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Abstract Background Many vestibular schwannoma (VS) patients complain of balance dysfunc-
tion; however, validated standardized assessments are lacking. The relative contribution
of imbalance and factors like anxiety to disability is unknown. Because imbalance
significantly affects quality of life in this group and vestibular rehabilitationmay improve
outcomes, determining the severity of balance dysfunction is important to understand
long-term rehabilitation needs.
Aim To assess functional balance (Vertigo Symptom Scale-Vertigo [VSS-VER] and
Functional Gait Assessment [FGA]) and the relative contribution of symptom severity
(VSS-VER), ambulant posture (FGA), and anxiety symptoms (Vertigo Symptom Scale-
Anxiety [VSS-SA]) to disability in untreated patients.
Methods Patients not exposed to surgery completed the VSS, Vertigo Handicap
Questionnaire (VHQ), and FGA. VSS scores were compared with migrainous vertigo
(MV) patients, a mixed neuro-otological group, and healthy controls.
Results A correlation was found between decreased FGA and increasing age (r ¼ �
0.35; p < 0.01), female sex (r ¼ 0.42; p ¼ 0.001), increasing handicap (r ¼ � 0.55;
p < 0.001), and symptom severity (r ¼ � 0.52; p < 0.001). In 12 of 21 patients
(57%) > 60 years of age the FGA score was � 22 suggesting increased falls risk.
VSS-VER scores were higher than in healthy controls (p < 0.001) but lower than MV
(p < 0.001) and mixed neuro-otology controls (p < 0.001).
VSS-SA scores in VS patients with balance symptoms were higher than normal controls
(p < 0.05) and correlated with handicap (r ¼ 0.59; p < 0.001) and symptom severity
(r ¼ 0.74; p < 0.001).
After controlling for age and sex, the VSS-VER, VSS-SA, and FGA explained 47% of the
variation in VHQ scores.
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Introduction

Vestibular schwannoma (VS) is a slow-growing benign tumor
arising from the vestibular nerves presenting with unilateral
hearing loss, tinnitus, and balance dysfunction, and following
diagnostic imaging, management may involve observation
with serial magnetic resonance imaging or treatment with
microsurgery or radiotherapy.1 In addition, symptomatic
rehabilitation may be necessary.

One review2 found that the majority of both pre- and
postoperative patients complain of some degree of balance
dysfunction. Overall, however, a lack of validated standard-
ized instruments to measure the severity of balance symp-
toms and functional balance was noted, and this may account
in part for the wide range in reported prevalence. In addition,
the reviewed studies largely failed to determine the relative
contribution of these and other pertinent factors such as
anxiety to overall disability.

Vestibular rehabilitation may accelerate recovery in bal-
ance function following surgical deafferentation.3 In VS pa-
tients planned for surgery, preoperative vestibular
rehabilitation, or so-called “prehab”, was shown to improve
outcomes postoperatively.4Vestibular rehabilitationmayalso
be of value in observed VS patients because balance dysfunc-
tion has been shown to significantly affect quality of life (QOL)
in this group.5,6 In untreated patients, assessment of the
severity of subjective balance symptoms and functional bal-
ance could thus be useful to identify patientswhomaybenefit
fromvestibular rehabilitation and offers the potential to tailor
vestibular rehabilitation strategies to patient needs.

Neuro-otological (N-O) researchers have developed in-
struments such as the Vertigo Symptom Scale (VSS),7 Vertigo
Handicap Questionnaire (VHQ),8 and Functional Gait Assess-
ment (FGA)9 that are freely available, easy to use, well
validated, and add little time to the busy clinic.

In this study we used the VSS to assess the severity of
balance symptoms (Vertigo Symptom Scale-Vertigo [VSS-
VER]) and the autonomic and somatic symptoms of anxiety
(Vertigo Symptom Scale-Anxiety [VSS-SA]), and the FGA to
assess functional balance related to ambulant posture. We
then attempted to determine the relative contributions of
these factors to balance-related disability measured using the
VHQ.

The aims of this study were as follows:

• To assess the severity of balance symptoms (VSS-VER),
balance-related anxiety symptoms (VSS-SA), and function-
al balance related to ambulant posture (FGA) in untreated
vestibular schwannoma patients.

• To determine if the severity of balance symptoms
(VSS-VER), functional balance related to ambulant posture

(FGA), and the autonomic and somatic symptoms of anxi-
ety (VSS-SA) are significant contributors to balance-related
disability (VHQ).

Materials and Methods

Study Design and Patient Selection
This cross-sectional study was conducted between
December 2010 and December 2012 at the National Hospi-
tal for Neurology and Neurosurgery (NHNN), Department
of Neuro-otology. Consecutive patients with vestibular
schwannoma who had not been exposed to surgery were
recruited from the senior author’s (M.G.) skull base cohort.
All patients were assessed using the VSS, VHQ, and FGA. We
used VSS historical control data from other groups of
patients attending our department who had been given
the VSS during their first visit. These groups included:

• Migrainous vertigo (MV) patients who were diagnosed
using a structured physician-administered interview/
questionnaire to determine history of migraine and ves-
tibular migraine according to standard criteria (Interna-
tional Headache Society Headache Classification
Committee 2004)10,11

• A mixed neuro-otological (N-O) group presenting with
dizziness

In addition, as a further control, a group of healthy
individuals were recruited from hospital staff.

Local ethical committee approval (Central London REC 3)
was obtained prior to commencement of this study. All
statistical analysis was performed using SPSS v.21 software
(IBM, Inc., Armonk, New York, United States).

Clinical Tools to Assess Balance Function

Vertigo Symptom Scale
The VSS assesses varying presentations of dizziness and
unsteadiness and associated complaints such as nausea and
vomiting as well as symptoms and signs of anxiety arousal
and somatization. Responses are considered over a year or
from the onset of symptoms and scaled from 0 (never) to 4
(very often; on average more than once a week). The ques-
tionnaire contains 34 items and produces two subscales
reflecting the severity of balance symptoms (VSS-VER) and
anxiety symptoms (VSS-SA) as a function of frequency and,
when appropriate, duration.7 The VSS-SA yields further sub-
scales describing autonomic symptoms (AUs) and somatiza-
tion symptoms (SOMs), and convergent validity was verified
by the correlation of AU and SOM scaleswith the HAD anxiety
scale (r ¼ 0.43 and 0.46). The Cronbach α is 0.69 to 0.83
according to dimensions, and test-retest reproducibility re-
sulted in an intraclass coefficient of r ¼ 0.89 to 0.98.12

Conclusion Older VS patients are at significant risk of falls. Balance symptoms are
more severe than in healthy controls but less than other neuro-otological patients.
Balance symptom severity, anxiety symptoms, and ambulant posture were significant
contributors to disability and should be the focus of vestibular rehabilitation strategies.
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Somatic anxiety and arousal symptoms at baseline were
predictive of increased handicap (VHQ) 7 months later.13

Vertigo Handicap Questionnaire
The VHQ assesses the physical, practical, and emotional
impact of vertigo with 25 items targeting the disruption
and restriction of physical and social activities including
relationships and leisure pursuits. Certain items assess per-
ceived social support and stigmatization as well as emotional
upset. The questionnaire content was based on statements
from open-ended interviews of patients with vertigo and
reflects the most frequent psychosocial consequences of
balance dysfunction.8 Disability or handicap are rated on a
numeric scale from 0 (never or no handicap) to 4 (always or
maximum handicap). The VHQ was found to have a high
internal consistency (Cronbach α¼ 0.93) and test-retest reli-
ability (0.97).12,14

Functional Gait Assessment
The FGA, a dynamic balance assessment based on the Dy-
namic Gait Index (DGI), was developed to evaluate postural
stability during ambulation tasks in patients with vestibular
disorders and has been found to be a valid and reliable tool.9

Seven of the eight items from the DGI have been incorporated
into the FGA. Three new items were added to overcome the
ceiling effect when used with vestibular disorder patients.
The assessment involves 10 gait-related tasks performed on a
marked runway that are scored by the tester. A higher score
indicates better ambulant postural mobility. A Cronbach α of
0.79 demonstrated a high internal consistency. The FGA is
well correlated with the Dizziness Handicap Index (r ¼ �
0.64) and reported number of falls (r ¼ � 0.66). Interrater and
intrarater reliability was demonstrated with intraclass corre-
lation coefficients of 0.84 and 0.83, respectively.9

Results

Subjects
Sixty-three consecutive follow-up cases with untreated VS
were recruited, 27 women (43%) and 36 men (57%) with a
mean age of 53.4 years (standard deviation [SD]: 11.8). There

were 38MVcontrols with amean age of 38.4 years (SD: 12.1).
Of the 42 mixed N-O control patients presenting with dizzi-
ness, 14were diagnosedwith a peripheral vestibular disorder
confirmed on caloric testing, 6 had a condition being man-
aged as a peripheral vestibular disorder although objective
tests were normal, 6 had benign paroxysmal positional
vertigo, 7 were known to have Meniere disease, 4 had a
central vestibular disorder, 1 had idiopathic intracranial
hypertension, 2 were found to have postural hypotension,
and 2 had other causes of dizziness. The mean age in this
group was 45.5 years (SD: 12.4). There were 37 healthy
controls recruited from hospital staff with a mean age of
48.35 years (SD: 9).►Table 1 describes the sex distribution for
the control groups.

Functional Balance
The FGA ranged from 10 to 30with amedian score of 26 and a
mean of 24.3 (SD: 5.1). A Spearman rho test found a signifi-
cant correlation between decreased FGA and increasing age
(r ¼ � 0.35; p < 0.01), female sex (r ¼ 0.42; p ¼ 0.001),
increasing disability (VHQ) (r ¼ � 0.55; p < 0.001), and
symptom severity (VSS-VER) (r ¼ � 0.52; p < 0.001). Further
analysis with a Mann-Whitney U test comparing FGA scores
in patients younger and older than 60 years found a signifi-
cant difference between the two groups (p ¼ 0.001). The
median score in the �60 years of age group was 22 and
was 27 in the < 60 years of age group (►Table 2).

Severity of Balance Symptoms
The mean VSS-VER score for VS patients was 0.46 (SD: 0.51).
VSS-VER scores for the MV, mixed N-O and healthy controls
are described in►Table 3 and►Fig. 1. Using a Kruskal-Wallis
test, VSS-VER scores were significantly different between
groups (p < 0.001). Mann-Whitney U tests were used to
follow up the finding, and a Bonferroni correction was
applied. VSS-VER scores in VS patients were found to be
significantly higher than normal controls (p < 0.001) but
significantly lower than MV (p < 0.001) and mixed N-O
controls (p < 0.001). Twelve VS patients scored zero on the
VSS-VER; the remaining 51 patients (81%) reported some
degree of balance dysfunction in the year prior to assessment.

Table 1 Sex and age distribution for vestibular schwannoma and control groups

Neuro-otology group

Vestibular
schwannoma

Migrainous
vertigo

Mixed
neuro-otology

Normal

Mean
(SD)

No.
(%)

Mean
(SD)

No.
(%)

Mean
(SD)

No.
(%)

Mean
(SD)

No.
(%)

Age, y 53
(12)

38
(12)

46
(12)

48
(9)

Sex Female 27
(43)

29
(76)

27
(64)

17
(46)

Male 36
(57)

9
(24)

15
(35)

20
(54)

Total 63 38 42 37
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Severity of Balance-Related Anxiety Symptoms
Anxiety symptoms in VS patients were compared with anxi-
ety symptoms in the normal control group using a Mann-
Whitney U test. VSS-SA scores in VS patients with balance
symptoms were found to be significantly higher than normal
controls (p < 0.01). In the untreated VS group, anxiety
symptoms were significantly correlated with balance-related
disability (VHQ) (r ¼ 0.59; p < 0.001) and balance symptom
severity (VSS-VER) (r ¼ 0.74; p < 0.001).

Balance-Related Handicap
The VHQ ranged from 0 to 78 with a median score of 11 and a
mean of 16.4 (SD: 18.3). Using Spearman rho, a significant
correlation was found between the VHQ and the VSS-VER

(r ¼ 0.83; p < 0.001), the VSS-SA (r ¼ 0.59; p < 0.001), fe-
male sex (r ¼ 0.44; p < 0.001), and the FGA (r ¼ � 0.55;
p < 0.001). Using aMann-WhitneyU test, womenwere found
to have a significantly higher VHQ score compared with men
(p < 0.001).

A hierarchical regression model was undertaken to deter-
mine whether the relationship between balance-related dis-
ability, balance symptom severity, anxiety symptoms, and
ambulant posture could be explained by the association
between age, sex, and the factors just listed. After controlling
for age and sex in the first step, the addition of the VSS-VER,
VSS-SA, and FGA in the second step explained a highly
significant percentage (47%) of the variation in VHQ scores.
The total equation accounted for > 67% of the variance in the
VHQ (R2 ¼ 0.67 F(5.57) ¼ 22.9; p < 0.001). In this model,
balance symptom severity, autonomic and somatic symptoms
of anxiety, and ambulant postural stability were significant
predictors of handicap (►Table 4).

Discussion

This is the first study to assess ambulant postural stability
using the FGA in VS patients. We found that decreased FGA
scores correlate with increasing age with patients older than
60 years significantly worse off. Walker et al15 provided
reference data in a study of community living adults with
subjects’ normative data described according to age groups in
decades. ►Table 5 shows the cases falling below the confi-
dence intervals described in Walker et al.16

According toWrisley et al17 a cut-off score off 22 has 100%
sensitivity and 72% specificity in predicting falls in commu-
nity-dwelling older adults (> 60 years). In our group of 21
patients � 60 years, the score was � 22 in 12 patients (57%)
suggesting a high risk for falls. A recent systematic review
found that balance problems confer an increased risk of falls

Table 3 Vertigo Symptom Scale balance severity scores in vestibular schwannoma and control groups

VSS-VER

Mean SD Median Minimum Maximum

Neuro-otology group VS 0.46 0.51 0.32 0.00 2.74

MV 1.61 0.86 1.55 0.16 3.63

Mixed N-O 1.05 0.85 0.82 0.05 3.53

Normal 0.07 0.09 0.00 0.00 0.32

Abbreviations: MV, migrainous vertigo ; N-O, neuro-otology; SD, standard deviation; VS, vestibular schwannoma; VSS-VER, Vertigo Symptom
Scale-Vertigo.

Fig. 1 Box plots of Vertigo Symptom Scale balance severity scores in
vestibular schwannoma (VS) and control groups. MV, migrainous
vertigo; VSS-VER, Vertigo Symptom Scale-Vertigo.

Table 2 Functional gait assessment according to age distribution

Age, y Functional gait assessment

Count (%) Median Mean SD Minimum Maximum

� 60 21 (33) 22 21 6 10 29

< 60 42 (67) 27 26 3 15 30

Abbreviation: SD, standard deviation.
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in older community-dwelling adults and this lends support to
our findings.18 Falls in the elderly cost the National Health
Service and Personal Social Services close to £1 billion in
1999.19 An American study has shown that falls are a leading
cause of death and injury in elderly patients.20 Appropriate
interventions may be helpful in decreasing the risk of falls.21

We therefore suggest that older patients (> 60 years) be
formerly assessed for risk of falls followed by the implemen-
tation of a vestibular rehabilitation program. This may have
even greater importance when planning for postoperative
care when these patients may be more vulnerable.

In addition, we found that ambulant postural stability was
a significant predictor of disability (β ¼ � 0.30; p < 0.01) as
well as balance symptom severity (β ¼ 0.33; p < 0.01) and
symptoms of anxiety (β ¼ 0.27; p < 0.05). Vestibular reha-
bilitation strategies targeting postural stability may therefore
be important in improving QOL. The findings that anxiety
symptoms are a significant predictor of balance-related dis-
ability and are strongly correlated with balance symptom
severity arefindings corroborated across the spectrum of N-O
disease. Importantly, anxiety symptoms measured using the
VSS–SA have been found to be a longitudinal predictor of

balance-related disability and vertigo severity, and it has been
argued that symptoms of anxiety and stress in response to
balance problems reinforce balance symptoms, producing a
vicious cycle of increasing balance-related anxiety with in-
creasing disability.13,22 Tackling anxiety symptoms early on
as part of a vestibular rehabilitation strategymay thus help to
prevent a worsening of vestibular symptoms and balance-
related disability.

This is the first study to use a validated standardized
questionnaire, the VSS-VER, to assess the severity of balance
symptoms in untreated VS patients. Myrseth et al6 compared
199 untreated VS patients with healthy controls. Patients
were asked to respond “yes” or “no” to whether dizziness or
balance problems were significant complaints, and 40.6%
responded affirmatively. In addition, 97 patients completed
a vertigo visual analog scale (VAS) with 56.2% reporting
vertigo, described as intermittent (42.9%), constant (13%),
“nautical” (50%), “rotatory” (25.8%), or “other” (24.2%), and
38% complained of unsteadiness. Mean VAS scores for pa-
tients were significantly higher than controls. Lloyd et al5

found that 46.1% of 165 conservatively managed patients
reported imbalance. Vogel et al23 report that of 79 VS patients,
38% reported a balance disorder when assessed prior to
treatment allocation. Using nonvalidated assessments, 50 to
69% of preoperative patients complained of balance dysfunc-
tion.2 In our cohort, 81% of patients reported some degree of
balance dysfunction when completing the VSS-VER, and of
this group 25 (47%) had scores significantly greater than the
normal control group (mean þ 2 SD).

The VSS (VER) inquires about these symptoms:

• Sensation of spinning or moving around
• Unsteadiness: about to lose balance
• Unsteadiness severe enough to fall
• Feeling lightheaded or feeling giddy
• Being unable to stand or walk properly
• Nausea or vomiting

It assesses symptoms as a function of their duration and
frequency in the year prior to assessment. The use of a
validated standardized questionnaire taking into account
various vestibular presentations is possibly more sensitive
in assessing the true prevalence of balance symptoms. How-
ever, although prevalent, in our cohort of VS patients, the
severity of balance symptoms tends to feature at the lower
end of the spectrum of N-O disease. We compared our
untreated VS group with other disorders across the N-O
spectrum and found that the severity of balance symptoms
was significantly greater than normal controls although not
as severe as the MV group or the mixed group of patients
presenting with dizziness. Because the tumor is slow grow-
ing, its effect on the vestibular system is gradual, allowing
compensation to occur. This may explain our results suggest-
ing that most VS patients are possibly better compensated
with regard to vestibular symptoms unlike MV, Meniere
disease, or benign paroxysmal positional vertigo, which are
characterized by repeated, sometimes unpredictable attacks
of varying intensity with periods of remission that have
significant implications for compensation. In the patients

Table 4 Hierarchical regression controlling for age and sex with
the Vertigo Handicap Questionnaire as the dependent factor

R2 change β

1 0.20���

Sex � 0.42���

Age .08

2 0.47���

Sex � 0.12

Age 0.05

VSS-VER 0.33��

FGA � 0.30��

VSS-SA 0.27�

Abbreviations: FGA, Functional Gait Assessment, VSS-SA, Vertigo
Symptom Scale Anxiety; VSS-VER, Vertigo Symptom Scale-Vertigo.
�p < 0.05.
��p < 0.01.
���p < 0.001.

Table 5 Subjects according to decade falling below the
confidence intervalsa

Age, y 95% confidence
interval

Cases below
confidence
interval (%)

40–49 28.3–29.5 9 (70)

50–59 27.9–29.0 14 (67)

60–69 26.5–27.7 14 (78)

70–79 23.9–26.0 1 (33)

aBased on normative data for the Functional Gait Assessment as
described by Walker et al.15
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who do present with severe balance symptoms, we suggest
that reasons for poor compensation should be investigated as
well as the possibility of an alternative vestibular diagnosis.

Myrseth et al6 found that vertigo was significantly asso-
ciated with a decrease in QOL across all axes on the SF-36
and the general and physical parts of the GBI, whereas
vertigo VAS scores were significantly associated with eight
axes on the SF-36 and GBI. Lloyd et al5 reported that both the
presence of imbalance and increasing Dizziness Handicap
Inventory (DHI) scores were significantly associated with
decreased QOL (SF-36). Breivik et al24 reported similar
findings in 193 observed patients with reduced QOL
(SF-36) in the presence of vertigo. Importantly, all three
studies reported that balance dysfunction was the most
significant negative predictor of general QOL scores when
compared with hearing loss or tinnitus.5,6,24 The mean DHI
score reported in Lloyd et al5 was 15.1 (SD: 21.5). In 145
preoperative patients, Humphriss et al25 found a median
DHI score of 14. Whitney et al26 classified the DHI into mild
(0–30), moderate (31–60), and severe (61–100) levels of
disability, suggesting that most patients in these studies
would be classified as mild. Overall VHQ scores in our series
were lower than those reported in a previous NHNN cohort
of 127 N-O patients (mean: 44.1; SD: 17.1)22 and thus are in
keeping with the low scores in cohorts that have used the
DHI. These findings highlight the fact that even a so-called
mild balance disability or handicap when compared with
other N-O disease, can affect overall QOL more so than
tinnitus and hearing impairment, and therefore must not
be neglected as part of an holistic approach to rehabilitation
in this patient group.

We set out to identify and measure treatable factors that
contribute to decreased balance-related QOL in untreated VS
patients using tools that are easy to use, standardized, and
provide information that would inform vestibular rehabilita-
tion strategies. In this study we draw attention to the relative
roles of the subjective severity of balance symptoms, objec-
tive severity of functional balance dysfunction related to
posture and mobility, and anxiety in terms of overall disabili-
ty. Understanding the relative contribution of these factors in
each patient will allow individualized vestibular rehabilita-
tion programs to be developed.
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