS-EC
and age as indicators for uncompensated PVD
with an 83.9% sensitivity and a 72.4% specific-
ity (f=-6.912+4+0.067 x age + 0.058 x SBS-EC).
Based on this the index AVeCl was calculated as
AVeCl=-50+0.486 x age +0.421 x SBS-EC.

Discussion

The initial aim of the present study was to examine the rela-
tionship between selected VOR and VSR variables and to
the investigate whether functional balance performance can
be used to identify uncompensated PVD patients. Standing
balance with EC, whether assessed on foam, feet positioned
in tandem or on one leg, was related to labyrinthine asym-
metry. This indicates that decreased unilateral low frequency
excitability of the labyrinth induces lateropulsion resulting
in poor standing balance in darkness. The low correlations
between the caloric SCV asymmetry and standing balance
are in line with the literature [3, 15]. Similarly, there were
low to moderate correlations between these tests, SBS-EC
included, and the SHA VOR phase (Table 1). The major-
ity of the uncompensated PVD patients had a deviant SHA
VOR phase (n=27/33). This provides an indication for the
differences we found in the standing balance performances
across groups, distinguishing in particular the uncompen-
sated PVD patients from the others (normal vestibular
function and compensated PVD). These identified differ-
ences between the three groups are not in line with previ-
ous findings. Gouveris et al. [35] also investigated balance
performance, using condition 5 (eyes closed on moving plat-
form) and condition 6 (moving visual surround and moving
platform) of the SOT, in three similarly composed groups.
They found that patients with normal vestibular function
on both caloric (labyrinthine asymmetry <25%) and SHA
(directional preponderance <20%) could be distinguished
from those with confirmed caloric PVD with(out) central
compensation. The authors therefore argued that these SOT
conditions could be used to evaluate the peripheral integrity
of the horizontal semi-circular canal.

The different findings in our study are presumably the
result of the group composition, i.e. the VOR phase involve-
ment, which was not reported by Gouveris et al. [35]. Based
on the current results, it seems that an uncompensated sys-
tem works inefficiently and requires more time to generate
an appropriate response. In order to compensate for the loss

of vestibular information, supplementary (visual, soma-
tosensory, auditory) information and higher order resources
such as cognition are required to complete this process of
sensory reweighting [36]. Similar to elderly people, patients
with Parkinson’s disease and patients who suffered from
stroke, symptomatic PVD patients with vestibular dysfunc-
tion may have a higher cognitive load [36]. A systematic
review on the effect of bilateral vestibulopathy on attention
supports these findings [37]. Adding a cognitive dual-task
to a postural task results in poorer performance compared
to a single postural task in patients with bilateral vestibu-
lopathy [37]. However, whether patients with an uncom-
pensated vestibular deficit, and more specifically a positive
VOR phase, indeed use alternative and less efficient neural
networks, needs to be established with appropriate methods,
i.e. neural imaging such as functional MRI.

Next, by applying logistic regression to label patients
as either compensated or uncompensated, the AVeCI was
created which allows to stage the degree of compensation,
rather than just classification. This tool is in particular of
great use to evaluate VR. It is based on the Romberg with
Jendrassik maneuver, standing on foam, tandem stance and
one-leg stance, all with eyes closed condition. The seconds
summed for each of these tasks, with a maximum of 30 s
per item, added with the age of the patient, yield a simple
number that is either positive or negative. The more posi-
tive, the better compensated, the more negative the worse
a given patient is compensated. This AVeCI is much more
than a group description. It allows the clinician or physical
therapist to assess the degree of compensation and the evolu-
tion of the VR. Its clinical usefulness and relationship with
overall well-being and quality of life however, needs to be
investigated in future research.

This study has some limitations. Although the present
sample is quite heterogeneous with respect to etiology
(Table 2), in each group the majority of the patients had
a diagnosis of vestibular schwannoma. Ninety percent of
the vestibular schwannoma patients were assessed preop-
eratively. Patients with vestibular schwannomas become
symptomatic once the vestibular loss becomes excessive
[35]. These patients usually compensate centrally during the
progressive emergence of the schwannomas on the vestibular
nerve branch, but also because the severity of the vestibu-
lar loss seems to be less severe than in case of acute PVD
[11]. In these vestibular schwannoma patients, the tumor
size determines the degree of symptoms both regarding ves-
tibular function and regarding balance tends [35]. However,
this important information was missing and could therefore
not be corrected for.

In conclusion, the AVeCl can be particularly useful in pri-
mary care. It allows physicians to easily screen a patient for
referral and for physiotherapists to swiftly identify uncom-
pensated PVD patients as they might benefit from VR [12].
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They do not have specific laboratory equipment for assess-
ing vestibular function at their disposal. But the use of the
AVeClI compensates for the lack of these specific laboratory
equipment and provides a tool to assess the vestibular com-
pensation based on readily available measures.
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